WO 2010/ 055005PCT/ EP2009/ 064813 NAPHTHYLACETI C ACI DS The present invention
rel ates to novel substituted naphthal en-2-ylacetic acids, their

manuf act Wwe,20piasoweceut i cal conposi tions contai ni ng t he®CaMP20000648131Se as
CRTH2 antagoni sts or partial agonists. Prostaglandin D2 (PA2) is the major
prostanoi d produced by activated mast cells and has been inplicated in the
pat hogenesis of 5 allergic diseases such as allergic asthnma and atopic
dermatitis. Chenpattractant Receptor-honol ogous nol ecul e expressed on

T-hel per type cells (CRTH2) is one of the prostaglandin D2 receptors and is
expressed on the effector cells involved in allergic inflanmmation such as T
hel per type 2 (Th2) cells, eosinophils, and basophils (Nagata et alL, FEBS
Lett 459: 195-199, 1999). It has been shown to nediate PGD2- 10 stimul ated
chenotaxis of Th2 cells, eosi NARHTHYLAGETGARIRS s (Hirai et al., J Exp
Med 193: 255-261, 2001). Moreover, CRTH2 nedi ates the respiratory burst and
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fol | ows: term’ rmleté refers to an atomor group of chemcally bonded
atons t halthemr@tetrmﬁm ¢BTHRowhigh diﬁ@ﬁﬂbﬁl”yn’ﬁﬂl&ﬂﬂeetSWRbb?eSf@b”l%ﬁée cheni cal
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hal ogen" refers to the fact that one or nore hydrogen atoms a | ower

2010/ 0550@W/OE32@@§/m&rsme,-argagoraﬂmr pedial agenigsdofieR bidf ar%us@pll‘@éed by

one or Y. 0 I

{1 or oret Tt O AT g st i & gt slgrblq ARRRERRRYlerdle AHREPCRIED ang
heterocyc@nabkkkn&Mb&tltuted by | ower al kyl or |ower al koxycarbonyl" refers
to the fact that one or nore hydrogen atons of a | ower heterocycl oal kyl (as
defined 5 below) is replaced by one or nore | ower alkyls (e.g.,

4- et hyl - pi perazin-1-yl, etc.) or replaced by one or nore | ower

al koxycarbonyl s (e.g., 4-tert-butoxycarbonyl pi perazin-1-yl,

4- met hoxycar bonyl - pi perazi n-1-yl, or 4-ethoxycarbonyl - pi perazin-1-yl,

etc.). 10 The term"optionally substituted" refers to the fact that one or
nore hydrogen atons of a noiety (with one or nore hydrogen atons) can be,
but does not necessarily have to be, substituted with another substituent.
The term "hal ogen" refers to a noiety of fluoro, chloro, brono or iodo. 15
Unl ess ot herw se indicated, the term "hydrogen" or "hydro" refers to the
noi ety of a hydrogen atom (-H) and not H2. The term"alkyl" refers to an
ali phatic straight-chain or branched-chain saturated 20 hydrocarbon noi ety
having 1 to 20 carbon atons. In particul ar enbodi nents the al kyl has Ito 10
carbon atons. The term"lower alkyl" refers to an alkyl noiety having 1 to
7 carbon atons. In particular enbodinents the | ower alkyl has 1 to 4 carbon
atons and |n other 25 partlcular enbodlnents the Iomer aIkyI has 1 to 3
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25 The term "l ower heterocycloal kyl" refers to a saturated or partly
unsaturated non-aromatic ring noiety having 3 to 7 ring atons bonded

t oget her wo 20vass@sri ng structure wherein one, two or tRCEEPRHOINMBIZ I NY
atons is a heteroatomwhile the remaining ring atons are carbon atons.
Exanpl es of | ower heterocycloal kyls 30 i ncl ude norpholin-4-yl,

pi peridin-1-yl, and piperazin-1-yl. WO 2010/ 055005PCT/ EP2009/ 064813 - 5 -
ring atons is a heteroatomwhile the remaining ring atons are carbon atons.
Exanpl es of heteroaryls includ rimdyl . imdazolyl, pyrazol-1-yl and
tetrazol-gh?lln.ve '8 BCBHEN ‘g'& %d?oé'%‘?%ﬂdst éor q‘?ﬂ'"a conmpound of the
formula" or "a conpound of 5 fornula" or "conpounds of the fornula" or
"conpounds of formula" neans any conpound selec%ed fromthe genus of
conmpounds as defined by the formula (includingRany pharnmaceutically
acceptabl e salt or ester of any such conpq I f not otherw se noted). 10
The term "pharnaceutically acceptable sal 8" rgfers to those salts which
retain the biological effectiveness and p i *of the free bases or
free acids, which are not biologicallyXr oftfferwi se undesirable. The salts
of the present invention nmay be forned |[by the addition of inorganic or
organi c bases to the acid comsQung he pi*esent invention. Salts derived

from an inorgani c base include, imted to, 15 the sodium
potassium |ithium ammonium, ca msalts and the like. Salts
derived from organi c bases iR¢T udes
primary, secondary, and tertiary am nes, sulpstituted am nes incl uding
naturally occurring substituted am nes, I-T(? @ am nes and basic ion
exchange resins, such as isopropylam ne, trimethylam ne, diethylam ne,
triethyglam ne, tripropylam ne, 20 ethanol am ne, |ysine, arginine,

N- et hyl pi peri di ne, piperidine, polyamne resins and the |ike. The, cqnmpounds

of the pratRPaTmacsHtically %ﬁpbé'%?@@eﬁ‘ﬂd eﬁefsnf@emfwmremf@ae@@ﬁ dally
accept abl §re5cﬁéfirn§d il e, 8& 89§cr@iioﬁ %ﬁd RIGHENIn LAYEDA! B éﬁ?%r%%@nﬁen be
present in the formof pharnmaceutically acceptable ester I.e., the nethyl
and et hyl redates tenethadseofavanigacibiriig andluging the chepgsiads af foymotr liesivell The

conpounds_ of r t _inventio a |.s | vat i.e.h ed. The
ol vat 1 on LR REE Koy ok Rhe RaiRlas shoh RERAIIR.cThe aBraliEEL o can
t ake pbac@rinul. | #6 ahtagoniEts| Bepatiabagdiss et ¢apCRTPI2OREEpicRandmanbe ni tial |y
anhydrous cqnpound of 30 fornula | (hydration). Conpounds, that have the
same nol e¢tffalrin tiEAHY is6aseiAPd QiSoreTs RESPEiRigHAVIB) tNEEERFEREYS S¥ENBSNdi ng of
their atogsneg the arrangenent of their atons in space are WO

2010/ 055005PCT/ EP2009/ 064813 - 6 - ternmed "isoners."” Isoners that differ in
the arrangenent of their atons in space are terned "stereoisoners."”

Di ast er eojyer. r.eQi h kD Ie: ' Lon . or nore
chiral centiers iR ELRBE ki U r R eR e G B D bR s 7B "o "ror e
asynmmesr i desweiption antl lkitimaraee definedas filemsnposabl e mirror i mages of each
other are ternmed "enantioners."” Wen a conpound has an asymmetric center,
for exanple, if a carbon atomis bonded to four different groups, a pair of
enant i ONetge tnPARSER' FefeNtodRatbhPERIroGpRf BSemitaNRpbriéI 8dnythahR absol ute
configuration of its asymetric center or centers and is described by the
R- and S-aapheddp egomear@omfor mieculd Ryong camaerercsiestcal dongy theiebuo manner
in which - S e..af. . igeds |.i i gnat ed
as doxt r oPaTsEE g F ot & e SrbnBhAg Ly b e bt AR S

r especdi vebieties Aattare alttacloaptmuthe coas sevctate efsfoentilad byianchwalehiddondnant i oner
or as a mxture thereof. A m xture containing equal proportions of the
enantioners is called a "racem c mxture". 15 The term"a therapeutically
ef fecti venaeritaihce ®f a pagieRP witfletyRaAhSordlo BB hydrbg €0 BRAHA Ahé ern 1 S
effective to prevent, alleviate or aneliorate s tons of di sease or

prol ong t Isebsiitkigd; sgfers totthe fagishaiat Ierst petof &a %ﬁ})rom atamnat thahmefety

t her apeut i j i Al jid e d he
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i nvenbonsutmstituted by Watdgen” réfeis tbithe fact dmat obe areyoreehydedgamatoet ofra laweanner
known in the art. Such dosage will be adjusted to the individual

requi renents in each particular case including the specific conmpound(s)
bei ng adm ni stered, the route of adm nistration, the condition being
treated, as well as the patient being treated. In general, in the case of
oral or parenteral adm nistration to adult humans wei ghi ng approximately 70
Kg, a daily 25 dosage of about 0.1 ng to about 5,000 ng, 1 ng to about
1,000 mg, or 1 ng to 100 ng may be appropriate, although the | ower and
upper limts may be exceeded when indicated. The daily dosage can be
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WO 2010/ 055005PCT/ EP2009/ 064813 - 8 - conbi nati on. The conpounds or
conpositions can thus be adm nistered orally (e.g., buccal cavity),

subl i nguawbyoiopas@at eral |y (e.g., intramuscul arly, i ntr@CEmEPeeiope4ses

subcut aneousl y), rectally (e.g., by suppositories or washings),
transdermally (e.g., skin el ectroporatjg[\) or by inhalation (e.g., by
aerosol), and in the formof solid, liquid 5 or gaseous dosages, including
tabl ets adsldyldas }d@ﬁmd)h@OV\lei‘ﬁere@taﬂedimmrm ordnowlmalbge@mﬂmasdd d.n a si ngI e
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acid, or in the formof a bjodegradable ai ned- ase conpo on for
subcut ane@GJa%trthﬁbon%PW@ﬁf?s%!ﬁjrage'&él?ﬁmﬁ QE?;VY%HPGKFW? palkyl (ag H@F’Eﬁ sent

i nvent BO”béIS\llvaser%pFa‘%eHI'b‘? &W@@Iof%r gm?er ng[ 14 rﬂetl‘fi@-pﬁ%rﬁﬂﬁ -1-yl etc ) or

pharmaceutically acceptable salts and es her eof’, wherein: s C(H or

N, 20 X |@pie@leeldzye@er@rdnptawl@wr@l!rpxmﬂfbo@yls &@gof4~te(tibuth3@)erbqrm C(H)(H)
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of : (1) hatdr)ogen, 5(2) hal ogen, (3) |ower al kyl optionally substl tuted by
hal ogen, and (4) | ower al koxy, or alternatively, RL and R2 are bonded
together to form nethyl enedi oxy; 10 R3 is selected fromthe group

consi §pi NMph@fern{* %})tlauarm%t.tuée’a reRr O eLthe féét)thbpaveé ofmYe hRbhenatdnts

substituted by h % | oner al koxy, and 15(5) cyano; R4 is sel ected
fromthe graneiaipiy @pnﬁgr more hydrogen atom@hgamaedggrdoes not necessari(y2) | ower

al kyl opt ﬁé\%aﬂo %§§§ Stpl ?L\?%dgp{otn%a eltue%?(?’) | ower cycl oal kyl, (4) | ower

al koxy opti onal n, (5) |ower alkoxycarbonyl (6)
benzyl oxy or benzylsulfanyl (7) heteroaryl optionally

by et hanLSe ABAOGERY eips2ra Stk BEiarBnon B MAmO Bhiptent) s 0) 2 R7.

wher eijgR7 is selected fromthe group consisting of: (a) Iower al kyl
opti onal lé substituted by hal ogen or phenyl , 30(b) an no, g | ower
al kyl ani ngnlesg ptheswise indisptegh Hie tesm @é-’}rog@'ét% Bbﬁirﬁ’o refers to the’moiety of a

hydrogen atom (-H) and not H..

The term "alkyl" refers to an aliphatic straight-chain or branched-chain saturated
20 hydrocarbon moiety having 1 to 20 carbon atoms. In particular embodiments the

alkyl has 1 to 10 carbon atoms.

The term "lower alkyl" refers to an alkyl moiety having 1 to 7 carbon atoms. In
particular embodiments the lower alkyl has 1 to 4 carbon atoms and in other

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

30 cyclohexyl and cycloheptyl.



WO 2010/ 055005PCT/ EP2009/ 064813 - 10 - (f) N-acetyl-N1lower al kylam no, (Q)
| oner heterocycl oal kyl optionally substituted by a substituent sel ected
from t he woacaw/semsi sting of: 5(i) lower alkyl, (ii) phecylEPo@ioossas |y
substituted by hal ogen, and (iii) |ower al koxycarbonyl; and (h) phenyl or
benzyl, wherein said phenyl or benzyl j;f?éopti onal Iy substituted 10by

hal ogen or trifluoronethyl; and R5 and , I ndependently of each other, are
hydr ogen e tasrhidwernalk@es réfedt wathedn@etyefOrRs whetdie RRS lewier #Myl@si et i es

of "t ho. prayiecT rBREN: BrATel S ad B ARRRY thedts G e Irifndly BbRhehn = O

hydr ogen @topoxy,hedproponyd naiutexyisebubexyh sackedtdxg andatrieatdgn at om absent
bei ng substituted by R3 or R4 (with the understanding, therefore, that R3
and R4 are not sinmultaneously bonded to the sane carbon atom and | i kew se

nei thes REhdrRioldr AROEREEPY R rdfaed tdQneSndibty ALONCLRIWnéreiH R RISwer

i ndi cated 20 otherw se, i'n reférence to fornmul'a I' or a subgenus of fornula
|, the tealkyl"ag defingdirevipugly.c Exampiasaal lower akexysartanyhinsietesvibinde) i s C(H)
may be bo d 0 S i i h R3 or R4 in place of
t hat hydr@%gﬁ)xg %QOH%h%@'gggcl né?@t%@%@?%&%?b& € term"RlL and R2 are
bonded together to form 25 net hyl enedi oxy" refers to the formati on of the

follow ng _structuyre in formulal JR1._an as. depj.ct eLow.

2010/ 055 BB LRI s o e WiTeretE fo e BpietnatRe TR MRIPITRd as
in fonoul g ibwelflkfss detieadr&do@d e AW S@MIIIBS § RIS MarfcRUibhAMLtANE any
subgenera t hereof enconpass all possible stereoisoners (i.e.,

( R) - enant Methanesulf@)ylreatiyt i oners, 5 diastereomers) as well as racenic and
scalem c m xtures thereof. In one enbodi nent the present invention is
directed to the conmpounds of fornula | or pharnmaceutically acceptable salts
or est er sThéaareoTowdraalieylamia” sefefDdo, the® maeieP(NYR) @) dwRdreirs RS veriRikyds

depicted below ip formula JA: 10 rein - R3 and -R7 .are defined as
1Pt or mul 8 Heta rSioREY ” el ol BavEF akUAR G BERETSRMEDG: r ect od to
t he cgypounds of formula I or pharnmaceutically acceptable salts or
esters thereof wherein X is_C("%I—D, 150 is and R4 is S((J)_\}'Z- R7 as
depi ct ed P &M towerrdralkyamo rs ¢ Hre0mS S B ooEren43 end R age
wherein < = i, oL ferml : : ot her
enbodi rneﬁtED W?ﬁé@?%%éﬁﬁ?ﬁ%ﬁ@iﬁgw %sh %?ardé@te eog atrﬂcﬂ)wté Rglal:kglr?pnlgﬂ% s of 5 formula
| or phardeethylamadd.y acceptable salts or esters thereof wherein X is
CH(OH, Qis C(H, and R4 is S(0)2-R7as depicted belowin formula IC. R7
O/ '". 1CS0 40 SO

20 The term "N-acetyl-N-lower alkylamino” refers to the moiety -N(R)(C(O)(CHs)),

wherein R is lower alkyl as defined previously. An example of a N-acetyl-N-lower

alkylamino is N-acetyl-N-methylamino.

The term “heteroatom” refers to nitrogen, oxygen, or sulfur.

25
The term "lower heterocycloalkyl" refers to a saturated or partly unsaturated non-
aromatic ring moiety having 3 to 7 ring atoms bonded together to form a ring
structure wherein one, two or three of the ring atoms is a heteroatom while the
remaining ring atoms are carbon atoms. Examples of lower heterocycloalkyls

30 include morpholin-4-yl, piperidin-1-yl, and piperazin-1-yl.

The term "heteroary!” refers to an unsaturated aromatic ring moiety having 5 to 6 ring
atoms bonded together to form a ring structure wherein one, two, three, or four of the



HO 0 wherein R1-R3 and R5-R7 are defined as in formula |I. 10 I n anot her
enbodi nent the present invention is directed to the conpounds of fornula I
or phar rewerniogsbioy accept able salts or esters thereof ROEMEPROVINGISS3
C(F)(F), 0is C(H), and R4 is S(0)2-R7 asdepicted belowin fornula ID. WO
2010/ 055005PCT/ EP2009/ 064813 - 13 - whgrein R1-R3 and R5-R7 are defined as
in formula |I. In another enbodi nent the present invention is directed to

t he conpotingigtonts i§ & letatdadom vrilegharemewing drad bipragakeptaibore atahs.s or esters

t her eof erein Xci Q- Q.is . nd R4 i,s ).2: RY epi cted
bel ow 1 n 57 Hhes of EBtaals Trolb8 byaiRi] rigdeon ey By ARG A RVRE. e
are defined as in fornmula I. 10 In anot her enbodi nent the present invention
is directed to the conpounds of fornula | or pharnaceutically acceptaple
salts or QQ'@@F@WW!S@SE&%@%&W tﬁrm_saépm)p@de&Eﬂ*%rmglahyar%é%wpag%egg cted
bel ow kn foatmak 8r Fdompountd of theiRReld R cofhpolids didommdansedie &fye defi ned

as in fornmula I. I'n one enbodi nent the present invention is directed to
t he conpoteiteowid sejeetad drom theogensaafpeomaundalesdesioee py ding forawla s or esters

h f wh i i i ; . . :
ai rect ed Vo dok ooty a8 RpIE e BF Bhel OFy SRATEahBISRERE 5 o
or est er sothbavigehowrein X is C(F)(F). 10 In one enbodi ment the present

invention is directed to the conpounds of formula | or pharmaceutically
acceptabl e salts or esters thereof wherein Xis C(H) (OH. In one enbodi nent

t he prgsenge tdiephbRRacsutidbNestRDtate SBRs "GOO W thosels aft® WhibHretaifthe
phar maceutical |y acceptable salts or esters thereof wherein Xis C(0). 15

In one enbieloineheffeciivepeesand prapesias orihe dregiases ed fres adils, whigsorredistof
formula I, i cal t r : erein Rl
is sel ect%gropgéﬂ?tgﬁé%mﬁg dc%ﬁ??%@?ngp‘éc)? ?&?%tﬁﬁ%?%ea{éﬁégg?gﬁbu%?o; (3)
met hyl ; (#)ymedblbgrtioe af8ition of friongarocret bidanicapasesad the bbidxoompdiBds of the

2010/ 055005PCT/.EP2009/ 064813 .- - 1n a partjcul ar enbpdi nent .the present
nvent  orPRSCR! MLGRY. DE AEnesh oM AT ngroais heparPLEP: Bt pas el
accept|abl gesRidivin Wotasdigns ithies ephmvhRRe idaldtimi ShaiesiogesaltsTardthamré her
particul ar enbodi ment the present invention is directed to the conpounds of

formul a | Salfs perMaselE@nOrgaili¢ YasecBstuds) Bulpinot imited te palts elgprdd@ywher ei n R1
is flu or kLculan: I I ntion is
directed t@eocotnﬁg égﬁgg%rﬁgg %fntg% ’ og%ﬁg@%mgﬁ@p g&@@ euetﬁ??gﬁllolflzeg@@ pt abl e
salts or sdistitded hetimes, cybler @nneRbBndPasit ibyglexchangai@sins, spetr 8$ cul ar

enbodi ment_t he present. i nvention i irected . to the conmpoynds of fornula I
or phar nosebEPUBTOS dbmels e alely b e, Pl e . SPTRALPEIE R | <

chl oroo lsthbRolanmd)gysimeérdrgibiHea N-efippietire, oiriires pblyahiive Rdsian®
directed to the conmpounds of fornmula | or pharnmaceutically acceptable salts
or estersthed&Beof wherein RL is trifluoromet hyl. 20 I n another particul ar
enbodi nent the present invention is directed to the conmpounds of fornmula I
or pharmaceutically acceptable salts or esters thereof wherein Rl is

met hoxy. The compounds of the present invention can be present in the form of

pharmaceutically acceptable salts. The compounds of the present invention can
25 also be present in the form of pharmaceutically acceptable esters (i.e., the methyl
and ethyl esters of the acids of formula | to be used as prodrugs). The compounds
of the present invention can also be solvated, i.e. hydrated. The solvation can be
effected in the course of the manufacturing process or can take place i.e. as a
consequence of hygroscopic properties of an initially anhydrous compound of
30 formula I (hydration).

Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are



I n one enbodi ment the present invention is directed to the conpounds of
formula | 25 or pharnaceutically acceptable salts or esters thereof wherein
R2 is selwoted/dss@mmn t he group consisting of: (1) hydrogeaI/EP2)09fob4se3 0; (3)
met hyl; 30(4) trifluoronethyl; and (5) methoxy. WO

2010/ 055005PCT/ EP2009/ 064813 - 16 - In particul ar enbodi nent the present
invention is directed to the conpounds of fornmula | or pharmaceutically
accept abl ermadt’ '@omer%stle@metshtéaédiffemetheiaﬁraRgemnhyﬂhh@q@homs in spageoaiieer

parti cul Q WRHE nven dto the conpounds of
Pormila | egreg sl ea PFiteabie i Sl ap il ddstPeot “wher ei n R2
is flu oreonfigurdtiona@neesr rﬁ@rretomml eentersbwiichand nbhengitieans. i nvention is
directed %o t he conpounds 10 of formula | or pharnaceutically acceptable

salts or eEVePISONAE RRANNGRAICPTHMREE ?%VF‘FFB?HS‘PICG”F%YSé*FR}tar‘i%POBart| cul ar

embodi §eng, deifhdsaRiirid? ARLES S bacrbiher BRCeh el "ensitBRYIAdSWhen a Of
formula | or pharnmaceutically acceptable salts or esters thereof wherein R2
is 15trifteopoysdt hged an aﬁyran*@fcmpecerﬁar, forcenaanplenba garkam atofeis rosgded to

i nventio t a I ically
accept abpfghggﬁegeqﬁrg?&sé (?rhcgf?eo H%%rréél rﬁc%fml'gs ﬁr}éteﬁanﬁ)mé%ﬁﬂénot her
enbodi nenthadrbetepizes bythe alymllntemnﬂgurdtloleof ﬁ@latmtﬁ@@nmmrpeuordsermérsfawdnul a l
or pharmaceut L1y ceptable salts or es rsther eln 1 and R2
ot e bondedeadRER RN 6 FBR Y REB IR Bl Com. 1N G ERBEPHTR . ¢ he
presenp i myARéH iAfwhich He I%re%met@tét@@tr@ﬁlﬁﬁ%@ﬁo@hzw \A?’]mlaﬁhdl dé¥ignated as
pharmaceutically acceptable salts or esters thereof erein Wand R2 are as
defi ned peeXiiaseieryyy Porevoertatana(ile., asicaer (1tisamemarigsrectyely)-nbichiset h
hydrogen. . [ tgd to the
conpounds o@p% or nuﬁgp%délwﬁ\%dr'\?rggael%l Capfne‘rg?égg%trg dré ﬂq%rt%@co'g esters

t her eof mﬂmda«tmiercdﬁlainiﬁ@,eqmndpﬂ@oetmsaﬁ tlui@énammbnperevzs oalﬁcya fracefmir miktarel'.,
except that one of RL, R2, or R5 is not hydrogen. - 17 - In one particul ar
enbodi nent the present invention is directed to the conpounds of fornula I

or phasnetiesltdrifla tierpeat Al &fettld anmdUNETf & cortiRIirthedhe B R iafmdtht bf
sel ected fromthe group consisting of: (1) hydrogen, 5(2) fluaro, (3)

chloro, (WMpuRdthal isyaffectivg ta Pref\’?ﬂblaﬁ%@ ram@prqatgmmpﬁpmg@dlsgﬁgepo(7)

cyano. In r n o the
compoundsP oIS Bhe SHal S HRE e el P RE 6] DB ERA ot SR REkERN,

t her eof wefGeativa aRBUNE |$wltfemttleej skil amtrterm"t gTbelmerap&utmailylgffeoitlve(alrjmth'rytohrogen,
15(2) hal ogen, (.3 Iovve K Lonal substituted.by.hal ogen, and (4)
oyanb. s A s nsEesiering % i Bvebig S e P WO PEE B T { ne
CorrpoaodSmai/ be detefntinddliria maiinepRAGWAGEtHS S8l BMc@@@m@MM&)eS@dete@rto esters
t hereof wherein R3 is 20 hydrogen or |ower alkyl particul ar

enbodi nentthet"ﬂ@V'HHéb@ﬁH'r?W%Wt'F@l@W@%W@ft@éeﬂ'@P“ﬂcﬁ@g &ﬁ“rﬁ%ﬁﬁ*ﬂfs of formula I
or phar %b&?d é)’bé}ﬁ Bﬁﬂ%t%récﬁltﬁé rQUte BB h rrrﬁnlétﬂggfoguo he% Idh &g S

hydrogen oro, or c | oro. a parti cu ar e i ment t e present
i nvent i ontr¢ated] awetastioe pataerﬁcmp‘@m@tedf Iregerfienamin thel case ¢floaalmiceut i cal |y

el par P Al RENSn b Eo P lARE Pt aab R pd ARk G g o= ™
conpoupdsdedageasfraboat 0. 10rhg m@abmooa) ﬁaj l1ymgas apbatr! 008 ahg, $>rdrm9$cb e¢068

t hereof wherein R3 is h WO 2010/ 055005PCT/ EP2009/ 0648 18 - In
anot her p@etm%nparapem%im%ﬁw% W lewenand wpeRE i Mayde exaee e@'d"*‘ﬁﬁ‘e

conpoundsingicafed. W@déllﬁos%@%rdﬁﬁoﬁé‘édrﬁﬂ t¥reBCRCPERBlLAS drSin @ividsd er s

t her eof wherein IS
doses, orfor parenteral administration, it may be given as continuous infusion.

30 The term "pharmaceutically acceptable carrier” is intended to include any and all
material compatible with pharmaceutical administration including solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and other materials and compounds compatible with



flu oro. I n anot her particul ar enbodi nent the present invention is
directed to the conpounds 5 of fornmula | or pharmaceutically acceptable

sal ts or wetermssiwsr eof wherein R3 is chloro. |n anot hePCpapPRécowbesn3

enbodi ment the present invention is directed to the compounds of fornula I
or pharmaceutically acceptable salts or,esters thereof wherein R3 is
nmethyl. 10 I n another particul ar enbodlzrent the present invention is

di rect ed pharmeseoticg) @dminisibétidror bxdept lnsofar;ﬂsaanmmﬂyenhmalwmepagmtes salts

o coont TRbERDEGe M e Bolile BN st Bt MRt ot ment the

phar naceuhveraﬁdryswoam;abﬂeel Sugpternéntest adtivetdoeignindsivaneilso B8 i s
trifluoronethy éS | n anot her 8art| cul ar enbodi nent the present invention
is di rect'@@o‘"tDqutﬁ I Ao GAIROBEORMSr mul a | or phar maceutical |y accept abl e
salts gr esters thereof wherein R3 is nethoxy. In another particular
enbodi ment the present invention is directed to the conpounds of fornula I
or phar madeeiui @mrrryacaub@qitcam@s $atlthe peepasstian of thaeoswositives diereqracarsbe0
cyano. In enhadi 0 ted to
t he corrpo?fﬁ #é 8%%63 H@% |l[o mc%ﬁtt%a%%&ggéﬁee @Icgté@?& g esters
t her eof V\d:m)’SEliGHs EépposltbaésagmwdersIentemallpe:batmrcmcﬂbérapsro&rdbeﬁifdmntatlbhe
pr esent &ve qo)n is.directed to the corrgound 9

in

of forrrul:il
phar maceu NG QP API-EKFRANOG) rPé'”éroré’éP FUNG MLIRGPrlREy ESiFie): | s cyano.
VO 2010/ 05209RB5THERZORMPEABAS, soldforrs, Sisdeidher et hetdsals, BRBesH Nt the
present invention is directed to the conpounds of formula I or
phar naceul he 68IMer gae bptseiicied iipmdhevagate pis iNBidisr thage PEpatreaums

het ticul
et or o8t Vi BBl SHLRHALILSHYe bOYEEN T i boyned RBhURA ghr o0 or
| or phar sesamg Dld;aﬂridythed:lkent\/atﬂresalmlet aqmom&sd@«tmsehemdaglfycmharepmfadeds

b I b t h t
Pt | ool geTes eart R BRaSTRaE i the it o BT Aalubiss ey

accept|abl gxsmapib sfophuRBibas fortimeaRMouwheirhiBtralor SorfBiidw bterilkladudoaB ot her
particul ar enbodi ment the present invention is directed to the conpounds of

formul a |Svtignsefiae aglivenorsdientsd yhieh areseieparegkbediserlvingiselie attivther ei n R4
s trifl Uﬂg%&?édlﬁg% w%fér%@?&ﬁfoe%%d%ﬁu@somﬂdbﬂﬁ ndeif Qﬁ@%&lﬂpoh nvention
is directed to t oun mula | ar mac utlca

accept abl sieslal Sﬂltableepd;marnaceU‘ueabe»fmmbreisemwiucﬂusiascm?n:ehmalbs@,mh:aglmonyde I n

anot her Par Jraﬁqrj odi ‘?r&'e es invention is.dir 8 to the
conpounds 8 Sascie biody hﬁ? Pubiidhely chac%g?%%v@ e 8P ¥lers
theregb whearitd gW‘cdr@l rAbedtEaratd) &foeiumn shlofldehe@sd skim il ighakdly substit ut ed
by net hanesul fon I n anot her particular enbodinent the present

i nventi onproﬁ’y'&f‘?&%cé’ﬁ waier thanonss\dihs like bie eamRasitons may pesubiraded fxal |y
accept abl ?‘%rﬁn%bhénﬁ ph%%ﬁé&tfcgﬁéc?d?{wé@hﬁfcﬁ' sbRali \Qélfrstablllzmg agents,

al kanesul I'n"one particular enbodi ment the present”invention is
di rect ed wettmg@reommmgsagﬁnwmahtalfar ad10$tlmmmlessmel pulkereepddbée salts

or esters r romthe group
consi st 1 e PLigue HhEGake el S e Mt Cutifeln BRI Bt Cgen: (5

am no25( 3Remﬁdwrh arlnhlaemaa:elﬁtcbySa@h@és by &) Wliv@tiny Sach ampbsudores Witll, &m no;
(5) norpholin- . WD 20 0/ 055005PCT/ P2009/ 064813 &

pi peri di n@M¥ ?&e”t(%”t%'f‘r?é‘r%f Ghvg apnpunt gj thg. %Fé'Vﬁ&P”EOHBFé%%hTW ha o)
4-tert- buélﬂ?é‘b?@éé?ﬂ@b’éo Bé@@b%?a'ﬂe ey Fropef d&age form for proper administration to

4- et hoxycar bonyl - pi perazin-1-yl or 4- et hoxycar bonyl - pi perazin-1-y1; (11)
4- (2- f | uothepheipien).- pi per azi n-1-y1; (12) acetyl anino or

N-acetyl - N-net hyl am no; (13) benzyl; and (14) phenyl optionally substituted
by hal ogen or trifluoronethyl. 10 In another particul ar enbodi nent the
presend ilimtastpragticesof dhe ﬁ@tth&ﬂ:l tbfothe IneesEmtiroentisn,adn éffeative antowot of any

phar maceutical |y accept |ts or esters th reof. wherein R4 is S(0)2-R7
G R SORS P S THBAOR 96 13 SRMEOMST & CPRIGHON o Py e SRgPndRsy”
trifl uor ompt RybntickPérA plbé%*ﬁiéﬂeutlééﬁby é&bhbﬁb?é%élpopést&t t*PﬁéPé’dT‘ B&dniifistered

di net hyl ami no or diethylam no, (6) phenyl. In a particul ar enbodi ment the
present iYi@@nyiohihe ysuAl eadtasgepigb etoeip knAws ipthearts gjihensimgly @rin
pharmaceutically acceptable salts or esters thereof wherein R4 is S(0)2-
wand R7 is lower alkyl optionally substituted by hal ogen.



I n anot her particul ar enbodi nent the present invention is directed to the
conpounds of fornmula | or pharmaceutically acceptable salts or esters

t her eof wWereiwmsRWsi s 25 S(0)2-R7 and R7 is nmethyl. |n a&ootEresopessis cul ar
enbodi nent the present invention is directed to the conpounds of fornula I
or pharmaceutically acceptable salts or,esters thereof wherein R4 is
S(0)2-R7 and R7 is trifluoronethyl. 30'§h anot her particul ar enbodi nent the
present i eadbinaten.iThedianepewdistay conpasiiope wadshes bé edministeredberally (e.g.,

pharmaceut i cal Ly .accept.abl e salts. or, esters.thereof wherein R4 is S(0)2-R7
nd R soueh e BT v BusTiPanaE & M anEGEf er Vg aEhdtey. 3
2010/OSSQQﬁiﬁﬂadEB&Q@Qg@&ﬁ&ﬂ&Eg2bys#bpogﬁﬁbegwﬂﬁ?M%ﬁmH&?wdemﬂWWEQL,the
present invention is directed to t conpounds of far ar ... .

Dhar maceL s 819Gy ORERUBN b & CHPRYOB (e So i asTosl) corl 0 Erm Ghpolid Ui 2. 7
and R7si sg s dBsbBeRAUINRg RIS HH A usPBRASHTEIHe SRR &REAGahBEeNt | on
is directed to the conpounds of forrmula | or pharnaceutically acceptable
salts or eydcted ing singlewndrdssagrioing with patiRousiierRIPYias irargjingle dose n

anot her part.l L o4dlj - ] I i i t to, the
conpoundet B hERT ShE BRphe RS A b Bedt ik [ SR Akl <

t her eof whauiom dAdissersSioh)i2 cBijuactibrRrith & lipwphitic salt soclaasphetipadcit) euhar
enbodinen%ﬁthe pieifn i nyention is di[ected to the compounds 15 of fornmula
| or pharf&d8UROL4] '%}}39&%%%1'%61‘ angdrrglegre COMROSioRdPe YR OR4 i s

S(0) 21K7 andnigéciiar a8indtadtiono. | n anot her particul ar enbodi nent the
present invention is directed to the conpounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R4 is 20

S(0) 2- R7 j ] Ll g i ment the present
i nventi onﬁ]inc&sgt%ilzrﬂ'é% gég%gﬁphﬁﬁ%nor%a&gﬁgéhﬁé;ccﬁﬁé% a cﬁf%m%g’r maceutical ly
acceptable salts or esters thereof wherein R4 is S(0)2-R7 and R7 is

di met hyl am no. 25 In another particul ar enbodi mgnt the present invention is
directed to the conpounds of fornula |I or pharihceutically acceptable salts
or esters thereof wherein R4 is S(6)2-R7 is diethylamno. 30 In

anot her particul ar enbodi nent the present Y nve tiog is directed to the
conpounds of formula |I or pharmaceuti cal | yYAQccep |l e salts or esters

t hereof wherein R4 is S(0)2-R7 and R7 X norpholin-4-yl. WO

2010/ 055005PCT/ EP2009/ 064813 - 22 - In |anot her particul ar enbodi nent the
present invention is directe®<0 the cagpoupds of forrmula I or
pharmaceutically acceptabl e sal tfs ef s thereof wherein R4 is S(0)2-R7
and R7 is piperidin-1-yl. 5 In her particybar enbodi ment the present
invention is directed to thd&conpoahds~6f fyfrnula | or pharmaceutical ly
acceptable salts or esters thereof wherein R4 is S(0)2-R7 and R7 is

pi perazin-1-yl. I n anot her particul ar a@:d?tpent the present invention is
directed to the conmpounds 10 of fornula I or pharnaceutically acceptable
salts16r esters thereof wherein R4 is S(0)2-R7 and R7 is

4- et hyl -pi perazin-1-yl 1n a her parti cul enmhodi nent the present
"avent | orbid PhsasENicaly AdREP BRI SRR bFS P RIS Mo eBhar aceut | cal | y
acceptable salts or esters thereof wherein R4 is 15 S(0)2-R7 and R7 is
4-tert-butoxycarbonyl - pi perazi n-1-yl, 4-ethoxycarbonyl -pi perazinl-yl or

4- et hoxy@ds BEHYPL Ni perazin-1-yl . In another particul ar enmbodi ment the
present invention is directed to the conpounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R4 is 20

S(0) 22R7 Msls&téctied frong thd groopaoineisying opi per azi n-1-yl. I n another particul ar
enbodi nent the ? nt invention is directed to the conpounds of formula I
or pharnaceuti@gkﬁé’acceptable salts or esters thereof wherein R4 is

S(0) 2-R7 and Rp)csHaegtyl am no or N-acetyl -N-nethyl ami no. 25 In anot her
particul ar enbodi nent the present invention is directed to the conpounds of
formula | or dﬁéﬁ%ﬁﬁ@ﬁﬂically acceptable salts or esters thereof wherein R4
is S(0)2-R7 aqg BZFjﬁ)phenyl. 30 In another particul ar enbodi ment the

pr esent invent'% é directed to the conpounds of formula | or

phar mageut i cal (5y CAdYEpCHbB), @ndal t s or esters thereof wherein R4 is S(0)2-R7
and R7 is phenyl substituted by chloro or fluoro. WO

2010/ 055005PCT/ EP2009/ 064813 - 23 - In another particul ar enbodi nent the
present invention is directed to the conpounds of formula I or
pharmaceutically acceptable salts or esters thereof wherein R4 is S(0)2-R7
and R7 is phenyl substituted by trifluoronethyl. 5 In one particul ar

enbodi ment the present invention is directed to the conpounds of formula I
or pharmaceutically acceptable salts or esters thereof wherein R5 is

hydr ogen. I n anot her particul ar enbodi nent the present invention is

Y T T o N 1 A~ Y r I [ o " N B T T




I n anot her particul ar enbodi nent the present invention is directed to the
conpounds of formula | or pharnmaceutically acceptable salts or esters

t her eof wNereiwsR®si s net hyl. 20 Positions of the R3 an®#CREP@O®Eises on t he
phenyl ring in fornula | are indicated by the foll ow ng nunbered positions
(2, 3, 4, 5 and 6) as indicated below, R4 ; 64 ----- 1-3----- R3 HOO
with the understanding herein that nei’t%ér R3 nor R4 is bonded to Q when Q
is N. WO 201060S%HUSPEY/ EP2009/ 064813 - 24 - In one particul ar enbodi ment
the present invention is directed to the conpounds of forrmula I or
pharmaceutically acceptable salts or esters thereof wherein the R3 noiety

i s bondedRt ang &3j independentid.of Backbtiferpae ddnectéd fromi teieygrosp bomsistthd of:

position 4 on tFe henyl ring in formula I. 5 In another nore particul ar
enbodi ment, R31)8Y$¥8H8Bd to positions 2 or 6 and R4 is bonded to position 4
on thesphenyl ®)Rgidyenformila I. I n anot her specific enbodinent, R3 is

bonded to positions™3 or 5 and R4 is bonded to 10 position 4 on the phenyl
ring in fornul@) lowarmlspptigmlyistbstitatasolely halagen, arte present invention is
directed to a formula | selected fromthe group consisting of:
[ 4- (4-D et hyl@zw\g%%c’%&mzoyl) - napht hal en- 2-y1] -aceti c acid;

15[ 6- Fl uosroalterfdtively, FRiramd Rbarzmyndedrtapéthbatosiond-mydthyleaetiogy;aci d;

[ 4- (4- Sul fanmoyl - benzoyl) - napht hal en-2-y1]-acetic aci d;

[ 4- (2- Chl or o- 4- et hanesul f onyl - benzoy1) - 6- f | uor o- napht hal en- 2-y1] - aceti c
acid; 10 R%is selected from the group consisting of: _
{444- ( 3- Chl oro- benzenesul fonyl) - benzoyl] - 6-f | uor o- napht hal en-2-yl | -acetic
aci d; 20[ 6- Fl udp bydrogénnet hanesul f onyl - benzoy1) - napht hal en- 2-y1] - aceti c
acid; [4-(4-M Eﬁg@ggbf onyl - benzoyl) - 6- met hoxy- napht hal en-2-y1] -acetic

aci d; [4-(4-Mthanesultonyl-benzoyl)-naphthal en-2-yl]-acetic acid,

[ 7- Fl uor o- 4- ( 48irtwearadisdi bpionydlly lseibz iy ied mapalbbeah.en- 2- y1] - aceti ¢ aci d;

[ 6- Fl uoro-4-( 4-4ﬂet hamﬁ%ul f Or%l- 2- met hyl - benzoyl) - napht hal en-2-yl ] -acetic
o5aci d; [ 6, 7- DM [ AP 480t hanesul f onyl - benzoy1) - napht hal en- 2- y1] - acet i ¢
aci d; 158- (4- Meshagyaas! f onyl - benzoyl) - napht ho[ 2, 3-d] [ 1, 3] di oxol-6-y1l]-acetic
aci d;

[ 4- (2- Chl or 0- 4- met hanesul f onyl - benzoyl) - 6- f | uor o- napht hal en-2-y1] - acetic
acid; [4-k4; YA -f=dret hoxy- napht hal en- 2-y1] - acetic
acid; 30[ % E:%%Qﬁwg{ %té{gﬁggéﬁ%%%nﬁ Qﬂggnzoyl) - napht hal en- 2-y1] - acetic

aci d; [4-(3-Mtihhalgahf onyl - benzoyl) - napht hal en-2-y1] -acetic aci d;

[ 8- (3- Met hanes onyl -benzopy1l) - napht.h 3: 1, 3] di oxol-6-yl]-acetic acid,
[ 4- (4- Et hanesu@ IﬂWir%‘8’298@%3%SPBﬁ%tPgéﬁ%ﬂ%hé?%n 2-y1]-acetic acid; WO
2010/ @65005PCTBER Yy 0I0AKYB - 25 -
[4-(4-D et hyl sul f amﬁi‘%ﬂ- benzoyl) - 6-fl uor o- napht hal en- 2-y1] -acetic acid;

[ 6- FI uor 0- 4- { 4%aWegFIaay SRdiphalbesistsituted By halegedn- 2- y1] - aceti ¢ aci d;

{6- Fl uor o- 444'(@Wv@?(ﬁllid9<%érb%H{/If onyl) - benzoy1] - napht hal en-2-yl | -acetic

aci d; ’

[ 6- Fl uor o- 4- ( 26) banzylexy orsrdrnayissiliamydny| - benzoyl) - napht hal en- 2-y1] - aceti c
aci d; . ,

5[ 6- Fl uor o- 4- ((Z-) HSE%%?@"S?HH‘%@{M-S%@?W?FL?grlgwglf ﬁlwli benzoyl) - napht hal en- 2-y1]
- acetbkc aci d;(8) cyano, _

L (3 BNy 4 B PSR SR RKT Dy Sretharesedip ot en- 2yl -acetic

[ 4- (4- Et hanesulb ks ZiKERERYFsRAN&PYLang- f | uor o- napht hal en- 2-y1] -acetic

aci d;

{ 6! Fl uor o- 4[ 4-(1p) BEP)R nwhareisuRf israelgcted freoythp-grapm chasisingofy| | - acet | c

aci d; 100 4- (4- D et hyl Ryl 2y bp RS9 Lhbs futdd 5 RaBgaNLREGRA 2- Y11 - aceti ¢
{6- Fi B0r 0- 442- met hy(b) dm{mor phol i ne- 4- sul f onyl) - benzoyl ] - napht hal en- 2-yl | ace
tic acid; ,

[ 4- (4- Di net hyl sul f dAbPYE5 alaTIN%henzoy1) - 6- f | uor o- napht hal en- 2-y1] - aceti ¢

aci d; (d?}lower dialkylamino, _
15[ 6- Fl uor o- 4- ( 2- met hy1- 4- net’hyl sul f anoyl - benzoy1l) - napht hal en- 2-y1] - acetic
aci d; (e) acetylamino,

(6-Fl uoro-4-{444-(2-fl uoro-phenyl) - pi perazi ne-1-sul fonyl] - benzoyl | - napht hal
en2-yl)-acetic acid;

[ 6- Chl or o- 4- (4- met hanesul f onyl - benzoyl) - napht hal en-2-y1] -acetic acid;

20[ 4- (4- Met hanesul f onyl - benzoyl) - 6- net hyl - napht hal en- 2-y1] -aceti c acid;

[ 4- (4- Met hanesul f onyl - benzoyl) - 6-tri fl uoronet hyl - napht hal en-2-y1] -acetic
aci d; [6-Chloro-4-(3-nethanesul fonyl -benzoyl)-napht hal en-2-yl]-acetic acid;
[ 6- Fl uor o- 4- (4-fl uoro- 3- net hanesul f onyl - benzoyl) - napht hal en- 2-y1] - aceti c



[ 4- (4- Met hanesul fonyl - benzyl)-6-trifl uoromet hyl - napht hal en-2-y1] -acetic
aci d;

[ 4- (4- Metweanesuisf@nyl - benzyl) - 7-tri fl uor onet hyl - napht halPemAP2902jos4se2t | C
aci d; [6-Fluoro-4-(4-nethanesul fonyl -benzyl)-napht hal en-2-y1]-acetic acid;

WO 2010/ 055005PCT/ EP2009/ 064813 _10.- - 26 -
[ 6- Fl uor o- 4- (4- net hanesul f ony1- 2- net hyl -'benzyl) - napht hal en- 2-y1] - acetic
aci d; (f) N-acetyl-N-lower alkylamino,

[6- F1 uor o- 4- (4- et NanRSul HafuLe fid ik A5 AT U RE0F Y b <LRBALERL en- 2 V11~
[ 4- (4- Et hanesul f onyskletteat hyl - benzyl) - 6-f | uor o- napht hal en-2-yl]-acetic
acid; 5[4-(4-Di nethyl f?’ul f amoyl - benzyl%_l- 6-fl uor o- napht hal en-2-y1] -acetic

aci d; [4-(4-Ethanesul fomyhed 9nsEtn@ Ry o- napht hal en- 2-y1] - aceti ¢ aci d:;

[ 6- Fl ugro-4-(4-nethyl sul fglﬂgw[er Q@(ggyl) - napht hal en- 2-y1] -aceti c acid;

[ 6- Fl uor o- 4- ( 4- net hanesul "onKI - benzyl) - 3- met hyl - napht hal en- 2-y1] -acetic

aci d: (i) phenyl optionally substituted by halogen, and

[ 6- Fl uor o- 4- ( 3- net hanesul {iiﬂ%vér%%k’f&a’rb%ﬁﬁté%l - napht hal en- 2-y1] - acetic

aci d; ’

10[ 6- Fl uor o- 3- net hy 1{H)-gdhént/r orf benayo neichain ssid Plosnyl obearzayl js-optiohbival en- 2-yl |
- acetic a@ﬁ%&{t

[ 6- Fl uor oSRSHd 1- 4- (3-tri f1 uor onet hanesul f onyl - benzy1) - napht hal en-2-yl11] -
aceti goaci d; by halogen or trifluoromethyl; and

[ 6- Fl uor o- 3- net hy1- 4- (4- phenyl net hanesul f onyl - benzyl) - napht hal en- 2-yl ] -
15acetic aci d;

[ 4-(4- EChangsy EoRYbp BRI or Babh URHeh: S Thuder bl en- 2- y1] - acet i c

{4-] (2-Chl or o- 4- met hanesul f onyl - phenyl) - hydr oxy- net hyl ] - 6- f | uor o- napht hal en
2-yl yacetigcI aci.d: . he R® b e v of

{ 4- [ Hydr oX)'ee3 NHicated oarvisky NS ReAYd R ARIATES (RdepsnAgninalfRANPIBRD 2§ v
20acetkc BehdEd to one of the ring carbon atoms of the phenyl ring containing Q (as shown in

{6- Chl or o- 4-[ hydr oxy- ( 4- net hanesul f onxl - phenyl) - net hyl ] - napht hal en-2-yly
acet i ¢ acfhognula’l) in place of a hydrogen atom that would otherwise be bonded to that

{6- Fl uor chrgéﬂ%?drﬁ%ééﬁw@rﬁ%éﬂﬁsﬁhﬁtéa'E';X/]R%rfﬁ‘t Wil RBRMULIstaREiRY | therefore,

napht hal en- 'Xl I -acetic acid;

25{ 6- FI uothat B* ahyg dt*cacg-not simetltaaressly bongéd phteysBmereatvph] atompmdHikeerse2- v | -
acetic acjd;

{ 4- [ hydr oXS/eA Rrtion Bn i 0ondse 1o BMaaMQ 5 nferordingh matess.ndicatedacet i ¢

aci d; 20 otherwise, in reference to formula | or a subgenus of formula |, the term “Q is C(H)”

{4-] (4- Et hanesul f onyl - phenyl 2 - hydr oxy- net hyl h 6- f | uor o- napht hal en-2-yl | -ace
tic aci d:indicates that the carbon atom of Q when Q is C(H) may be bonded to a hydrogen

30{4- [ (4- FohPBeS AN wAN PG H R KiGEIPABHL ] - 6- {1 uor o- napht hal e

n- 2-yll-acetic aci

{4-] (2-Chl or o- 4- met hanesul f onyl - phenyl) - di fl uor o- et hyl ] - 6-f | uor o- napht hal e
E‘g%yl_ yac eltJ'nl%sg CIHoqCateg\chze%%/e(,)ﬁ?eot%ﬁﬁc& Eﬁg (l:!gga/rg %%ééd together to form

{ 4- [ Dbl gmremy(eflrrerai&iﬁyaraéml thahg Forpiagion of efiyingtstflcteedn fraptldipbeR’ 2- yI | ac
etic acid, ,
{4-[(4-Etﬂ%ﬁgéﬁﬁﬂﬁﬁyﬁgﬁﬁgﬁv¢)-difIuoro-nethyl]-6-f|uoro-naphthalen-z-ylI-ac
etic acid,

5{6- Fl uor o- 4- [ (4- met hanesul f onyl - phenyl ) - net hoxy- met hyl ] - napht hal en-2-yl | -
acetic acid,

{6- Fl uor o- 4- [ hydr oxy- ( 4- met hanesul f onyl - phenyl ) - met hyl ] - 3- net hyl napht hal en-
2-yll-acetic acid;

(6- Fl uor o- 4- { hydr oxy44- (nor phol i ne- 4- sul fony1l) - phenyl ] - met hyl | - napht hal en- 2
- 10yl)-acetic acid;

{6- Fl uor o- 4- [ hydr oxy- (4- net hyl sul f anoyl - phenyl ) - net hyl ] - napht hal en- 2-yl | ace
tic acid; {6-Fluoro-4[4-(piperazine-1

-sul fonyl)-benzoyl] - napht hal en-2-yl | -aceti c aci d;

444- ( 3- Car boxynet hy1- 7- f | uor o- napht hal ene- 1- car bonyl ) - benzenesul f ony1] -

15pi per azi ne- 1-carboxylic acid ethyl ester;

444- ( 3- Car boxynet hyl- 7-f | uor o- napht hal ene- 1- car bonyl ) - benzenesul f ony1] -

pi perazi ne-1-carboxylic acid tert-butyl ester;

{6- Fl uor o- 444- (4- net hyl - pi per azi ne- 1- sul fonyl) - benzoyl] - napht hal en-2-yl | ace
tic acid; 20

[ 4- (2- Benzenesul fonyl - benzy1l) - 6-fl uor o- 3- net hyl - napht hal en- 2-y1] - acetic

aci d;

~ . Yyr T AN ~ £ 19 ~ 2 1. I T T ~ A I



[ 4- (4- Met hanesul fonyl - benzoyl) - 7-tri fl uor onet hyl - napht hal en- 2-y1] - acetic
aci d; and any pharnmaceutically acceptable salt or ester thereof. 15 In nore
speci fi ¢ woodvosewss, the present invention is directedPCo/HpP@ooRIos1D- 4- (4-
met hanesul f onyl - benzoyl) - 3- net hyl - napht hal en-2-yl]-acetic acid. In nore
speci fic enbodi nents, the present |nveqt|on is directed to [4-(3-ethyl-4-
nmet hanesul f onyl - benzoyl) 6-fl uor o- naphthalen 2-yl]-acetic acid. I n
more specific enbodiments, the present inventiqef is directed to [4-(4- 20
di met hyl sul f anoyl - benzoyl) 6-f | uor o- naphthal 2-yl]-acetic acid. In nore
speci fic enbodi nents, the present i nventi & id)directed to [ 6-fl uoro-4-(4-
nethanesulfonyl-z-nethyl benzoy1l) - napht hal Racetic acid. In nore
speci fic enbodi nents, the present inve directed to [6-fluoro-4-(4-
nmet hanesul fonyl - benzy1) - 3- et hyl - napht hpl en- 2-y1] -acetic acid. 25 In nore
speci fic enbodi nents, the prg;;nt |onF£s dlrected to [6 fl uoro-4-(4-

nmet hanesul f ony1l- 2- net hyl - ben
speci fic enbodi ments, the prgsen
et hanesul f onyl - benzoy1) - 6-f | ubxo- maptit hal en- 2- yl]-acetic acid. WO
2010/ 055005PCT/ EP2009/ 064813 - 29 - In nore |specific enbodi nents, the
present invention is directed to [6-fl uo 8 : -
met hanesul f onyl - benzoy1) - napht hal en- 2- yff acettYc acid. In nore specific
enbodi nents, the pre%ﬁl§rei Xl bod o ré%%tf.ﬁgdfa§ ih forfitlior 0- 4- (4-
nethanesulfonyl benzoyl met hyl - napht hal en -acetic acid. 5 1In nore
specific @nbedmnmnﬂedoﬂnﬁwmeeﬁumgemnwﬁﬁommnadsndmmasubgem@aﬁﬁaﬁbﬁoro 4-(4-
nethanesulfoqg q@i e ht hal en- 2- égetl aci d. G%n mor.e Sp eC|f|c
enbodi ment' O TRASSHIRASRIPS RicErTTIReRL 8l’r( B S (RLIGmeTs.

[ hydr o3y- {idsteradraaes ak Waslyds-rabemid andreddwinlc Bixt@ebyheraapht hal en- 2-yl | - acet i
c acid. In nore specific enbodi nents, the present invention is
directed to [4-(4- 10

et hanesul INoMa epeagieNt g prgseat iBvertionis dﬂ&ﬁ‘l@ﬁﬁalﬂé@lCmeQHJD%@ftfPHnﬁlél|d The
conpounds i t

nmeans. Sul ta%efrﬁ%c?%@c%@ tacb?r(Y)t?BFSe %g@%gﬁameﬁgiﬁ@%%oﬁ%g F\(g%r%@ﬂded in
t he exanpam$R4GESéDh#1 vas dapigied hevoin fbonuallA: | can be prepared according

to the schenmes illustrated bel ow. Unless otherw sg indicated, the variables
X and R1-R7 15 are defined in the same manner asHRdefined preV|oust for the
genus of fornmula |I. Schene 1 | Xa n = 0, @k./

2010/ 055005PCT/ EP2009/ 064813 - 30 JAConpounds pfS@nterest |a can be
prepared according to Schenme 1. Starting w 2- brono- benzal dehydes Il a
and trimethylsilylacetylene (I11), Sonogas | i ng generates
2-trinmethyl sil anyl et hynyl benzaldehy@Qs : of the trinethylsilanyl
group in conpounds |V gives the term ng acetylenes V, which can 5 be
treated with the aryl brom des or iodides VI under Sonogashira coupling
conditions to give internedi ate <ulat|on reacti ons of

oal kynyl benzal dehydes VI with 4 ic acid esters VIII catalyzed by
gold(111) brom de forns the graph der idatives | Xa. Hydrol ysis of
esters | Xa produces compounds of interest g 10 In the first step of this
sequence, the internediates |V can be produged by coupling reactions

bet weg R the appropriately substituted 2-HOonmo(henzal dehydes |l a and
trimethylsilylacetylene (I11) in the presence of a palladium catalyst such
as tetrakis(tripheny\WHssHHR nB) ﬁﬁﬂl%dﬁﬁ@d}ef@ﬁd as in formula .

bi s(tri phenyl phosphi ne)pal |l adiun(11) chloride, and a copper(l) catal yst
such as copper(l) iodide. The reactions can be 15 carried out in the
presence mrarmtrm%rs@ntsmimeagthermesmtliavﬁrrti@ndas diected o dg/canpyursiofe, in an

inert sol Suc r.Qf ur (_THE)., etqnitril oy

N Nl ot hOTPH R reR U argh Bl b 25Tt SR bot Bareln SR GHENED. o

m xt unes QHeoH, anatRAistTeRAbY deplasdbelbwingsmita®r at ure and 80 C (or
the reflux tenperature) for several hours. Alternatively, the reactions can
be carried out at 20 80 Cto 150 C for shorter reaction tines under

m crowave irradiation. Renoval of the trimethylsilanyl group of conpounds
IV to give the term nal acetylenes V can be conveniently achi eved using

pot assi um fl uori de or tetrabutyl ammoniumfluoride in a suitable solvent
such as water, tetrahydrofuran, N, N-dinethylformam de, dinethyl sulfoxide,
met hanol , or m xtures thereof, at room 25 tenperature for several hours.
Alternatively, a base such as potassi um carbonate or potassi um hydroxi de,
can be used. The reactions can be carried out in a suitable solvent such as
nmet hanol , tetrahydrofuran, water, or m xtures thereof, at roomtenperature
for several hours. Internediates VIl can be obtalned by Sonogashlra
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20 water in the reaction mxture. Hydrolysis of esters |IXa to give the
conpounds of interest |a can be easily acconplished using nethods that are
wel | knowwoto1ss®one skilled in the art. For exanpl e, Phe/RPe@o643m3 can be
carried out in the presence of an aqueous sol ution of base such as sodi um
hydroxide or lithium hydroxide, in an inert solvent such as 25
tetrahydrofuran, 1,4-dioxane, water, or “m xtures thereof, at a tenperature
bet ween roomtenperature and reflux tenperature fRgr several hours.
Alternatively, the key internmedi ates VII desgribed above can be synthesized
according to Schene 2 illustrated | ow, and f3 utilized to prepare
conpounds of interest la as previously outlingd im Schenme |I. WO

2010/ 055005PCT/ EP2009/ 064813 - 32 - Sche @ IXa3(n =0, 1)lalnthis
process, trinethylsilylacetylene (I11) is y—T®Ipl ed onto the aryl rings
bearing 5 R3 via Sonogashira reactions aryl brom des or iodides V.
Renoval of the trinethylsilanXI group df conpounds X gives internedi ates
XI, which are further coupl e®R-w thssu it uldd benzal dehydes Ila-c (X = Br,
| or OIf) to generate intermnedi Subsequent |y, internediates VI

are transfornmed into conpounds o
foll owed by hydrolysis of tHR Te
reactions between aryl brom des or iodides and trinethylsilylacetyl ene
(I'11) to give conpounds X can be achiev rm>idhe presence of a pal | adi um
catal yst such as tetrakis(triphenyl phosphi ne)pal | adi um(0) or

bi s(tri phenyl phosphi negrainl RERS ahd IR°-Rhérerdadimedazdn foreappéer (1) cat al yst
such as 15 copper (1) iodide. The reactions can be carried out in the
presence of a base such as triethylam ne or diisopropylethylamne, in an
inert sol yedHotRetEdmBSdikRhf BHRYSHe8é M iRent®Res BREEtEH HE the\tdngbirRishofl f or mam de,
hexane, ethyl acetate, toluene, dichloronethane, or m xtures thereof, at a
t enper at uicemblet viseharaesutivapy pacentablasaltgor estesy thereofivdidareix X isnper at ur e)

2010/ 055005beT R 0GI T B S RO R RERERERB eV ormbiaific (6 150 c for

shorter reaction tines under mcrowave irradiati gff. Renoval of the
trimethylsilanyl group of conpounds X to givg the terminal acetylenes X

can be conveniently carried out usi¢g pot assi 8 f | uoride or 5

tetrabutyl ammonium fluoride in a sé vent sug ter, tetrahydrofuran,

N, Ndi et hyl f ormam de, di nethyl sul foxide, [fethgnol, or m xtures thereof, at
roomtenperature for several hours.H@ terpg gHy-R’a base such as potassium
carbonat e or potassi um hydroxi de can by -
out in a suitable solvent such as neth tetrahydrofuran, water, or

m xtures thereof, at room 10Rt atug fomsseveral hours. Internediates
VI| can be obtained by Sonogashi
acetyl enes XI and substitute% b
the first step described abdve. %
the presence of a palladiumcatal yst such ag
tetraki s(triphenyl phosphi ne) pal | adi un( 0) ﬁ)

bi s(tri phenyl phosphi ne)pal |l adiun(11) chl'ofide,” and a copper(l) catal yst
such as copper (1) i odj#igeindR'-ReLhdF-R’ Hreseefmealhsas férmhgs Nyl am ne or

di i sopropyl ethyl am ne. The reactions can be done in an inert solvent such
as tetrahydrofuran, acetonitrile, N, N-dinethylfornmam de, hexane, ethyl

acet at g, , ] f : f r oom
Ferpor 0t et odhEht B el Rtenth 18 DB S BormE R Cur <.

Al t er nat i foehyla ltdrohaeaatéutitally aocdpallarseite dr esteratheB&of@vhareib>0isCCFO(F),
shorter rgacty tines. r gicrowaye irradiation. Internmediates VIl are

t hen tran§ﬂ%kk@85¥ﬁqgoﬁ3§gﬁa§ BFdPRFé%Eéﬂow ni?“ﬁﬂ%U¢ously descri bed in
Schenme 1, via benzannul ation reactions to produce esters |Xa, followed by
ester hydrolysis. WD 2010/ 055005PCT/ EP2009/ 064813 - 34 - Schene 3 XI VXV
For the specific case where R7 is a piperazin-1-yl substituent, an
alternative 5 synthesis may be used as outlined in Schene 3. Sul fonylation
of N-(tertbutoxycarbonyl)-piperazine Xill with sulfonyl chlorides Xl
affords the correspondi ng sul fonam des of structure X V.

Trimethyl silylacetylene (111) can be coupled with XI'V via Sonogashira
reactions to give acetylenes XV. Renoval of the trinethylsilanyl group of
conpounds XV followed by in situ coupling with substituted benzal dehydes 10
lla-c (X' = Br, | or OIf) generates internedi ates XVI. Renoval of the

t ert but oxycarbonyl group in XVI provides internediates XVII. Subsequently,

i nternedi ates XVI1 undergo benzannul ati on reactions giving intermedi ates
XVIIl. To facilitate purification of conpounds where R7 is a piperazin-1-yl

M 1 o, o N 7N ' T Y T T Y [

g¥Sters. Sonogashira coupling

bS Ik@-c, in a mnner simlar to
e reactions are carried out in



Sul fonyl ati on of N-(tert-butoxycarbonyl)-piperazine XIlIl wth sulfonyl
chlorides XIl to give sulfonam des XV can be readily acconplished using
met hods wWeDl20lmB9wst 0 soneone skilled in the art. The r @aTiEPRIV9I06481y pi cal |y
carried out in the presence of a WD 2010/ 055005PCT/ EP2009/ 064813 - 35 -
base such as diisopropyl ethylamne, trigthylamne, or pyridine in a
suitabl e inert solvent such as dichlororet hane, acetonitrile, 1,4-dioxane,
tetrahydrofuran, or mxtures thereof, at 0 C to Rgom tenperature for

several hours. Sonogashira coupling reactiong befween aryl bromides XIV and
S trimethylsilylacetylene (I11) togive conpoﬁﬁﬂgaxv can be achieved in the
presence of a palladiumcatal yst such as
tetraki s(triphenyl phosphi ne) pal | adi unm(0) s
bi s(triphenyl phosphi ne) pal | adi un(11) gchl g iR "a copper (1) catal yst
such as copper(l) iodide. The reactionyg<{can Ye carried out in the presence
of a base such as triethylaniqe or diigopropylethylanine, in an inert

sol vent such as tetrahydrof uRag Q.a Qiyn¢file, N, N- di et hyl f or mam de,
hexane, ethyl acetate, toluene, [gi chlforonet hane, or m xtures thereof, at a
t enper at ure bet ween roomteg%er @ 0 CRPor the reflux tenperature)
for several hours. Renoval the™~t1i nethyl's

and subsequent Sonogashira coupling with the substituted benzal dehydes
Ila-c can occur in the 15 presence of p fluoride, a palladium

catal yst such as tetrakis(triphenyl phosphi ne)-pall adi un{0) or

bi s(tri phenyl phosphi nedrainl RERE aihd IR°-Rhédrerdedmedasdnpeeda ). cat al yst such as
copper (1) iodide, as well as a base such as triethylam ne or

di i sopropyl et hyl am ne. The reactions can be perforned neat (w thout

sol vent) @raddihé erhb&ditnehPlneSitesShtGRydtiohs tREMEH @ thed édmpaGRisasti tril e,
N, N 20 di net hyl formam de, hexane, ethyl acetate, toluene, or m xtures

t her eof, fRrmulatl@rphesnaceutisetlyeecentablmsedspe eatiens theserf vBEren(ois CBH(Pef | ux
tenperatu e 2] F val . rd - ycarbonyl group in
XVl to gi§§%%§?éﬁﬁgﬁiéﬁiﬁ %%?ﬁa%gﬁq%éﬁ%ggégF%Eg%ﬁﬂégﬁg%ﬁﬁ'the presence of
an acid such as trifluoroacetic acid or 25 hydrogfiloric acid in a solvent
such as dichl oronet hane, di oxane, nethanol, acetonitrile, or mxtures
thereof, at a tenperature between ﬂ%C and room3egenperature for severa
hours. Internediates XVII are then'transforpeg i ffo conpounds XVIII as
previously 30 described in Schene 1, via (d [11) catal yzed
benzannul ation reactions with VI oW 201 550@5PCT/ EP2009/ 064813 - 36
- Carbamat es XX can be obtai ned t hrougiy-a reecti on of conpound XVIII with
XIX (R = tert-butyl) in the presence df an am ne base such as
di i sopropyl ethyl am ne, trietRdamre oA pyrigdine in a suitable inert
sol vent such as dichl oronet hane, ile, 1,4-dioxane,
N, N, - di net hyl formam de, tetra n?ftures 5 thereof, at 0 Cto

: Ve 6f the tert-butoxycarbonyl
group in XX can be readily achieved in the presence of an acid such as
trifluoroacetic acid or hydrochloric acigf sol vent such as
di chl or onet hane, di oxane, nethanol, acetonitrile, or m xtures thereof, at a
t enperature between QuieramRT-ROBhE RIRT Al dink8rassh Y&halla hour s.
Subsequently, 10 ester hydrolysis to give the conpounds of interest |la can
be easily acconplished using nethods that are well known to soneone skilled
in theyarg, ggﬁ%gg- i r i presence
of anngutgﬂgﬁ@%lu |oﬁﬁ§PEE§§g%g%@HHQ§ﬂ§g ?§ﬁ$ﬁ$§}%gﬂﬁgﬂﬁ?&9¥#ﬁﬁum
hydr oxi deformoladroripharmaseltically asceypialbls skés oaby@rothereot whHerdindX ex@dd(Hwat er ,
or m xtures, thereo at _a tenperature between roomtenperature 15 and
ref | ux te%%haf%rf'@r?%‘?n a3 PePiGfeRelPY In g@ﬁﬁﬁ%ra OR. A.IR 00 XIXR =
| ower alkyl -or-o A,R CO0 XXI R = lower alkyl R = lower alkyl For the
specific case where R7 is a 4-(lower al koxycarbonyl)-pi perazin-1-yl 20
substituent, an alternative synthesis nay be used as outlined in Schene 4.
Starting with internediates XVII1, which can be synthesized according to
Schene 3, carbamate formation affords internedi ate XX. Subsequently,
conpounds of interest |a are obtained from XX through ester hydrolysis
reactions. The carbanmate internmedi ates XX can be obtained readily by
reacting XVI1l wth a 25 | ower al kyl chloroformate (XXl), such as ethyl
chl oroformate or nethyl chloroformate, WO 2010/ 055005PCT/ EP2009/ 064813

I anyl group of conpounds XV




- 37 - in the presence of an am ne base such as diisopropyl et hyl am ne,
triethylamne or pyridine in a suitable inert solvent such as

di chl or ormwOhlarvass@set onitril e, 1,4-dioxane, N, N, -di nmet hpCrmpaenriocss13
tetrahydrofuran, or mxtures thereof, at 0 Cto roomtenperature for
several hours. Alternatively, internedigtes XX can be obtained 5 through a
reaction of XVIIl with a | ower al kyl dicarbonate (Xl X), such as
di-tert-butyl dicarbonate, in the esence of gh ami ne base such as

di i sopropyl et hyl am ne, triethylam he or pyridi/ne in a suitable inert

sol vent such as dichl oromet hane, acetonit&T 1, 4- di oxane,

N, N, - di met hyl f or mam de, tetrahydrofuran, xt-uRés thereof, at 0 Cto
roomtenperature for several hours. 10 sis of esters XX to give the
conpounds of interest |a can be easily|acconplished using nethods that are
wel I known to someone skilleglin the ajit. Ft exanple, the reactions can be

carried out in the presence of feotyy”sol uti on of base such as sodi um
art sol vent such as

hydr oxi de or |ithium hydroxide,
tetrahydrofuran, 1,4-di oxaneg?f@ ; ures thereof, at a tenperature
rature for several hours.

O
bet ween 15 room tenperature and reflux tenpg
Schene 5 For the specific case where Fﬂgki X 4- net hyl - pi perazin-1-yl
substituent, an 20 alternative synthesi an be utilized according to
Scheme 5. A reductm&et §YRMRDRY RAGHHEP 9t ddRhes BB e a1 || furnishes
t he (4-nethy|-piperaan-§15? sdP?bnyl conpouné@ %@II. S sequent |y,
conpounds of interest |a are obtained through hydrolysis of the ester group
in XXI'l. The (4-pethyl-piperazin-1-vl)sulfonyl .internmediates |1 can be
Feadi 1y o eao B SRRt TRt ek P EEERRR T o Bdhy de
and ansapgf shirhiceuticllyGicbgptaprialis U esasts SuteomvisaranoRes alidH).de or sodi um
triacet oxyborohydride. The reactions can be carried out in solvents such as
acetonitrile, nethanol, WO 2010/055005PCT/ EP2009/064813 - 38 -
t et rahydr pf dHABmLBAimEH: B 58 eAMhOEAYR i8irbErRAaD M &IEEHpBELUES ToRnGadnd T oom
tenperature for several hours. Hydrolysis of internediates XXIl to give the
conpoundsorgiharmaeegtically acceptable saitsidryestars trapeoiswkereinsXigyCoke(ods t hat are
wel | known to soneone skilled in the art. For 5 exanple, the reactions can
be carried out in the presence of an aqueous solution of base such as
sodi unohykirene eiabodimeant theuprelgdr inxettdn is Riiradteldtetite sompenhdssoicrasia |
tetrahydrofyran, 1,4-di oxane, water, or mxtures theregf, at enperature
bet ween r® %rg}?ﬁéP%&‘{dVé’C%@aP@r%tﬁ = @%ﬁ?{%@%fswwregbm Qﬂ"}@bbs. Scheme 6
Compounds of interest Ib, bearing a nethyl substituent at the 3 position of

t he napht hal ene ring, can be synthesized according to Schene 6, which
di ffers finoynesembagimeniiite Belsentingentions directed te dne eaypodrdfofifatsuladed in

can be orgd R er AT SRRy B Sl el e AR R LI et veen

oal kynygl benzal dehydes VI and esters XXl II1. Basic hydrolysis of IXb yields

t he conmpounds of interest |b. The esters | Xb can be forned,via annul ation
 eact | ons BNt EBROYMest the RseNtBHS IR SHESISGIP thea0BEPENGS SIPIMURH t he

presence &fprargflcdutcliglateépabRsals B tHarebN PREMM RNiskeidtie@Rbm 1 nert
sol vent such as tetrahydrofuran, 1,4-dioxane, 1,2- dichloroethane, or

m xt ur es HBedrewp coasistiia effrper at ure between 60 C and 100 C (or the refl ux

t enper at ur e) f@i 2&%§5ﬁ1 hours. WD 2010/ 055005PCT/ EP2009/ 064813 - 39 -
Hydr ol ysi s of P r conpounds | Xb to give the conpounds of interest |b can
be eaddly acco@pflusioed usi ng nethods that are well known to soneone skilled
in the art. F%r ex?ﬁﬁje, the reactions can be carried out in the presence
of an aqueous SOMEMn of base such as sodi um hydroxi de or |ithium
hydr oxi de, in @npchiegg;t sol vent such as 5 tetrahydrofuran, 1,4-dioxane,
water, or mxtures thereof, at a tenperature between roomtenperature and
ref | ux tenper aPUtEUPRMeBYEPAA hours. Scheme 7 IXa (n = 0, 1)XXV (n = 0,
Dic Cbnpounds69bmh@%®rest lc, with a nethyl substitution on the acetic
acid chain, % e prepared according to Schene 7, by nethylation

react 2éns of conpounds | Xa with nethyl iodide (XXIV) under basic conditions
to give internedi ates XXV, followed by ester hydrolysis reactions.

Met hyl ati on of compounds | Xa (prepared as outlined in Schemes 1 or 2) can
be achi eved using nethods that are well known to one skilled in the art.
For exanple, 15 the reactions can be carried out in a two step sequence by
first deprotonating the benzylic nethylene using a strong base such as
l'ithiumdiisopropylam de (LDA) to generate an enolate, then alkylating the
enolate with nethyl iodide. The reactions can be perfornmed in an aprotic
sol vent such as tetrahydrofuran, toluene, dinethoxyethane (DVE), hexane,

[ I T T T N 1 1 IR A~ A\ ~~N 2 1 N - oy




WO 2010/ 055005PCT/ EP2009/ 064813 - 40 - Schene 8 i Conmpounds of
interest 1B can be generated fromIA by pall adium catal yzed 5 hydrogenati on
as shown wo 2800ss@®58. Alternatively, |B can be obtai nedPoy/Erg@vogsnit i on of
the keto esters 1Gto the internediates IH foll owed by ester hydrolysis.
Conversion of the ketones IA to conpou %s_ I B, or the keto esters IGto the
internmediates |H, can be achi eved by exhaustive hydrogenation reactions in
the 10 prleskparicolar egzopihérdtdne present mvieotonisdiirectad tatthe sphwouodsof hi gher

Bhout r oo mUR Sy ararbaaflticd) Ao 205 B ol HEGrEhaRed MR ol "hour .

The reacthytsgean be carried out in an atnospheric hydrogenati on apparat us,
under a ball oon of hydrogen gas, in a Parr hydrogenator, or in a
conti nuous-fl ow hydrogenation reactor (e.g. H 15 Cube). WO

2010/ 055 0p=dvelhdr il oAb cdimett the Sre3ERH iRverition i§ BREEIANS i BoRBoGd | ed

out in the fpr esence of an aqueous solution of base such as sodi um hydroxide
or it hi uehfagavlediod @harmaeguticalyr aceaptakie sakizienesisrs bereshydhesgiofaris

1, 4-di ox phater, or m xtures thereof, at a tenperature between room
tenperature and reflux tenperature for several hours. Id Conpounds of
interest Id (where R1-R5 are defined in the sane manner as defined

previously for the genus of for a |l and R6 = H) can eral ly be prepared
o 2030) obsubRmEERS G DeadiTent e preBaRtiB oy s GTecbare e cdPERutdRy wi ¢ h
benzal gehyichg X Vlor pRErRscitiRaleaEsptitsic X4 br este BRROf GHEAGAFALS ON
reaction affords 3-carboal koxy-4-phenyl - 3-butenoic acids )(XVIII.

Benzannul @etyh of conmpounds XXVI 11 gives 4-acetoxy-napht hal ene carboxylic

acid estefs - ' AP -

car oyl | 1 et oo ik ptstht blefio3c S sk TaRE BAHBIMA 1o
XXI Xa or ofdfoowalb | phhemaceticaly acasptatle sakd er estarsitKeXnf gdreeintRiss t he

4- hydr oxy a}ght hal ene carboxylic acid esters X)(X. Protection of the

hydr oxyl 'Q? rL?b in XXX as a benzyl ether gives 4-benzyl oxy-napht hal ene
carboxylic acid esters XXXI. Reduction of the ester group in XXXl affords
napht hal en- 2-yl net hanol conpounds 10 XXXI| , which can be transforned to
chl or onet IAncigyRarticHiaemagdimeat ieerrepenlinyantion i dirpeigditathesoreaetdson of

)00( 111 i r Qgg% ' : ol

benzyl oxy&nfgp wﬁﬁ%g?@t%ﬁe?éeé{ﬁgélst er?%%%?@]erll:)ee%?}é?@gﬁoér\{th?frelPr|$e I%enzyl

et her in Jlo¢dowmnedfiylor ds 4- hydr oxy- napht hyl acetic acid esters =CV which can
undergo sul fonylation to afford trifl uoronmethanesul fonates )(XXVl. A

Negi shi coupling 15 reaction between trifluoronethanesul fonates XXXVI and

t he geper it sbthemnzaidtarzémbodiedt tHiesreXXMhientionl sl girbbedna e bythpeeds< aci d
esters )(XXVIII. Hydrolysis of X)0(1/111 produces the canpounds .of interest
1 d. St obb® feondad Sarharnacaiticabnhacertabie/saliz phesigrcingead wherenRHxvi | to
give interapgates XXVII1 can be carried out using a base such as sodi um
met hoxi de, 20 Sodi um et hoxi de, potassiumtert-butoxide, or sodium hydride
in a suitable solvent such as nethanol, ethanol, tert-butanol, toluene,

benzene, or_ m s there f.t er.at ur room t tyre and
80 G for Bt SPoFEenalis BieseBlipk RIS SRy 8 e ERbEA SRRH A

Gazzi bbo, odphahmadeutidlly acbeptableSs (s 9 Bsterd BreofQyiedreiraRt Brseicted fpainds
XXVIIl to, produce 41acetq¥y-naphthalene carboxylic acid 25 esters XXl Xa can
be achi evi®d JAUMERDSISIEG ?'c” anhydri de using a base such as sodi um acetate or
potassiun1acetﬁgﬁy@bggﬁnperatures between 120 C and 160 C (or the refl ux
tenperature) for sevéral hours (El-Abbady, A M; El-Assal, L. S. J. Chem
Soc. (1959) 102ifluoreor the case where R2 is not hydrogen, it is possible to
obtain a nix&&rﬁpﬁﬁggaphthalene regi oi somers in the cyclization reactions

i nvol ving ) ( F : " These regi oi sonmers can be separated by conventi onal
chr omabogr aphy(diretfluocsmetalyk andi ng t he desired internmedi ates of structure
XXl Xa (Castell ?o, S.; Mlite, C.; Canmpiglia, P.; Sbardella, G Tetrahedron
Lett. 48 (200%% HE%@SXY WO 2010/ 055005PCT/ EP2009/ 064813 - 43 - Sel ective
hydrol ysis of the acetate group in XXl Xa to give the 4-hydroxy-napht hal ene
carboxylic acid esters XXX can be acconplished in the presence of a base
such as potassi um carbonate, sodium carbonate, sodi um bicarbonate, sodi um
met hoxi de or potassiumtert-butoxide in a suitable solvent such as

nmet hanol , acetone, water, or 5 m xtures thereof, at a tenperature between 0O
C and 80 C for several hours. Alternatively, conpounds XXX can be accessed
t hrough cyclization of conmpounds XXVIII in the presence of trifluoroacetic
anhydride and triethylamne in an inert organic solvent such as
tetrahydrofuran or dichloromethane at roomtenperature. The resulting
4-trifl uoroacet oxy- napht hal ene carboxylic acid esters XXl Xb can 10

Y e o . o



25 di net hyl formam de, or tetrahydrofuran at a tenperature between 0C and
120C (or the reflux tenperature) for several hours. Alternatively, the
chl ori natworzorogssioson rmay be acconpl i shed usi ng thi onyl PCiERRéOd®64SIS her
neat or in a suitable solvent such as dichloronethane, chloroform

N, N- di met hyl f or mam de, benzene, or tO'ngle at tenperatures between 0 C and
80 C (or the reflux tenperature) for several hours. 30 Conversion of

chl or i desln)@partitalar embledinreribé presest inveatdrliseditested t{Re Coowoubds of

acconpl i shed | 1 adi um cat al C nylatign reaction gmder one

at mspher@?rg*’%\éaq?@%%"ﬂ%%%@lcagy %aﬁc%’qﬁ%&srsgggﬁgés% S eﬁ%@é'vcrieﬁ%ﬂ Fgz'rs]'gpot assi um
WO 2010/ Otyd?6§81CT/ EP2009/ 064813 - 44 - carbonate, triethyla mne, or

di i sopropyl et hyl am ne i n nethanol or ethanol and in the presence or absence
of a co-solvent such as tetrahydrofuran. This transformati on can be carried
out  USkNY|3arRhérgstrticlI&AAbydimeht He Sesent invention is directed to the compounds

bi s(triphenyl phosphi ne)di chl oropal I adiun(11), palladiun(ll) acetate,

t et r aki s(®frfopnelayioppbepnacatically ackaptdlde salss or este(sdineeans whedeindtidet one) -

di pal | adi ) in the presence or absence of a ligand such as

tricycl ohexyl'phosphi ne, triphenyl phosphite, or triphenyl phosphine at a
tenperature between roomtenperature and 90 C for 10 m nutes to several
hours (Schoenher A, - Bartoletti, I.; Heck, R F. J. Og. ,Chem 39 (1974)
5918) . | TONvETONR DS BRI b inst epP R K BIoR S TS SR T i Fo HgRNSS

catal ypi CofipFh@Ee P praiRaddUteblsaddtptdbid HROBY eStBRNBI AGHer&iNFEI 8l esters
XXXV. This reaction can be carried out under one atnosphere of hydrogen in
t he presemMeBYbf a catal yst such as 10% pal | adi um on carbon or 20% pal | adi um
hydr oxi de on carbon in a solvent such as nethanol or ethanol at room
tenperature for several hours. Alternatively, the benzyl 15 ether can be
renoved i im dricéhgrpestcudar erhbbdin@mt tha prieaentrindentings ldirectetiieitlad eompbursds
reaction ¢ be perforned in acetonitrile using sodiumi.odide .an

nddi 11 ve SorEndRsPrEBsilicabrag eIt Falinpt SHBRr et Ysren SEdt T on ti mes
bet ween offigubRwieth@. several hours (Vankar, Y. D.; Rao, T. J. Chem Research
(S) (1985) 232). npounds =CV can be converted to the

trifluoronmethanesul fonate esters XXXVI 20 through a reaction with
trifluoropey rfiémércerﬁﬂé‘%ﬂ{e'n@ﬁné &e%@ﬁﬂﬂf&%m? dffected t@?ﬁé‘@or‘ﬂ@é&n@‘:h as
pyridine, triet am ne, or diisopropylethylamne and 1n the presence or
absence o6f farmiledmor phetriaceutisalhaceeptbld salto opestarsethitorof seheeeinlR*isur s at
tenperatures between 0 C and roomtenperature. Alternatively, the

trifluor ot PA¥esul fonate esters XXXVl can be obtained by reacting
conmpogpds 25 XXXV with N-phenyl bis(trifluoromethane-sulfonimde) in the

presence of a base such as triethylam ne, .diisopropylethylam ne, potassium
car bonat eln othergrpediment g Rresentdaveniiepts drectedto MecsrraROWIdS ¥for onet hane,

tetrahydr , i I : 2f or
sever al Tt L B o S S e RS P R 100
can be syarermxideddogstheotoNegnshethglenpdiiong reacti ons bet ween t he
trifluoromethanesul fonate esters XXXVI and benzylic zinc chlorides )(XXVII.
These reactions are carried out in the presence of a palladi um catal yst

Zych lzzshplfmléiraﬂherr‘é(hmbodigr@ﬁtéah@pmrqainpgﬁﬁmhisrclﬁrdctémgtﬁdhsmmp@anas ﬁf f

i cycl ohe osphi no-2', 6' -di met hoxybi phen - Phos). in tet y uran
at WD zo%ggddgwwwﬂbéﬂ%%@ag'%@& 0?@%%&%%@%@\@&% 28 and 70
C for sevgidls fsiited ﬂr@@bégﬁrf@rférrhulgqh@% t Mat R'andROEE hot BothPydrode?l t - 10
(2008) 1107). Hydrol'ysis of esters X)O( 1/p111 to give the conpounds” of
interest Id can be easily acconplished using nethods that are well known to
someone sk 1] e B Oinht 'thé:BFeﬁgnffﬁ@gmicfn igtcﬁr%c{e tthg%mg)%ﬂngio?a”! ed out
in the presence of an aquéous solution o ase such as “sodium hydr oxi de or
| i t hi 3o hipenalel Icer,phiarmacelitivally ascaptaivie szilis br asteretheadnfdriadraing®’, R?, and

1, 4-di oxane, water, of m xtures fhereof, at t enperat,ure betyween room
enper at uRobieEs PeineRoPulaEY IoLIBTHEr - Bdkat ottt & R TRe BaRoSITE 21 ne

chl ori deshy@%ﬁx\/errpl oyed in the Negishi coupling reactions 10 invol ving

i nternedi ate | can be readily prepared according to Schenme 10. Reaction
of benzyl chlorides XXXIX with activated zinc netal in the presence of 1, 2-
di br onoet hane, chlorotrinmethylsilane, and lithiumchloride in anhydrous
tetrahydrofuran at tenperatures between O C and 40 C for several hours
gives the internediate benzylic zinc chlorides XXXVII (Krasovskiy, A ;

Mal akhov, V.; 15 Gavryushin, A ; Knoche!, P. Angew. Chem Int. Ed. 45
(2006) 6040). Schene 10 R4 R3 XXXVII For the specific case where R4 is
502R7 and R7 is limted to | ower alkyl, 20 trifluoronethyl, benzyl, phenyl
or phenyl substituted by hal ogen, the Negishi coupling reactions with

o o, - .



-47 - base such as sodi um hydroxi de or |ithium hydroxide, in an inert

sol vent such as tetrahydrofuran, 1,4-dioxane, water, or m xtures thereof,
at a t enpEoabuwEss®t ween room tenperature and refl ux teRpEERRAVO6ESDF
several hours. The benzylic zinc chlorides XL enployed in the Negish
coupling reactions giving the 5 sulfanﬁj internedi ates XLI can be readily
prepared according to Schenme 12. Reacfigﬁ of benzyl chlorides XLII with

act i vat edinzonecparicaar émbopdiggnt dzee pras eof inyedtiondis Islirentsst thdhe compounds of
chlorotri hyl,sil an nd. Ii,t hium.chl ori in. anhydr Qus t et rehydrof uran at
Cenper at uPEEUe QrsB R0t doedh e SalE Pr B R e I M er noci at o
benzyl i c gélectedtitont trdegroXp coksiatayski y, A.; Ml akhov, V.; Gavryushin, 10
A.; Knoche!, P. ﬁn ew. Chem Int. Ed. 45 (2006) 6040). Schene 12 R7 =

| ower al kyl , dﬁi,y%@ﬁ§91, phenyl , hal ogen-substituted phenyl R7 = | ower

al kyl , 5CF3, bq@;ﬁbmnphenyl, hal ogen-substituted phenyl For the specific
case where R3is |limted to hydrogen and R4 is |limted to either 15

het eroaryl, op®)ehlard,y substituted by | ower alkyl, or phenyl, optionally
substituted by4EER?§Q@§NIfonyI, conpounds of interest of type Id may be

pr epar ed fron1§ e triftl’uoromet hanesul fonate esters )( XXVl according to
Schene 13. I|In GhtHFlusesoethge, Negi shi coupling reactions between XXXVl and
benzyloxy-subﬁkgkfted benzglic zinc chlorides XLIII provide the
napht hyl acet i cCAWET LY. 8 er medi at es XLIV. Renoval of 20 the benzyl

et her 1group i n7Xeyahgpenerates the phenol conpounds XLV which can undergo a
sul fonylation reaction to give internedi ates XLVI. Suzuki coupling
reactions between XLVI and boronic acids XLVII yield the naphthyl acetic

aci d est el & BaHEURESMPOdMeNntthe Rrrseat Rventon isritested 9 tbecraiPoNBte Pbar yI |
optional | tdt i ; bstituted by
nethanesu#?@ﬁ%ﬁfhég%eraﬁ%ﬁk%ngé?éﬁgéMFS%E?gﬂggﬁ%%ggg%ﬂggﬁagéIg?ginterest
ld. WO 2¢dle¢teg Fonbthe greMXeongiating Of: 1) OH_nl R4 B" -OH XL
VIl a R4 = het@§ﬁqa¥l optionally substituted by |ower alkyl, or phenyl,
optionally sub 4 gﬁnby S22 XXXVIIT (n =0, 1) R4 = heteroaryl,
optional |y sub@)hblaged, by | ower alkyl, or phenyl, optionally substituted by
SO2Me The hbgisgi coupling reactions between the trifluoronmethanesul fonate
esters XXXVI  ded et Ay ,Qrtionsst sykaiBHed eX2\#a%enz 8A chl orides XLITI to
provi de XLIV a1 C§mgfrforned in the presence of a palladium catal yst such
as palladiun(ll? acetate and a phosphine |igand such as

2- di cycl ohexyl phosphi no-2', 6' - di met hoxybi phenyl (S-Phos) in tetrahydrofuran
at tenperl@tapericuler gawedEert the @reapntinventigeiscdicgictatbiortee CRBIPAyaHS Oﬁ. ;
Schade, ' ' : al of the
benzyl pN?’ﬁ%PﬂEg?ggﬁﬂﬁcgﬁméﬂgep%ﬁ%%ﬂs#ggéﬁgPg%F%&%§%?3é3ﬁ§$3§$§ af f ords
phenolk8 Xhywdrogén er lomectkikyh can be carried out under one atnosphere of WO
2010/ 055005PCT/ EP2009/ 064813 - 49 - hydrogen in the presence of a catalyst

such as 10% | adi um aon. % . [ I Qxi nin a
sol vent S@C%B%'Cﬁ]gf ﬁg}?g’ﬂ"ﬁ‘%{tgﬁ%Qﬂe(r)ﬁe%g{ﬁvgﬁgéﬁgeﬁ%ép%qdﬁﬁge%gm%g’é@g%§ hour s.
Phenol cofopaurdorihdrpaceltzalip avesdtebletsalts beesterd thepssinetidraingdlisf onat e
esters 5 XLVI through a reaction with trifluoronethanesul fonic anhydride in
t he preseﬂﬂ%o%ﬁméwoghﬁﬁ&hﬁﬁ%e such as pyridine, triethylamne, or

di i sopropyl ethylam ne and in the presence or absence of an inert sol vent
such as d!n%hhﬁﬁi@ﬂl%? BAR Nt 8Y PFeenh MiveRtiofNst @fetedd tveth¥ cohtp®unds of
trifluoronet hanesul fonate esters XLVI can be obtained by reacting coypounds
XLV wizbh RrpHEdyarmharmaceyticaly aeeerdakle sefts AT asiges thereafhdhgseiasurreindt” a 10
base S“ChEQﬁeﬁphﬁﬁﬂﬁﬁan?ne’ di i sopropyl et hyl am ne, potassium carbonate, or
cesium carbonate in an inert solvent such as dichl oronethane,
tetrahydrofuran, or N, Ndimethylformam de at 0 Cto roomtenperature for
sever al hiowa partithlar rapledmyéridee preseot mvestien s dvextad to, thaisemporBds of | i i t ed

to hydro i Lm i r [ i I 1ys.substituted
by Iomerqgﬂﬁgﬁﬂ(gﬁﬁfﬁgh9$¥&%g¥%§%%#%®8f?ng5E§$§%%h§ﬁ8ﬁ§m%£%h§%é ul fonyl ,
can be symydregérred by Suzuki coupling reactions between the
trifluoromethanesul fonate esters XLVI and boronic acids XLVII. These
reactions can be carried out in the presence of a palladiumcatal yst such
as tetrakis(triphenyl phosphi ne)pal | adi un{0),

bi s(tri phenyl phosphi ne)pal |l adiun(11) chloride, palladiumll) acetate, or

[ 1, 11- bi s(di phenyl phosphi no) ferrocene] - 20 di chloropal | adiun(l1) and a base
such as cesium carbonate, sodium carbonate, potassium carbonate, or
triethylam ne. The coupling reactions may be performed in a solvent such as
t ol uene, di oxane, 1, 2-di nethoxyethane, or N, N-di net hyl formam de at the
reflux tenperature for several hours. Hydrolysis of esters XXXVII|I to give

o - oy o



25 acconplished using nethods that are well known to soneone skilled in the
art. For exanple, the reactions can be carried out in the presence of an
aqueous swburpioods@s base such as sodi um hydroxi de or |i PhirmePeéas4std de, in
an inert solvent such as tetrahydrofuran, 1,4-dioxane, water, or m xtures
thereof, at a tenperature between room.tenperature and the refl ux
tenperature for several hours. 30 The benzyl oxy-substituted benzylic zinc
chl or i desimanathergrgstiayacernbodimenithg pisserionpsntion is diectiedns ttgﬁ odmgounds

of - benzyl Sxgradndtr ERPHRSRLAES detFiE SO OF Brela Vel pmerdi s Teaction

2010/ 0550Mudre&T/ EP2009/ 064813 - 50 - activated zinc netal in the presence of
1, 2- di br onoet hane, chlorotrinethylsilane and lithiumchloride in anhydrous
tetrahydrofur n at er at ur.es ween d 40 C for, .several hours

gives T helfi it R RRb A Tent e enpay udlion s e RS HSkeppORES

Mal akhgv, of\'forml@é\troY\éﬁbtrﬁace‘httlca?@@deﬁb‘tabIé’saﬁé‘@ﬁééte@"ﬁ@tedfWher&ﬁl R*5 5 (2006)
6040). Schene 14 XLIIl The hydr oxy- napht hal ene carboxylic acid ester

i nt er medi @1e®. XXX shown in Scheme 9 can alternatively be prepared according
to Schene 15 starting fromthe 3- 10 carboal koxy- 4-phenyl - 3-but enoi ¢ aci d
compounds)gihd;. el orabsuilent HerBBEhARGENIENWE blree8B%6 MeSomBBunds

di carboxylic acids X which can be cyclized to 4-hydroxynapht ene

car boxyl i ef faghuds Ilor pAarreeteutlpailscactctem’fableaatm eneﬁers_thafethd@relné? ls

4- hydroxym t hal ene carboxylic acid ester internedi ates XXX

I nt er medi at’es 'XXX t hus prepared can be transforned into the conpounds of
interest Id using the 15 nethods outlined in Schene 9. Schenme 15 XXX (n
= 0, 1pldini mmmaamrmwsr é@(bﬂ)ditnentvtﬁecﬂ)reeant ibeeniyontit;leiriatzted ta$he;ie®npbthmdi; above

in Schene n rea |I ergo ford the dicar acid
|t or e 2BENGR@" Pogins L tEaEE e it Sl pEpRekn G WG RE Ly B EUMe o
an aqueous sol ution of base such as sodi um hydroxi de or |ithium hydroxide,
in an i nelrntar&ﬁhetm‘etrh&l@r’rembod|ﬁtelnahwl|p5r©fsantaﬁventt6@ is dlrected to the compounds
2010/ 055005 CT/EPZOO 064813 - E 4- di oxane, wat m xtures thereof,
at a tenp®raiirla |9sPheERace bkl :agrsariatle salknar eﬂersrfeer%twt@ﬁ%er%ﬂare for
several heHrgroniefc)li zation of the dlcarboxyllc acids XLIX to form

4- hydr oxy- napht hal ene carboxylic acids L can be acconplished in neat
trifluoromethanesulfonic acid at room5 tenperature over several hours

( Hong 15 W InFnothermartigulay empegipentthepreseptdnveqtion is gifpetedip theypomoreridssoc .
26 (2005), V. hess

4 nydr oy 2ty A R BL SRt Ffohy SEoIE B b SR BEI IR, e
presence wethoxgat al yti c amount of concentrated sul furic acid and an al coho
sol vent such as nethanol or ethanol at tenperatures 10 between room

t enperat ur e and 80 t T ef r.at far [

A tor nat 1 e e bl orhpaaEoh e bERRal Rkl Bl FiREG0 B SPbigs
presence offfotrhilanydr pebimadalgicandacceptadlabbits ot estbrd theedof eversin @y ias

nmet hanol or ethanol at tenperatures between 65 C and 80 C (or the refl ux
t enperdt uP¥ % or several hours. The trifl uoronet hanesul fonate ester

i nternedi ates XXXVI described in Scheme 9 15 can alternatively be

synt hesi zpthrRcgartisiiage hBoSehamene Preseaf hivastioM it iirebRddoasetempolaghbhal ene
carboxyllc acid ester intermedi ates XXI Xa. Reduction of conmpounds XXI Xa
provi des fornelEniirheasaceutiall ACeaniakliaisaks GeRser Uh%%quQie'@I‘R ofi nati on
reaction tgo.giye the chloronethyl naphthal ene conpounds LII. Conpounds LI
can be trans ormed into trifluoronmethanesul fonate esters LIII. A

carbonyl ation reaction 20 of LIIIl in the presence of nethanol or ethanol
gi ves i nt eranadhertpastiovaemppdisient the presentanyéniionds diracteddo tippoerpowids

b0101 Ge50UaREIY ERTEEEATRadR S B-cRhE s8s o Btprsdetof Wherig RIS | ¢ The

4- acet oxyeymmpht hal ene carboxylic acid ester internediates XXl Xa, which can
be prepared as described above in Schene 9, can undergo a reduction
reaction to form5 alcohols LI in the presence of a suitable reduci ng agent
such as diisobutyl al um num hydride or Iithium alum num hydride in an inert
organi ¢ solvent such as nethyl ene chloride, hexane, toluene, diethyl ether,
tetrahydrofuran, or mxtures thereof. The reactions can occur at
tenperatures ranging from-78 Cto roomtenperature for several hours. 10
Chlorination of alcohols LI to forminternediates LIl can be acconplished
usi ng carbon tetrachloride and triphenyl phosphine in an inert organic

sol vent such as toluene, acetonitrile, dichloronethane,

N, N- di met hyl f ormam de, or tetrahydrofuran at a tenperature between 0 C and
120 C for several hours Cbnpounds LII ~can be converted to the

o r o, o ~ - o .



WO 2010/ 055005PCT/ EP2009/ 064813 - 53 - carbonate, triethylam ne,

di i sopropyl et hyl am ne, or sodi um net hoxi de in nethanol and in the presence
or absencwoabiess®ssol vent such as tetrahydrof uran. Thi CrERe@bos438E i on can
be carried out using a palladiumcatal yst such as
bis(triphenylphosphine)dichloropallad[gr_II), pal | adiun(l1) acetate, 5
tetraki s(tri phenyl phosphi ne) pal | adi un{Q), or tris(dibenzyli deneacetone)-

di pal | adi inrgr@theri partididanersbedicend theareeatanegntionl is gitacted de theasompounds

tricycloh | hi (i ph | pho it r t.riphenyl.phosphifie at a
tenpor at Uy oBERaaen PRt GENLeGRE T S8t B e tbrIBe e VB s e Ver o
hour s ( Scheterdzeyl®ptidnallyBsudsttieed by Idwer dilegk, R F. J. O g. Chem 39 (1974)
3318). 10 The 4-hydroxy-naphthyl acetic acid ester intermnedi ates XXXV

descri bed above in Schene an ternatively be .prepar ccordin 0
Shom o Ealer dhi et emRasneaR fiebaaentiGyduiih € bTBReE Yo B Sompathds
descr i bedofi forrfaiBa e phBsmacd AidHN ASibptasis bhropédiersimeploralteeinRiqs medi at es
LI which then undergo a chlorination reaction to provide conpounds LIIl. A

car bony| ab¢rAyIoyfEdesaylsufate presence of methanol or 15 ethanol gives

i ntermedi ates XXXV whi ch can be converted to conpounds of interest Id using
t he net ho i i ; ionk = 0, 1)
Id Reductﬁ%ﬂﬂgﬁéi e éﬂ@%ﬁﬁ?ﬁﬂgfﬁﬁgﬁfﬂ%?ﬁ?%5W§§Pgb§§kféeaﬁ?@ﬁpgiﬁpgghds

synt hesi zeffogoulad o phiprmaceutiseheascepsable salther astetsnperasiadereintfids pr esence
of lithiu ﬁ1 m num hydride to afford the al cohols LI. This reaction can be
carried ol Hi an inert organi ¢ sol vent such as tetrahydrofuran, diethyl
ether, toluene or m xtures thereof, at a tenperature between room

t enpenat uinearanticergarie flar ersbodimeint treupresenly @tiibdy i 5560 BT HieP2O0poOEdB813 -

54 - Transformation of alcohols LI intg chlorides LIl can pracegd using
car bon ¢ o61ERNEY CaeRPR R HR G B trarte SO LSS R ALEIIRTE 5 eact Lon
can occurtriflo@mdtR@fl. or gani ¢ sol vent such as tetrahydrofuran,
acetonitrile, toluene, N,Ndinethylformam de, or dichloronethane, at a
tenperature between 0 C and 120 C 5 for several hours. ﬁgnversion of the

chl or i desN@nothey Raqicy 3R PRRYMeNs thedereseriinpeNtionds PEFEALR U Campayndsdi um
catal yzed =1 il apnoxi de in
he. b eseaag B o B e R e or

di i soppopyedaxycamonyd. i n net hanol or ethanol and in the presence or absence
of a 10 co-solvent such as tetrahydrofuran. This transformati on can be
carried oyt j ; WU ; e A

by st 11 proranSehiiads AtpHEia M BlesslfRy@ion i direster e sgmpoynds

t et r aki s(ofr fopmetey | hghemnaedypidalpdiccaptible salts o stébetheyddf demerareRorie) -

di pal | adi 0), ,in the.presence or ahsence. of | i gand such as

P oyer ongPbiidaniad pESER ot lp A bg Mor Ty PERBRS PPN ne a a
tenperature 15 between roomtenperature and 90 C for 10 m nutes to severa
hour s ( ScimcgttiesrpartculaBanbediaient thd preséleicikvertionfs difecteddo tidhedmpdIndsl974)

3318). Alternatively, conpounds of interest |d can be prepared according to
Schemg0180ldPHpYipd §r PPaFME t'@aﬁy@%@atﬁ%ﬁﬁ%% %ﬂ@rscfgﬁﬂ%iwe]eée'aﬁqu ester

i nt er medi @{Rp akar&syngimamye described above in Scheme 9. Sul fonylation of
XXX provides the 20 perfluoroal kyl sul fonate esters LIV. A Negishi coupling

reacti on between internediates LIV and benzylic zinc chlorides X)0(1/11
gi ves t helrRishpariirdaremapdimgntitie awesgnkisy ention iy dinretagddtoitos comppHad:St er

group in f Nz 2= ; i an be

P anet or o e A el et el O bR SR RS e¥eim P B R o
reacti on Rhanh&’ g salected foim thet granplcoosisttdiahol 25 gi ves the 4- benzyl
substituted n hyl acetic..acid ester 1. Ester hydrolysis furnishes
t he c8§poundsa@$ I réﬁ(f“e}’if’pﬁ'%ﬂa”y\ﬁb%%@f%%@é%%%&%/ EP2009/ 064813 ) 00(VI 1 |
(n =0, 1)Id Ti2¢apmid;| uoroal kyl sul fonate esters LIV can be prepared by a

reacti on between internedi ate XXX and a sul fonyl ati on reagent such as
trifl uor omet haSéSatMdaMINosorgiRYamings,

N- phenyl bi s(trg - : ide), or perfluorobutanesul fonyl
fluoride in tﬁgsgygggﬂgelo Sg&gggghghgh as triethyl am ne,

di i sopropyl et hyp) ardrpleolior4-ybdi um hydride in an inert solvent such as

di chl oronet hane, tetrahydrofuran, or N, Ndi methylformam de at 0 C to room
tenperature for several hours. The naphthal ene carboxylic acid esters LV
can be synthesized by Negi shi coupling 10 reacti ons between the

per fl uoroal kyl sul fonate esters LIV and the benzylic zinc chlorides XXXVII.
These reactions are carried out in the presence of a palladi um catal yst
such as palladiunmll) acetate or tetrakis(triphenyl phosphine)pall adi un(0)
and a phosphine Iigand such as

T T T T 1 7 ~r~1 0\ L T D



Reduction of the ester group in LV with l[ithium alum num hydri de gives the
napht hal en- 2-y1 net hanol conpounds LVI. This reaction can be carried out in
an i nert wWoganmss®sl vent such as tetrahydrofuran, diethpCT&PR@9/064803 uene,
or mxtures thereof, at a tenperature between 0 C and 80 C for several
hours. 5 The chl oronet hyl napht hal ene internedi ates LVII can be prepared by
the treatnment of conpounds LVI w th carbon tetrachl oride and

tri phenyl phosp) p®efidinahYI nert organi c solvent such as tol uene,
acetonitrile, @25 rrgtygane, N, Ndi net hyl f or mam de, or tetrahydrofuran, at
a tenperature FOC¥End 120C (or the reflux tenperature) for several
hours. Alter na(B)uehat,hyIMeetdzironiymati on reacti on 10 can be acconpli shed

usi ng thionyl I or i eith neat or sui tabl e sol vent such as

di chl or onet ha ctﬁtt BER{ QQVKP'H?F?&'M/T or mam de, benzene, or toluene at
tenpergtures b(ﬂb)(‘@@ﬁetﬂoﬁ/c%ﬁ‘@or%@ pﬂ%e(ré’ilnhh)ﬁ Jr aLetHYx P& RbiPeRAzih aLyisever al
hours. Conversi on of chlorides to the naphthylacet’ic acid esters
X)0(1/ 111 can B8) édatﬁhmprqmﬁ?@&l')@}pﬁaﬁaﬂl di um cat al yzed carbonyl ati on
reacti on under f oxide in the presence of a
base such as %?Zgg%‘ lr%ﬂ](i:'é? ona“tgceet@ N'ﬁ‘?é' @Hnr@nm ne in nmethanol or ethanol
and in the pr e(slembenm,amisence of a co-solvent such as tetrahydrofuran.

This t f ti t h | | adi
cat al yst such 48) Bhet PpBRRAIyI s CuFihey BrlbRPB P pa P B ALy .
pal | adi un(11) acetate, 20 tetrakis(triphenyl phosphl ne) pal | adi un(0), or

t ri s( dpbemzatdtieRAREQRNISEhBbdRIchatHeipfe8dnt iRvédtRnNs eFested t@lth@b@ﬂﬁ@@n01251c a
| i gand such as tricycl ohexyl phosphi ne, trlﬁgenylphosphlt or

tri phenyl %@%Wﬁﬂé’r&haﬁn@%&%'@ﬁw @ﬁ@%@'@\éé %%Fﬁf%ﬁ'?ﬁéqoit"\meée'arﬁi‘ 0 C for
10 m nute rt ricoletti, 1.; Heck, R F. J.
Og. Chemg%)gr{ FQ |§311'%c§ec§§8r'ﬁ°cﬁ8§§<(5:l?q %&?StE@ dr hydrol ysis of esters
Y(XXVI LT to gi \ﬂeICtW&lfaH(mt)ounds of interest Id can be easil y acconpl i shed
usi ng net hods (22 fare m@ || known to soneone skilled in the art. For
exanple, the r H SR EEN be carried out in the presence of an aqueous

sol utiten of bagebsugh, as sodi um hydroxide or Iithium hydroxide, in an inert
sol vent such as tetrah dr of ur an, 4- di oxane, water, or mxtures thereof,

at a 30 tenper@ O %%‘Wé’e‘?ferﬁtﬁlﬁm!@rper ature and refl ux tenperature for
several hours. s m&g&gmgpggmggggog/ 064813 - 57 - The conpounds of
interest Id can al so be prepared according to Scheme 19. Starting with the
perfl uoroal kylGuphemdt e i nternedi ates LIV described in Schenme 18, a

pal | adi um cat al yzed bor yl ation reaction furni shes the boronate ester

X or - peniy PartEuPeoaiRis 48 Bro Rt Mol ighied © RRKeRpEpKL, OF o dos

car bo9l i ftorraolad cafsmarrsateutubaﬁxc acdmﬂalalb(mtts oneSereterdd. wtﬁralnsR osr®HO)sNn of

i nter medl Y.into the nds, of ter | d subsequently proceeds as
descri bed i Ehéﬁr@’wféan@m‘et )éSUbSt%t ﬁ?Q%ﬂjl um cat al yzed boryl ation
of perfluoroal kyl sul fonates LIV to give the boronate ester internedi ates

LI X can be perfornmed in the presence of bis(pinacol ato)diboron LVIII, a

base suchln@nqietrpasiiciarepediment theapreaaniuny @aiioal i sirecigeo de SPBRPIGS

1,1 -bis( I 4

b| s(tri ph@n@ﬁﬁﬂégy?ﬁg&%iﬁépg% %ﬂén? Q% ?%ﬁ?ﬁ tﬁét °<lf Wg]reeeslgrﬁzesor
absenés oB(Q)1¥ guidd3pisimethyi gand such as

1, 1' - bi s(di phenyl phosphi no)ferrocene. The reactions can be carried out in
an anhydrous organic solvent such as 1, 4-di oxane, N, Ndi nethylformam de, or

di net hyl mtéﬁd@wérqermu|éreéms@@itnernemeb@tene@mw&t@nas\d.ré&@d@otr@é corBpelndN
times betvveen three hours and 24 hours (Ishiy rata, M, Myaura,

N J. o g fereqp | 6?('5p{‘%@%euﬂ&@@baC%PtQﬂt%SSE%GWSt%%}BPf%V‘F‘@&%t‘u%d% bet ween
boronat e g?)erl:g drlPRaR A i HetHy.om des LX or benzyl chlorides )(XXIX to
formthe nzyl substituted naphthal ene carboxylic acid WD

2010/ Gesommmlmmdlmemthe present inveriongs idiieeted Lty theapompounds

acconpl i s h d.adium(11)
ncetate, Oaoriled & PRBRERGT Bedly Rl SR BreSySheRitf MuBieR S

chl ori de, Se())lgﬁearmmhsqmeﬁgtbpmnew bowstiteed pytragsjemm car bonat e, or

pot assi um phosphate, and in the presence or absence of a phosphine |igand
such 5 as triphenyl phosphi ne. The reactions occur readily in mxtures of
sol vents such as tetrahydrofuran, 1, 2-dinethoxyethane, ethanol, toluene, or
acetone with water at tenperatures between roomtenperature and 110 C (or
the reflux tenperature) for 30 m nutes to 20 hours (Chowdhury, S.;
Georghiou, P. E., Tetrahedron Lett. 40 (1999) 7599). 10 The napht hal ene
car boxyl ic acid ester |nt er medi at es LV pr epar ed by the benzyI haI i de Suzukl

. o ~ o A~ .



R1 15 XXXVITT (n =0, 1) Id Alternatively, conpounds of interest Id
can be synthesized according to Schene 20. Starting with the

trifl uoronetzhenisswsf onat e i nternedi at es XXXVl descri bed PCi/EBetvonessd3 a

pal | adi um cat al yzed boryl ation reaction furnishes the boronate ester
conpounds LXI. A Suzuki coupling reacti qn bet ween LXI and benzyl brom des
LX 20 or benzyl chlorides )(XXI X gives 2t he i nternedi ate naphthyl acetic
acid esters )00(1/ 111 Hydrolysis of the ester group in internedi ates

2010/ 055055 Pe el e B b te BRSERLin Shionie Sipeieg S NBEITPATSH of
trifl uor opfefolranied wrbbasheseisdM} ataepgible stieobestersatherazs theréintRérigedi at es

LXI can b erfoorned, in the presence of bis(pinacolato)diboron LVIII, a
base such§g§)2ﬁ;{)7taé’§‘sllg7u'§l &Ylat e, a pall adi um catal yst such as dichloro

1, 1' - bis(di phenyl phosphi no) ferrocene pal |l adiun(ll) 5 (dichl oronethane
adduct) or bis(triphenyl phosphine)dichloropalladiun(ll) and in the presence
of a phoslpranaher paitictidiembediment theppregefoneentioprs sliiacted)id dre eempeundshe

reactions (A -' [ ' - as

14 i oxadOMRER §F RhefifaCulhichll ARRMESAE afbHRR PoRRi eI S e
bet ween 98(@,RIENHTR’ i€ dtioyl. reacti on times between three hours and 24 hours
(I'shiyama, T.; Murata, 10 M; Myaura, N J. Og. Chem 60 (1995) 7508).
The Suzuki coupling reactions between boronate esters LXI and benzyl

brom dgs |warfythdtesidulsémbodiRent (ROPEstRt ihpemiohhe dhested|to S8 MpYleds

napht hyl acetic acid ester intermediates X)0(1/111 can be acconplished in
t he prese®idernlad op@hreraestticalapgeaptaile sakis opesteedihergal whesgisRitie,
t et r aki s(égé)rz)jpg?ﬁld-@h@ 'hg_e) pal | adi un(0) or 15 palladium(ll) chloride, a

base such as“sodli um carbonat e, potassi um carbonate, or potassi um phosphate,
and in the presence or absence of a phosphine |igand such as
tri phenyl phosphi ne. . . The react.ions, occur readily i.n m xtures of solvents
such as. t BeaRRgRITia A, SIDod BRRBH Hohl SR LM N HA B P P B 0B USRet ome
Wi th wat esf famblaee bAbHhESe IRENESEC R aIPEF adtdrethaRshf WHeréin (Rdrist he
reflux te eratur%zl%;or 20 30 mnutes to 20 hours (Chowdhury, S.;

t

Geor ghi ouS(@:-RE andTRt isdRelayBmin@t t . 40 (1999) 7599). As described above,
hydrol ysis of esters )(XXVIII to give the conpounds of interest Id can be
easily acconplished using nethods that are well known to soneone skilled in
the art. IRrandademariculahembediotendbtie prasehieineentiondsl doattedno thecpmpsemise of

25 L uti f b h di hydr oxi d | i.t his
fyar ox dedt PR | cheerBes BRENEHGRAEDE S Y BRIRIO Fherh BidRe, vt er
or m gpur SOLIRTRAIR’ iBtetiylaireer at ure bet ween room tenperature and refl ux

tenperature for several hours. Alternatively, conpounds of interest Id can
be prepared according to Schene 21 starting fromthe

trifl UOVOlﬁﬁ%HEﬁﬁ@rﬁdH QA EmbOYiRIHEH %ﬁ%@% ARPGE dEettedO Ve cf @5‘&&&“
coupling reactions Ietween IXXVI a‘:"r?B fs e 4,%,5,5-tetr§rret hy192-4E) enzyl) -
1, 3, 2- di osfdbondbd s phixnacqutioallydecoeptahie ghiis et esteecihdraniwihgreindt ds
i nt er medi S %) 0(1hA11. drolysis of the ester groups in X)0(1/111
af fords tﬁ{eﬁ)ﬁéﬁﬂ'ﬁa%éq'ring%gh"hx@brrpounds of interest Id. WD
2010/ @55005PCT/ EP2009/ 064813 - 60 - Schene 21 n R4 R

In another particular embodiment the present invention is directed to the compounds

of formula | or pharmaceutically acceptable salts or esters thereof wherein R* is
S(0)-R” and R is diethylamino.

30 In another particular embodiment the present invention is directed to the compounds
of formula | or pharmaceutically acceptable salts or esters thereof wherein R* is
S(0)-R" and R’ is morpholin-4-yl.



R1 1. XXXVl (n = 0, 1) 7s. R2 OH R1 R4 1Id
The Suzuki coupling reactions between XXXVI and the 4,4,5,5-tetranet hyl- 2-
(benzyl) -wp2pR/db@iabor ol anes LXI1 can be perfornmed in PrhE/Ereesanse of a
pal |l adium 5 catal yst such as palladium(ll) acetate and in the presence of a
phosphi ne |igand such as 2-dicycl ohexyl22phosphi no-2', 6' - di met hoxybi phenyl
(S-Phos). The reactions can be carried™ut in the presence of an agueous
sol uti on lofanothergraricuddr embedimess thenprielestoheerionrs dirsctieﬂatbltfee sonpewdssuch

34,5, 5 PR PR P e e Saf o RRD ERGLEERR o
enpl oyed SOLIR HdRkis pisardin-ngylr eacti ons are commercially avail able, or

they are prepared according to the procedures descri bed in a) Groux, A
Tetrahedron Lett. 44 (2003) 233 and b) Ishiyama, T.; Oohashi, Z.; Ahiko,

T.. M }3’aUIrnaandeer(BI#ﬁ@uIé@é%bo&%@i?)he@r@seﬁﬁn@&%ﬁn'|§@ﬁe&€8%8¢hé‘¥&hﬁbd§d§ of

esters ) (XXVI11 to give the conpounds of interest can be eaS| y
acconpl i s@fe‘drmlsladg)rnbamd@eutlnaﬂy ageepiaile saitmmeﬂ@r%fbm@vfﬁ@ml%dsl n the

art. For §@€”I§7eandtlﬁ7els eﬁé}%klﬁp‘s_ can be carried out in the presence of an

aqueous sO ion of sodi um hydroxi de or |ithium hydroxide, in
an inert solvent such as tetrahydrofuran 1, 4-di oxane, water, or mxtures

th f, at t t t f fl t t
For Sover Y UL B RATORRE e WEsP BDVA Hodh SRR AP AV e DO By r | de

r educt; ponsabrAdhtl 'o@'phﬁbfﬁéc%lﬁlﬂéﬂy %béﬁtaﬁlé‘@aﬁ@bf ESBRHERDf HPBRRY 4  as
il UStratS?O)l rkScden;a
an

is 4- methyl piperazin-1-yl.
In another particular embodiment the present invention is directed to the compounds
of formula | or pharmaceutically acceptable salts or esters thereof wherein R* is

15 S(O)-R’and R’ is 4-tert-butoxycarbonyl-piperazin-1-yl, 4-ethoxycarbonyl-piperazin-
1-yl or 4-methoxycarbonyl-piperazin-1-yl.

In another particular embodiment the present invention is directed to the compounds
of formula | or pharmaceutically acceptable salts or esters thereof wherein R* is
20 S(0):-R” and R’ is 4-(2-fluorophenyl)-piperazin-1-yl.

In another particular embodiment the present invention is directed to the compounds
of formula | or pharmaceutically acceptable salts or esters thereof wherein R* is
S(0)-R”and R’ is acetylamino or N-acetyl-N-methylamino.

25
In another particular embodiment the present invention is directed to the compounds
of formula | or pharmaceutically acceptable salts or esters thereof wherein R* is
S(0)-R" and R’ is phenyl.

30 In another particular embodiment the present invention is directed to the compounds
of formula | or pharmaceutically acceptable salts or esters thereof wherein R* is
S(0)%-R” and R’ is phenyl substituted by chloro or fluoro.



Alternatively, IC can be obtained by hydride reduction or partial

hydr ogenation of keto esters I1G followed by ester hydrol ysis of conpounds
LXITT. \W0020005885005PCT/ EP2009/ 064813 -61 - Scheme 22PCAIER2009/064813 GLXI | |
where n = 0 or 1.where n = 0 or 1. Selective reduction of the ketones A to
t he correspondi ng hydroxyl derivatives 2I C or keto esters 1Gto the
intermediates LXII| can be achi eved usi r%g' nmet hods which are 5 well known to
soneone skidnadher partidgudarsgmbodimentg ihenprieeentinventivnhy directeddo tleg corspgemds such

as sodi um_hor ri n. he_used. reacti can b [ L0 Qut in a
i t abl o WORUBMA T chiehentAuiEall fresn e SR b POP e R T hE ol et a
t enper at ug pR iR Dis@hendl substilteby triluoremébrl. several hours. Hydrol ysis
of ester compounds LXIII to give the conpounds of interest |IC can be 10
easily acconplished using nethods that are well known to soneone skilled in
the art. RWNEXAIBhISr chBBdnRRE thEPreseANinDBN AT 5 ididcRidttol e EBRPBLASEBEE Of
an aqueous solution of base such as sodi um hydroxide or |ithi hydr oxi de,

i n an i neformglel hasmhagnaeedicatly aeegpiablefsattans esters teoseivehergimtRris or

m Xt ures ﬁ%‘?@@@r{ at a tenperature between roomtenperature and refl ux

t enper at ure I 'several hours. 15 In addition, partial hydrogenation of
ketones A to the conpounds of interest IC or keto esters IGto the
intermediates LXI 11 _can occur. under contralled canditions. ,The reactions
can e oo RS R T BPUSERL Bt S300h BTG o A BHe030 B CaER w0
2010/ QB5095BEAIER2P PALREASkRicalPAccepMBTOSBIREbF EstBIEHBIIE WiHerdth ®fas pressure
of hydrogen in an al cohol solvent such as ethanol or nethanol at about room
t enper at UMttt il d el evated tenperature for several hours. The reaction
can be carried out in an atnospheric pressure hydrogenati on appar at us,
under a ball oon of hydrogen gas, in a Parr hydrogenator, 5 or in a

cont i nuouls+-drieopartigdaogmbadinment theaptesent iev gntida- iCuliref tedRedioé compounds bhe

racem c cohpls 1C into thejr opticall ure enaptioners can.de achi eved
by chi r ai "OCRHBrRrBPaBRge Sal AREeR S R B O SRR e e Where MRS, TRy 11 Rao
LXI'V (8 =hfiroden. 10 Introduction of the gemdifluoronethyl group to
generate conpounds IDis shown in Schene 23. Conversion of the ketones |G
to the correspondi ng gemdi fluorides LXIV can be acconplished with

nucl eophi {4 Ifatd WA : f ds
Compounds i { e QA AonGEUERE tne MSELhY(pl S £ o BBk T e CopipBid

gem di f | uofrfodeglall X pheemadeutizetyaqidpsatie salis asestgranthetesdpirieréio Roisior i nat i ng
sources suc s diethylam nosul fur trifluoride (DAST),

bi s( 2- rretWSBVZt hyl ) ami nosul fur trifluoride (CH3OCH2CH2) 2N5F3 ( Deoxo- Fl uor
reagenp), a,a-difluoroam nes or

N, N- di et hﬁé' -a, a-di fl ugro- (m nmet hyl benzyl ) am ne (DEMBA), either wthout or
with a soPoatenssefctheds ans RaRpigtiss anahc Riveaml BioRdPmaa | agp indicated by

Lher eof , e BIVARB FLAIDEE BEMERN(Z Q0 b SARFE PR RICRIK BEBWS for 20 several
hours (reference: Lal, G S.; Pez, P.: Pesaresi, R J.; Prozonic, F. M;
Cheng, H J. Org. Chem 64 (1999) 7048). HydroRysis of esters LXIV to give
t he conpounds of interest ID can bé easi | y eved using nmethods that are
wel | known to soneone skilled in the art.? “anpl e, the reactions can be
carried out in the presence of an agqueous ep3of 25 a base such as
sodi um hydroxi de or |ithium hydroxide, % nert solvent such as WO
2010/ 055005PCT/ EP2009/ 064813 - 63 - tetrahyd%ofuran, 1, 4-di oxane, water, or
m xtures thereof, at a tenperdiur e betyieen peom tenperature and refl ux

t enperature for several hours. OO

HO

with the understanding herein that neither R®> nor R*is bonded to Q when Qis N.

25



Schene 24 LXITTTI(VIE where n = 0 or 1.where n = 0 or 1. 5 Conpounds of
interest IE can be prepared according to Schene 24. The reaction of

al cohol s w#l2bio/0865G08 et hanol under acidic conditions af PoTdP2admesses hoxy
derivatives LXV. Ester hydrolysis produces conpounds |E Transfornmation of
t he hydroxyl intermediates LXIII to th(=240_orrespondi ng nmet hoxy conmpounds LXV
can be acconplished using nethods that "are well known to one 10 skilled in
the art. IRoInd partiewiaeembhdineanithe preseobinyeetioreia diinegteddorthe doowounds ohe

presence of concentra ul_furi i a_catal yst i.n nmeth ln3at refl ux
Penper at P iBn GRERERCaBlPLY ahfedibe sils B bR Ve et L ETOE R he
conpoundsmefety itissred tbposiibnde, 8ab,rerdlandithe R* oty fseiseizel tofposhioagueous
sol ution of base sPc,h as_ sodj um hydroxide or |ithium 15 hydroxide, in an

i nert sol Y2H® RRRMY HR9 {LloFBHWPdr of U ran, 1, 4-di oxane, water or nixtures
thereof, at a tenperature between roomtenperature and reflux tenperature
for several hours. WO 2010/ 055005PCT/ EP2009/ 064813 - 64 - Scheme 25

LXVI LXVI | In anoti@monaie padicuacoipdinend R istorded Goppsiions/R-aidend | | - al d- a

The key igigr i.at X\ - i s a repl acenent for
i nt er medi gtgwmléﬁg%@%mﬁnﬂ@% %%ﬁggﬁd 21 to nmake the conpounds

of fornmula Id) can al so be prepared as described in Schene 25. Treat nent of

4-f1 - phenyl ) - t i j.d l. ith | yl Ld t h
Cor 1 oSponl® AR SR STEIPRNGA (s DRRSEAE GoNsrs 481 4PBE FEIRpon ARl
with the Fyggitqdrg4by59ﬁeFﬁ?gﬁrpfhgumr}nmm_t he presence of a base to produce the

all ene derivative LXV A conjugate addition reaction of 10 the allene
with malonic acid tert-butyl ester ethyl ester produces the tri-ester

derivativ i .C I j - e | a8t ion

gener at esﬁtﬁéq%%&égﬁge%@g@ﬁ]&gy{ﬁ% %%gép ﬁ@ggn yd'rg%g %Pgﬁo%(ﬁﬂé%%ﬁ d%f:a)tti on of
LXX f ur ni omeslat leelewagd froal theerdep copsgistirey &fXXI, whi ch upon hydrol ysis of the
acetyl group progduces. the key internedi at S Treat ment of XXXV-a with
trifl uoromet hﬁﬁé(gHﬁ'%%ﬁﬁ@#@m@?%‘gﬁ)ﬁ?ﬁﬁmgl'E%?/t'ci ?ﬁq& nediate triflate
XXXVl 18. A Pd-[eatigbrzey-sarartho B peb Bp RNEN=-2- fic Be@zyl i c zinc

r eagent (gener[at ed in g?tu caﬂ prodz*z—g 'Ft)he esn'E eﬁ%)e(vl I Il-a, whi ch upon

) er X
aci d- cat al yzed4H§d?diamays-benzey sherhthalendeyi-peeticcatibound 1 d- a. The
conversi on of f M z i i I LAgs agck:d.
chl oride 20 de[&id(\%adtﬂ?{g'éog@%an %’“g‘gﬁ'&%ﬂe Iggtﬂ?r:gt gag&b%%\?ﬂ@?ﬁb?ﬁ%@%@
exanpl e, the {MP4A0ACHIOEBIEBIROESEIRZIYON Eo§I]-B-flucsE-naphisatn-2yl}cametibe
carried out with oxalyl chloride and a catal ytic anmount of
N, Ndi net hyl f or?fdMi de (DVF), in an ether solvent, at roomtenperature.
Subsegpent t r gatieaio-A{4-highafestifbhly et Al-adpRbakncyMaceee veith a base
such as N, Ndi i sopraopyl ethylamine will lead to the generation of the

correspondi ng [}Qfe(ﬂé\ﬂ%t, appsfongl-berzevresBiekaty-narhihalewerili-acatigReid eagent
such as LXVI| q4q4g\ﬂet¢,raﬁg§u|§)?]w§_ﬁgezo?g_r%pthg{gpéﬁ_gza{ﬂtr_gcé:g@tmn 0-10 C produces

the all ene derivative LXVII njugate a i on react i on between the
al | ene der i vat[iriduenv-(4-mettamasiulion y-weizdyi-eaphtbhatep-2-¢8aeetieatigl ester to

d the tri.- ' ' XX ' f
Pase such as darasePi POIPHISUPAL > R PRI k8o IREESE: Gi ot ny:
acet anrde at raggdn tenperature. The ester hydrolysis of the two ethyl esters
in LXI X b | i d [ t hods k in th t. F | e,
the react on dAi BECBEH A ERNEEs HICaN BB LS P S e |
hydroxi de, in [%R@_-M%t‘ﬁ%ﬁ@%fdh&n-@erzzﬂy}éerrstph%{b,3&3[ﬁé]!aﬁﬂ%Lﬁ-yﬂtadeﬂe%bid;

t enperature over m&@t. The subsequeéent decarboxylation reaction 15 can then
be carried out[4HZ-Gllato-hgnathanesslifanyldrenzoybbellyasemaphihgleti-auilcacetic meidh ux
for several hoyrsg, ) he j. Zat i Hthe Jrated acid
dori vat i ve. UL 8 YRBeRESRE el B AR R PIE BT, Gl
descr Bbed (si niotEuooat-G-heteartSsulfonylidemzpylpseaphitatah-2ghtaceti@anbigdr i de and

ot assi um acet gt r sodi acetate, at temerature o
P [ﬁ-(g-l\ﬂethaneslwgnyl-benzoyl)-naphﬁwaler@-yl]-acetic acfld;

[8-(3-Methanesulfonyl-benzoyl)-naphtho[2,3-d][1,3]dioxol-6-yl]-acetic acid;

For

[4-(4-Ethanesulfonyl-benzoyl)-6-fluoro-naphthalen-2-yl]-acetic acid;



20 about 85 C, for several hours. The acetate derivative LXXI then
undergoes a hydrolysis, upon treatnent with a base such as sodi um

met hoxi dewoi2n1005s@svent such as met hanol, at room t enpelPaTEP2)0910648p3 oduce
t he phenol intermedi ate XXXV-a. The conversion of the phenol XXXV-a to the
corresponding triflate XXXVI-a can be %% ‘acconpl i shed by nethods known in
the art. For exanple, the reaction can be carried out using

trifluoromet hdﬁdétwiﬁmﬂﬁxisdfﬂmmmdezoﬂh6{f|herqaﬂ@@dhalené&ﬂixabat@a@dch as

ridine or | or t hane . a erature
By ound - 25 O RBEeF Bl id R bh g MELEE T Rk Catfeh - Ly pe
Pd-cat al yzed c@ufiliorgd{aanbdbipholing- 4>@Whylé)\-beﬁdoytlheadmhal'eh&ﬂ-g}}aeet&t@cld,Zl nc
e eneshl ooy BTl o kSTt i 2o e i Aot
nme
di chl osobi s(t rigahgasLRMRERINARRELRAS Hﬁmbﬁo}nethﬂ BersBl N ABbhHadh-A5 DV, at
ab terrperature around 65 C to produce XXXVIIIl-a. The ester hydrol'ysis of
XXXVI 1 -a to prasiia@sidhe correspondi ng aci d Id a can be acconpl i shed by
nmet hods known t 6" b ut
under acid catf4q§s¢}§y|%éqed€%%| rb?géégfc fg@?%l ?@E&%‘Enfy&a ggg'tg about
§2d3gegcr Il8Eé(ﬁmuﬁhawésmuglhzmmwbeneworﬁLfaroyoeﬁ?‘pmﬂm\l???? s;'lr]]a(t::gtrlldepldpt ed
P epar od ust ndoRIp BRHARSSIER e i Ry e AP EER G 2y Pre Rt ods
descrijped gene[ﬂﬁthlwleﬂ@ls‘%ﬂfanﬁv%éﬁzo% m&d@%@WIé@L&é&ti@%@f ordi nary

skill in the art. terials and I'nstrunmentation In ner al Interrredlates
and fi nal conﬂ@cﬁd@r%é{%nmfﬁwf“l eoppokna-hsulfonyshernzmdmartgiaipiyg-aind/ or by
reverse- phase e Cfbtl ve HPLC (high performance |iquid chromatography).

Unl ess ot herwi se no flash chromat ography was perfornmed using (1) the
Bi ot age SP1 TWdﬂdﬁlmetra;dsiJltdmmngadettm BénLip )+ 6-fl dore-mapshdthade (-2- dlrva@dicBi ot age
AB), (2) the ISCO Conbi Fl ash(r) chromat ography instrument (from Tel edyne

I sco, Inc.), CéDB) an Anal ogi x(r) IntelliFl ash280TM chr omat ogr aphy

i nstrygent (fr[amwd@mmqhétmmmmmm@l BeRZoyVadphthales-2) dy|] é&ﬂét@ss

ot herwi se noted, the silica gel brand and pore size utilized were:

KP-SI LTm 60 Aa%rtl cle size: 40-60 micron (from Biotage AB); (2) Sl I | ca

Gel CAS regi st y P 7 p LGk 0n; 3) ZCX
from Q ngdao |Fy|g§g) %ﬁ‘gfﬁ’l?f %8 d}?é'l_nﬁ/dcd Seorr%glﬁgl 1z§“'fcg’?¥8?°%(5‘gbﬂégﬁp%% 0- 400
mesh. Rever se-phbseetic apidr ati ve HPLC was per f or ned using a Waters(r)
Delta-Prep T™M HPL.C, s em from Wat er s, Cor pr n u5| gne or nore of
Che 1ol | oi ng Bar URiREE T4 NAPR R BT EPy ) EReB i Lo L EHS U At o0 x 180" )
from Yarian, |1[@q4,MeéthaXbsiltegrbémicsn- mtmn@mtr(a!ferpmyu%@waaw x 100 nmm)
from30 Waters Corporation, or a SunFl reTm Pre C18 col um (5 pm OBDTM 30

x 100 ) fr orffidretvanss Winy-berzoy vigrdloem aengodl-eeRisasid 67 -
VA t ME
SS spectr ongiLYhi6MRL-(9) ?h%ﬁe%{?@ggo %@?gﬁ%@hﬁ%ému gc ) Was

perfornmed using a V\aters ters Co
Waters(r) Quat [6|=Ejumme4{>4rﬁu@(9k3ma¢bmam¢ﬂfenﬂ-mzpmlbﬂapbhh)aleraZ-lyI]taceh@es@r )

oo oo Frt GO tee Gl A hah PO U RURRABD Pk i ke ()
Watergbr) Al liaggige(r) 2795-ZQrnmR000 (from Wat ers Corporatl on) or an NDS
Sci exTM API - 2000TNh APl (from NMD tr ata erally only

i ndi cates the | aﬁ:'gh'fo f'éﬁéﬂﬁjﬁ?%@?%)ﬁ@‘%ﬂ@% ﬂé“tg?'eﬂ @Y i s
provided for agggrticular intermediate or corrpound wher e indicated. Nuclear

magnetic resonance spectroscopy (NVR) was perforned using a Varian(r) 10
Mer cur y300 Nm4§ﬁéﬁhammlf@nylcb@zowh@ -luerapdRmegut-nephthetsn-2-w-agetigecidvHz)
o o o PR 0 B PREE SR Sl NI BRI ol e
i ntergadi ate de-( dmmandsumwbemWI Je@trethnyl-naphthaterc? gieacetiaesids t ed

t d t I { t TM. Si xt 5 |y
odel 5) (1 om A UsBoRES s bGers e oy PR 2l Ao RSt  on
accessory) (f gaqu%éﬂhgﬁémf@m DeRzy) RSB QapralEAgenpEbaR dqgoti ons

were performed using an H Cube(r) "hydrogenation reactor (from Thal es

Nanot echnol ogyl6- ﬁlu@roy4 (4-methaneswpydibenzraeepbinalans? ¥l @geki¢ adidout using a
Vel sbach Ozonat or (from Wel sbach, 20 a division of Ozone Engi neering). All
reactions involving air-sensitive reagents were perfornmed under an inert

at nosphere. Reagents were used as received fromcomrercial suppliers unless
ot herwi se noted. 25PART |: PREPARATI ON OF STARTI NG MATERI ALS AND

| NTERMVEDI ATES Preparation of 4-oxo-butyric acid nethyl ester 0 00 WO
2010/ 055005PCT/ EP2009/ 064813 - 68 - Trifluoroacetic acid (6.0 nL, 81 nmol)
was added sIovay drop V\nse to a stlrred sol utlon of rrethyl

o, ”~ A o T A N~ 3\ N 1



flushed with 02 for 10 mnutes. To the above reaction m xture was added
slowy dinethyl sulfide (26 nL, 345 mml) while maintaining the reaction
t enper at Wwe 20833020 -55 C. After the addition was conplPeT&P2a0a@648eRnct i on
m xture was allowed to warmto roomtenperature and stirred overnight.
Argon was then bubbled through for 2 hours. The reaction m xture was then
concentrated in vacuo. Low pressure fractional distillation afforded

4- oxo- but yri c [@dildoret4r{4- rrﬁlnmes(umnﬂ -ZymedBitpeonyl)-naphibalgnshrlf-aceatimacid; of

di net hyl | f oxi t t

our' 11 at o gt ek B easyalas e Rine o G0 Bnab B issto 005
hexanes20% et t'adena(‘aetcate in hexane). 1H NWR (300 MHz, CDCI3) 5 ppm 9. 81 (s
1 , 4. 14 : 2.79 = 6.6 , 2

5.6 Hz, (q [ éaEt%@negﬁfonvl g)nﬁzhy'éoqn%y')@dm%@raam@rlﬁrbpyﬂ&?@t@a%wo. ¢ acid
met hyl sester Q400D ARG ASRATEPEEEFTPB0BLREAGIIAneIchEn-v1 Beslic dopnol © aci d
[r(:)H O Jones reagent (Cr03- H2SM4) 6105 fresh made sol uti on,
prepared by cdAt# thg“@%éfOOMH-QBWB@& Y®s- ﬂﬂpﬁtWﬁWmZdﬂraﬂﬁtlgrﬂC(dJl) oxi de (35.0

g, 350 mmol) C ) dgd drop-wise to
3-pentyn- 1-ol a[?’q:dé %fg}hn%%@%&%nq@éet ﬁ?%?bég%ﬁ%{eﬁdfﬁﬁjaééﬁér’]‘%%ﬁ ’ round
bottoned fl ask[6aFqu@ro@1 Jrhres tharaestuifonyl Aaexizyl)-S- mmyahhpmadleheﬂ -yiragetioacioom
tenperature a tirr for, 2 ho Afte t|o e.reactia t he
i xbur e vas oQBIEORr ?ﬁ@etg%e%@mmm('@mﬁ vihesBaglea s I Beeks e

Af t er (gechani qelFIgéiold-hitdhyIA-(43Qifl b fdb B anéffoh Pasdriz0N-nEbkindleh-2Qwas
filtered through a pad of cellte The filtrate was concentrated to

approxi mat el y 3®tigiacidand t hen partiti oned between water (50 nL) and et hyl

acetate (150 ) NEph_ r
sulfate, fil t(retkS If1|ua-and co cen&' gﬁlg%@etg%‘%{@ﬁﬁﬁc@e%&' gg{ffa[leﬁﬂg/tl] 3-ynoi c
acid (-11. 66 ggcddis amiczl ear oil, which solidified at terrperat ures below 0 C.

The crude pro was, usdln he next, ste i t hout 15further purjfication.
Pont -3+ ynor ¢ dbrduHBrRIRL A PR oty B i e BT i o
(11. 6659, 118.#cdiBRcig;in rret hanol (60 mL), was added 2, 2-di nmet hoxypr opane

(8 m., 6.51 mol), fol | owed by 3 dro of 20 concentrated hydrochloric
acid. The read( GrEtﬁﬁWWf@nWa%eﬂ?ﬁ/I rat3-medl Neppieianudvilfasetie @clour s.

eI el S e i e e e S

over sodium suZ toeetic bbidered and concentrated in vacuo to give a |ight

yell ow oil. ti)latio uc ssu ve noi- ci d
rethyl st or A2 IHYORRY - HaRhe ST R e e il
NMR (300 MHz, é&@b%};.&pme?S(s 3 H, 3.24 (d, J =2.4 Hz, 1.83
(t, J =2.4 H cg cald. for 06H802 I\/Lllz bsd

Pr epar ati on of{62C*P9|PE9‘rﬁ-[mi OHHAr WWWH‘Q’MW&%' -nept ijaphthalenZyl}

2010/ 055005PCTéCFé?g%Q§y 064813 - 70 - 2-Brono-4,5-difluoro-benzoic acid

met hyl ester O FBr To a solution of 2-brono- 4 5-di fl uoro-benzoic acid (5

, 21.10 mmol ){6rlﬁume)tMMrOXﬁGGmeLbanﬁaslf@lMédnetbwbemmm etk f uric acid
(0.21 nm, 2.11 The reaction m xture was then heated at 80 C
for 4 hours. W%‘?ﬁ@}zﬁh%‘%‘ %Cﬁnterrperature, the m xture was poured into
ice waser, andeexto@cd-goydndryh(deineinanzealaiye-phéhg)-aiediayl]-caprabiaienviag}-washed
W th saturat ed SOdI um bi carbonate, then brine, dried over sodiumsulfate,
filtered, and ¥&H »ated to afford the crude product

2- br ono4, 5- di f{14'-{Pfy9rd?@f@%éth%ﬁb%lf%&h?ﬁerﬁﬁ)ﬁ%@tr{yﬂ frthadiBypsodicddar of |

whi ch was used in"10 the next ste hout” furt'her purificdtio

( 2- Br ono- 4, 5- difl(4rbiwnsiseiigny) phenw&hwlroxy ety ﬁtﬂt@mﬂaphthalenZyl} -acetic

2- brono- 4, 5- dl;)géaxoro benzoic acid nethyl ester (1.45 g, 5.78 nmmol) in 15
toluene (42 nL) " Was cooled at -78 C under nitrogen. Diisobutyl al um num
hydride (1 M i{@d-[{(bEtearssulfonyb-R-miktthyFpbdnyhioygrowaaetloyiRe-fldoapraptskaleder 20
m nutes. The r a&gp%) m'é'_ture was stirred at -78 C for another hour, and
then al |l oned t ¢ 8C'Poom t enperat ure overni ght. The reaction mxture
was then cool (?Cﬂl&o&”%eﬂ%@h%%h@nﬁ} Bifluo R Blc@iye-6-fIablooygshtlen-
addi tion of sa urat ed Rochelle's salt 20 solution. The biphasic slurry was
then al |l owed t&YW&CAti¢ 8Ciloom t enperature and stirred for 2 hours. The
organic |l ayer was collected, dried over sodiumsulfate, filtered, and
concentrated to afford crude (2-brono- 4, 5-di fl uoro-phenyl)-net hanol (1.55
g, 90%, which was used in the next step without further purification.

2- Brono- 4, 5-di fl uor o- benzal dehyde 0 25FBr A sol ution of

(2-brono- 4, 5-di fl uoro- phenyl ) -nmethanol (1.23 g, 5.50 nmol), triethylam ne
(1.39 g, 13.75 mmol) and dinethyl sulfoxide (1.72 g, 22.00 mmol) in



WO 2010/ 055005PCT/ EP2009/ 064813 -71 - dichl oronet hane (25 nL) was cooled to
0 C Then, sulfur trioxide-pyridine (1.32 g, 8.25 nmmol) was added

porti onwiwe.20laserosone hour stirring at 0 C, a second b&CTIEPRH09/064813
triethylamne (1.39 g, 13.75 nmmol ), dinethyl sulfoxide (1.72 g, 22.00 mmol)
and sul fur trioxide-pyridine (1.32 g, 25 mmol ) were added to the above
reaction mxture. 5 After another 30 rﬁgu'tes at 0 C, the reaction solution
was dil ut ed wi{gHDifluoho-¢4-oredbareseifosy-phenyl)anethyhrérflusss-hedhibiatem-2attur at ed
sodi um bi car bon%hl'ggﬁcg saturated sodiumthiosul fate. The organi c phase was
dried over sodf ate, filtered, and concentrated in vacuo. Flash

chr omat ogr aphy{4([Re&tEaricuoil-psBngddifionro-a3th oe-fliemhnapihdef2eyputetacet at e
in hexane) afforded 2-brono-4,5-difluoro- 10 benzal dehyde (0.47 g, 39% . 1H
NVR (300 MHz, 13) 510.23 (s, 1 H), 7.77 (m 1 H, 7.52 (m 1 H.

Prepar ati on of IR 1

2- Brorr?) 4-chl O{szlggﬁg%;[g rgger%h%?hy Egﬁ;};ﬁﬂﬁe%loggrﬁéth&ﬁggn’g{hrazlﬁne% Is}ul furic
acid (5 nml) weaceliad@siy); drop-wi se to an ice-cold mixture of 2-

resul ting. m xtraUeRs HBar 2y Gomples s R PR < e e

reaction m xt unaaphﬂ@@ien@eylpdcétm: aaddym t enper at ur e, and then poured into

i ce-cold water, ( in white s ensi on. S nsi.on was
extr act e i ¢ HOGHGIO S e Boemiomerfis Bo g BPEe P e AdE et 1
sat ur ghed aqueguscdirXLH(100 nL), followed by saturated aqueous NaCl (100
m.). The organic | ayer was dried over Na2SO4, filtered, and concentrated to

af ford 2- br omoB4F lgaioot-Hhyssemnidemet s uvemeyi-pbend )l metisTarhthalgyRyylkel d) as a

clear oil. 50[%@?@8&0 4- chl or o- phenyl ) - net hanol WD

2010/ 055005P r064813 - 72 - € OH A 1.0 Msolution of

di i sobut yl al un{BFElnwrtmyﬁ-l[4-¢thénaztrml-ueulﬁar(;ﬂl)Sbedz,oy[]%n@thhaiﬁn)—Z%sacmddadldsI ow y
dr op-w se to a -7 ol uti f 2- bro chI r o-.ben C_aci ester
(10757 o 0 ot anivbiedind SRl The oA oA Rs e e SR sact s on
5 m xtyre was Fﬁbéﬂakm BtarbbRviie 484 eilhy'q')eg@urs After this tinme, a white
solid had precipitated out o¥ solution. The reaction m xture was quenched

at -78 C wi t h 4th(3-Catymethiviadyary-naghthalenestrcatpsyliPesganestiionyissi um
tartrate was %ﬂ @%z.n%ﬂﬂ-c%%xgﬁ@g&a%k% HErwas war nmed to room

t enper at ur e. e organic e was separate dried over Na2504, filtered,
and concentrat{éd:IUoroa4¢4-éﬁbcmabmyl p|ﬂ'¢r62|(1601%mfbrwt)koﬂnzaylbnapmmema}rg&-) and 1H
NMVR reveal ed a mxtur wi th unreacted 2-brono-4- chloro-benzoic acid nethyl
ester as the ‘ié %8hponent. The crude material was dissolved in tol uene

(300 nb), and uhe- B@mhbsmmr@pbaﬁzw)na VI@@roCMeﬁtﬂyltrfaph?r%léh-2%'I]1achtha@1H ution

of diisobutylal um num hydride in tolue nol ) was added
sl ow y drop-wildd4 t&ﬁ%@e?@myi Bﬁn%i”x@'d%ro %ﬂlﬁthﬂdﬁﬁh@r@'@ﬁ <ttiracafig2cithr med

to - 15 45 C r t is time,
TLC (10% et hyﬁ@g:cée(%ﬂgt:‘é é@grﬁegé |ca 2%%22’3 erphgrgarlr%ﬂu gwé cc?r%@uar?qp&tll on of
the starting netRupm-3-meieylreketli- mﬂth‘yll A tHdtetranelsd-ydeonghnaphthaen2-yi}+ h

et hyl acetate. %?%% %\gd aqueous sodi um potassiumtartrate was added, and
the reaction n? & Yas warmed to room tenperature and stirred at room

t enpenat ur e f gu-(3-Cyno-bdiy|)B-FridrS-3phesg|-nashtRBleapal-at et acld; ed over

Na2504, and co rated to eIIo oil. A solutign of this c¢rude product
and di chl oror‘rE[gf{gré\ yaneoenaY))-Gy gjoé‘?/g/ ?%éﬂa%ﬁbéeeﬁ Y'ﬁﬁc‘@t& aCI‘gnd the dry

silica gel - SURBOY|GE.RHRsMALL- qmetm%ﬁzﬂphgprﬁhélaﬂ ByiRbbbidegel col um.

Fl ash chromat ography was carried out usi n% CO purification system
(95: 5 hexanes- [4dﬂiﬂ&nza(tﬂe<vé:te@zvlz)r@rfwr®@ e yheaahiégleetzrylﬂ ageka acig) .

(2- Brono- 4-chlgrg- Ny g AS (60% vyi el d)
of a white sol[?c@@{a rotl)g’n 3’?)5@1 oro gr{nezt ﬁ?ﬁ ?%?gﬂ ‘%Béécgj

2010/ GBSOOSPCT[AEB’M@/(QM&’W 6-MGoro- 3I'—mahﬂ r@phmalén-ﬁwl]eécetlc acid;

(2- br ono- 4- chl gr o- net hano i chl oronet hane
(250 nL), dii S[%ﬁg% ke 'fJP%rﬁr?Pé‘Zé/L) ﬁ’@?hwg’fﬁﬁthﬁfﬂwﬂhﬁ&eg? gehyl sul f oxi de
(15 i, 0.211 mrEores nrAad- (&1Uir.ff|uasrotnﬁétﬁe5kﬁsew)whmﬁh&ér?-zowpacéhcoa?o‘?d ol ) ,
in portions, over 15 minutes. The resulting sol'ution was stirred at OC for
45 5 mnutes. The reaction m xture was diluted with 250 nlL di chl or onet hane,
t hen washed with saturated aqueous NaHCO3 (500 nlL). The organi c phase was
washed with saturated aqueous sodiumthiosulfate (500 nL) to reduce excess
oxi dant. The organic phase was dried over Na2SO4, filtered and concentrated
to afford a yellowoily solid. A solution of this crude product and CH2C 2
(200 nL) was evaporated 10 onto silica gel, and the dry silica

gel - supported product was | oaded onto a 120 g silica gel colum. Flash

chr omat ogr aphy was carrl ed out u5| ng an. ISCO pur| f| catl on system (95 5

o o o o . ~ O~ o - o o, A~



0O A mxture of 2-hydroxy-4-nmethoxybenzal dehyde (30.0 g, 154 mmol) and
Nphenyl bi s(trifl uoromet hanesulf onimde) (78.1 g, 214 mmol) in

di chl or ormOhlarmesg@S0 20 nL) was cooled to O C in an i cePbatEr200906481hy| am ne
(31 nm.) was added slowy via an addition funnel while maintaining the
reaction tenperature below 3 C. The reagtion mxture was stirred at 0 C for
20 minutes, and then allowed to warmtd roomtenperature and stirred

over ni ght . The3-6bladmxymathyleriuard-21mesrylnegbibeenpt wheethgl)-bEozeih@cidkesi due,
di et hyl et herv\égﬁp g%\% was added, and the resulting 25 m xture was
subsequent |y é{h bh wat er, 1.0 N aqueous sodi um hydroxi de, water, and
brine, then dr{cefluoncel-neatbyliesjdifm-sietHyit &l-tetrakdleB-g-beand]-napitbalehal-gid- t o

gi ve the crude product (62.59 g) as an oil. Flash chromatography

(Redi Sep(r) FI C@i%m, 230-400 nesh, 10% 60% di chl or omet hane i n hexane)
af forded 52.8 g A% 0f4 - Ehhi bR-22G- ic acid-

2-for mg/ 1-5- mt[%oﬂgérggﬁtﬁ%sfgr bﬁaﬁsﬁm|§W§§ﬁé%§%ﬁ%ﬁ%lg@()ZSgL%%?tEPaZ%%,Q/ 064813
74 - vyel | ow oi[B:Flagronvid (aetbangsuifogpitighemyldpoytimethyl B3-mgthyl-ngphtiales2¢ d, J =
8.8 Hz, 1 H), ﬁ'—%‘et%dac' ] = 88 Hz, 1 H), 6.88 (s, 1 H, 3.93 (s, 3 H.
Preparation of 12 odo-4-tri fl uoronet hvi - benzal ci ehyde 0

52- Ami no- 4- t r i [BHdBayishifan ydeenaeyl)-BriloeoS-@ethyl-dastith&20- 23y (] -aastiadcdd i n

portions to a solytion of 2-nitro-4-triflugronethyl benzopitrile (3.0 g,
e ol 1 n ol Bt e Gends fony by ) e bt Sep Belcs A achis S oves
to wanmto r0C{G}G‘@6’#2)_94%4Wiéthaﬁé&!ﬁoﬁ9Ih’€éﬂ$ﬂ-b@hzm?}l‘3%émpﬁé@"itHéI@anQK/I]-l 10
hour. The reaction m xture was filtered through a celite plug, and the
celite layer vwegelig®sited with gl acial acetic acid. The conbined filtrate and
washi ngs were Ganc } 2eam no- r Bt hyl = itrile
as an oily, Or%gggﬁ%?ﬁ%@%@%@é@%@sﬁgmgﬁ%%@glqt@nﬁfﬁérlgﬁa%t ?K‘lﬁ‘]‘é&@ﬁ‘ﬁ@ut
addi ti onal purarfd aay ploarmea@elbcklyaceepfableosainet éster therexdni tril e 15

Pot assiumiodide (5.6 g, 34 mmol) and sodiumnitrite (2.4 g, 35 nmol) were
added to a solution of 2-am no-4-trifluoronethyl-benzonitrile (2.58 g, 14
nol ) 15N paabeNddddiflceertibédifehts, The preaeHt hashtidh i tditeetetad [6910brA442- 0 C in
an ice-water bath with magnetic stirring. lIce-cold concentrated HCl (14 nlL)
was addedmethanegulieryirbenzey r&meshylHenhiaien-érvlingsatigrasid-causi ng t he reacti on
m xture to becone cloudy and deep red in color. The reaction m xture was

stirred afy fHofe §r§€cif%0erﬁ@)661ﬁ%ﬁts,%ﬁlﬁﬁréé@hmﬁ%ﬁt’fbrfi@QﬁPeE?e@Pc%r[@I(BUeﬁayl-ﬁti rring at

roomtenperature proceeded for ours. The reaction m xture was poured

i nto wat emethangsulfeny-bsnrayingrflsarpeashtoalendsylbrceticcacid with et hyl acetate.
The organic |ayer was dried (Na2504), filtered, and concentrated to give a
WO 2010/ 0 = P L Qg l)wtion of this
crude pro@ﬁﬁ?@%ﬁﬁﬁﬁ@é@ﬁ%ﬁgﬁ? %%88”%98'1&@5 '33’3“8%%@83’9 %t o silica gel,
and the ddimeihylsutanysil-benpmad)-6-¢idomr-napithalea-ipadeit acido a silica gel
colum. Manual flash chromat ography using 5% ethyl acetate in hexanes

Seryst al | THBSEoTeRTeLTBTARER Yos BEREREhEM RS IRe RS ARl R 4™ ™ ©
sgl@luzi [ oln %btfttgiesolww-Qahaﬂﬂﬁyhgmngﬁaiﬂ]thmer?QLyll]earﬁetiblaB:id’rL, 13 mol ) was

added slowy drop-wise to a solution o
2-i0do-4-trifluoronethyl-henzonitrile 10 (3.58 g,,12 ) n toluyene (11
1) The et Seoa et RERS e prfedt mySeiany distiiB B O donct | on
M Xt ure astimicBBrbiyRbERSYT)-8 SR&AYIaiapehaléhony [shddticasti@t room tenperature
for 24 hours. The reaction mxture was cooled to O C, then ethyl acetate (5
m.), and et hanol (5, m_% were added dropwi se to the cold reaction m xture.
Af t er 23t i FYPRE $Reaie §pPodimenish e RreseRkinventian isdirectedipdowderadntent r at ed
to give ol [-Bath A)- b Dua_Mest ed to 0 C. Methyl ene
chl ori dear(n%%a\rfr]L%)gh%Hsyl gddaété]&l 9%”% r) rg%”ﬁ?"’ \%EL@ é\ge}ecﬁ'ovw y drop-w se, then
1.0 N aqueous HClI was added slowy drop-w se. After stirring at 0 C for 10
m nut es, Edneensreasifisemicpdipenta. thewaresgatiedentsn iswigctod tad#i(4i onal net hyl ene

hl orid T j ' f Lautes, th
var med. 1ot aaR ong T e Gyt R PR inalo? Yihochl BbBMC Ot i nued 1o

105 m nutes. The m xture was poured into a separatory funnel, and the
organi ¢ phase was separated, dried over Na2504, filtered, and concentrated
to an oily, yellow solid. The crude product was purified using flash
chromat ogr aphy (Redi Sep(r) Flash colum, 230-400 nmesh, 0-3%ethyl acetate
in hexanes) to give 1.44 g (40% of 2-iodo-4-trifluoronethyl-benzal dehyde
as a slightly 25 yellow solid. 1H NWVR (300 MHz, CDCI3) 5 ppm 10.11 (s, 1
H, 820 (s, 1 H, 7.97 (d, J =82 H, 1 H, 7.73 (d, J =8.2 Hz, 1 H.
Preparation of 2-chloro-1-iodo-4-nethanesul fonvl-benzene WO

2010/ 055005PCT/ EP2009/ 064813 - 76 -



A solution of 2-chloro-4-(nmethanesul fonyl)aniline (25 g, 122 mol) in
acetonitrile (500 nL.) was cooled to 0 C, then sodiumnitrite (20.97 g,
303. 9 mmowd 2arvdspwsassi um i odi de (50.45 g, 303.9 mmol ) werTEPaddAMUSIAft er
the reaction mxture was 5 stirred for 30 mnutes at 0 C, concentrated
hydrochloric acid (50 nL) was added drop-w se via an addition funnel. The
reaction was stirred at 0 C for an additional 45 minutes. The reaction

m xt ur e vxmsmm@rmiftcwmbmmeetqoéheapmsent inMentiast iis diredteiddo [@-flsoimedi(4- The

i anl or oreRAES Ry BRHEnA A AT e vt or . i ed. over sodi um

10 sulfate, filtered, and concent rated. Flash chromat ography (Redi Sep(r)
Fl ash col Ilmrmorwmmwmeh@/d%%esehmhvmmseiirientddetmdﬁe:hlcga%e@-

2-chl oro- 1-|.0do- hanesu ben e 13. 88 369 . 1H NVR (300 MHz,
coa'3) 5 BT %9%0 gy T te WhAcetack o 1 . 781
(dd, J = 8.4, 1.9 Hz, 3.07 (s, 3 H. 15Preparat|on of

1- br one- 4mrmbﬂ'easmdlcfmwdd|&1em§ h’Ne pRLgeALAGention is directed to [6-fluoro-4-(4-
1- Br ono- 4- et hanesul f any1- 2 net benzene. s To a solution of

1- met hyl - @-eFPélnﬁﬁHl&"!}’l|'pﬁﬂ§/¥| B@?ﬁ@ﬁ'@n(zzﬂ] -§cetiu®Cidnol ) in glacial 20 acetic
acid (68 nL) was added bromne (12.5 nL, 243.98 mmvpl) drop-wise at 0 C. The

reaction | b Spetfik érhswlmehtm% b@s\éﬁfma@ndrﬂsrda@médec 8fRibky-£- and
stirred for 4 hours. The sol vent was evaporated under uced pressure.

Fl ash chrbigtosyr(4ppgthaoesulfopykihensi) rm@t@yﬁéi -megp/! Z@Qhﬂ?@m 2ybereteralde) gave
1- brono- 4- net hanesul fanyl-2-net hyl benzene (30.5 g, 97% as a clear,

col orl essjghbye srp@a.f 0@1969&%%” yef Eﬁe%@ﬂ?/n@@%ﬁs d.réZted to [4-(4-

1- Br ono- 4- net hanesul f ony1- 2- net enzene To a solutio
1- br oif- 4ethenesiiesyl-Hennyl)-@flueok-mateyinepbthedn-2-yl;acetio agidbl ) in
di chl or omet hane (450 nL) was added 3-chl oroperoxybenzoic acid (m CPBA) (72

g, 5 420 xture was
Phen war nilE PTPBYRE b B8 pre el iAo eb b Trg Pt el iy eI 1t o1

m xture, manad&eda&é%s@sasf@wyhtheslzs@ thtese romploeinds gempmvi@;den thes
separated, dried ﬁ;v %Odl um su at | ter e%& and concentgg5 gg 0 gl ve a
white sol PPRMRFSsPEORF 'ﬁfa??IBPa "fnU'BALQé’F‘ prepgregaceo

15- 20% et dpHendgeili@dtrated béRwieyaeEs ofnérnms%hﬁ@tcated the variables X and R'- R7

1- br ono- 4- net hanesul f ony1- 2- net hyl benzene (20. 34 %1%580 as a white

cryst afl i #e Glﬁfnnied in the sdvre MEowerAs definey aye\@tﬁﬁmov g@rws of fermulg IHz, 1 H),

7.74 (d, J =83 Hz, 1 H), 761(dd§%ﬂ§!§§‘§23 1.9 Hz, H, 3.04 (s, 3 H,
2.50 (s, 3 H). HRVS (El +) cald. for S [I\/Ho 247 9507 obsd.
247.9508. 15Preparation of 1-brono-2-fl uoro-4- rrF fonV| benzene 0 To
a solution of 1-brono-2-fluoro-4-nethanesul fany b e(lg 4.52 mmol)

|n di chl or onet hane (L&_éL) was added 3- chloroperoxybe 8oi c acid (m CPBA) (2
g, 11.30 nng%) Thig readtion nlxpure was stlrre at Wbon1tenpe ature
over ni ght 8 rieactRep-wixtyre wast ution of
sodi um sul f it orgarti c -r was—seEpar,
filtered, and concentrat el n"vVachg. /FlasFFi1 ograpﬁv (RediS
col um, 230-400 nmesh, 5-40% ethyl afetate in hexane) gave
1- br omo- 2- f | uor 4= ﬁ%thanesulfﬁ%yl benzene (1 Y, 88%Pras a“hite
NVR (300 MHz, QQCI3) 5 ppm7.76 - 7.87 (m 1 H, 7.68 - 7.75 (m 1 H), 25
7.64 (d, 4.= 1 H, 3.08 (s, 3 H. Preparation of
1- brono-2-c Ioro 4 apgsul.f <banz WO 2010/ 055005PCT,EP2009/ 064813
- 78 - 1-Chl over- 3- ethane I-uen ené S Cl reyo
3-chl orobenzenet hfol (1Rrb g. 37 nnnl), i odoet 837 nL, 10.37 5
nmol ) and potaSS|un1carbonat% §, 31 IT fnol) in N-di gret hyl f or mam de
(20 nmL) was stirred at room te gtttRe over ni ght . | ee ¢_was added, and
the resulting m xture was extr agt dowi t h di et hyl et her » The organic
| ayers were cohbl-hed, washed with water and brine, dried over sodium
sulfate, filtered, and concent r’% et o gi ve la
1-ch|oro-3-ethanesu|fany|-benzene (1.14 g, 64%, which was 10 used in the
next step w thout further purification.
1- Brono- 2- chl or o- 4- et hanesul f anyl - benzene To a sol ution of
1-chl or o- 3- et hanesul f anyl - benzene (1.14 g, 6.63 mmol) in acetic acid 15 (10
m.) was added bromine (338 pL, 6.63 mmol) at 0 C. The m xture was then
allowed to warmto roomtenperature and stirred overnight. To the reaction
m xture was added ethyl acetate, and the resulting solution was
subsequent|ly washed twice with water, then saturated sodi um bi carbonat e,
dried over sodiumsulfate, filtered, and concentrated in vacuo. Flash
chronatography (Red|Sep(r) Flash colunn 230 20 400 nesh 0 12 596ethy|

. o -




0, ss,Cl 0 25 To a solution of 1-bronp-2-chloro-4-ethanesul fanyl -benzene
(1.4 g, 5.60 nmmol) in dichloronmethane (10 nL) was added

3-chl or opeoaryssmwsi ¢ acid (mCPBA) (2.4 g, WO PCT/EP2009/064813

2010/ 055005PCT/ EP2009/ 064813 - 79 - 14 mmol ). The reaction m xture was
stirred at roomtenperature overnight. ;fhe solid was filtered off, and the
filtrate was concentrated to afford 1-Dbrono-2-chl oro-4-

et hanesul €ompbubdsetinteredt 13 cgn @oUEparsdaacsiordieg tmbrhemetii. chiarting wited-

w t hout furthe ur i f.i ihon. 1H N 300 IVHz I m 7.9 d, J=2.1
"1y | broRbeRidd BRE A knc el s Reeikne (i sthoBaBRE duiitebly 75 75
S, qb J= 7.2§>erié;l]rate2 Mimithﬁ@ila(r}y]{etldyrwl gehﬁald&%i)es Igr ERHﬁO @\taill_@ﬁthﬁ‘ f

- br ono- 2- et - 1- met hanesul f onvi - benzene " S 0O a.mxture o

sodi um su‘i“m@ct%y'%' NYA9TQUPAR COMPRENGIS §68'V§6§F%Fﬁrmf@é?66‘i¥!ﬁ”§3(‘g]."éBab,Carlo 35.3
Mol ) kN YatBhteuAth e ardlbréfide\Eisioands Y1 4nBePEBndgAH4 colsmignesul f onyl
chloride (5 g, 17.6 mml) in dioxane (20 nL) drop-w se via an addition
funnel . Agarshtions taqive intdieegiates V. \Benzaeawlatiorafeationoberd br onpaceti ¢ aci d

ool ed o B SERYenYRss SAEE 4 SG Bl I bl ERE ST LT RIS Tho
resul t i ngbmomitiel famsetse staphtratenl/bdeartiveliVe €1Xa e Hpdwitsis éf éstersdXalprogudes r oom

tenmperature, water was added to the resulting suspension. The aqueous | ayer
was extra%‘?’@ﬂowcfsho‘c\c,!\ﬁ@msg?%rret hane (250 mL x 3). The collected organic

| ayers were washed with brine, dried over sodiumsulfate, filtered, and
concenr afnefle iest@tereofthly sHieRcs ! th lintdrrsdiBRRAVWanairy blo@0Esd By céudlhgd
10099, which was used in the next step without further purification. 20 1H
NVR (300 'pRetiongiestwees the gppropgately sukstituted dbromodyenzalaghiydgs llg-ang 5 1z, 1
H), 7.51 ; = ; A = 7.4 Hz, 2
0 133 |ﬁ%tgﬂgl%/§a4c%¢k}g%n€(lﬂgm téﬁg%%sr atcigoorﬁ%(i%allﬁdi'd)m catal2t §Goh 45

4- br onp- ltetrakiséripsenigrosphine)palladivon©@iret bigitripeerndpteosphine)palladium(ll)
254- Br ono-,1- et hanesul fanyl-2-trifl uoromet hyl - bhenzen VO ..

2010/ 085002 BB STRRbGAE YS! i ACERaEHy B3REC Fne Fagiops can be

4- br on®- ledrtig@oat Prthe prédaneeatet fuge) uehzandelhylaming @r 9fsspropyletnflamine,

N, N- di et hyl f or mani de éZO m_zfévvas a(?ded sod'bum t hi onet hoxi de (1.58 g, 22.54
mol ) at PEHNEESoMERt v asrtrtrahudiiyiend T 616D AGeRNifkeEs Mbated at 50 C for 1

hour, S t BigftSfiformaridd, HeRaRe [ SAREICRtAtE Soludne L BichRrbPethBE, HERRBkIRE M xture

was poured 1 nto cold water. The resulting suspension was extracted wth
et hyl acelhereof, gtrtesipriaiuse balaenvonieneratied asd 80Uk @utfereduxfi| tered,

and conce [ he.c - : ,

b oo 1 el afsa A s S ellvely. e ssastionp £ b APt AU used i n
t he negt 80 &D tav1608Gtfof sidriegre petfanftinaed Lodler microwave irradiation.

104- Brono- 1- et hanesul fonyl1-2-trifl uoronet hyl -benzene To a sol ution of

4- br ono- 1- et han | fanyl-2-trifluoromethyl-b ne. (5.5 20.29 nmmol ) in
di ohl or onBERENE (iabe HITC huE MM it SR B IS R b o iR heren) (L0 5
g, 60.9 nagdtylehds NN s¥Sorieniently @¢Rleved uBingWRassidmelubgasron m xture 15
was then allowed to warmto roomtenperature, and stirred at this

t enper at uteapyiylaremagiunsflucrige indaguitedle seierPeur @siwater feghgieii@. sodi um
sulfite S)ffa,:/y-mn%}gyﬁfcgﬁq iaé,”difﬁelt@%f %Ulfas@ae,srﬁ%%@gggr rrﬂi)EtHFe% tR%RIOf SAGHH

sul fate, tere concentrate 1 n vacuo. umm chr omat ogr aphy
( Bi ot &§e, tepgBrdi00e foeskye2Dboeshitematvely ca bastencnad pgtaseium carbonate or

4- brono- 1- net hanesu] fonyl-2-trifl omet hyvl - benzene (4. 79 78% over
tuo ot oo SRR Singdy TRE Teantans BAR BaSshiscllutna SUlER °5°0,
(s, 1 H),solv& steh ad retBaboltatrahytifofurdnWafes, odmurebithdrebElatjooral d. for
C8H6Br F302S [ M+] 301. 9225, obsd. 301.9223. Preparation of

1- br ono- 4CBINGARBER (O SRY&T2DAWENY| benzene 25

1- Met hyl- 3- et hanesul f anyl - benzene WD 2010/ 055005PCT/ EP2009/ 064813 -81 - S

Intermediates VII can be obtained by Sonogashira coupling reactions between the
30 terminal acetylenes V and aryl bromides or iodides VI, in similar fashion to the first

step described above. Typically, the reactions are carried out in the presence of a



A m xture of 3-nethyl-benzenethiol (25 g, 0.20 nol), iodoethane (16.1 ni,
0.20 mmol ) and pot assi um carbonate (27.7 g, 0.201 nmol) in

N, N- di metwolzhovessossde (200 nli) was stirred at 0 C over BOTrAPRaw@64813he
reaction mxture was allowed to 5 slowy warmto roomtenperature, and then
stirred at roomtenperature overnight 'Il'he reaction mxture was poured into
wat er, and the resulting suspension waé extracted with ethyl acetate The
organi ¢ pﬂ’ﬁil@diumgatﬂysééumeﬁ t@(ﬁﬂiaﬁﬁpﬁahﬂah%pfﬂméﬂpeﬂaﬁﬂuméﬁ)d)rconcentrat ed to

Ot rout TOR R R R e TTT S B KRRt Patkle! SKHER ) Shep s ene

AI sol ulti Odibmn‘er(l)lﬁﬁidbygs ?ffogtgisﬁbasé élamyzhsl bgﬂwmme&ﬁ oﬂié‘o@rolegﬂWﬁamigb) in

gl aci a aceti.c aci was cooled in an ice-water bat [ om ne
(14 m, l%Q%BEQ?BP?Sﬁé%tMGC%M e At fech é%t%tfﬂ%’%@%@ﬂ’ BRERNYAIGr e
over the gOUHFRetRlidniMRMbe, FA@neeati Qébtaiean&aa%rﬂ&ene%dr@f\ﬁ%txmr@@rm to
roomtenperature and stirred at room tenperature for hours. The sol vent
was evapothgteal, afraltemperdivce dehyesssioos temmatummabdﬁﬂo@r(@pme(eﬂux Baker

silica ge e

br ono- 4- e¢ %%%Jfganyﬁébf ré%{?r%] E%rzﬁgﬁ\é&%@eha&%né% og carne H’E att an oil.
1 - Brono- &Gé@hanéeﬂmfonyﬁorﬂerneaawn timedw ender Aicroleavee isabidtionn of

1- br ono- 4- et hanesul f any1- 2- nethyl benzene (17.01 g, 73.6 Mol ) in

di chl oro thane 373 hi rQ%) benzoic.acid (m CPBA) (59
. 3o’ mEhs ARniEe Bhac BRItk o BRSO R DR USSRl ur e was
t hen gbovwbetweahreeglk{iey |t5émrélde<g¥§e§ IR %Qo-‘ﬂutyrrc%bld)mrﬁylgbter (dihéthyleact i on
m xture was WO 2010/ 055005PCT/ EP2009/ 064813 - 82 - vvas ed with saturated
aqueous negiedgVIb o FW&SQS}C%@J %qe@&?éalxﬁ%ugbﬁsmﬁle(w faremidgdna sytrblerhe
organic | r I fi C ted to
gi ve an Ollj"\kéﬁ,so%'ﬁt gl\ﬁ'fgf Eéér%hgﬁ ?h?gn%té%@eaahéb%ﬁ?es@gﬁ?’) &hégol um,
230- 400 n@ereof,la% @mmaraemebatv@anﬁm%&andﬂ ODdﬁwdwhe‘wxﬂebmeMUze ) for

cLenesu! Ly PP LM, RGBT S 3ot V23, B Sl cBBer 0

1- br one- 47468): di et hyl benzenesul fonam de Br 10 Diisopropyl ethylam ne
(10.47 m, 58.79 mml) was added a Cto a stirred solution of diethyl
am ne (1. I %ymegx&ynm%l Shelch”ﬂ@Nn&ﬁﬂﬂrH?@ﬁéh ¢add Reysrigdasea pigadicadh

m xture Wgge prdducth de g’cﬁ’c‘l}’p'lOr @é’@@/&é& Bbﬁzérﬂ{ulétﬁ)n%ﬁeﬁ&% béwed VM 5] il on of

4- br onp- benzenesul f onyl I de ) 5 mmol) 1 n tetrahydrofuran was
added at Pmmmaéqlwpesmr@pmp@wddsmafcufa@td|lmﬂ1mbamz,arr@wﬁé@n§ea¢tro®§ wndergsom

t enperatu duced
or cssur e. RSbiedh ditENer SR N oltfre YABM &R sRisb Ao Phan <
sal tszwerWaferllrt &fegéat:ﬂitrrom@ﬂurg cel i tedbed The fil t][a]t e vvag vvashed with 2 N
agueous r e over n o 50|um at e, Iltere

et b ial AR JRA T Gl Re BRGIREL IR NP ST Un A S2iBau!  onani de.
whi ch wasaitefiblisRed UBP@AHSIRbAS wtar@%u%bhn% sBH{etoherskmedwmé agaropn. M

cald. for ClOH14Br NO2S[ Mt] 292, obsd 293. Preparation of
1- ( 4- br onXaAmpleneuraetinms)Cani tpﬁsearaed@ut Brthemireseiseopy \AncAdugosgisaltion ob9 i,

11. 7 nmol r s} f (0.40 g,
47 o) S RS S SO e o Rk B R s I PR L8 1 e
at roam terpaydroiuren f bha-didkamen uiads, ovﬂrm)ctdreMtlseﬂeof |a1)|a tefmperature between

4- br omobenzengsul f o 0, i n tetrahydrofuran was
Added ot ORGSR BAOS BB BT AL 56 EYB FOUS. | ¢ arper at ur e and ¢ ne
reaction AkerhHfi \%I%’Vﬂﬁe Kby "rftéﬁné’dlatregw d&miBeaidnofe tah bé fiPtHesizelihe sol vent
was evaporated off under reduced pressure. The residue was diluted with

et hyl ace@erasding i@ Schemerdiilgeirated Hglavs aperteen ufilizedda prepefemPRedsoé bed.
The filtr; Cl, dried over anhydrous sodi um
sul fate, §&$e$ﬁerggﬁggﬁﬁﬁkggg@ﬁ?mgﬁgﬁgﬁﬁ‘tgcuo to afford

1- (4- bronobenzenesul fonyl) - pi peri di ne, which was used in subsequent
reactions without further purification. M5 cald. for CLl1H14Br NO2S [ Mt] 304,
obsd. 304. Preparation of

1- (4- bromrobenzenesul fonvl) - 4- (2-fl uor o- phenvl) - pi perazi ne Br 10F
Triethylamne (1.37 nL, 9.78 nmmol) was added at 0 Cto a stirred solution
of 1-(2- fluorophenyl)piperazine (0.705 g, 3.91 nmol) in tetrahydrofuran
(12 mL) and the reaction m xture was stirred at roomtenperature for 15

m nut es. 4-Bronobenzenesul fonyl chloride (1.00g, 3.91 mmol) was added to
the reaction mxture at 15 roomtenperature and the reaction m xture was
stirred at roomtenperature for 5 hours. Tetrahydrofuran was evaporated off
under reduced pressure. The residue was diluted with ethyl acetate (20 ni),
and the |norgan|c salts were flltered through a cellte bed The f||trate



25 Dii sopropyl ethylamne (8.25 nL, 46.4 mmol) was added at O Cto a stirred
solution of norpholine (1.62 g, 18.5 mmol) in tetrahydrofuran (40 niL) and

t he reactwor010vss@®810/ 055005PCT/ EP2009/ 064813 - 84 - m PCUmP20008964803 rred at
roomtenperature for 15 mnutes. A 0.1 Msolution of 4-

br ono- 3- net hyl - benzenesul fonyl chloride,(5.0 g, 19 nmml) in tetrahydrofuran
was added at roomtenperature and the réaction nixture was stirred at room
tenperature for 2 hours. The sol ventSem@dapor at ed of f under reduced
pressure. The residue 5 was diluted with ethyl acetate, and the inorganic
salts were filtered through a celite bed. The filtrate was washed with 2 N
aqueous HCl, dried over anhydrous sodium sulfate, fJ Ked, and
concentrated in vacuo to afford 4-(4-brono- 3-net hyl

benzenesul f onyl) - nor phol i ne, which was used in seRffSeffluent reactions w thout
further purificatio cal d. for Ch H14Br NGBS [ Mr]rRB20. 2, obgd. 321.9. 10
Pr epar ation 4- br gmpyr B- metcpyl , D nmet byl - be nesul Ié)nam dd

Di i sopropyl et he (4. 95 | .8 mm) ) addel-cat o dstirred
sol ution o‘F7‘cﬁ yram meR (3 ) & i n_t_t‘f’a{gy

and the reactQon &% m xture Qvas Btirred ap ro®y tenperature for\
A 0.1 Msolution of 4- brono-3-jret hyl - benzenesulfo: hl oride (3.
nmol ) in tetr]%yaf"bfuran was a(fg‘ead at roomtéhpera.tcu(eo@fnd t'Re r pgCt
m xture was stirred at roomtenperature for 2 hours. The sol vent was
evapor at ed of f ﬁder reduced pressure. The residue was diluted with ethyl
acetate, @ nic salt re fildgred through a celite 20 bed. The
filtrate was washed'w’th 2 N™a JyORe i P
sulfate, filteV¥d, and conc ared~i n Yacuo to afford 2 )
4- bronmo- 3- methy- N, N-di met hyl - benenesubfonam—de——v\th@ Was Jused in
subsequent re(Ecg Qns wi t hout furtdie f
[ Mt] 278. 2, 280. 0. 25 Prepar atop of
4- br ono- 3- net hyl - N- net hyl - benzenesuR¥ onaftide Br WO
2010/ 055005PCT/ EP2009/ 064813 - 85 - th(hybq ne (2.0 Min tetrahydrofuran,
46.37 nm., 92.75 mmol) was added to a stirred solution of

4- br ono- 3- net hyl - benzenesul fonyl chloride (5.0 g, 19 muol) in

t et rahydr mfthlsamoeésﬁ tr(ﬁﬂetalytillylheetyleaet (s fhnsxbw;ﬂed\faatosmeragﬁdurgk Ue@mgg g
tenperatu The reactio ture was cance ed un reduce
or cosuse. REMAPERRTHITRT RS MRerl & oBeemD; RS R TR B OB aqueous
HC (20 rmp&netﬁms.%ypg@rup%?%ﬁ{da%@ %@mrfr@deaté@m GRIES Bl Rl-@dr under

reduced pressure to provide 4- brono- N- et hyl - benzenesul f onani de

(4.2 g, 8%RUPlYd with gu tu@dshﬂrizaldelvsd%lld-c BGSprQ BIONDP®rpie] 264. 1,
bsd. 263
0=y 2 S T s aQU?rﬁbfé@%@iébi%?éw%”ﬁ)t%%%e‘agh%cen % ed

sul furi c afontéreééi.ldvm_ben/manaldderdrehmpnwszaoWead bp hydmlysoﬂ of thiexesuléngpf 3- 15
met haggsulfan benzoic acid (5.0 g, 30 mmol ) and nethanol (30 nmL). After
the adfi t?8fSnas conplete, the reaction m xture was warned to room
tenperature, then stirred overnight. The reaction m xture was concentrated

in vacuo. Sa'rh@%dsﬁ&wcbumwg)ﬂelac’ﬂ@ﬁs BetW@“eﬁCbrﬁﬁﬂrbrrmdsyér iegigteMeanand then washed
with water foll owed saturat ed sodi um bi carbonate. The organic phase was

dri ed overmaagalyacatiienadll) @raive soRBRERNS Xaadcba achipyad i the gresence of
3- et haneg i &RA7A! Such HedeFBKISN DR o HeRadAib) orlhi s cr ude

product was used i n subsequent ste thout fturt pur| |cat| on.
( 3- Met hankis(itipranylpheisehine)pattedivart chlwemasemwﬁmtamowzmwsls - 86 -

tas” addeccrls BgBiet, T teHabgf Loh BYel pitdn s bEREER of BeaFbanh ™
encti on M xbure vee ot rrag aE oA A '”ﬁ?b?”'“?‘ﬁiﬁ%ﬁ?#f?ﬁ@”‘?ﬁ?&

on m x
t 2§ger at uReE! O&Fﬁ%\,ﬁz\{é tfr\ﬁfd%ma% @X?@ﬁp%tp)ﬁtwgtﬁowuwehour s, the
reaction @’b%lbkﬁrﬁef?@ﬁe%&ﬂ;ré@t%rgof Gt BYémFér%‘t@f{e%e(t\ﬂfQQn Flom Y&mpadead

carefully to quenc the excess diisobutylal um numh de. The m xture was
conmbi ned aWd B0 5Cdar ineaeldx taprayatirebionsevgrabiiowsd quﬁwalysth@n'\eaamqrﬁat e
(300 m.), then stirred at roomtenperature for 1.5 hours. The organi c phase
was separated, dried over MgSO™4, filtered, and evaporated to afford 4.57 g
of (3- 10 net hanesul f anyl - phenyl)-nethanol as a clear oil. This crude
product was used in subsequent steps wi thout further purification.

( 3- Met hanesul f onyl - phenyl ) - met hanol




S\C) 0 15 To a 0 C solution of (3-nethanesulfanyl-phenyl)-nethanol (4.57 g,
30 mml ) in dichloronethane (100 nL) was added m chl or oper oxybenzoic acid
(16 g, 93wormwiojosston portions over the course of 1 hour. PChEPR@AO6480H

m xture was allowed to warmto roomtenperature, then stirred for 24 hours.
The reaction m xture was washed with as3§aturat ed aqueous sol ution of sodium
sulfite followed by a saturated aqueous 20 sol ution of sodi um bi carbonate.
The or gantan lpﬁaeﬂﬂedazut@t B@dCdOe’lrSOI\‘i@’@oshomen reectinl) timag usdapoiciowave Fl ash
chr omat ogr 25@3( gAnaI ogi x Super Fl ashTM col um, 35% - 50% et hyl acetate in
hexanes) MNes g (49% over three steps) of

(3-net hanesul fonyl phenyl ) -nmet hanol as a white solid.

253- ( Met hReewublf afrtié )rhaﬂmwsilamw grduj:eof compourﬁsO( to give he tABminal

2010/ 055005P 09/ 06481 - Tri hi ne, (7. 29 mmol ),
car bon & SETAERNGs Kugat B8 camirientbucamies PUBNING SOrRAYMR Beaidh S 18 m) wer e
conbi ned @fdbEtyldni®enidin ﬂmmetlﬂ@:%l%mrs@cﬁ% Meﬂt&bﬁfﬁﬁrof&r&ﬂ%ﬁn& on of
(3-net hanesulfonyl phenyl ) - et hanol (2.6 , 14.3 mol) in 18 nL

t et r ahydr @metf %@J@%&aﬂethybwlqueﬁ é@ﬁihar@m ?ri RixtHres Heerepkat EPMat 75 C 5

for 3 h

bar t 1t 1 or SRSt ASre fF Seleia Rodtis WeiBfveions Blsd BusipATLERRBERFE MBI |
over l\/gscpotaﬁsslultndnwmoxudendan@awedréﬂmcreaotu@sweartbmcmuad@uptrmiauiltabis an oily

solid. As Iut| on of this cr uct an d| ch t han S _evapor at ed
over i |1 SavbieRns bebEpd RN Rh B R B R at RS e e

I oadedoonﬁeﬁqunatﬁr@f@@exe@mn@urgl ashTM col um. 10 Fl ash chr omat ogr aphy (15% -
35% et hyl acetate in hexanes) afforded 2.26 g (77% of

3- (et hane Ifon n or te solid. 1H N 300

on006)  Brigiesiaas Vi Cah be otaingd hyaSonbatihing cRgbling iRpCianeRsipgen e, 7 g
Hz, 1 H), te?mﬁ\%l btet }énes_b'(l%nb*%ubétlth@ed BerZBidetydés Ith-c, $ 8 mdriher 3inklar t61RVE
(El'+) cald. IY|9 0012, obsd. 204.0012. 15 Preparation of
4- (et hanetéwelfwrgﬁeg ﬁewghedcﬂhoaen amplcallyzmwe@ph@me@nﬂ cf%if@d ophierie ) - net hanol
OH S Sodi 4 to an
ce col d HERParL ot PR R iy SR ARG AT I pDogs Me L RALN O

met haneol lﬁlé@ﬂphﬂr)ylph@fspbmewwladntm (tl) omorides, amhanbeppmr (1 bataryeasmch)as m xture
was warmed to H125te erata t hen Ilrre forc(‘/L Ie&k@areactlon

m xture wWePREY deape el RS\RERE sudieas l?LﬁW‘i“H@ecﬂrl S%WPPM BPut ed

wi th et hyThaegicibs candetddpe iMmanhest Wbl BntaicBras t@ﬂﬁh?dr@ﬁmaﬁ Fashtrivas dried
over Myg504, filtered, and concentrated to give 7

(4- et haneéldedm@thylmfmwmlpen@mﬁoetha{ba%staueewuenq, orthgreﬁrmeéeqﬁ;akmct was

used in s foj~f

2010/ 0550 %W@%B%‘%%@i&@h@%@%wg@ Egngso énr%lﬂux téﬁﬁ@?rat“re fanol

To a Q0C saientlirmuraf A(tdrnetiMmdhalrémty)Insrmbemel Jarried bahat 8Q 7C ¢p 18Q°Grfot ) in 5
di chl oro th n éé 3 added chlg ﬁgeroxybenzm c acid (20 g, 99
mol ), i o BB eAdOB LY %W@z CINFERDBE 128198 s. " The reaction ni xture was
allowed to warmto roomtenperature, then stirred for 18 hours. The
reaction mmtermedeateaVilvas iesh traindfomndd 6 esripousdsseflinticrabt Idbs posliiousipul fite
fol |l oned g%ﬁq sat ur at ed %gueous sol uti.on of sodium bjcar bona)g The organic
phase wasdefaBEd§VEFNRHSAM Vir benzanaHiatian regdions e BIRGUSE &8tera X3 faligwee of
the crude,peodifigdRdisdi chl oronethane was evaporated over silica gel, and
the resulting sifica gel supported crude product was | oaded onto an Anal og
i X Super Fl ashTM col um. Fl ash chromat ography (30% - 60% et hyl acetate in
hexanes) gave 4.87 g (58% over two steps) of

(4- et hanesul f onyl phenyl ) - net hanol as a white solid.

154- ( Et hanesul f onyl ) benzyl chl ori de Tri phenyl phosphine (12.77 g, 48.7
mrol ), carbon tetrachloride (19.0 nL, 197 nmol) and tetrahydrofuran (40 nli)
were conbined and stirred at roomtenperature for 15 mnutes. A solution of
(4- et hanesul f onyl - phenyl ) -nmet hanol (4.87 g, 24.4 nmmol) in 45 20 nL

t et rahydrof uran was added, then the reaction m xture was heated at 75 C for
3 hours. The reaction m xture was cooled to roomtenperature, then
partitioned between ethyl acetate (100 nL) and water (100 nmlL). The organic
phase was dried over MgSO4, filtered, and concentrated to give the crude
product as an oily solid. A solution of this crude product and

di chl oronet hane was evaporated over silica gel,




25 and the resulting silica gel supported crude product was | oaded onto an
Anal ogi x Super Fl ashTM col umm. Fl ash chromat ography (15% - 35% et hyl acetate
i n hexanesd 2afofsswed 5.16 g (97% of 4-(ethanesul f onyl) pemmpRooolbasid de as a
white, crystalline W) 2010/ 055005PCT/ EP2009/ 064813 89 - solid. 1H NWR
(300 MHz, DMSO-d6) 5 ppm 7.88 (d, J %42 Hz, 2 H, 7.70 (d, J = 8.2 Hz, 2
H, 4.86 (s, 2 H, 3.29(q,J:74Hz 2 H, 1.07 (t, J =7.4 H, 3 H.
Preparation of 4-(benzvlsul fanyl )berﬁgﬂ_n@_ﬁorl de

54- (Benzyl sulfanyl) be aI @ehyde H To a stirred m xture of cesium

car bonat e (18 benzyl rrercapt an (4.7 ni, 39 nmol ), ang

N, N, - di net hy m de\—(/8 ) vvas daed @ Rlorobgnzal deh Cpl bver
several minube¥ rsThe redttion m \MSM rred 10 at 0 ht. The
reaction nixtuge was cool ed t0 room tenpet at e, then dl utea_/vath ter
(500 nL). The resulting mxjure was ac¥dified to pH 4 using 1xXN aqueous

HCl, then eﬁét ract ed wapb~etnyl acetate (3 x 150 nl). The combi ned organic
| ayers were wa Bd wit gter and brine, drigd ovdr MgSO4, filtered, and

concentr at ed. | ut Flon of Yt ude pr oduct d di chl or onet hane was 15
concentr at edFi2 silica gel, @3- t he resul tRthg”sisy_cq el BBP\]CI ude
product was ed onto an Anal 9@1 X Super Fl ashTM col . Fl ash

chr omat ogr aphy '4<100% hexanes - ethyl acgtate in h&kehes) affbtded 7.70
g (90% of 4-_(bgnzyl sul fany))- b al dehyde as a g),i ght y}pl nk (sol4 d.
4 (Benzyl sul fiaryl - phenyl ) - met hanol 57?) OH Sodi um boro ide (2.7 g, 67
mol ) was addéf” 8Tfovay in three por/b%ons to an ice cold mixture of
4- (benzyl sul fanyl') - benzal dehyde (7.70 g, 33.7 mmol) and nethanol (150 ni).
ction rH re vvas wark

rede@j\ﬁ(lsr%hemr

HCl (80 m_) as e ad /—'Khe Fasildiing m xtd .A' SO0
m.), then extracfl)\/_\n\u:r ethyl acetate (3 @n 'PkL),N Lhe conbi ned orgahi ¢
| ayers were wasiféd with brine, dried over WSO& flltered and
concentrated. Flash chromat ography (Anal ogl X Super Fl ashTM col unn... 5%/~\50%
5 et hyl acetat®"ih hBxanes) gave 6.33 gX ’1“92) "N

(4- benzyl sul f anyl - phenyl ) - net hanol as a whi t€4%l1 i d.

4- (Benzyl sul fanyl ) benzyl chl ori de 10 Tri phenyl phosphine (14.9 g, 56.8
mol ), CalenOtl'lets@'emacmbse wiherd B3 isra, pid&azinnll) subsétuent, an alternative

(120 D) SERELDE RO TRP P pehirasctunt & Sdipuplef AENRE 7l ot The

reaction gitskyd=RbRS) ﬁ@@&a@ﬁwet)oumm&@m%mbm& XH ReBrdeahkicolresgehdieg ween
ethyl acetate and water (750 nli). The organi c phase was dried over A,

filtered, suionapidrsedftst eV 9 rigielbylsihéacatyleiee JHbeerk be cpraled with XI

h t , 0 h I
Scéfgﬁe"?vr?ﬁ@xﬁgﬁé%@*%% O T8 SEEMEERs K RERBLA RO ErpeaRia iy )
chl ori de gmuarofobmpwhndsaxydbllcoj/yedby VBt SOMplinblzyitrDERG!iteed Bepratdéhybés?7. 44

E1m( bgﬁlj)eh'éé'ﬁr%b:gé )éé@r\f 4%'?21‘?6% Sd%termHgﬂ'aF%e*‘?ga%%}an\?%rR(})F*}e fhzal dehyde H

25 A m xtpuitex@ardortyl 4es ﬂDM' etinee iftérnidid@s Al ) Sutssdjuently,
benzenesul fi ngte ( g Lﬁh i and di net hyl sul f oxi de 3)(/) L

neat od at nisTTedaey X insra bameannuBlon forcss R riRshaes S Too1 -
reaction gt ﬁaﬂﬁ&tﬁﬂ%@%{p‘&umé’w%ﬁ?ﬁg‘g éémgfsﬁecfra%@ﬂ H%Fe't’\){l é}‘&%ﬂ#&éet ween

et hyl acetate and water he "or gani c |ed Iltered,
and conceestesst ¥Mllkrnagbeeoavetéed tD thel te/d buA/I sathamatas KX thndwghca oeketipnoduct

and di chl or.0 ane aporated.o SI|I e d_the sulting
a1 c4S geE SRR R DS P GE B PR, WRimSis of el ol a8 Hrols

chr omat owoa@had M@%l@myﬁr@ym@éﬁb@&hﬁ%@ﬁipbﬁﬁds bbiteredO% et hyl acetate in
hexanes) fo_give g§6410 of 4-(henzenesul fonyl)-benzal dehyde as a

white soI $Hlfor(ngt|§@rpjéyf TWameque{f@pﬁ&}g" with' sulfonyl chlorides Xll to

give sulfonamides XIV can be readily accomplished using methods well known to

someone skilled in the art. The reaction is typically carried out in the presence of a



10 Sodi um borohydride (777 ng, 20.5 mml) was added slowy in portions to a
0 C solution of 4-(benzenesul fonyl)-benzal dehyde (4.29 g, 18.6 mml) and
tetrahydrwbuosms¢@®® nl). The reaction m xture was al | owedTIEP2002/06481D r oOom
tenperature, then stirred at roomtenperature for 4 hours. The reaction

m xture was 15 then cool ed over an ice-ypater bath, diluted with ethyl
acetate (80 nL), then carefully g uenche3§lavmth a saturated aqueous sol ution
of ammoni baﬁetwqisraaj@iscpmme)thylmmmentmtbylemm ongyridinevn arsuitableringr80 ni) ,

then the or ic phas dried qv 0 ncentrated to
artord . SRR S op i Elh ARl b iR RERR £ Si i
Thi s pr odmixturesshéreef] at 0 *Sufosegoeiempiratnee 0 sevédabbbdukurt her purificati on.
4- (Benzenesul fonyl ) benzyl chl oride Triphenylphosphine (5.98 g, 22.8
mol ), carbon t%trachlorlde

benzenesuP PEMEASTSA&RYPY n%@?ﬁé%n%%tﬁv%f? ! %@mﬁg%ﬁgl'\l) a%hd tetrahydrof uran
(42 MLy 2BirsthgsibRietyens ANftd G eBrpbUAGOXT oY behadifENey infhe preRsben

m xture was cooled to roomtenperature, then partitioned between et hyl

acetate (qoa"ad_l)lmamalvﬁt%#ch(afd@tralw(trlnlmytn*@éﬁhleeknaaa@ume o ied over

504, f I
gl Uy A'H;g%ﬁ{]@?eo ﬁo@sﬁﬁﬁgﬁgnégbﬁ%|E)§n|8hé(§ éﬁ%&b‘&eﬁl%%%& s@h gd oily
2010/ 0550@&%TQIEQQIOI@9FIO©4®aGt|Gn39®n bel cainied romtit ﬂn@rmemee@feapbam suthoaser
silica gel., .and the resulti silica gel su po crude was | oaded
onto an’ AREIBHR e SFEsbbh MR, A SRR RRMe ke i S PR 4850, ot hy)
acet atig iacdiexane sy, Nadihtearbrdalidg HekaR&) etall dtetdtbetorigsmesul f onyl ) benzyl
chloride as a white, crystalline solid. 1H (300 MHz, 5 DMSO-d6) 5 ppm
7. 89-8. 04d'(>WPern¢§‘an¢ @:-Tn'?(tUTSS thgresf, g}atgmgq_ra(tlére betwgen Ii?féﬁéﬁraP?@ﬁJrGf
2- (benzen @ ﬁ&% | fonyl) - benzal dehyde 10 A
m g(ture ?ﬁdjé?I S%F?) enza fér‘a?ﬁ Sé\ﬁ@r F n’ml;I) go%:h um ’ Y
benzenesul finate (6.79 g, 41 rrm)l), and d| rret hyl sul f oxi de $30 m.) was
heat ed at Remoaﬁlrerthqztrlrﬁ@bvblIarwi@rcvtéa@fmqmoomdw&\éamﬂwb&eﬂt@@ to room
t enper at ug organic
phase nasodrediT o BURILA the Rskileg bk ol BE R SR8 Bali Bl n e, 21 2
sol i dl5 Nl\ﬁeaead:e/ei ﬁotaésmﬂrmfmoudad& pailadumme:atﬁgzls’stcsmbbcbslS unr eact ed

2-fl b to be.th d
B e e N T () P
g, 30 MDERIONERS PEsHR( Té'&al&@tséﬂch'é%gcdﬁpétf(!brlédmésa@%tl%@ PbadiSsehf4y anot her

16 hours. The reacti on m xture was cooled to roomtenperature, then

par ti t i ontigthyéaraeerdr slisgpropylethuiamiand T\h@ﬂ@%“@ﬁé&ﬁ?@%\ﬁ@@rﬁ?ﬁﬂs@e%s dried
over MgS f chygle pr oduct
and di'on Ur5out RS, P RGP ATARR aLPde b R, Boe kRl ReChIFY

si | i ca0gedlimatipyioriaciads, tmexape oethytacetate) oheod, onmtlamsAlnerleoglat aSuper FI ashT™M

colum. F|lash chro to ra 5% - 35%e ate i n,. hexanes rovi ded
106G ( edipestiui PRuRRSHBOh e R Asa Pt chy BE R RILR PSR B aas o1
whi ch pargaardhsed.i di fied over tinme. 25(2-Benzenesul fonyl - phenyl ) - met hanol
000OH \\ // WD 2010/ 055005PCT/ EP2009/ 064813 - 93 - Sodi um borohydri de (690
ng, 18.2 mmol s, added to a qutlon of 2- (henzenesu| fon benzaldehyde
(1.98 g, @e@‘ﬁz’ ItB‘eéﬁf&bH@Kﬁ%ﬁ‘ng”X %O%L)“ X‘\‘h‘é’ F 2 EXeBIe ARt ﬁ?ﬁ?‘)é | GREsO&t i rred

at _room { iRy BEWEFed VRS préaihicaus AR Likth stibRhdRscelifaciieact fon m xt ure
was cooled in an ice-water bath, then carefully quenched with a 5 1.0 N
aqueod$§ shydiechiarioacigd a(S@@/aﬂm;uchra%dmhiqrgm@thﬁ@@ d@ma@mmaﬂ@doto renmove

met hanol , r d d three tines
wth et hy %@@ %mm rﬁ%ﬂ%@r%?%%fgboéw%?%%hﬁe‘%hﬁé%rfg r| e gbﬁr My504,
filteredteanﬂwmnnﬁﬁmBeaéﬂﬂhbwsafford 1.94 g (97% of

(2- benzenesul fonyl - phenyl ) - net hanol as an oil. This product was used in
subsequent steps without further purification. 102-(Benzenesul fonyl)benzyl
chloride Triphenyl phosphine (4.08 g, 15.5 mmol), carbon tetrachloride (7.0
m., 73 mml), (2- benzenesul fonyl - phenyl)-net hanol (1.90 g, 7.65 mmol) and
tetrahydr kmterrrwmia(téﬁxmu)arlwh&@w traﬁkfbnﬁeld &md cbe@beddaxvulﬁéé p}"evf(mIsI% hours. The
reaction nm xt .was cooled to erat ur then stirre room

{ enperlt uieSTBRS gnSraeme 1. Yo lLh PRl wrea i gatRdataT Rshons M Wil er -t hen
extracted three tinmes with ethyl acetate. The conbi ned organi c phases were
washed with brine, dried over Mg504, filtered, and concentrated to give the
crude product as an oily solid. A solution of this crude product and

di chl oronet hane was evaporated over silica gel, and the resulting silica 20
gel supported crude product was | oaded onto an Anal ogi x Super Fl ashTM
colum. Fl ash chromat ography (0% - 15% et hyl acetate in hexanes) afforded
1 73 ¢) (859@ of 2 (benzenesulfonyl)benzyl chlorlde as an off mhlte

oy o o NN OOR e | e~ oA oA — e~ o1 a



WO 2010/ 055005PCT/ EP2009/ 064813 - 94 - o To a sol ution of

3-(chl oronet hyl )-benzoic acid (34.1 g, 200 mmol) in toluene (125 nlL) was
added t hiwoybioaisbwsi de (21.9 nL, 300 mml ) at room t enpeCcatrre@9/ odise3
resulting solution was heated at reflux for 15 hours. The reaction m xture
was cooled 5 to roomtenperature anggconcentrated under vacuum The

resulting oily residye was azeotroped w th tol uene ried r hi gh
vacuur{}reirga%@ﬁ%'i*ﬁtcﬁe rQRiaINg i”&f_oé'ﬂ _@rrfea%t.'o @ %@W'&Xﬂﬂafabove

crude ﬁfé!rﬂo&ﬂb R thdSré2&HeB R arhi?me%&%'é?!cﬁ%%?i%ﬁrobé@%%ﬂwin‘é@s added

met hyl am ne hydrochloride (14.9 g, 220 mol) at -5 Cto 0 C

Di i sopfietpylpatimeg pPapyniteng 602 suitable 4Bt saivent swak asdirhlcramsethaned wi se over

st v deris T oo MG -EHER L PR, P SRR nr bR o

sti3r ithereaf, at 00D toaoper tetnpeeatlics fot Semenabbeds. t he reacti on m xture was
diluted with water (300 nL) and the aqueous | ayer was extracted with

di chl og onet ha (10 . _The conbi ne rgapi c |l avers. were shed with

br | ne ROt co e drhirartty” S8 Ak FelfPs feadly dohialBE RN and
concerpréggricervf gavaid Bect &g BflusRdcativatielorwiarsbhisiiel atedlin asbobnefighat - 60- 70
C. The resulti ng{ solution was stored in the refrigerator overnight and the

preci Fstdighierosithare. ip@neoMethanah asetenitriie. oF miKuUERRItNErRH. aleished wit h

hexan L ol Al = Vd bz I } (80% was
i fempéiate %ﬁ?%& on@vhi@%.(&ﬁ%%%@t ei\/let\kéltrﬁ?g%@& Vi %]éﬂg?w

chl@r iegter hydxdlysis i giveithe toMpoandusiibiesesida ctin be easily accomplished

3-(chl aromet hyl ) -N-net hyl -benzam de (27. 2.0, .148 0. in_.toluene (100 nlL)
was  ad B RIS HRHTEIE S seindond:siifie i 455 BTG Shr RRBIETTR o ' The
resul treagions ReNs cdriga@suhinahe predencelof an dopieol sbiatios of Base 89cH gact i on
m xture was cool ed to roomtenperature and then concentrated, under vacuum

The r SOt hYRIOXIJe RN A PHIG D GBrRerhAaIVaR: RehasderaRYgRIWaRBUUMm To a
SUSpe“IS,A-%lbx%e,s\QQ!eH’Qrarﬁb(Qﬁeé %r@oﬂaté@nggﬂéltl)re'ﬂét\ﬁ&&ﬁ RiYrh tdrhSerbk@ ML) was
added chlorotrinethylsilane (23.7 nL, 187 mmol) at room tenperature and the
WO 20 BoWo B0 BPmRrerre) 09/seeael Boursgs - suspension was stirred for 1.5
hours. The reaction m xture was cooled to -10C and the above crude i m doyl
chloride (148 mml) in acetonitrid.f.(A% M) was added over 5 minutes. The
m xture was stirred for 2 hours nd then stirred at roomtenperature
for 15 hours. The reacti'onom'thure was diluted with water (200 nmL) and 5
extracted with ethyl acBtate (2 X 100 nL). The combi ned organi c extracts
were washed with brine xwxd-@eiagd over anhydrous magnesi um sul f ate.

Fi |l tratien aQe n{:ﬂnﬂtrati-@n gaveRrs 513 @#[Q)t}ksol id whith e S0l ved
i n hexape hyb acetate (20 ni, @G:.ﬂ at' 60-70 C. & zul Pi ng
sol uti™n wagd stoped in the s& ri g&fator] and 4 he precipitated soli per e
col | ected By @ {rdi Npnoandoswashned w td @ RS \AO After dryi A girm,
3- (1- net hyl t giFagol~5- yiybenzyt—chl ori de, Wé<s i sl at-ed—as—24.5 g &/9. 5% of

a white anorphous solid, np 63-65 C, H (ES+) cald. for COHOCI N4

[ (M FH) +] 209'0589, obsd. 209.0588. Preparati on of o R7= N N
4- (1-nmethvitetrazol -5-vnbenzyl chl oride R=loweraky P oR
154- (Chl oronet hyl ) - N- et hyl - benzam de CI H To a sol ution of
4- (chl oronet hyl ) -benzoic acid (8.53 g, 50 mol) in toluene (100 nL) was
added FAghitieanybediiv @édedﬁhérb@ﬁi§ré4-(mr@mﬂx»ca?ghﬂwﬁe%m@namur e. The

resulting solution was heated at reflux for ours. The reaction m xture

wad) csybeiuent PBakFTmLYe sBINgS IS RE UsA @8 mutlineddn peaema e Btafinahe
resul %i{h%@gln%dfa? KUl ct@é&%é%ﬁﬁﬂeﬁ%@?&?&‘d o2diheid gd under high
vacuumto obtarn e crude acid chforrde. To a suspension of the above
cr ude cadiamatiel fomhaten( Eordsiitermediatie KX.o Sobeediamdly ( ddOpedr)dsvafsntadesé d

met hyl.am ne,hydr aochl Q- de Y 5,.mol t -5 Cto0C

Dii soﬁ?@@?g?ﬁﬁdgﬁ?'ﬂg){%9@%{%egﬁﬁr%|s)re\)ﬁ’é@°r§dded drop-wi se 25 over 15-20
mnutes at 0 C. After conpletion of the addition, the m xture was stirred
for 45’h®'c‘anlba$1aa=1ipfbrﬁedtdmxxafammbhbbtarr@drreaeiw adagting XMII(ﬂjw:ithsat ijrri n% at
room t enperat ur r 15 pgutes, t reaction m xture s diluted wt
ma%%rﬁ%"fqg’ qlky CQ&%%U?aiea@é{])’\ﬁthéﬁt R CaPraiPtRate ANy heEr prRfiMaitie

conbi ned organic |layers WD 2010/ 055005PCT/ EP2009/ 064813 - 96 - were washed
with brine and dried over anhydrous magnesium sulfate. Filtration and
concentration gave the crude solid which was dissolved in toluene at -60-70
C. The resulting solution was stored in the refrigerator overnight and the
precipitated solids were collected by filtration and then washed with

hexanes. After drying in air, 5 4-(chloromethyl)-Nnethyl-benzam de was
isolated as a light yellow solid.

R' = lower alkyl



4- (1-Methyl tetrazol -5-yl ) benzyl chloride To a suspensi on of

4- (chl oronet hyl ) - N-net hyl - benzam de (50 mmol) in toluene (200 nL) was added
t hi onyl owbapiodssq@29. 1 nl, 400 mmol) at room t enper at ur @CT/ERP20020643¢3 Ul t i ng
suspensi on was heated at reflux for 15 hours. The reaction m xture was
cooled to roomtenperature and then cqi}ze_ntrat ed under vacuum The residue
was azeotroped with toluene and dried der high vacuum To a suspension of
sodi um azindee presEHicg,of 20 amioe pasa sackeswiisepropylethy@ming, tiethyiardied or

chlorotrinethyl sil an .15 . 13. 4, mol. rQomt e rat.ur d.th

suspens! o TIALE &7 EPEA et Saverd b R o or el o PRRGIAL § 80860 et 10

;n%;) C and/gémauimbdwggnﬁ@mmd, lfétfhfrrwblTh rafttam bdmiXtEQsﬁhedebf,i?Cﬁ‘i{gtd)rmoh oht i | e (() 605 .
was added over m nut es. e mxture was stirr or oyrs at an

then sti r{eBPSARIUFRNSEYRISENaYS @'tematw‘wu%neém X1 R OhIER o v

di | ut ed Wnrdlghrh PEactiB of XVIRGAR® 1Wiveh aRklNdibareRbR (IXE stichA @8 diker-bdiye

conmbi ned organic extracts were washed with brine and dried over 20

anhydr ousdigagpessiauin thel Frasencerdfian aminsrbasedsusdrasedispaidpytetiydaming, | i ght

yel | ow so] i j .di Y L - I - m., 11:9

rati o) at Jr'ggly%”ég %&n?fg%irﬁ@ i Sﬁ’gaélgl'ﬂﬁfgﬁﬁ\%g Lss}%oarsgglgﬁ?iﬁﬁét%rgg?’ri ger at or

oveL nidghjt acﬁ&lﬂnitrh@ ’p4eﬁ£c>@inbaémdl_,-sl'cvhe}tdylfcym'reenide,ll ﬂe&ehyac(;]irolflyarh,i d)rtm'rlatu'Sreml ;B.Bd I

washed wi X S ter drying in air, 4-(1- methyltetrazol-5-y enzy

Chior 1 do. et aal et HoTs St RRendy Sves s S0l L d 1H 25 NWR (300 M,

cDCl3) 5 ppm7.76 (d, J =8.2 Hz, 2 H, 7.61 (d, J =8.2 Hz, 2 H, 4.67 (s,

2 H, 14. 28ydlyst destdtRMX (v et snpbond< otk d¥t 1a chth bE)edsily09. 0589,

obsd. 209.0588. Preparation of 1-chloronethvl-4-nmethanesul fonvl et hvl
benzene atgOMRISHEA HSHIPethoepitagre el kgownde someone skilled in the art. For

(4- Met han, - = j i

(i sobut s A et e ERaidisR 2 el dorifEl 0Pl the présgne g e sBlyton o,

dr op- wi sebase sudh & sadiumihydradiderer kthlunahydrokidet incareinetfsovanteutty B$ benzoat e

(4.00 g, 17. I ol uene (220 ni). After th dditian conpl ete,
the react EBARHIRIPe Ta Rao it PoBRvehhr aot A S Eer S0 Fued ™ com

t enpenat urcdnt @mddratueeibad réfiuxeenipeirstute foe setdianhba@ger chromat ogr aphy

i ndi cated sone starting material to remain. The reaction m xture was cool ed
to 0 C, then additional 1.0 Mdii sobgtgl al grri num hydride in toluene (44 10
m., 44 mmol) was added sl ow y drop-

reaction m xture was rqped to roomtenperature, and the

m nutes. 1 e weastg i RS &

m.) was ad2
to stand for 6
and thick. A 18 pi_ godj_um pot assi um Lgptir &t e was
added, and the here dgereous m xture was, wat fed—'o room t enper &t uré \Water
and addi ti onal et3h¥I acetate (50 nL) were added. The organi c. phase~was
separated, dri&§"Bvér’ mysos, filtered, Xhd@=8dhcentrated t & §i verX 18 g
(629 of (4-methanesul fonyl nethyl -phenyl)-nmethanol as a white solid.

201- Chl or onret hy1- 4- et hanesul f onyl met hyl benzene Tri phenyl phosphi ne
(5.71 g, B iBerspetific caae inere B risa-oethad-pi@rdzind] -yl batitoeht, aand
tetralydrofuran (12 m) were copbiped in a.reund battom £l ask ynder argon
and oepr r PRy S5 e R Sctg i 1t SEREmB R ATktes Abitertr & o
(4- 25 netdasties uf ihasitedritdy Kviheimyis hesreidh@nabthlyRpib8rarin-10/ Bufem}l) and

t et rahydr of ur an 137 rrL)?? were added to the reaction mxture, and then the

m xt ure weMRedt - PHbgequantly, ¢RIMIPQUNARRS INteERSt 1B ArePXAINed {4900l ed t o
roomtenp , tiyypned between ethyl acetate and water. The
organic pﬁ%cgé&é\gsof ri g%t@ﬁ\greo?ﬁﬂrl\l/gé&P filtered, and concentrated to give the

crude product as an oily solid. A 30 solution of this crude product and
di chl or ok eneiad-pirsiednt -phsdfopyldntesmefigiesg¥XIl cape readily obtained from

2010/ @550 | ER2 064 - |t i .- supported
cr ude A7 od RO £ o A hrbsencoh BREIdaNTAL S o fHheabqtp Fediing

chr omat ogaggitisutl a%sodiddcwiodoratoelride erisndinex iaesoxgbbrohgedbel. Bi¥e g (67%
of 1-chlorongthyl-4-nmet hanesylfonyl neth benzene .as a white solid. 1H NWR
(300 M, CARERISIEIN B° GAMHER Qb In BOVGNS syt aRACeNIfiS, mefiongl, J = 8.2 ez, o
5H), 4.78 (s, 2 H, 4.50 (s, 2 H, 2.91 (s, 3 H. Preparation of
(6-fluoro-3-nethyl-4-trifluoronethanesul f onyl oxy- napht hal en-2-yl)-acetic
acid tert-butyl ester 4-(4-Fl uoro-phenyl)-2-nethyl-buta-2, 3-dienoic acid
ethyl ester F 100 To a solution of (4-fluoro-phenyl)-acetic acid (22.33 g,
144.9 mmol) in 100 nL of nmethyl tert-butyl ether and 250 pL of DWMF was
added 13.02 niL (146.3 mmol) of oxalyl chloride at roomtenperature dropw se
over 30 mnutes. The resulting m xture was stirred at roomtenperature for

o 1 ~rN . . ~ - o . .

inutgs at 0 C, du¥i ng
Hated aqueous sol Wi g




20 mnutes at 0-10 C, when HPLC indicated a conpleted reaction. The
reaction mxture was then diluted with 100 nmL of heptane, and stirred for
30 m nut es0a201055@8 C. The resulting solid was filteredpramErPa@shesdisv t h 2x
100 mL of 1:1 nethyl tertbutyl ether:heptane. The filtrate and the washings
wer e conbi ned and washed wth 100 nL of gnater, 100 nmL of 1Mcitric acid,
2x100 nL of water, then concentrated 2? azeotropically at 25 C160 nmmHg to a
tot al vol tetrehpdrofuren nir. mathylenegihthrglevzidempe@ta@s WedBE€0 SPCTAEPRZO08/ 064813 -
99 - diluted with 60 nmi _of nethyl tert-butyl ether. This solution was then
directly ﬁg%oc?r?twe F%GK%S?{ hglt'%p. 2- Et hoxycar bony1-3-[1 -(4-flu

or o- phenyl)-neth-(E)-ylidene]- 4-nethyl-pentanedioic acid 1l-tert-butyl

est er 5- ebigrolysi @frintermediates XXl tonpivedahe dompotndsidfintersstda cantbd easily er
(30.08 g, 151.8 ). was added to a sqlution of potassium.tert-butoxide
(36,30 o aaRBirsHRmubnEreBonina raRT i bl Roror&akied iid at: ke
reacti on &iMSEathereadiihs BN Bt aeed dut ndhepredéndest eouBGollitishwfe was
t hen added the sol ution of 4-(4-fluoro-phenyl)-2-nethyl-buta- 10

2, 3- di enoPESEQRI 28 W'U@WéfOW%BQﬂtBM%BW@%'th inAtRel soieat sUel as he
reaction it a : = LLI on was
conpl ete,ttet eﬁé@gdé%ﬁ’ori\@n%%lég?él?% éw\/?a@ggr?ﬁ%%egﬁ&re éﬁn@ﬁa etrrp r%faattﬁ%go%g,rgbéo

m nut es, woentarfiaCaiune podreftlxciempesatece forsevérahhodise m xture was t hen
treated with 100 nL of 1Mcitric acid and 150 nL of ice-water, and then
extracted with 400 nL of nethyl tert 1 é 15 ether. The organic extract
was separated and washed with 2x200 ter, and then concentrated to
produce 56.36 g of a yell 00, which was used in the next step wthout
further purification. Z=

3-[1-(4- Fl uoro- pheny1l) - met h-PZ) -yl i dene] - 2- met hyl - pent anedi oi ¢ aci d
5-tert-%¥l estel o Thg, el rrata ester~dedyvati ve mepakedabove
g, 138 g~ di

@n bsol ut e et hanol . @ dr oxi de
(1M sol utio fasZadded sl oWy ovgr L niAked, and

the resul Ring™ready on nixture was stiryed at
The sol ution was the@%ﬁ‘? at reflug”fty %ours 25 (HPLC apraly
i ndi cat ed conpl eted degdmboxyl ation). At S ttme, the sol utionlygs i
2010/ 055005PCT/ EP20R®/ 064813 - 100 - comgentr@ted at 30 C130 mRdg
-350 nL of solvenm The residue was coghed to 10 C, and treateg with
concenfPrat ed hydrochloric acid (32.0 nL, 389.7 mmol) dropwi se, 1h order to
adjust the pHto 2.75. The reaction m xture was then extracted w th mnethyl
tert - but yCogipbandd 408tarbst IbThsarigia methyl Rabstituest sapeBaiRdion ke washed
with 200 mL of water, then treated with 17.00 m_ of 1M sodi um carbonate in
150 L of NaRittBeleng a8 cAMPe RYERCSidas ererTainatoPchemss vpieh diftgrifroRkn

concentra } : dﬁﬂ'ﬁo ; il. Methyl
tert-but y?ag? e?oérgog%éﬁbé %a@%@ggg%%gond yt eﬁqﬁgﬁﬁﬁgqggncent rated

azeot 16pi kendapnatatigo sE80T mBigubstitptaschaphttzgedyl geotativegdKb@andid , whi ch was
used int t . i £ further rificatiaon,

(4- Acet ox&ﬁg{ﬁ%ﬁu\lﬁé-g@glﬁ\g?wﬁ'aﬁgét‘ﬂw&d&eﬁfgﬁwl-a!:@gﬁ %)%W&?PCP"[ ert-butyl ester
0 The abaikgnyseanpaidethydes VII and esters XXIIl. Basic hydrolysis of IXb yields the

341- (4-fl uoro- pheng/l_%t-grret h- (Z) -yl idene]-2-net hyl - pent anedi oi ¢ aci d
5-tert - buk§TPREIAS Ofiigrestdb.” 12472 rmol ) was dissol ved in acetic anhydride
(96.00 15 m., 995.3 nmml). To this solution was added potassi um acet ate

(18.66 g, THSEsRMAY ¢an BEorhhR vigadhlRAomteddibAs Wesvédd 6+ ed at 852 C for 10
hours, when HPLC anal ysis showed conpl eted reaction. The reaction m xture

was t BBn @lkwndenzeldebyaes Vilpmdgsies XM iathepw@senre Rf agold calplyplepicaras. To

t hi s sol ut {98 - : | 14€4 Rl inbng the
ntor nal 220 FEME rfa sUBYTR MBE AR CUONE 1S dror i, 1o BB e "2
and st i rreidhiboret2are wr snixtlihes helea, dtoa temcperatiré betveresdo0 20 @ntdHE0 Wakined
wth water (2x40 nnigg he%thane §2x|4r(]) nL), and then dried under vacuumto
furni sh 2@_e5re Lofe @gﬁulr PEBFYH W2h was used in the next step wi thout
further purification. W) 2010/ 055005PCT/ EP2009/ 064813 101 -

(6- Fl uor o- 4- hydr oxy- 3- net hyl - napht hal en-2-yl)-acetic acid tert-butyl ester




OH To a mxture of the above prepared

(4-acet oxy-6-fl uoro-3-net hyl - napht hal en-2-yl)- acetic acid tert-butyl ester
(28.4 g, 86.241/038m5) in 140 nL of nethanol was added 5 ®otinrPRooRs43eXi de
(25% solution in nmethanol, 23.44 nL, 102.5 mml) rapidly dropw se. The
resulting reaction mxture was stirred at roomtenperature for 20 m nutes,

when HPLC anal ysis indicated a corrp@%t ed reaction. The m xture was cool ed

'E 0 0 Gydedigsis béesteﬁbldrinbbeﬂdé Xptd g’iva\/thdlcdri;]}bdnydfsmfhmtgrést Ilacianlge](c)l ution
111.1 m, 111.1 . The m xture was then stirred at 0-5. or .an

addi t €8R%Y a%@ﬂﬁi'sﬁgaﬁ%@gmq{}'?@d? dahare wg!l <erra tRé@qunﬁe?kg'&,d IR P Whshed with

vat er Fo2¥48mple) thd RRIRLEHS 85h HEE8Friedas MHRVSEEEREY of 4PafleolssdhitRfuce 23. 7
g of (6-fluoro-4-hydroxy-3- nethyl-naphthalen-2-yl)-acetic acid tert-butyl
est er 0Abase pughas gedivavnysispxide onﬁthmmhyemuﬂﬂm amVeC- I8yers sppmas. 09 (s, 1

H),. 7 - ) - - . s, 3 H,
Dy Pengofute, dia-Thxade Saide, iRk et 4 Ihopitalibe sy

napht hadrane@pgiturecetd eflax tampeaaturbdidrydevesdldoursA sol uti on of
(6-fluoro-4-hydroxy- 3-net hyl - napht hal en-2-yl)-acetic acid tert-butyl 20
ester (8.00 g, 27.52 mmol), in 48, m_7of di chl oronet hane was cooled to 0-5
C. To this solution was added pygﬁgﬁ@—( 4.451 nm., 55.04 mmol) in one
portion. Then, trifluoromethanesul fonic anhydride (5.556 nL, 33.04 D| )

was adged dropwi se oyer .5 M

509

t enper at 5- CXXIvhe \ H00 / EP2009/ 10p -
resul tjpd eaci ononi xture was stixeesst 10 C for an adgj

mi nut &3, up to roomtenpergture, &nd stirred’f addi tiQnal
5 m nutes. glysi s i ndi cated cafphe di sappear ance of td®€ At ng
phenol . The R/t ure was then que a%l"ﬁfth 40.0 mL of wat ﬁl’ﬁ'g'

: 3
organi c | ayer M slepar ated 5 and washedswiti® IMcitric acid (33g33 MQ
33.33 m’rola?E followed by 40.0 nL of water. The resulting organic |ayer was
then conceM¥8fdd™ o a viscous oil, di¥6MEINIn 20 nL of 1:1 le

di chl SroomRAUNSsOf idpiesh ke, Wi methy sabstituisugh the acgtis agid elaingean b ug

(efeuti i T . FeNR PV ol

(gl-deI lFJ)gérboé-I'\qi;&-i %g%%rél -4@§ﬂeﬁ%2’r n@F Hﬁﬂnget?ﬁlﬁ 8?1@ gxﬁ-d%mtﬁg gbr(ﬁ’%\ﬁ’t bl) -acetic
aci d meethylbedige (¥XNBruraer basiofcbndilionsvhd gige snibindediatds NOKY (BlawedHzy DVSO- d6)
5 ppm8t1?hM§1dﬁi, J.58.9 5.7 H, 1H, 8.00(s, 1H, 7.60 (dd, J = 8.9,
2.1 meSte NYirolysigeeagliens. . 1 1), 3.91 (s, 2 H), 2.41 (s, 3 H, 1.39 (s, 9
H) . PART I1: PREPARATI ON OF COMPOUNDS OF | NTEREST EXAMPLE 1-1 15

[ 4- (4-Mthyation sltdrapowdsiXazpreparedphiobtihed-ir2Seh¢mas dtor@)aande

2-Tri met hyl si |l anyl et hynyl - benzal dehyde o 20.A sol ution_of
S by oRehYRd b RO SEONE i 2 AebERBRB RN SKIBHTS tiES. FOt PXATRRe! ur an (200

s Wase ARZBSSEEaMbE Rariedadutli®E twe s'ifé;?‘b'é@ﬁen%’é ByaREt dereRhatitg the To the

above sol uti on was added bis(triphenyl phosphi né)pall adiun(l1) chloride

( Pd( PPEBxYIC methyleneaisig & sifongbkge aueh as dthinm diisepraayamnids tagain for an

58 L c GBlPtatd B Hodihe Aned SRk AE LhBRITN Hicn{IS6 a8 HRE baciBk Y > 1 any|
e e 12

1 AP Bpsreinaa VBN e Rt R pgos ot Rift MERL S TRRAR o (100
Mo anstebhenbesah triemtgatmds[ohéi% yaplopxteher adreitidh & nd c@icetate (3 x 100

mL). The conbined organic [ayers were dried over anhydrous sodi um sul fate,
5 filtered, _angeconcentrat ed i n vacuo toogi ve a bl ack col ored crude

pr oductydretysig R ﬁtﬁbﬁﬁxdpmtheﬁqw&%n&a infeigsblsocareadeasilysos, et hyl acet at e
i N hexgpsmpRdHer feth %-e_tﬁadsrtﬁghé{rle%ﬂ%vﬁ% Rydbthe gl cteiivee i1 &EH 9, 82%
as a brown colored solid. M5 (ESI+) cald. for C12H140S [(M FH) +] 202,

obsd. exodplez i rgaslibndean bk damatcow in the preseacs of an agueass solution of

2-tri j | | -. . . '

N e BEbRgED PR B YRoBE PTG R A BV SR . 17 2 o).
Thes r estedHyarofotaxt drdediorans twate g r atixtuessnheesqicsted tengpdraturdetwanrt es. The
resultiqr}grésol ution Wadi Poured into ter, a}nd t hen extracted with

di chl SPYRLEHRARIUFSRNCYETIHY [§TBRYTEHS  FHVER APEFS were dried over magnesi um
sulfate, filtered, and concentrated in vacuo. Flash chronat ography

(Redi Sep(r) Flash colum, 230-400 nesh, 0-25%ethyl acetate in hexane) gave
2- et hynyl - benzal dehyde (2.8 g, 73% as a white solid. M5 (ESI+) cald for
C9H60 [ (M FH) +] 130, obsd. 131.

204- ( 2- For nyl - phenyl et hynyl ) - N, N-di net hyl - benzenesul fonamde P/ SNO\ O
" A mxture of 4-brono-N, N-di net hyl benzenesul f onam de (610 ny, 2.31 nmol)



bi s(tri phenyl phosphi ne)pal |l adiun(11) chloride (Pd(PPh3)2d 2) (33 ng, 0.05
nmml ), 25 copper (I) iodide (5 ng, 0.03 mmol) and triethylamne (3 nL) was
degassed woOt2hioznsg®n. To t he above mixture was added a degagPea9sedsus i on of
2- et hynyl benzal dehyde (300 ng, 2.31 mmol) in acetonitrile (3 nmL). The
resulting mxture was heated at 80 C fq o 3 hours under argon, and then
cooled to roomtenperature, WD 2010/ OSQOOSPCT/ EP2009/ 064813 - 104 -
treated with ethyl acetate, and therSoiresh@8 with water. The organic |ayer
was dried over anhydrous sodRém sulfate, filtered, and &ncentrated in
vacuo. Fl ash chrorat ogeag (RedHSep(r) Fl ask2 L 0 nesh, 5-40%
et hyl acetate in hexjne)
4- (2-fornyl - phenyketh
as a brown oil. M

NLMP di et hylebenz apesuiA opaiig® (454 ng, 5 63%
or C17HI5NGB5 [(MF
[ 4- (4- Di et hyl sul f anoyl oBe @ )It napht hal en-2-y1] - ace
0,. A suspension of gold(II rsp'rrRiie (38 ny, 0.087 8
acid ethyl ester (377 ng, R mtpl) and R3 o
4- (2-fornyl - phenyl et hynyl ) - NAN- di met hyl - 10 benzenesul f ggam de (454 ny,
1.45 mmol ) in anhydrous di oxane (10 nmL) was heated at 100 C for 4 hours.
After being cooled to roomtenperature, the mxture was treated wth ethyl
acetate, and then washed with water. The col |l ected orgagic |ayer was dried
over anhydrous sodiumsulfate, filtered, and concentrat %d in vacuo. Flash
chr omat ogr aphy (Redi Sep(r) Flash colum, 230-400 nesh, 25-60% ethyl 15
acetate in hexane) gave
[ 4- (4- di et hyl sul f anmoyl - benzoyl) napht hal en-2-y1l]-acetic acid ethyl ester
(180 my, 29% . MS (ESI +) c@ : C23H23N055 [(MFH)BQ 42 obsd. 426.

TR0 ; i Oa%nd]/zo To a

n

v Sr-tmo butyric

[ 4- (4-di met hyl seiT arfdy Rz%yl)-nap‘ht‘h‘ei‘rem 1|8 R{;Oc acid ethyl ester
(180 g, 0.42 mmol ) i ahydsof uran:water (1:1; ¢ s added lithium
hydr oxi de (40 ng, hellresul ting m xture
was heated at reflux for BA0utsR7 The sol vents were KSADV, Runder reduced
pressure, and the resi dB® was Gvashed with diethyl Riher (6 x 5 nL), and
then acidified with WO 2G40/ 055005PCT/ EP2009/ 064813 - 105 - 50% aqueous
hydrochl oric acid solution (10 nL) and extracted with é hyl acetate (3 x 25

m.). The coll ected organl c layers were dried over anhydrous sodi um sul f at e,

filtered éﬁﬁﬁgﬁﬁﬂ&@ﬂf ﬁé’t] IB%%é’%ﬁ@rg%d’#orﬂ IArHé/dp;arll%Bl 'n‘f‘cat‘My e was further

washed wit exane acet at m xt ur reeze r| ed to give
pure [ &- (hydregenaﬂ@nrgsl@mwralmo‘:}dhemmao&lle)rnamﬁiy,ﬂalmtze9t1t]a+rmlehy c acid (130

779 2 b :
by, 17 b6 Todiodilin @ ngked SISl Phoma R SIRRD 7esii (1 51y
3 83 (s, Rydblysid. 66 (s, 6 H; HRMB cald. for C21HI9NOSS (ESI+) [(M+ H) +]
398. 1057, obsd. 398.1056. EXAMPLES 1-2 to 1-5 10 The fol I ow ng exanples 1-2

to 1-5 i | o tart th

the  appr oM OB STes KPENFS VayarPaBP ey b EaogeihyGae ey yi "hal i des.
and 4- oxonkitnédiste S, Camddthi@rdEby éﬂﬁau%‘tlw hﬁvsg@hétlo@é%ﬁﬁbr% iNtheAl dehyde
Aryl halide Systematl ¢ Nane 1H NMR (30 ppm M5 ( MtH) +

St r uctllr ePresence g Hirp-padadiym @ra)a@doomirldenan@Imasrehﬁﬂqorcmgmﬁqzoremoaa) 388
f1 uor obeng, PsOZLiSH ERBRYI soivet 3dch BE etfanotor meBl 4GSR THSH onam  de

temperature or mildly elevated temperatures for several hours. The reactions can be

carried out in an atmospheric hydrogenation apparatus, under a balloon of hydrogen

gas, in a Parr hydrogenator, or in a continuous-flow hydrogenation reactor (e.g. H-
15 Cube).

Hydrolysis of ester compounds IH to give the compounds of interest IB can be easily

accomplished using methods that are well known to someone skilled in the art. For



benzoyl)- naphthale n-2-yl]- acetic acid H),8.11 -8.19 (m 1 H), 7.90 -

1
Hz, 1 H, 7.68 (d, J rE -, \o

8.01 (m 4 H), 7.85 (dd, J = 11.1, 2.4
= 1.2 Hz,wo0 2bdo/0530081 (s, 2 H), 7.57 (td, J = 8. 6, PRTAPRINY/ 024813 H) ,
3.82 (s, 2 H) 1-3 2-Brono benzal deh 4- | odo- [4-(4- Sul fanoyl- (400

MHz, DMBO-d6) 370 1o o - "I 1.

example, the reactions can be carried out in the presence of an aqueous solution of
base such as sodium hydroxide or lithium hydroxide, in an inert solvent such as
tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between

room temperature and reflux temperature for several hours.
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Compounds of interest Id (where R1-R5 are defined in the same manner as defined

previously for the genus of formula | and R6 = H) can generally be prepared
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acid 12.50 (br. s, 1 H, 7.86 - 817 (m 7 H), 7.51 - 7.68 (m 5
3.83 (s, RO 2010/0550Hp WD 2010/ 055005PCT/ EP2009/ 064813 PCTOR2009064812- Br oND-

4- fluorobenz al dehyde 1- Brono -2- chloro- 4- ethane sulfon yl- benze ne
[4-(2- Chloro-4- ethanesulf onyI benzogl) 6 fluoro- naphthale n-2-yl]-
acetic acid 12.27 (br. s, 1 , 8.66 (d J=12.1, 2.6 Hz, 1 H), 8.21 (s,

1 H) 8 1dcqodding Jo Scbeme %. Stanmg wntmpen&kiehxdﬂes XXW em@uez:;nale Epters. 01 (dd
(1a, 3= BnE sydud eopligflatywholof sRofte orlaibaybrid st Bputeldy ;77
(t, J = Tadd$XXVAl.HBeAZahrulatdnQof cosnd®udd® XXM gived. 4-acétoxy-naphthalene
carboxylic acid esters XXIXa or, alternatively, 4-trifluoroacetoxy-naphthalene
5 carboxylic acid esters XXIXb. Hydrolysis of the acetate ester in compounds XXIXa
or removal of the trifluoroacetate ester in XXIXb generates the 4-hydroxy-
naphthalene carboxylic acid esters XXX. Protection of the hydroxyl group in XXX as
a benzyl ether gives 4-benzyloxy-naphthalene carboxylic acid esters XXXI.
Reduction of the ester group in XXXI affords naphthalen-2-yl methanol compounds
10 XXXII, which can be transformed to chloromethyl substituted naphthalenes XXXIIl.
A carbonylation reaction of XXXIII in the presence of methanol or ethanol gives 4-
benzyloxy-naphthylacetic acid esters XXXIV. Deprotection of the benzyl ether in
XXXIV affords 4-hydroxy-naphthylacetic acid esters XXXV which can undergo
sulfonylation to afford trifluoromethanesulfonates XXXVI. A Negishi coupling
15 reaction between trifluoromethanesulfonates XXXVI and the generated benzylic zinc
chlorides XXXVII yields the naphthylacetic acid esters XXXVIIl. Hydrolysis of
XXXVIII produces the compounds of interest Id.

Stobbe condensation reactions of XXVI with succinate esters XXVII to give
intermediates XXVIII can be carried out using a base such as sodium methoxide,
20 sodium ethoxide, potassium tert-butoxide, or sodium hydride in a suitable solvent
such as methanol, ethanol, fert-butanol, toluene, benzene, or mixtures thereof, at
temperatures between room temperature and 80 °C for one hour to several hours
(Bloomer, J. L.; Stagliano, K. W.; Gazzillo, J. A. J. Org. Chem. 58 (1993) 7906).

Cyclization of compounds XXVIII to produce 4-acetoxy-naphthalene carboxylic acid

25 esters XXIXa can be achieved in neat acetic anhydride using a base such as sodium
acetate or potassium acetate at temperatures between 120 °C and 160 °C (or the
reflux temperature) for several hours (EI-Abbady, A. M.; El-Assal, L. S. J. Chem. Soc.
(1959) 1024). For the case where R2 is not hydrogen, it is possible to obtain a
mixture of naphthalene regioisomers in the cyclization reactions involving XXVIII.

30 These regioisomers can be separated by conventional chromatography methods,
affording the desired intermediates of structure XXIXa (Castellano, S.; Milite, C.;
Campiglia, P.; Sbardella, G. Tetrahedron Lett. 48 (2007) 4653).
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Selective hydrolysis of the acetate group in XXIXa to give the 4-hydroxy-naphthalene
carboxylic acid esters XXX can be accomplished in the presence of a base such as
potassium carbonate, sodium carbonate, sodium bicarbonate, sodium methoxide or
potassium fert-butoxide in a suitable solvent such as methanol, acetone, water, or

5 mixtures thereof, at a temperature between 0 °C and 80 °C for several hours.
Alternatively, compounds XXX can be accessed through cyclization of compounds
XXVIIl in the presence of trifluoroacetic anhydride and triethylamine in an inert
organic solvent such as tetrahydrofuran or dichloromethane at room temperature.
The resulting 4-trifluoroacetoxy-naphthalene carboxylic acid esters XXIXb can

10 transformed into compounds XXX by a reduction reaction with sodium borohydride in
an alcoholic solvent such as methanol at a temperature between 0 °C and room
temperature (Fuganti, C.; Serra, S. J. Chem. Research (S) (1998) 638).
Preparation of intermediates XXXI can be accomplished by treating XXX with benzyl
chloride or benzyl bromide in the presence of a base such as potassium carbonate,

15 sodium carbonate, or cesium carbonate. This reaction may occur in an inert organic
solvent such as acetone, acetonitrile, or N,N-dimethylformamide at a temperature
between room temperature and 80 °C for several hours.

Reduction of the ester group in XXXI with lithium aluminum hydride gives the
naphthalen-2-yl methanol compounds XXXII. This reaction can be carried out in an

20 inert organic solvent such as tetrahydrofuran, diethyl ether, toluene, or mixtures
thereof, at a temperature between 0 °C and 80 °C for several hours.

The chloromethyl naphthalene intermediates XXXIIl can be prepared by the reaction
of compounds XXXII with carbon tetrachloride and triphenylphosphine in an inert
organic solvent such as toluene, acetonitrile, dichloromethane, N,N-

25 dimethylformamide, or tetrahydrofuran at a temperature between 0 °C and 120 °C
(or the reflux temperature) for several hours. Alternatively, the chlorination reaction
may be accomplished using thionyl chloride either neat or in a suitable solvent such
as dichloromethane, chloroform, N,N-dimethylformamide, benzene, or toluene at
temperatures between 0 °C and 80 °C (or the reflux temperature) for several hours.

30
Conversion of chlorides XXXIII to the naphthylacetic acid esters XXXIV can be
accomplished by a palladium catalyzed carbonylation reaction under one
atmosphere of carbon monoxide in the presence of a base such as potassium
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carbonate, triethylamine, or diisopropylethylamine in methanol or ethanol and in the
presence or absence of a co-solvent such as tetrahydrofuran. This transformation
can be carried out using a palladium catalyst such as
bis(triphenylphosphine)dichloropalladium(ll), palladium(ll) acetate,

5 tetrakis(triphenylphosphine)palladium(0), or tris(dibenzylideneacetone)-
dipalladium(0) in the presence or absence of a ligand such as tricyclohexylphosphine,
triphenylphosphite, or triphenylphosphine at a temperature between room
temperature and 90 °C for 10 minutes to several hours (Schoenberg, A.; Bartoletti, |.;
Heck, R. F. J. Org. Chem. 39 (1974) 3318).

10 Removal of the benzyl protecting group in XXXIV through catalytic hydrogenolysis
affords the 4-hydroxy-naphthylacetic acid esters XXXV. This reaction can be carried
out under one atmosphere of hydrogen in the presence of a catalyst such as 10%
palladium on carbon or 20% palladium hydroxide on carbon in a solvent such as
methanol or ethanol at room temperature for several hours. Alternatively, the benzyl

15 ether can be removed in the presence of boron trifluoride diethyl etherate. This
reaction can be performed in acetonitrile using sodium iodide as an additive at
temperatures between 0 °C to room temperature for reaction times between one
hour to several hours (Vankar, Y. D.; Rao, T. J. Chem. Research (S) (1985) 232).
Compounds XXXV can be converted to the trifluoromethanesulfonate esters XXXVI

20 through a reaction with trifluoromethanesulfonic anhydride in the presence of an
amine base such as pyridine, triethylamine, or diisopropylethylamine and in the
presence or absence of an inert solvent such as dichloromethane for several hours
at temperatures between 0 °C and room temperature. Alternatively, the
trifluoromethanesulfonate esters XXXVI can be obtained by reacting compounds

25 XXXV with N-phenylbis(trifluoromethane-sulfonimide) in the presence of a base such
as triethylamine, diisopropylethylamine, potassium carbonate, or cesium carbonate
in an inert solvent such as dichloromethane, tetrahydrofuran, or N,N-
dimethylformamide at 0 °C to room temperature for several hours.

The benzyl-substituted naphthylacetic acid esters XXXVIIl can be synthesized by

30 Negishi coupling reactions between the trifluoromethanesulfonate esters XXXVI and
benzylic zinc chlorides XXXVII. These reactions are carried out in the presence of a
palladium catalyst such as palladium(ll) acetate and a phosphine ligand such as 2-
dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-Phos) in tetrahydrofuran at
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conbi ned organic | ayers were washed w N hydrochloric acid, water,
base such as sodium hydroxide or I|th|um hydrOX|de in an inert solvent such as

tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between
room temperature and reflux temperature for several hours.
The benzylic zinc chlorides XXXVII employed in the Negishi coupling reactions

10 involving intermediate XXXVI can be readily prepared according to Scheme 10.
Reaction of benzyl chlorides XXXIX with activated zinc metal in the presence of 1,2-
dibromoethane, chlorotrimethylsilane, and lithium chloride in anhydrous
tetrahydrofuran at temperatures between 0 °C and 40 °C for several hours gives the
intermediate benzylic zinc chlorides XXXVII (Krasovskiy, A.; Malakhov, V.;

15 Gavryushin, A.; Knochel, P. Angew. Chem. Int. Ed. 45 (2006) 6040).

Scheme 10
C|/\©R4 C|\Zn/\©R4

R3 R3

XXXIX XXXVII

For the specific case where R4 is SO2R7 and R7 is limited to lower alkyl,

20 trifluoromethyl, benzyl, phenyl or phenyl substituted by halogen, the Negishi coupling
reactions with trifluoromethanesulfonate intermediates XXXVI may be carried out
using sulfanyl-substituted benzylic zinc chlorides XL according to Scheme 11. The
resulting sulfanyl-benzyl substituted naphthylacetic acid esters XLI can be oxidized
to sulfonyl-benzyl substituted naphthylacetic acid esters XXXVIIl where R4 is SO,R7

25 and R7 is limited to lower alkyl, trifluoromethyl, benzyl, phenyl or phenyl substituted
by halogen. Hydrolysis of XXXVIII produces the compounds of interest Id.
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H), 3.76 Base such as sodium hydroxide or lithium hydroxide, in an inert solvent such as

tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between

room temperature and reflux temperature for several hours.

The benzylic zinc chlorides XL employed in the Negishi coupling reactions giving the
5 sulfanyl intermediates XLI can be readily prepared according to Scheme 12.
Reaction of benzyl chlorides XLII with activated zinc metal in the presence of 1,2-
dibromoethane, chlorotrimethylsilane, and lithium chloride in anhydrous
tetrahydrofuran at temperatures between 0 °C and 40 °C for several hours gives the
intermediate benzylic zinc chlorides XL (Krasovskiy, A.; Malakhov, V.; Gavryushin,
10 A.; Knochel, P. Angew. Chem. Int. Ed. 45 (2006) 6040).

Scheme 12
CI/\© s-R7 C|\Zn/\©S/R7
R3 R3
XLII XL
R7 = lower alkyl, CF;, benzyl, R7 = lower alkyl, CF., benzyl,
phenyl, halogen-substituted phenyl, halogen-substituted
phenyl phenyl

For the specific case where R3 is limited to hydrogen and R4 is limited to either

15 heteroaryl, optionally substituted by lower alkyl, or phenyl, optionally substituted by
methanesulfonyl, compounds of interest of type Id may be prepared from the
trifluoromethanesulfonate esters XXXVI according to Scheme 13. In this sequence,
Negishi coupling reactions between XXXVI and benzyloxy-substituted benzylic zinc
chlorides XLIII provide the naphthylacetic acid ester intermediates XLIV. Removal of

20 the benzyl ether group in XLIV generates the phenol compounds XLV which can
undergo a sulfonylation reaction to give intermediates XLVI. Suzuki coupling
reactions between XLVI and boronic acids XLVII yield the naphthylacetic acid ester
compounds XXXVIIl where R4 is limited to either heteroaryl, optionally substituted by
lower alkyl, or phenyl, optionally substituted by methanesulfonyl. Ester hydrolysis

25 fumishes the compounds of interest Id.
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The Negishi coupling reactions between the trifluoromethanesulfonate esters XXXVI

and benzyloxy-substituted benzylic zinc chlorides XLIII to provide XLIV are

5 performed in

the presence of a palladium catalyst such as palladium(ll) acetate and a phosphine
ligand such as 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-Phos) in
tetrahydrofuran at temperatures between 60 °C and 70 °C for several hours
(Metzger, A.; Schade, M. A.; Knochel, P. Org. Lett. 10 (2008) 1107).

10 Removal of the benzyl protecting group in XLIV through catalytic hydrogenolysis
affords phenols XLV. This reaction can be carried out under one atmosphere of
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hydrogen in the presence of a catalyst such as 10% palladium on carbon or 20%
palladium hydroxide on carbon in a solvent such as methanol or ethanol at room

temperature for several hours.

Phenol compounds XLV can be converted to the trifluoromethanesulfonate esters
XLVI through a reaction with trifluoromethanesulfonic anhydride in the presence of
an amine base such as pyridine, triethylamine, or diisopropylethylamine and in the
presence or absence of an inert solvent such as dichloromethane for several hours.
Alternatively, the trifluoromethanesulfonate esters XLVI can be obtained by reacting
compounds XLV with N-phenylbis(trifluoromethanesulfonimide) in the presence of a
base such as triethylamine, diisopropylethylamine, potassium carbonate, or cesium
carbonate in an inert solvent such as dichloromethane, tetrahydrofuran, or N,N-
dimethylformamide at 0 °C to room temperature for several hours.

The naphthylacetic acid esters XXXVIIl, where R3 is limited to hydrogen and R4 is
limited to either heteroaryl, optionally substituted by lower alkyl, or phenyl, optionally
substituted by methanesulfonyl, can be synthesized by Suzuki coupling reactions
between the trifluoromethanesulfonate esters XLVI and boronic acids XLVII. These
reactions can be carried out in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0), bis(triphenylphosphine)palladium(ll)
chloride, palladium(ll) acetate, or [1,1'-bis(diphenylphosphino)ferrocene]-
dichloropalladium(ll) and a base such as cesium carbonate, sodium carbonate,
potassium carbonate, or triethylamine. The coupling reactions may be performed in
a solvent such as toluene, dioxane, 1,2-dimethoxyethane, or N, N-dimethylformamide
at the reflux temperature for several hours.

Hydrolysis of esters XXXVIII to give the compounds of interest Id can be easily
accomplished using methods that are well known to someone skilled in the art. For
example, the reactions can be carried out in the presence of an aqueous solution of
base such as sodium hydroxide or lithium hydroxide, in an inert solvent such as
tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between
room temperature and the reflux temperature for several hours.

The benzyloxy-substituted benzylic zinc chlorides XLIIl employed in the Negishi
coupling reactions giving intermediates XLIV can be readily prepared according to
Scheme 14. Reaction of benzyloxy-substituted benzyl chlorides XLVIII with



2-4 2-Brono- 1- [7-Fluoro- 12.49 (br. s, 387.0697a 5- Brono- 4-(4- 1 H),

8.12 (m fluorobenz 4- nethanes 1 H), 8.10 (d, al dehyde net han
ul fonyl - We 2810055605 2 esul fon benzoyl)- H), 8.06 (bPCT/EP200%l06483apht hal e
s, 1 H, 8.00 benzen n-2-yl]- (d, J=8.5

-50 -

activated zinc metal in the presence of 1,2-dibromoethane, chlorotrimethylsilane, and
lithium chloride in anhydrous tetrahydrofuran at temperatures between 0 °C and
40 °C for several hours gives the intermediate benzylic zinc chlorides XLIII
(Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Knochel, P. Angew. Chem. Int. Ed. 45
5 (2006) 6040).
Scheme 14

o

XL

Cl

The 4-hydroxy-naphthalene carboxylic acid ester intermediates XXX shown in
Scheme 9 can alternatively be prepared according to Scheme 15 starting from the 3-

10 carboalkoxy-4-phenyl-3-butenoic acid compounds XXVIIl. Hydrolysis of
intermediates XXVIII generates the dicarboxylic acids XLIX which can be cyclized to
4-hydroxynaphthalene carboxylic acids L. An esterification reaction of L affords the
4-hydroxy-naphthalene carboxylic acid ester intermediates XXX. Intermediates XXX
thus prepared can be transformed into the compounds of interest Id using the

15 methods outlined in Scheme 9.

Scheme 15
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Intermediates XXVIII, which can be synthesized as described above in Scheme 9,

(0] R2 OH
R2
s s s 8.
R1 R5
OH

can readily undergo hydrolysis to afford the dicarboxylic acid intermediates XLIX.
20 This reaction can be carried out in the presence of an aqueous solution of base such

as sodium hydroxide or lithium hydroxide, in an inert solvent such as tetrahydrofuran,
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1,4-dioxane, water, or mixtures thereof, at a temperature between room temperature

and the reflux temperature for several hours.

Cyclization of the dicarboxylic acids XLIX to form 4-hydroxy-naphthalene carboxylic

acids L can be accomplished in neat trifluoromethanesulfonic acid at room

temperature over several hours (Hong, W. P.; Lim, H. N.; Park, H. W.; Lee, K.-J. Bull.

Korean Chem. Soc. 26 (2005) 655).

Intermediates L can be readily converted to the 4-hydroxy-naphthalene carboxylic
acid ester intermediates XXX in the presence of a catalytic amount of concentrated
sulfuric acid and an alcohol solvent such as methanol or ethanol at temperatures
between room temperature and 80 °C (or the reflux temperature) for several hours.
Alternatively, the esterification reaction can be carried out in the presence of thionyl
chloride and a suitable alcohol solvent such as methanol or ethanol at temperatures

between 65 °C and 80 °C (or the reflux temperature) for several hours.

The trifluoromethanesulfonate ester intermediates XXXVI described in Scheme 9
can alternatively be synthesized according to Scheme 16 starting with the 4-acetoxy
naphthalene carboxylic acid ester intermediates XXIXa. Reduction of compounds
XXIXa provides intermediates LI which can subsequently undergo a chlorination
reaction to give the chloromethyl naphthalene compounds LIl. Compounds LIl can
be transformed into trifluoromethanesulfonate esters LIIl. A carbonylation reaction
of LIll in the presence of methanol or ethanol gives intermediates XXXVI which can

be transformed into compounds of interest Id as described above in Scheme 9.
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The 4-acetoxy-naphthalene carboxylic acid ester intermediates XXIXa, which can be
prepared as described above in Scheme 9, can undergo a reduction reaction to form
5 alcohols Ll in the presence of a suitable reducing agent such as diisobutylaluminum
hydride or lithium aluminum hydride in an inert organic solvent such as methylene
chloride, hexane, toluene, diethyl ether, tetrahydrofuran, or mixtures thereof. The
reactions can occur at temperatures ranging from -78 °C to room temperature for

several hours.

10  Chlorination of alcohols LI to form intermediates LIl can be accomplished using
carbon tetrachloride and triphenylphosphine 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.

Compounds LIl can be converted to the trifluoromethanesulfonate esters LIl through

15 areaction with trifluoromethanesulfonic anhydride in the presence of an amine base
such as pyridine, triethylamine, or diisopropylethylamine and in the presence or
absence of an inert solvent such as methylene chloride for several hours at

temperatures between 0 °C and room temperature.

Conversion of compounds LIl to the trifluoromethanesulfonate ester intermediates
20 XXXVI can be accomplished by a palladium catalyzed carbonylation reaction under
one atmosphere of carbon monoxide in the presence of a base such as potassium
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carbonate, triethylamine, diisopropylethylamine, or sodium methoxide in methanol
and in the presence or absence of a co-solvent such as tetrahydrofuran. This
transformation can be carried out using a palladium catalyst such as
bis(triphenylphosphine)dichloropalladium(ll), palladium(ll) acetate,

5 tetrakis(triphenylphosphine)palladium(0), or tris(dibenzylideneacetone)-
dipalladium(0), in the presence or absence of a ligand such as
tricyclohexylphosphine, triphenylphosphite, or triphenylphosphine at a temperature
between room temperature and 90 °C for 10 minutes to several hours (Schoenberg,
A.; Bartoletti, I.; Heck, R. F. J. Org. Chem. 39 (1974) 3318).

10 The 4-hydroxy-naphthylacetic acid ester intermediates XXXV described above in
Scheme 9 can alternatively be prepared according to Scheme 17. Starting with the
naphthalene carboxylic acid compounds L described in Scheme 15, a reduction
reaction affords alcohol intermediates LI which then undergo a chlorination reaction
to provide compounds LII. A carbonylation reaction in the presence of methanol or

15 ethanol gives intermediates XXXV which can be converted to compounds of interest

Id using the methods outlined in Scheme 9.

Scheme 17
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Reduction of the carboxyl group in intermediates L, which can be synthesized
20 according to Scheme 15, can be accomplished in the presence of lithium aluminum
hydride to afford the alcohols LI. This reaction can be carried out in an inert organic
solvent such as tetrahydrofuran, diethyl ether, toluene or mixtures thereof, at a

temperature between room temperature and 80 °C for several hours.
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Transformation of alcohols LI into chlorides LIl can proceed using carbon
tetrachloride in the presence of triphenylphosphine. This reaction can occur in an
inert organic solvent such as tetrahydrofuran, acetonitrile, toluene, N,N-
dimethylformamide, or dichloromethane, at a temperature between 0 °C and 120 °C

for several hours.

Conversion of the chlorides LIl to the intermediates XXXV can be accomplished by a
palladium catalyzed carbonylation reaction under one atmosphere of carbon
monoxide in the presence of a base such as potassium carbonate, triethylamine, or
diisopropylethylamine in methanol or ethanol and in the presence or absence of a
co-solvent such as tetrahydrofuran. This transformation can be carried out using a
palladium catalyst such as bis(triphenylphosphine)dichloropalladium(ll), palladium(ll)
acetate, tetrakis(triphenylphosphine)palladium(0), or tris(dibenzylideneacetone)-
dipalladium(0), in the presence or absence of a ligand such as
tricyclohexylphosphine, triphenylphosphite, or triphenylphosphine at a temperature
between room temperature and 90 °C for 10 minutes to several hours (Schoenberg,
A.; Bartoletti, I.; Heck, R. F. J. Org. Chem. 39 (1974) 3318).

Alternatively, compounds of interest Id can be prepared according to Scheme 18
starting from the 4-hydroxy-naphthalene carboxylic acid ester intermediates XXX
which were described above in Scheme 9. Sulfonylation of XXX provides the
perfluoroalkylsulfonate esters LIV. A Negishi coupling reaction between
intermediates LIV and benzylic zinc chlorides XXXVII gives the naphthalene
carboxylic acid esters LV. Reduction of the ester group in LV affords naphthalen-2-
yl methanol compounds LVI, which can be transformed to chloromethyl substituted
naphthalenes LVII. A carbonylation reaction in the presence of methanol or ethanol
gives the 4-benzyl substituted naphthylacetic acid esters XXXVIIl. Ester hydrolysis
furnishes the compounds of interest Id.

45
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The perfluoroalkylsulfonate esters LIV can be prepared by a reaction between
intermediate XXX and a sulfonylation reagent such as trifluoromethanesulfonic

5 anhydride, N-phenylbis(trifluoromethanesulfonimide), or perfluorobutanesulfonyl
fluoride in the presence of a base such as triethylamine, diisopropylethylamine or
sodium hydride in an inert solvent such as dichloromethane, tetrahydrofuran, or N,N-

dimethylformamide at 0 °C to room temperature for several hours.

The naphthalene carboxylic acid esters LV can be synthesized by Negishi coupling

10 reactions between the perfluoroalkylsulfonate esters LIV and the benzylic zinc
chlorides XXXVII. These reactions are carried out in the presence of a palladium
catalyst such as palladium(ll) acetate or tetrakis(triphenylphosphine)palladium(0)
and a phosphine ligand such as 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-
Phos) in tetrahydrofuran at temperatures between 60 °C and 70 °C for several hours

15 (Metzger, A.; Schade, M. A.; Knochel, P., Org. Lett. 10 (2008) 1107). The benzylic
zinc chlorides XXXVII employed in the Negishi coupling reactions can be readily

prepared according to Scheme 10 as described above.
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Reduction of the ester group in LV with lithium aluminum hydride gives the
naphthalen-2-yl methanol compounds LVI. This reaction can be carried out in an
inert organic solvent such as tetrahydrofuran, diethyl ether, toluene, or mixtures

thereof, at a temperature between 0 °C and 80 °C for several hours.

The chloromethyl naphthalene intermediates LVII can be prepared by the treatment
of compounds LVI with carbon tetrachloride and triphenylphosphine in an inert
organic solvent such as toluene, acetonitrile, dichloromethane, N,N-
dimethylformamide, or tetrahydrofuran, at a temperature between 0 °C and 120 °C
(or the reflux temperature) for several hours. Alternatively, the chlorination reaction
can be accomplished using thionyl chloride either neat or in a suitable solvent such
as dichloromethane, chloroform, N,N-dimethylformamide, benzene, or toluene at
temperatures between 0 °C and 80 °C (or the reflux temperature) for several hours.

Conversion of chlorides LVII to the naphthylacetic acid esters XXXVIIl can be
accomplished by a palladium catalyzed carbonylation reaction under one
atmosphere of carbon monoxide in the presence of a base such as potassium
carbonate or triethylamine in methanol or ethanol and in the presence or absence of
a co-solvent such as tetrahydrofuran. This transformation can be carried out in the
presence of a palladium catalyst such as
bis(triphenylphosphine)dichloropalladium(ll), palladium(ll) acetate,
tetrakis(triphenylphosphine)palladium(0), or tris(dibenzylideneacetone)dipalladium(0)
in the presence or absence of a ligand such as tricyclohexylphosphine,
triphenylphosphite, or triphenylphosphine at a temperature between room
temperature and 90 °C for 10 minutes to several hours (Schoenberg, A.; Bartoletti, |.;
Heck, R. F. J. Org. Chem. 39 (1974) 3318).

As described above, hydrolysis of esters XXXVIII to give the compounds of interest
Id can be easily accomplished using methods that are well known to someone skilled
in the art. For example, the reactions can be carried out in the presence of an
aqueous solution of base such as sodium hydroxide or lithium hydroxide, in an inert
solvent such as tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a

temperature between room temperature and reflux temperature for several hours.
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The compounds of interest Id can also be prepared according to Scheme 19.
Starting with the perfluoroalkylsulfonate intermediates LIV described in Scheme 18,
a palladium catalyzed borylation reaction furnishes the boronate ester compounds
LIX. A Suzuki coupling reaction between LIX and benzyl bromides LX or benzyl

5 chlorides XXXIX gives the intermediate naphthalene carboxylic acid esters LV
described above in Scheme 18. Transformation of intermediates LV into the

compounds of interest Id subsequently proceeds as described in Scheme 18.

Scheme 19
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10 The palladium catalyzed borylation of perfluoroalkylsulfonates LIV to give the
boronate ester intermediates LIX can be performed in the presence of
bis(pinacolato)diboron LVIIl, a base such as potassium acetate, a palladium catalyst
such as dichloro 1,1’-bis(diphenylphosphino)ferrocene palladium(ll) or
bis(triphenylphosphine)-dichloropalladium(ll) and in the presence or absence of a

15 phosphine ligand such as 1,1’-bis(diphenylphosphino)ferrocene. The reactions can
be carried out in an anhydrous organic solvent such as 1,4-dioxane, N,N-
dimethylformamide, or dimethyl sulfoxide at temperatures between 90 °C and 150 °C
for reaction times between three hours and 24 hours (Ishiyama, T.; Murata, M.;
Miyaura, N. J. Org. Chem. 60 (1995) 7508).

20 The Suzuki coupling reactions between boronate esters LIX and benzyl bromides LX

or benzyl chlorides XXXIX to form the benzyl substituted naphthalene carboxylic acid
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ester intermediates LV can be accomplished in the presence of a palladium catalyst
such as palladium(ll) acetate, tetrakis(triphenylphosphine)palladium(0) or
palladium(ll) chloride, a base such as sodium carbonate, potassium carbonate, or
potassium phosphate, and in the presence or absence of a phosphine ligand such

5 as triphenylphosphine. The reactions occur readily in mixtures of solvents such as
tetrahydrofuran, 1,2-dimethoxyethane, ethanol, toluene, or acetone with water at
temperatures between room temperature and 110 °C (or the reflux temperature) for
30 minutes to 20 hours (Chowdhury, S.; Georghiou, P. E., Tetrahedron Lett. 40
(1999) 7599).

10 The naphthalene carboxylic acid ester intermediates LV prepared by the benzyl
halide Suzuki coupling reaction according to Scheme 19 can be used in the
preparation of compounds of interest Id using the methods described above for the
preparation of compounds Id from LV according to Scheme 18.

Scheme 20
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Alternatively, compounds of interest Id can be synthesized according to Scheme 20.
Starting with the trifluoromethanesulfonate intermediates XXXVI described in
Scheme 9, a palladium catalyzed borylation reaction furnishes the boronate ester
compounds LXI. A Suzuki coupling reaction between LXI and benzyl bromides LX

20 or benzyl chlorides XXXIX gives the intermediate naphthyl acetic acid esters XXXVIII
Hydrolysis of the ester group in intermediates XXXVIII provides the compounds of
interest Id.
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The palladium catalyzed borylation of trifluoromethanesulfonates XXXVI to give the
boronate ester intermediates LXI can be performed in the presence of
bis(pinacolato)diboron LVIIl, a base such as potassium acetate, a palladium catalyst
such as dichloro 1,1’-bis(diphenylphosphino)ferrocene palladium(ll)
(dichloromethane adduct) or bis(triphenylphosphine)dichloropalladium(ll) and in the
presence of a phosphine ligand such as 1,1’-bis(diphenylphosphino)ferrocene. The
reactions can be carried out in an anhydrous organic solvent such as 1,4-dioxane,
N,N-dimethylformamide, or dimethyl sulfoxide at temperatures between 90 °C and
150 °C for reaction times between three hours and 24 hours (Ishiyama, T.; Murata,
M.; Miyaura, N. J. Org. Chem. 60 (1995) 7508).

The Suzuki coupling reactions between boronate esters LXI and benzyl bromides LX
or benzyl chlorides XXXIX to form the benzyl substituted naphthylacetic acid ester
intermediates XXXVIII can be accomplished in the presence of a palladium catalyst
such as palladium(ll) acetate, tetrakis(triphenyl-phosphine)palladium(0) or
palladium(ll) chloride, a base such as sodium carbonate, potassium carbonate, or
potassium phosphate, and in the presence or absence of a phosphine ligand such
as triphenylphosphine. The reactions occur readily in mixtures of solvents such as
tetrahydrofuran, 1,2-dimethoxyethane, ethanol, toluene, or acetone with water at
temperatures between room temperature and 110 °C (or the reflux temperature) for
30 minutes to 20 hours (Chowdhury, S.; Georghiou, P. E., Tetrahedron Lett. 40
(1999) 7599).

As described above, hydrolysis of esters XXXVIII to give the compounds of interest
Id can be easily accomplished using methods that are well known to someone skilled
in the art. For example, the reactions can be carried out in the presence of an
aqueous solution of base such as sodium hydroxide or lithium hydroxide, in an inert
solvent such as tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a
temperature between room temperature and reflux temperature for several hours.
Alternatively, compounds of interest Id can be prepared according to Scheme 21
starting from the trifluoromethanesulfonate intermediate XXXVI described above.
Suzuki coupling reactions between XXXVI and the 4,4,5,5-tetramethyl-2-(benzyl)-
1,3,2-dioxaborolanes LXII provide naphthylacetic acid methyl ester intermediates
XXXVIII. Hydrolysis of the ester groups in XXXVIII affords the naphthylacetic acid
compounds of interest 1d.
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The Suzuki coupling reactions between XXXVI and the 4,4,5,5-tetramethyl-2-
(benzyl)-1,3,2-dioxaborolanes LXII can be performed in the presence of a palladium
catalyst such as palladium(ll) acetate and in the presence of a phosphine ligand
such as 2-dicyclohexyl-phosphino-2',6'-dimethoxybiphenyl (S-Phos). The reactions
can be carried out in the presence of an aqueous solution of a base such as
potassium phosphate in a suitable solvent such as toluene at reflux temperature for
several hours. The 4,4,5,5-tetramethyl-2-(benzyl)-1,3,2-dioxaborolane reagents LXII
employed in the Suzuki coupling reactions are commercially available, or they are
prepared according to the procedures described in a) Giroux, A. Tetrahedron Lett. 44
(2003) 233 and b) Ishiyama, T.; Oohashi, Z.; Ahiko, T.; Miyaura, N. Chem. Lett.
(2002) 780.

As described above, hydrolysis of esters XXXVIII to give the compounds of interest
Id can be easily accomplished using methods that are well known to someone skilled
in the art. For example, the reactions can be carried out in the presence of an
aqueous solution of base such as sodium hydroxide or lithium hydroxide, in an inert
solvent such as tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a
temperature between room temperature and reflux temperature for several hours.
Compounds of interest IC can be prepared by a hydride reduction or partial
hydrogenation of the corresponding ketones IA, as illustrated in Scheme 22.
Alternatively, IC can be obtained by hydride reduction or partial hydrogenation of

keto esters IG, followed by ester hydrolysis of compounds LXIII.

H, 7.67 (d, J
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Selective reduction of the ketones IA to the corresponding hydroxyl derivatives IC or
keto esters IG to the intermediates LXIIl can be achieved using methods which are

5 well known to someone skilled in the art. For example, a mild hydride donor reagent
such as sodium borohydride can be used. The reactions can be carried out in a
suitable solvent such as tetrahydrofuran, dichloromethane or methanol, at a

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

Hydrolysis of ester compounds LXIII to give the compounds of interest IC can be

10 easily accomplished using methods that are well known to someone skilled in the art.
For example, the reactions can be carried out in the presence of an aqueous solution
of base such as sodium hydroxide or lithium hydroxide, in an inert solvent such as
tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between

room temperature and reflux temperature for several hours.

15 In addition, partial hydrogenation of ketones IA to the compounds of interest IC or
keto esters IG to the intermediates LXIII can occur under controlled conditions. The

reactions can be carried out in the presence of 10% palladium on carbon under an
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atmospheric pressure or higher pressure of hydrogen in an alcohol solvent such as
ethanol or methanol at about room temperature or mild elevated temperature for
several hours. The reaction can be carried out in an atmospheric pressure
hydrogenation apparatus, under a balloon of hydrogen gas, in a Parr hydrogenator,

or in a continuous-flow hydrogenation reactor (e.g. H-Cube).

Resolution of the racemic alcohols IC into their optically pure enantiomers can be
achieved by chiral chromatography.
Scheme 23
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Introduction of the gem-difluoromethyl group to generate compounds ID is shown in

Scheme 23. Conversion of the ketones IG to the corresponding gem-difluorides
LXIV can be accomplished with nucleophilic fluorinating sources. Hydrolysis of the

esters LXIV affords compounds of interest ID.

Transformation of the ketones IG to the gem-difluorides LXIV can be accomplished
using nucleophilic fluorinating sources such as diethylaminosulfur trifluoride (DAST),
bis(2-methoxyethyl)aminosulfur trifluoride (CH3;OCH,CH,).NSF3 (Deoxo-Fluor
reagent), a,a-difluoroamines or N,N-diethyl-a,a-difluoro-(m-methylbenzyl)amine
(DFMBA), either without or with a solvent such as tetrahydrofuran, dichloromethane,
or mixtures thereof, at a temperature between room temperature and 180 °C for
several hours (reference: Lal, G. S.; Pez, G. P.; Pesaresi, R. J.; Prozonic, F. M;
Cheng, H. J. Org. Chem. 64 (1999) 7048).

Hydrolysis of esters LXIV to give the compounds of interest ID can be easily
achieved using methods that are well known to someone skilled in the art. For
example, the reactions can be carried out in the presence of an aqueous solution of

a base such as sodium hydroxide or lithium hydroxide, in an inert solvent such as
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tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between
room temperature and reflux temperature for several hours.

Scheme 24

R3

LXI11I LXV IE
where n=0or 1. wheren=0or1.

Compounds of interest IE can be prepared according to Scheme 24. The reaction of
alcohols LXIII with methanol under acidic conditions affords the methoxy derivatives

LXV. Ester hydrolysis produces compounds IE.

Transformation of the hydroxyl intermediates LXIIl to the corresponding methoxy
compounds LXV can be accomplished using methods that are well known to one
skilled in the art. For instance, the reactions can be readily carried out in the
presence of concentrated sulfuric acid as a catalyst in methanol at reflux

temperature for several hours.

Hydrolysis of esters LXV to give the compounds of interest IE can be carried out in
the presence of an aqueous solution of base such as sodium hydroxide or lithium
hydroxide, in an inert solvent such as tetrahydrofuran, 1,4-dioxane, water or mixtures
thereof, at a temperature between room temperature and reflux temperature for

several hours.
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CO,Et

Ph3P=<

F (Cocl), F Lxvil F EtO,C._ CO,tBu
E—— —_— Z _
COZH DMF COCI o COZEt KOBu

DIPEA
MTBE DMA

LXVI LXVIII
o)
OH
F CO,Et F CO,H OJ\
LIOH Ac,0/KOAC MeONa  F
Z COZEI _— P _ F o

CO,B EtOH CoB MeOH

2o! 2ot CO,tBu

CO,tBu
LXIX LXX LXXI XXXV-a
0 (@] (@]
it 1 1]
oTf Zn R~ B~ B~
r O O O
1,0 cl TFA-H,0
- " R — ™ F

pyricine Pd(PPh,),Cl,

CH,CI, CO,iBu DMF

CO,Bu CO,H
XXXVI-a XXXVIIl-a Id-a

The key intermediate XXXVI-a (which can be used as a replacement for intermediate
5 XXXVIin schemes 9, 11, 13, 20, and 21 to make the compounds of formula Id) can

also be prepared as described in Scheme 25. Treatment of (4-fluoro-phenyl)-acetic
acid (LXVI) with oxalyl chloride generates the corresponding acid chloride in situ,
which is not isolated, but treated with the Wittig-type reagent LXVII in the presence
of a base to produce the allene derivative LXVIIl. A conjugate addition reaction of

10 the allene with malonic acid tert-butyl ester ethyl ester produces the tri-ester
derivative LXIX, which upon hydrolysis and subsequent decarboxylation generates
the acid derivative LXX. Acetic anhydride-promoted cyclization of LXX furnishes the
naphthalene derivative LXXI, which upon hydrolysis of the acetyl group produces the
key intermediate XXXV-a. Treatment of XXXV-a with trifluoromethansulfonic

15 anhydride produces the key intermediate triflate XXXVI-a. A Pd-catalyzed coupling
between XXXVI-a and a benzylic zinc reagent (generated in situ) can produce the
ester XXXVIll-a, which upon acid-catalyzed hydrolysis furnishes the desired
compound Id-a.
The conversion of (4-fluorophenyl)-acetic acid to its corresponding acid chloride

20 derivatives can be performed by methods known in the art. For example, the
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reaction can be carried out with oxalyl chloride and a catalytic amount of N,N-
dimethylformamide (DMF), in an ether solvent, at room temperature. Subsequent
treatment of the in situ generated acid chloride with a base such as N,N-
diisopropylethylamine will lead to the generation of the corresponding ketene, which

5 upon treatment with a Wittig type reagent such as LXVIl in an ether solvent at a

temperature between 0-10 °C produces the allene derivative LXVIII.

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

10 dimethyl acetamide at room temperature.

The ester hydrolysis of the two ethyl esters in LXIX can be accomplished using
methods known in the art. For example, the reaction can be conducted using an
aqueous base such as lithium hydroxide, in the presence of a solvent such as
ethanol, at room temperature overnight. The subsequent decarboxylation reaction
15 canthen be carried out by heating the solution of the resulting diacid at reflux for

several hours, to produce LXX.

The cyclization of the unsaturated acid derivative LXX to the naphthalene LXXI can
be accomplished as previously described (similar to Scheme 9), in the presence of
acetic anhydride and potassium acetate or sodium acetate, at a temperature of

20 about 85 °C, for several hours.

The acetate derivative LXXI 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 phenol intermediate XXXV -a.

The conversion of the phenol XXXV-a to the corresponding triflate XXXVI-a can be

25 accomplished by methods known in the art. For example, the reaction can be
carried out using trifluoromethanesulfonic anhydride, in the presence of a base such
as pyridine or DMAP, in a solvent such as dichloromethane, at a temperature around
0-25 °C.
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The Negishi-type Pd-catalyzed coupling reaction of XXXVI-a and the in situ
generated zinc reagent prepared from a benzyl chloride such as 1-chloromethyl-4-
methanesulfonyl-benzene can be carried out using a Pd catalyst such as
dichlorobis(triphenylphosphine)palladium(ll), in a solvent such as DMF, at a

temperature around 65 °C to produce XXXVIil-a.

The ester hydrolysis of XXXVIlI-a to produce the corresponding acid Id-a can be
accomplished by methods known in the art. For example, the reaction can be
carried out under acid catalysis, using trifluoroacetic acid (TFA) and water, at about
30-35 °C.
EXAMPLES

Although certain exemplary embodiments are depicted and described herein, the
compounds of the present invention can be prepared using appropriate starting
materials according to the methods described generally herein and/or by methods
available to one of ordinary skill in the art.

Materials and Instrumentation In General
Intermediates and final compounds were purified by either flash chromatography
and/or by reverse-phase preparative HPLC (high performance liquid
chromatography). Unless otherwise noted, flash chromatography was performed
using (1) the Biotage SP1™ system and the Quad 12/25 Cartridge module (from
Biotage AB), (2) the ISCO CombiFlash® chromatography instrument (from Teledyne
Isco, Inc.), or (3) an Analogix® IntelliFlash280™ chromatography instrument (from
Analogix Inc., a subsidiary of Varian Inc.). Unless otherwise noted, the silica gel
brand and pore size utilized were: (1) KP-SIL™ 60 A, particle size: 40-60 micron
(from Biotage AB); (2) Silica Gel CAS registry No: 63231-67-4, particle size: 47-60
micron; or (3) ZCX from Qingdao Haiyang Chemical Co., Ltd, pore size: 200-300
mesh or 300-400 mesh. Reverse-phase preparative HPLC was performed using a
Waters® Delta-Prep™ 3000 HPLC system from Waters Corporation using one or
more of the following columns: a Varian Pursuit® C-18 column (10 pm, 20 x 150 mm)
from Varian, Inc., an Xbridge™ Prep C1g column (5 um, OBD™ 20 x 100 mm) from
Waters Corporation, or a SunFire™ Prep Cig column (5 um, OBD™ 30 x 100 mm)

from Waters Corporation.

(400
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Mass spectrometry (MS) or high resolution mass spectrometry (HRMS) was
performed using a Waters® ZQ™ 4000 (from Waters Corporation), a Waters®
Quattro micro™ API (from Waters Corporation), a Micromass® Platform Il (from
Micromass, a division of Waters Corporation), a Bruker® Apex®ll FTICR with a 4.7

5 Tesla magnet (from Bruker Corporation), a Waters® Alliance® 2795-ZQ™2000 (from
Waters Corporation), or an MDS Sciex™ API-2000™n API (from MDS Inc.). Mass
spectra data generally only indicates the parent ions unless otherwise stated. MS or

HRMS data is provided for a particular intermediate or compound where indicated.

Nuclear magnetic resonance spectroscopy (NMR) was performed using a Varian®

10 Mercury300 NMR spectrometer (for the "H NMR spectra acquired at 300 MHz) and a
Varian® Inova400 NMR spectrometer (for the "H NMR spectra acquired at 400 MHz)
both from Varian Inc. NMR data is provided for a particular intermediate or

compound where indicated.

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

accessory) (from CEM Corporation).

Continuous flow hydrogenation reactions were performed using an H-Cube®

hydrogenation reactor (from Thales Nanotechnology, Inc.).

Ozonolysis reactions were carried out using a Welsbach Ozonator (from Welsbach,

20 a division of Ozone Engineering).

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

otherwise noted.

25 PART I: PREPARATION OF STARTING MATERIALS AND INTERMEDIATES
Preparation of 4-oxo-butyric acid methyl ester
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Trifluoroacetic acid (6.0 mL, 81 mmol) was added slowly drop-wise to a stirred
solution of methyl 4,4-dimethoxybutyrate (5.0 g, 31 mmol) in dichloromethane (125
mL) and water (13 mL). The reaction mixture was stirred for 16 hours at room
temperature. The reaction mixture was then washed with saturated aqueous sodium
bicarbonate. The organic layer was dried over sodium sulfate, filtered, and
concentrated in vacuo to afford 4-oxo-butyric acid methyl ester (3.03 g, 85%) as a
light yellow oil. The crude product was used in subsequent reactions without further
purification. "H NMR (300 MHz, CDCl3) 5 9.81 (s, 1 H), 3.69 (s, 3H),2.80 (t, 2 H, J =
6.64 Hz), 2.63 (t, 2 H, J = 6.64 Hz).

Preparation of 4-oxo-butyric acid ethyl ester
@]

A solution of ethyl 4-octenoate (34 mL, 173 mmol) in methanol (240 mL) was placed

in a 3-neck round bottomed flask and cooled at -60 °C, and then Os/O, was bubbled
through the reaction mixture. After 4 hours at ca. -60 °C, the reaction mixture had a
slight blue tint, and TLC (1:9 ethyl acetate:hexane, stained in phosphomolybdic acid
(PMA)) showed no starting material remaining. The reaction mixture was then
flushed with O, for 10 minutes. To the above reaction mixture was added slowly
dimethyl sulfide (26 mL, 345 mmol) while maintaining the reaction temperature below
-55 °C. After the addition was complete, the reaction mixture was allowed to warm
to room temperature and stirred overnight. Argon was then bubbled through for 2
hours. The reaction mixture was then concentrated in vacuo. Low pressure
fractional distillation afforded 4-oxo-butyric acid ethyl ester (14.3 g, 63%, contained a
small amount of dimethyl sulfoxide) as a clear, colorless oil. Alternatively,
purification can be accomplished using silica gel chromatography (100% hexanes-
20% ethyl acetate in hexane). 'H NMR (300 MHz, CDCls) & ppm 9.81 (s, 1 H), 4.14
(q,J=7.2Hz,2H),2.79(t, J=6.6 Hz,2H), 262 (t, J=6.6 HZz,2 H),1.26 (t, J=7.2
Hz, 3 H).

Preparation of pent-3-ynoic acid methyl ester
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Pent-3-ynoic acid

OH
i
o)
Jones reagent (CrO3-H,SO4) (105 mL of freshly made solution, prepared by
combining ice cold H2SO4 (35 mL) with chromium (VI) oxide (35.0 g, 350 mmol) and
5 100 mL of ice cold water) was added slowly drop-wise to 3-pentyn-1-ol (10 g, 118
mmol) in acetone (800 mL) in a 3-neck round bottomed flask at 0 °C. The reaction
mixture was allowed to warm to room temperature and stirred for 2 hours. After
completion of the reaction, the mixture was cooled at 0 °C, and methanol (45 mL)
was added in portions. After mechanical stirring for 30 minutes, the reaction mixture
10 was filtered through a pad of celite. The filtrate was concentrated to approximately
20 mL, and then partitioned between water (50 mL) and ethyl acetate (150 mL). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated
to give the crude product pent-3-ynoic acid (~11.66 g) as a clear oil, which solidified
at temperatures below 0 °C. The crude product was used in the next step without
15 further purification.

Pent-3-ynoic acid methyl ester

0
/\ﬂ/\
0

To a solution of pent-3-ynoic acid (11.66 g, 118.8 mmol) in methanol (60 mL), was
added 2,2-dimethoxypropane (8 mL, 6.51 mmol), followed by 3 drops of

20 concentrated hydrochloric acid. The reaction mixture was stirred at room
temperature for 16 hours. The solvent was removed under reduced pressure. The
residue was dissolved in ethyl acetate, and washed with 10% sodium bicarbonate
solution, dried over sodium sulfate, filtered, and concentrated in vacuo to give a light
yellow oil. Distillation under reduced pressure gave pent-3-ynoic acid methyl ester

25 (5.68 g, 43% over two steps) as a clear, colorless oil. 'H NMR (300 MHz, CDCls) &
ppm 3.73 (s, 3H), 3.24 (d, J=2.4 Hz, 2 H), 1.83 (t, J = 2.4 Hz, 3 H). MS (El+) cald.
for CeHgO2 [M*] 112, obsd. 112.

Preparation of 2-bromo-4,5-difluoro-benzaldehyde
0
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2-Bromo-4,5-difluoro-benzoic acid methyl ester
0

FﬁL o

F Br
To a solution of 2-bromo-4,5-difluoro-benzoic acid (5 g, 21.10 mmol) in methanol
(100 mL) was added concentrated sulfuric acid (0.21 mL, 2.11 mmol) at 0 °C. The

5 reaction mixture was then heated at 80 °C for 4 hours. After cooling to room
temperature, the mixture was poured into ice water, and extracted with ethyl acetate.
The organic layer was washed with saturated sodium bicarbonate, then brine, dried
over sodium sulfate, filtered, and concentrated to afford the crude product 2-bromo-
4,5-difluoro-benzoic acid methyl ester (1.48 g, 28%) as a clear oil, which was used in

10 the next step without further purification.
(2-Bromo-4,5-difluoro-phenyl)-methanol

F Br

A solution of 2-bromo-4,5-difluoro-benzoic acid methyl ester (1.45 g, 5.78 mmol) in

15 toluene (42 mL) was cooled at -78 °C under nitrogen. Diisobutylaluminum hydride (1
M in toluene) (7.51 mL, 7.51 mmol) was added drop-wise over 20 minutes. The
reaction mixture was stirred at -78 °C for another hour, and then allowed to warm to
room temperature overnight. The reaction mixture was then cooled to 0 °C and
quenched with ethyl acetate, followed by addition of saturated Rochelle’s salt

20 solution. The biphasic slurry was then allowed to warm to room temperature and
stirred for 2 hours. The organic layer was collected, dried over sodium sulfate,
filtered, and concentrated to afford crude (2-bromo-4,5-difluoro-phenyl)-methanol
(1.55 g, 90%), which was used in the next step without further purification.

2-Bromo-4,5-difluoro-benzaldehyde

O
PR
25 F Br

A solution of (2-bromo-4,5-difluoro-phenyl)-methanol (1.23 g, 5.50 mmol),
triethylamine (1.39 g, 13.75 mmol) and dimethyl sulfoxide (1.72 g, 22.00 mmol) in
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dichloromethane (25 mL) was cooled to 0 °C. Then, sulfur trioxide-pyridine (1.32 g,
8.25 mmol) was added portionwise. After one hour stirring at 0 °C, a second batch
of triethylamine (1.39 g, 13.75 mmol), dimethyl sulfoxide (1.72 g, 22.00 mmol) and
sulfur trioxide-pyridine (1.32 g, 8.25 mmol) were added to the above reaction mixture.

5 After another 30 minutes at 0 °C, the reaction solution was diluted with

dichloromethane (50 mL), and then washed with saturated sodium bicarbonate and
saturated sodium thiosulfate. The organic phase was dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (RediSep® Flash column,
230-400 mesh, 10-30% ethyl acetate in hexane) afforded 2-bromo-4,5-difluoro-

10 benzaldehyde (0.47 g, 39%). "H NMR (300 MHz, CDCl5) 8 10.23 (s, 1 H), 7.77 (m, 1
H), 7.52 (m, 1 H).

Preparation of 2-bromo-4-chloro-benzaldehyde
O
H

Cl Br

2-Bromo-4-chloro-benzoic acid methyl ester
0

/EjLO/
15 Cl Br

Concentrated sulfuric acid (5 mL) was added drop-wise to an ice-cold mixture of 2-
bromo-4-chloro-benzoic acid (10.14 g, 0.0431 mol) and methanol (40 mL). The
resulting mixture was heated at reflux for 17 hours. After this time, the reaction
mixture was cooled to room temperature, and then poured into ice-cold water (150

20 mL), creating a white suspension. The suspension was extracted with ethyl acetate
(150 mL). The organic phase was washed with saturated aqueous NaHCO; (100
mL), followed by saturated aqueous NaCl (100 mL). The organic layer was dried
over NaSQy, filtered, and concentrated to afford 2-bromo-4-chloro-benzoic acid
methyl ester (10.57 g, 98% vyield) as a clear oil.

25

(2-Bromo-4-chloro-phenyl)-methanol
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A 1.0 M solution of diisobutylaluminum hydride in toluene (43 mL, 0.043 mol) was
added slowly drop-wise to a -78 °C solution of 2-bromo-4-chloro-benzoic acid methyl
ester (10.57 g, 0.042 mol) in toluene (50 mL) and hexanes (425 mL). The reaction

5 mixture was stirred at -78 °C for 1.5 hours. After this time, a white solid had
precipitated out of solution. The reaction mixture was quenched at -78 °C with ethyl
acetate (100 mL). Saturated aqueous sodium potassium tartrate was added, and
the reaction mixture was warmed to room temperature. The organic phase was
separated, dried over Na,SQOy,, filtered, and concentrated to a clear oil. TLC (30%

10 ethyl acetate/hexanes) and 'H NMR revealed a mixture with unreacted 2-bromo-4-
chloro-benzoic acid methyl ester as the major component. The crude material was
dissolved in toluene (300 mL), and the resulting solution was cooled to -78 °C. A 1.0
M solution of diisobutylaluminum hydride in toluene (55 mL, 0.055 mol) was added
slowly drop-wise to the reaction mixture. The reaction mixture was warmed to -

15 45 °C and stirred at this temperature for 35 minutes. At this time, TLC (10% ethyl
acetate/hexanes) indicated nearly complete consumption of the starting material.
The reaction mixture was quenched at -45 °C with ethyl acetate. Saturated aqueous
sodium potassium tartrate was added, and the reaction mixture was warmed to room
temperature and stirred at room temperature for 1 hour. The organic phase was

20 separated, dried over NaSOs, and concentrated to a yellow oil. A solution of this
crude product and dichloromethane (200 mL) was evaporated onto silica gel, and the
dry silica gel-supported product was loaded onto a 120 g silica gel column. Flash
chromatography was carried out using an ISCO purification system (95:5 hexanes-
ethyl acetate ramped to 4:1 hexanes-ethyl acetate). (2-Bromo-4-chloro-phenyl)-

25 methanol was isolated as 5.57 g (60% yield) of a white solid.

2-Bromo-4-chloro-benzaldehyde
0

D\*“
Cl Br
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To a 0 °C solution of (2-bromo-4-chloro-phenyl)-methanol (5.57 g, 0.025 mol),
dichloromethane (250 mL), diisopropylethylamine (22 mL, 0.126 mol), and dimethyl
sulfoxide (15 mL, 0.211 mol) was added sulfur trioxide-pyridine (12.0 g, 0.075 mol),
in portions, over 15 minutes. The resulting solution was stirred at 0 °C for 45
minutes. The reaction mixture was diluted with 250 mL dichloromethane then
washed with saturated aqueous NaHCO3; (500 mL). The organic phase was washed
with saturated aqueous sodium thiosulfate (500 mL) to reduce excess oxidant. The
organic phase was dried over Na,SOq, filtered and concentrated to afford a yellow
oily solid. A solution of this crude product and CH,CI, (200 mL) was evaporated
onto silica gel, and the dry silica gel-supported product was loaded onto a 120 g
silica gel column. Flash chromatography was carried out using an ISCO purification
system (95:5 hexanes-ethyl acetate). 2-Bromo-4-chloro-benzaldehyde was isolated
as 4.43 g (81% yield) of a white solid. "H NMR (300 MHz, CDCls) & ppm 10.31 (s, 1
H), 7.88 (d, J=8.2Hz, 1 H), 7.69 (d, J=1.6 Hz, 1 H), 7.44 (dd, J =8.2, 1.6 Hz, 1 H).

Preparation of trifluoromethanesulfonic acid 2-formyl-5-methoxy-phenyl ester
0]
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A mixture of 2-hydroxy-4-methoxybenzaldehyde (30.0 g, 154 mmol) and N-

phenylbis(trifluoromethanesulfonimide) (78.1 g, 214 mmol) in dichloromethane (200
mL) was cooled to 0 °C in an ice bath. Triethylamine (31 mL) was added slowly via
an addition funnel while maintaining the reaction temperature below 3 °C. The
reaction mixture was stirred at 0 °C for 20 minutes, and then allowed to warm to
room temperature and stirred overnight. The solvent was removed under reduced
pressure. To the residue, diethyl ether (600 mL) was added, and the resulting
mixture was subsequently washed with water, 1.0 N aqueous sodium hydroxide,
water, and brine, then dried over magnesium sulfate, filtered, and concentrated to
give the crude product (62.59 g) as an oil. Flash chromatography (RediSep® Flash
column, 230-400 mesh, 10%-60% dichloromethane in hexane) afforded 52.8 g (95%

yield) of trifluoromethanesulfonic acid 2-formyl-5-methoxy-phenyl ester as a light

2



4- [4-(4- (400 MHz) 416\ | o o * O 4- Bronp- Dinethyls 12.50 (br. s,
fluorobenz N,N- ulfanoyl- 1 H), 8.12 - al dehyde di net hy benzoyl)- 8. 20
(m 2 H),wo2010/055@5f | uoro- 8.00 (d, J = benzen naphPhalEP2@9864d423 2 H),
esulfon n-2-yl]- 7.92 (d, J =

-74 -
yellow oil. "H NMR (300 MHz, CDCl3) & ppm 10.13 (s, 1 H), 7.96 (d, J = 8.8 Hz, 1 H),
7.04 (d,J=8.8Hz,1H),6.88 (s, 1H), 3.93 (s, 3 H).

Preparation of 2-iodo-4-trifluoromethyl-benzaldehyde
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5 2-Amino-4-trifluoromethyl-benzonitrile
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Zinc dust (30 g) was added in portions to a 5 °C solution of 2-nitro-4-trifluoromethyl-
benzonitrile (3.0 g, 14 mmol) in glacial acetic acid (260 mL). The reaction mixture
was allowed to warm to room temperature, then stirred at room temperature for 1

10 hour. The reaction mixture was filtered through a celite plug, and the celite layer was
washed with glacial acetic acid. The combined filtrate and washings were
concentrated to afford 2-amino-4-trifluoromethyl-benzonitrile as an oily, orange solid

which was used in subsequent reactions without additional purification.

2-lodo-4-trifluoromethyl-benzonitrile

Z
OO
F |
15 F
Potassium iodide (5.6 g, 34 mmol) and sodium nitrite (2.4 g, 35 mmol) were added to
a solution of 2-amino-4-trifluoromethyl-benzonitrile (2.58 g, 14 mmol) in acetonitrile
(60 mL). The resultant mixture was cooled to 0 °C in an ice-water bath with
magnetic stirring. lce-cold concentrated HCI (14 mL) was added slowly drop-wise to
20 the reaction mixture, causing the reaction mixture to become cloudy and deep red in
color. The reaction mixture was stirred at 0 °C for 30 minutes, then warmed to room
temperature. Stirring at room temperature proceeded for 3 hours. The reaction

mixture was poured into water, and the resulting suspension was extracted with ethyl

acetate. The organic layer was dried (Na,SO,), filtered, and concentrated to give a
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purple liquid. A solution of this crude product and dichloromethane (200 mL) was
evaporated onto silica gel, and the dry silica gel-supported product was loaded onto
a silica gel column. Manual flash chromatography using 5% ethyl acetate in
hexanes afforded 2-iodo-4-trifluoromethyl-benzonitrile as 3.58 g (87%) of a purple,

crystalline solid.

2-lodo-4-trifluoromethyl-benzaldehyde

A 1.0 M solution of diisobutylaluminum hydride in toluene (13 mL, 13 mmol) was
added slowly drop-wise to a 0 °C solution of 2-iodo-4-trifluoromethyl-benzonitrile
(3.58 g, 12 mmol) in toluene (11 mL). The reaction mixture was stirred at 0 °C for 30
minutes. The reaction mixture was warmed to room temperature, then stirred at
room temperature for 24 hours. The reaction mixture was cooled to 0 °C, then ethyl
acetate (5 mL), and ethanol (5 mL) were added dropwise to the cold reaction mixture.
After stirring at 0 °C for 10 minutes, the reaction mixture was concentrated to give a
yellow, oily liquid. The residue was cooled to 0 °C. Methylene chloride (10 mL) was
added. Water (10 mL) was added slowly drop-wise, then 1.0 N aqueous HCI was
added slowly drop-wise. After stirring at 0 °C for 10 minutes, concentrated HCI (1
mL) was added followed by additional methylene chloride (60 mL). The mixture was
stirred at 0 °C for 10 minutes, then warmed to room temperature. Stirring at room
temperature continued for 105 minutes. The mixture was poured into a separatory
funnel, and the organic phase was separated, dried over Na,SO;,, filtered, and
concentrated to an oily, yellow solid. The crude product was purified using flash
chromatography (RediSep® Flash column, 230-400 mesh, 0-3% ethyl acetate in
hexanes) to give 1.44 g (40%) of 2-iodo-4-trifluoromethyl-benzaldehyde as a slightly
yellow solid. "H NMR (300 MHz, CDCls) & ppm 10.11 (s, 1 H), 8.20 (s, 1 H), 7.97 (d,
J=82Hz, 1H),7.73 (d, J=8.2Hz, 1 H).

Preparation of 2-chloro-1-iodo-4-methanesulfonyl-benzene




3.82 (s,
- 2-15 2-Brono- 4- fluorobenz al dehyde 4- Brono- N nethyl -

2 H, 2.68 (s, 6 H WD 2010/ 055005PCT/ EP2009/ 064813 -

am de [ 6-Wbuoroasseds( 4- net hyl sul f anoyl - benzoyl) - naphPlaiEP20092648013 -
acetic acid (400 MHz) 12.52 (br. s, 1 H, 8.11 - 820 (m 2 H), 7.98 (d, J

=87H, 2H, 7.93(d, J =87 H, 24, 7.86 (dd, J = 402 11. 5,
Hz, 1H, 7.71 - 7.76 (m 1°H),
|
o X
/s\\ Cl
O

10

15

20

A solution of 2-chloro-4-(methanesulfonyl)aniline (25 g, 122 mmol) in acetonitrile
(500 mL) was cooled to 0 °C, then sodium nitrite (20.97 g, 303.9 mmol) and
potassium iodide (50.45 g, 303.9 mmol) were added. After the reaction mixture was
stirred for 30 minutes at 0 °C, concentrated hydrochloric acid (50 mL) was added
drop-wise via an addition funnel. The reaction was stirred at 0 °C for an additional 45
minutes. The reaction mixture was warmed to room temperature, then stirred for 2.5
hours. The reaction mixture was poured into ice water (800 mL), and extracted with
dichloromethane. The organic layer was washed with water, dried over sodium
sulfate, filtered, and concentrated. Flash chromatography (RediSep® Flash column,
230-400 mesh, 10%-35% ethyl acetate in hexane) gave 2-chloro-1-iodo-4-
methanesulfonyl-benzene (13.88 g, 36%). 'H NMR (300 MHz, CDCl;) & ppm 8.11 (d,
J=84Hz 1H),8.00(d,J=19Hz 1H),7.51(dd, J=8.4,1.9Hz, 1 H), 3.07 (s, 3
H).

Preparation of 1-bromo-4-methanesulfonyl-2-methyl benzene

1-Bromo-4-methanesulfanyl-2-methyl benzene

o’
)

To a solution of 1-methyl-3-methanesulfanyl benzene (20 g, 145 mmol) in glacial
acetic acid (68 mL) was added bromine (12.5 mL, 243.98 mmol) drop-wise at 0 °C.
The reaction mixture was then allowed to warm up to room temperature and stirred
for 4 hours. The solvent was evaporated under reduced pressure. Flash
chromatography (J.T. Baker silica gel, 60-200 mesh, 100% hexane) gave 1-bromo-4-

methanesulfanyl-2-methyl benzene (30.5 g, 97%) as a clear, colorless oil.
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1-Bromo-4-methanesulfonyl-2-methyl benzene

Br
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To a solution of 1-bromo-4-methanesulfanyl-2-methyl benzene (30.5 g, 140 mmol) in
dichloromethane (450 mL) was added 3-chloroperoxybenzoic acid (m-CPBA) (72 g,
5 420 mmol) in portions over 40 minutes at 0 °C. The reaction mixture was then

warmed to room temperature and stirred for 2 hours. To the reaction mixture, was
added 10% sodium sulfite solution. The organic layer was separated, dried over
sodium sulfate, filtered, and concentrated to give a white solid. Flash
chromatography (J.T. Baker silica gel, 60-200 mesh, 15-20% ethyl acetate in

10 hexane) furnished 1-bromo-4-methanesulfonyl-2-methyl benzene (20.34 g, 58%) as
a white crystalline solid. '"H NMR (400 MHz, CDCls) & ppm 7.80 (d, J =1.9 Hz, 1 H),
7.74 (d, J=8.3 Hz,1 H), 7.61 (dd, J =8.3, 1.9 Hz, 1 H), 3.04 (s, 3 H), 2.50 (s, 3 H).
HRMS (EI+) cald. for CgHgBrO,S [M*] 247.9507, obsd. 247.9508.

15 Preparation of 1-bromo-2-fluoro-4-methanesulfonyl-benzene

Br
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To a solution of 1-bromo-2-fluoro-4-methanesulfanyl-benzene (1 g, 4.52 mmol) in
dichloromethane (15 mL) was added 3-chloroperoxybenzoic acid (m-CPBA) (2 g,
11.30 mmol). The reaction mixture was stirred at room temperature overmnight. To the
20 reaction mixture was added a 10% aqueous solution of sodium sulfite. The organic
layer was separated, dried over sodium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (RediSep® Flash column, 230-400 mesh, 5-40% ethyl acetate
in hexane) gave 1-bromo-2-fluoro-4-methanesulfonyl-benzene (1 g, 88% ) as a white
solid. "H NMR (300 MHz, CDCl3) & ppm 7.76 - 7.87 (m, 1 H), 7.68 - 7.75 (m, 1 H),
25 7.64 (d, J=8.2Hz, 1H),3.08 (s, 3 H).

Preparation of 1-bromo-2-chloro-4-ethanesulfonyl-benzene
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1-Chloro-3-ethanesulfanyl-benzene

L,

A mixture of 3-chlorobenzenethiol (1.5 g, 10.37 mmol), iodoethane (0.837 mL, 10.37
5 mmol) and potassium carbonate (4.1 g, 31.11 mmol) in N,N-dimethylformamide (20

\/S

mL) was stirred at room temperature overnight. Ice water was added, and the
resulting mixture was extracted with diethyl ether (3x). The organic layers were
combined, washed with water and brine, dried over sodium sulfate, filtered, and
concentrated to give 1-chloro-3-ethanesulfanyl-benzene (1.14 g, 64%), which was

10 used in the next step without further purification.

1-Bromo-2-chloro-4-ethanesulfanyl-benzene
Iee
Cl
To a solution of 1-chloro-3-ethanesulfanyl-benzene (1.14 g, 6.63 mmol) in acetic acid

15 (10 mL) was added bromine (338 L, 6.63 mmol) at 0 °C. The mixture was then

allowed to warm to room temperature and stirred overnight. To the reaction mixture

\/S

was added ethyl acetate, and the resulting solution was subsequently washed twice
with water, then saturated sodium bicarbonate, dried over sodium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (RediSep® Flash column, 230-

20 400 mesh, 0-12.5% ethyl acetate in hexane) gave 1-bromo-2-chloro-4-
ethanesulfanyl-benzene (1.4 g, 85%).

1-Bromo-2-chloro-4-ethanesulfonyl-benzene

Br
o X
Cl

\/S\\
o]

25 To a solution of 1-bromo-2-chloro-4-ethanesulfanyl-benzene (1.4 g, 5.60 mmol) in

dichloromethane (10 mL) was added 3-chloroperoxybenzoic acid (m-CPBA) (2.4 g,
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14 mmol). The reaction mixture was stirred at room temperature ovemnight. The solid
was filtered off, and the filtrate was concentrated to afford 1-bromo-2-chloro-4-
ethanesulfonyl-benzene (1.4 g, 89%) as a white solid, which was used without
further purification. "H NMR (300 MHz, CDCl;) & ppm 7.98 (d, J =2.1 Hz, 1 H), 7.84
(d,J=8.5Hz,1H),7.64 (dd, J=8.5,2.1Hz,1H),3.13(q, J=7.5Hz, 2 H), 1.30 (t,
J=7.5Hz, 3 H).

Preparation of 4-bromo-2-ethyl-1-methanesulfonyl-benzene
O\\
_/,S Br
0

To a mixture of sodium sulfite (4.44 g, 35.3 mmol) and sodium bicarbonate (2.96 g,
35.3 mmol) in water (100 mL) at 70 °C was added 4-bromo-2-ethyl-benzenesulfonyl
chloride (5 g, 17.6 mmol) in dioxane (20 mL) drop-wise via an addition funnel. After
an hour, the mixture was heated at 100 °C and bromoacetic acid (4.90 mL, 35.3
mmol) was added. After an hour, the reaction mixture was cooled to 90 °C, and
sodium hydroxide (2.82 g, 70.5 mmol) was added. The resulting mixture was stirred
at 90 °C ovemight. After cooling to room temperature, water was added to the
resulting suspension. The aqueous layer was extracted with dichloromethane (250
mL x 3). The collected organic layers were washed with brine, dried over sodium
sulfate, filtered, and concentrated to give 4-bromo-2-ethyl-1-methanesulfonyl-
benzene (4.62 g, 100%), which was used in the next step without further purification.
'H NMR (300 MHz, CDCl3) 8 ppm 7.89 (d, J =8.5 Hz, 1 H), 7.56 (d, J = 1.5 Hz, 1 H),
7.51(dd, J=8.5,15Hz,1H),3.07 (s,3H),3.05(q, J=74Hz,2H),1.33(t, J=7.4
Hz, 3 H).

Preparation of 4-bromo-1-methanesulfonyl-2-trifluoromethyl-benzene
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4-Bromo-1-methanesulfanyl-2-trifluoromethyl-benzene
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To a solution of 4-bromo-1-fluoro-2-(trifluoromethyl)benzene (5 g, 20.58 mmol) in
N,N-dimethylformamide (20 mL) was added sodium thiomethoxide (1.58 g, 22.54
mmol) at room temperature. The resulting solution was heated at 50 °C for 1 hour,
then stirred at room temperature for 16 hours. The reaction mixture was poured into
cold water. The resulting suspension was extracted with ethyl acetate. The organic
layer was dried over sodium sulfate, filtered, and concentrated to afford the crude 4-
bromo-1-methanesulfanyl-2-trifluoromethyl-benzene (5.5 g) which was used in the
next step without further purification.
4-Bromo-1-methanesulfonyl-2-trifluoromethyl-benzene
FF Br

86!
Osg

V!
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To a solution of 4-bromo-1-methanesulfanyl-2-trifluoromethyl-benzene (5.5 g, 20.29
mmol) in dichloromethane (62 mL) was added 3-chloroperoxybenzoic acid (m-
CPBA) (10.5 g, 60.9 mmol) in portions at 0 °C over 30 minutes. The reaction mixture
was then allowed to warm to room temperature, and stirred at this temperature for 16
hours. The reaction was poured into 10% aqueous sodium sulfite solution. The
organic layer was separated, dried over sodium sulfate, filtered, and concentrate in
vacuo. Column chromatography (Biotage, 230-400 mesh, 20% ethyl acetate in
hexane) gave 4-bromo-1-methanesulfonyl-2-trifluoromethyl-benzene (4.79 g, 78%
over two steps). "H NMR (300 MHz, CDCl;) & ppm 8.18 (d, J = 8.5 Hz, 1 H), 8.04 (s,
1H),7.92(d, J=85Hz,1H), 3.18 (s, 3H). HRMS (El+) cald. for CsHeBrF;0,S
[M*] 301.9225, obsd. 301.9223.

Preparation of 1-bromo-4-ethanesulfonyl-2-methyl benzene
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1-Methyl-3-ethanesulfanyl-benzene
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A mixture of 3-methyl-benzenethiol (25 g, 0.20 mol), iodoethane (16.1 mL, 0.20

mmol) and potassium carbonate (27.7 g, 0.201 mmol) in N,N-dimethylformamide

N~

(200 mL) was stirred at 0 °C over 30 minutes. The reaction mixture was allowed to
5 slowly warm to room temperature, and then stirred at room temperature overnight.
The reaction mixture was poured into water, and the resulting suspension was
extracted with ethyl acetate The organic phase was dried over sodium sulfate,
filtered, and concentrated to give 1-methyl-3-ethanesulfanyl-benzene, which was
used in the next step without further purification.
10

1-Bromo-4-ethanesulfanyl-2-methyl benzene

Br
AL

A solution of 1-methyl-3-ethanesulfanyl benzene (32.97 g, 0.217 mol) in glacial
15 acetic acid (100 mL) was cooled in an ice-water bath. Bromine (14 mL, 0.238 mol)
was added drop-wise to the ice-cold reaction mixture over the course of 1 hour. The
reaction mixture was then allowed to warm to room temperature and stirred at room
temperature for 6 hours. The solvent was evaporated under reduced pressure.
Flash chromatography (J.T. Baker silica gel, 60-120 mesh, 100% heptane) gave 1-
20 bromo-4-ethanesulfanyl-2-methyl benzene (33.41 g, 67%) as a light tan oil.

1-Bromo-4-ethanesulfonyl-2-methyl benzene

Br
S

\/ (S
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25 To a solution of 1-bromo-4-ethanesulfanyl-2-methyl benzene (17.01 g, 73.6 mmol) in
dichloromethane (373 mL) was added 3-chloroperoxybenzoic acid (m-CPBA) (59 g,
342 mmol) in portions over 60 minutes at 0 °C. The reaction mixture was then

slowly warmed to room temperature and stirred overnight. The reaction mixture was
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benzen
washed with saturated aqueous NaHCOs, followed by an aqueous 10% sodium

sulfite solution. The organic layer was dried over sodium sulfate, filtered, and
concentrated to give an oily, yellow solid. Flash chromatography (RediSep® Flash
column, 230-400 mesh, 15% ethyl acetate in hexane) furnished 1-bromo-4-

5 ethanesulfonyl-2-methyl benzene (9.5 g, 49%) as a white crystalline solid. MS (El+)
cald. for CoH11BrO,S [M*] 263, obsd. 263.

Preparation of 1-bromo-4-N,N-diethylbenzenesulfonamide

Br
o I

~N ;S\\O
)

10 Diisopropylethylamine (10.47 mL, 58.79 mmol) was added at 0 °C to a stirred

solution of diethyl amine (1.7 g, 23.5 mmol) in tetrahydrofuran (50 mL) and the
reaction mixture was stirred at room temperature for 15 minutes. A 0.1 M solution of
4-bromo-benzenesulfonyl chloride (6.01 g, 23.5 mmol) in tetrahydrofuran was added
at room temperature and the reaction mixture was stirred at room temperature for 2
15 hours. The solvent was evaporated off under reduced pressure. The residue was
diluted with ethyl acetate, and the inorganic salts were filtered through a celite bed.
The filtrate was washed with 2 N aqueous HCI, dried over anhydrous sodium sulfate,
filtered, and concentrated in vacuo to afford 1-bromo-4-N,N,-
diethylbenzenesulfonamide, which was used in subsequent reactions without further
20 purification. MS cald. for C1oH1sBrNO,S [M*] 292, obsd 293.

Preparation of 1-(4-bromobenzenesulfonyl)-piperidine

Diisopropylethylamine (2.09 mL, 11.7 mmol) was added at 0 °C to a stirred solution
25 of piperidine (0.40 g, 4.7 mmol) in tetrahydrofuran (10 mL) and the reaction mixture
was stirred at room temperature for 15 minutes. A 0.1 M solution of 4-bromo-

benzenesulfonyl chloride (1.20 g, 4.7 mmol) in tetrahydrofuran was added at room
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temperature and the reaction mixture was stirred at room temperature for 2 hours.
The solvent was evaporated off under reduced pressure. The residue was diluted
with ethyl acetate, and the inorganic salts were filtered through a celite bed. The
filtrate was washed with 2 N aqueous HCI, dried over anhydrous sodium sulfate,
filtered, and concentrated in vacuo to afford 1-(4-bromobenzenesulfonyl)-piperidine,
which was used in subsequent reactions without further purification. MS cald. for
C11H14BrNO,S [M™] 304, obsd. 304.

Preparation of 1-(4-bromobenzenesulfonyl)-4-(2-fluoro-phenyl)-piperazine
Br
-8
(\N Ne)

N
L

Triethylamine (1.37 mL, 9.78 mmol) was added at O °C to a stirred solution of 1-(2-

fluorophenyl)piperazine (0.705 g, 3.91 mmol) in tetrahydrofuran (12 mL) and the
reaction mixture was stirred at room temperature for 15 minutes. 4-Bromo-
benzenesulfonyl chloride (1.00g, 3.91 mmol) was added to the reaction mixture at
room temperature and the reaction mixture was stirred at room temperature for 5

hours. Tetrahydrofuran was evaporated off under reduced pressure. The residue

was diluted with ethyl acetate (20 mL), and the inorganic salts were filtered through a

celite bed. The filtrate was washed with 2.0 N aqueous HCI (8 mL), dried over

anhydrous sodium sulfate and concentrated in vacuo to provide 1.40 g (89%) of 1-(4-

bromobenzenesulfonyl)-4-(2-fluoro-phenyl)-piperazine as white solid. MS cald. for
C16H16BrFN20,S [M*] 399, obsd. 399.

Preparation of 4-(4-bromo-3-methyl-benzenesulfonyl)-morpholine

Br
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Diisopropylethylamine (8.25 mL, 46.4 mmol) was added at 0 °C to a stirred solution

of morpholine (1.62 g, 18.5 mmol) in tetrahydrofuran (40 mL) and the reaction

e acetic acid 8.01 (s, 1 H), 7.

95
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mixture was stirred at room temperature for 15 minutes. A 0.1 M solution of 4-
bromo-3-methyl-benzenesulfonyl chloride (5.0 g, 19 mmol) in tetrahydrofuran was
added at room temperature and the reaction mixture was stirred at room temperature
for 2 hours. The solvent was evaporated off under reduced pressure. The residue
5 was diluted with ethyl acetate, and the inorganic salts were filtered through a celite
bed. The filtrate was washed with 2 N aqueous HCI, dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo to afford 4-(4-bromo-3-methyl-
benzenesulfonyl)-morpholine, which was used in subsequent reactions without
further purification. MS cald. for C41H14BrNO3sS [M*] 320.2, obsd. 321.9.
10
Preparation of 4-bromo-3-methyl-N,N-dimethyl-benzenesulfonamide
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Diisopropylethylamine (4.95 mL, 27.8 mmol) was added at 0 °C to a stirred solution
of dimethylamine (3.70 mL, 55.6 mmol) in tetrahydrofuran (25 mL) and the reaction
15 mixture was stirred at room temperature for 15 minutes. A 0.1 M solution of 4-
bromo-3-methyl-benzenesulfonyl chloride (3.0 g, 11 mmol) in tetrahydrofuran was
added at room temperature and the reaction mixture was stirred at room temperature
for 2 hours. The solvent was evaporated off under reduced pressure. The residue
was diluted with ethyl acetate, and the inorganic salts were filtered through a celite
20 bed. The filtrate was washed with 2 N aqueous HCI, dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo to afford 2.90 g (94%) of 4-bromo-3-
methyl-N,N-dimethyl-benzenesulfonamide, which was used in subsequent reactions
without further purification. MS cald. for CoH12BrNO,S [M*]278.2, obsd. 280.0.

25

Preparation of 4-bromo-3-methyl-N-methyl-benzenesulfonamide
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Methylamine (2.0 M in tetrahydrofuran, 46.37 mL, 92.75 mmol) was added to a
stirred solution of 4-bromo-3-methyl-benzenesulfonyl chloride (5.0 g, 19 mmol) in
tetrahydrofuran at 0 °C, and the reaction mixture was stirred at room temperature for
3 h. The reaction mixture was concentrated under reduced pressure, diluted with

5 ethyl acetate (50 mL), washed with 2.0 N aqueous HCI (20 mL), dried over
anhydrous sodium sulfate and concentrated under reduced pressure to provide 4-
bromo-3-methyl-N-methyl-benzenesulfonamide (4.2 g, 85.7%) as a white solid. MS
cald. for CgH1oBrNO,S [M*] 264.1, obsd. 263.9.

10 Preparation of 3-(methanesulfonyl)benzyl chloride
g
=S|=O

3-Methanesulfanyl benzoic acid methyl ester
0

0]
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0]
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Concentrated sulfuric acid (3.4 mL) was added drop-wise to an ice cold mixture of 3-
15 methanesulfanyl benzoic acid (5.0 g, 30 mmol) and methanol (30 mL). After the
addition was complete, the reaction mixture was warmed to room temperature, then
stirred overnight. The reaction mixture was concentrated in vacuo. The resulting oil
was diluted with ethyl acetate, and then washed with water followed by saturated
sodium bicarbonate. The organic phase was dried over MgSQy,, filtered, and
20 concentrated to give 5.4 g of 3-methanesulfanyl benzoic acid methyl ester as a clear

oil. This crude product was used in subsequent steps without further purification.

(3-Methanesulfanyl-phenyl)-methanol

QAOH
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A 1.0 M solution of diisobutylaluminum hydride in toluene (90 mL, 90 mmol) was
added rapidly drop-wise to a -78 °C solution of 3-methanesulfanyl benzoic acid
methyl ester (5.4 g, 30 mmol) in toluene (150 mL). The reaction mixture was stirred
at -78 °C for 1 hour, then warmed to room temperature. After stirring at room
temperature for 18 hours, the reaction mixture was cooled to 0 °C. Ethyl acetate
(100 mL) was added carefully to quench the excess diisobutylaluminum hydride.
The mixture was combined with a saturated aqueous solution of sodium potassium
tartrate (300 mL), then stirred at room temperature for 1.5 hours. The organic phase
was separated, dried over MgSOy, filtered, and evaporated to afford 4.57 g of (3-
methanesulfanyl-phenyl)-methanol as a clear oil. This crude product was used in

subsequent steps without further purification.

(3-Methanesulfonyl-phenyl)-methanol

QAOH

850

O
To a 0 °C solution of (3-methanesulfanyl-phenyl)-methanol (4.57 g, 30 mmol) in
dichloromethane (100 mL) was added m-chloroperoxybenzoic acid (16 g, 93 mmol),
in portions over the course of 1 hour. The reaction mixture was allowed to warm to
room temperature, then stirred for 24 hours. The reaction mixture was washed with
a saturated aqueous solution of sodium sulfite followed by a saturated aqueous
solution of sodium bicarbonate. The organic phase was dried over Na,SQOy, filtered,
and evaporated. Flash chromatography (Analogix SuperFlash™ column, 35% - 50%
ethyl acetate in hexanes) gave 2.68 g (49% over three steps) of (3-methanesulfonyl-
phenyl)-methanol as a white solid.

3-(Methanesulfonyl)benzyl chloride

Q/\CI
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Triphenylphosphine (7.5 g, 29 mmol), carbon tetrachloride (11.0 mL, 114 mmol) and
tetrahydrofuran (18 mL) were combined and stirred at room temperature for 10
minutes. A suspension of (3-methanesulfonyl-phenyl)-methanol (2.68 g, 14.3 mmol)
in 18 mL tetrahydrofuran was added, then the reaction mixture was heated at 75 °C
for 3 hours. The reaction mixture was cooled to room temperature, then partitioned
between ethyl acetate and water. The organic phase was dried over MgSQy, filtered,
and concentrated to give the crude product as an oily solid. A solution of this crude
product and dichloromethane was evaporated over silica gel, and the resulting silica
gel supported crude product was loaded onto an Analogix SuperFlash™ column.
Flash chromatography (15% - 35% ethyl acetate in hexanes) afforded 2.26 g (77%)
of 3-(methanesulfonyl)benzyl chloride as a white solid. "H NMR (300 MHz, DMSO-
ds) ® ppm 8.01 (s, 1H),7.91(d, J=7.8Hz,1H),7.81(d, J=7.8Hz, 1 H), 7.68 (t, J
=7.8 Hz, 1 H), 4.90 (s, 2 H), 3.24 (s, 3 H). HRMS (EI+) cald. for CgHgCIO,S [M™]
204.0012, obsd. 204.0012.

Preparation of 4-(ethanesulfonyl)benzyl chloride

o
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(4-Ethanesulfanyl-phenyl)-methanol

/©/\OH
/\S

Sodium borohydride (3.2 g, 84 mmol) was added slowly in portions to an ice cold
mixture of 4-ethanesulfanyl benzaldehyde (7.0 g, 42 mmol) and methanol (400 mL).
After the addition was complete, the reaction mixture was warmed to room
temperature, then stirred for 1 hour. The reaction mixture was concentrated in vacuo.
The resulting oily solid was diluted with ethyl acetate, and then washed with water.
The organic phase was dried over MgSQy, filtered, and concentrated to give 7 g of
(4-ethanesulfanyl-phenyl)-methanol as a clear oil. This crude product was used in
subsequent steps without further purification.

2-20 2-Brono-
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(4-Ethanesulfonyl-phenyl)-methanol

IO
g
O
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To a 0 °C solution of (4-ethanesulfanyl-phenyl)-methanol (7 g, 42 mmol) in
dichloromethane (140 mL) was added m-chloroperoxybenzoic acid (20 g, 99 mmol),
in portions over the course of 1.5 hours. The reaction mixture was allowed to warm
to room temperature, then stirred for 18 hours. The reaction mixture was washed
with a 10% aqueous solution of sodium sulfite followed by a saturated aqueous
solution of sodium bicarbonate. The organic phase was dried over MgSQ,, filtered,
and concentrated. A solution of the crude product and dichloromethane was
evaporated over silica gel, and the resulting silica gel supported crude product was
loaded onto an Analogix SuperFlash™ column. Flash chromatography (30% - 60%
ethyl acetate in hexanes) gave 4.87 g (58% over two steps) of (4-ethanesulfonyl-
phenyl)-methanol as a white solid.

4-(Ethanesulfonyl)benzyl chloride

2y
/\S
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Triphenylphosphine (12.77 g, 48.7 mmol), carbon tetrachloride (19.0 mL, 197 mmol)
and tetrahydrofuran (40 mL) were combined and stirred at room temperature for 15
minutes. A solution of (4-ethanesulfonyl-phenyl)-methanol (4.87 g, 24.4 mmol) in 45
mL tetrahydrofuran was added, then the reaction mixture was heated at 75 °C for 3
hours. The reaction mixture was cooled to room temperature, then partitioned
between ethyl acetate (100 mL) and water (100 mL). The organic phase was dried
over MgSQq, filtered, and concentrated to give the crude product as an oily solid. A
solution of this crude product and dichloromethane was evaporated over silica gel,
and the resulting silica gel supported crude product was loaded onto an Analogix
SuperFlash™ column. Flash chromatography (15% - 35% ethyl acetate in hexanes)

afforded 5.16 g (97%) of 4-(ethanesulfonyl)benzyl chloride as a white, crystalline
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solid. "H NMR (300 MHz, DMSO-dg) d ppm 7.88 (d, J=8.2Hz, 2 H), 7.70 (d, J=8.2
Hz, 2 H),4.86(s,2H),3.29(q,J=7.4Hz,2H),1.07 (t, J=7.4 Hz, 3 H).
Preparation of 4-(benzylsulfanyl)benzyl chloride

©/\S /@Aq

5 4-(Benzylsulfanyl)-benzaldehyde

H
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To a stirred mixture of cesium carbonate (12.81 g, 39.33 mmol), benzyl mercaptan

(4.7 mL, 39 mmol), and N,N,-dimethylformamide (80 mL) was added 4-

fluorobenzaldehyde, slowly over several minutes. The reaction mixture was stirred

o)

10 at 40 °C overnight. The reaction mixture was cooled to room temperature, then
diluted with water (500 mL). The resulting mixture was acidified to pH 4 using 1 N
aqueous HCI, then extracted with ethyl acetate (3 x 150 mL). The combined organic
layers were washed with water and brine, dried over MgSQ;, filtered, and
concentrated. A solution of the crude product and dichloromethane was

15 concentrated over silica gel, and the resulting silica gel supported crude product was
loaded onto an Analogix SuperFlash™ column. Flash chromatography (100%
hexanes - 15% ethyl acetate in hexanes) afforded 7.70 g (90%) of 4-
(benzylsulfanyl)-benzaldehyde as a slightly pink solid.

4-(Benzylsulfanyl-phenyl)-methanol

@AS QAOH

Sodium borohydride (2.7 g, 67 mmol) was added slowly in three portions to an ice

20

cold mixture of 4-(benzylsulfanyl)-benzaldehyde (7.70 g, 33.7 mmol) and methanol
(150 mL). After the addition was complete, the reaction mixture was warmed to

25 room temperature, then stirred for 1 hour. The reaction mixture was cooled again in
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an ice bath, then 1 N aqueous HCI (80 mL) was added. The resulting mixture was
diluted with water (600 mL), then extracted with ethyl acetate (3 x 250 mL). The
combined organic layers were washed with brine, dried over MgSQOy, filtered, and
concentrated. Flash chromatography (Analogix SuperFlash™ column, 5% - 50%
ethyl acetate in hexanes) gave 6.33 g (81%) of (4-benzylsulfanyl-phenyl)-methanol

as a white solid.

4-(Benzylsulfanyl)benzyl chloride
L
ok

Triphenylphosphine (14.9 g, 56.8 mmol), carbon tetrachloride (35 mL, 360 mmol), (4-
benzylsulfanyl-phenyl)-methanol (6.33 g, 27.5 mmol), and tetrahydrofuran (120 mL)
were combined and stirred at reflux temperature overnight. The reaction mixture
was cooled to room temperature, then partitioned between ethyl acetate and water
(750 mL). The organic phase was dried over MgSQ, filtered, and concentrated to
give the crude product. Flash chromatography (Analogix SuperFlash™ column,
100% hexanes - 25% ethyl acetate in hexanes) afforded 4.57 g (67%) of 4-
(benzylsulfanyl)benzyl chloride as an off-white solid. "H NMR (300 MHz, DMSO-ds)
O ppm 7.16-7.44 (m, 9 H), 4.72 (s, 2 H), 4.26 (s, 2 H).

Preparation of 4-(benzenesulfonyl)benzyl chloride
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4-(Benzenesulfonyl)-benzaldehyde
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A mixture of 4-fluorobenzaldehyde (6 g, 48 mmol), sodium benzenesulfinate (7.5 g,
4.6 mmol), and dimethylsulfoxide (30 mL) was heated at 100 °C for 20 hours. The

3.78
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reaction mixture was cooled to room temperature, then partitioned between ethyl
acetate and water. The organic phase was dried over MgSQy, filtered, and
concentrated to give a white solid. A solution of this crude product and
dichloromethane was evaporated over silica gel, and the resulting silica gel

5 supported crude product was purified using flash chromatography (Analogix
SuperFlash™ column, 15% - 40% ethyl acetate in hexanes) to give 4.29 g (41%) of

4-(benzenesulfonyl)-benzaldehyde as a white solid.

(4-Benzenesulfonyl-phenyl)-methanol

10
Sodium borohydride (777 mg, 20.5 mmol) was added slowly in portions to a 0 °C
solution of 4-(benzenesulfonyl)-benzaldehyde (4.29 g, 18.6 mmol) and
tetrahydrofuran (60 mL). The reaction mixture was allowed to warm to room
temperature, then stirred at room temperature for 4 hours. The reaction mixture was

15 then cooled over an ice-water bath, diluted with ethyl acetate (80 mL), then carefully
quenched with a saturated aqueous solution of ammonium chloride (10 mL). The
mixture was washed with water (80 mL), then the organic phase was dried over
MgSOQsq, filtered, and concentrated to afford 2.83 g (61%) of (4-benzenesulfonyl-
phenyl)-methanol as a white solid. This product was used in subsequent steps

20 without further purification.

4-(Benzenesulfonyl)benzyl chloride

@\S /@Ag

I\
OO0

Triphenylphosphine (5.98 g, 22.8 mmol), carbon tetrachloride (9 mL, 93 mmol), (4-
benzenesulfonyl-phenyl)-methanol (2.83 g, 11.4 mmol) and tetrahydrofuran (42 mL)
25 were combined and heated at 100 °C for 4 hours. The reaction mixture was cooled
to room temperature, then partitioned between ethyl acetate (100 mL) and water
(100 mL). The organic phase was dried over MgSQy, filtered, and concentrated to

give the crude product as an oily solid. A solution of this crude product and
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dichloromethane was evaporated over silica gel, and the resulting silica gel
supported crude product was loaded onto an Analogix SuperFlash™ column. Flash
chromatography (15% - 35% ethyl acetate in hexanes) afforded 3.09 g (100%) of 4-
(benzenesulfonyl)benzyl chloride as a white, crystalline solid. 'H NMR (300 MHz,
DMSO-ds) & ppm 7.89-8.04 (m, 4 H), 7.53-7.75 (m, 5 H), 4.81 (s, 2 H).

Preparation of 2-(benzenesulfonyl)benzyl chloride

\\ //

2-(BenzenesuIfonyl)-benzaldehyde

\\//

A mixture of 2-fluorobenzaldehyde (4.67 g, 37.6 mmol), sodium benzenesulfinate

(6.79 g, 41.3 mmol), and dimethylsulfoxide (30 mL) was heated at 95 °C for 18 hours.

The reaction mixture was cooled to room temperature, then partitioned between
ethyl acetate and water. The organic phase was dried over MgSQ., filtered, and
concentrated to give a white solid. NMR analysis of this crude mixture indicated
unreacted 2-fluorobenzaldehyde to be the major component. The crude mixture was
redissolved in dimethylsulfoxide (30 mL), then sodium benzenesulfinate (5.0 g, 30
mmol) was added. The resulting mixture was heated at 95 °C for another 16 hours.
The reaction mixture was cooled to room temperature, then partitioned between
ethyl acetate and water. The organic phase was dried over MgSQ,, filtered, and
concentrated. A solution of this crude product and dichloromethane was evaporated
over silica gel, and the resulting silica gel supported crude product was loaded onto
an Analogix SuperFlash™ column. Flash chromatography (5% - 35% ethyl acetate
in hexanes) provided 1.96 g (23%) of 2-(benzenesulfonyl)-benzaldehyde as a clear,
colorless oil which partially solidified over time.

(2-BenzenesuIfonyl-phenyl)-methanol

\\//

i de



6.7 Hz, 4 H), 1.07 (t, J = 6.7 Hz, 6 H  2-23 2-Bronp- 4-(4-
{6-Fluoro- (400 MHz) 472.3 OH 4- Bronp- 442- 12.29 (br. s, SO

fl uor obermo01mssdegl -4- 1 H), 8.41 (d, O al dehyde netirgirEPeomOOpB3in J =
11.7 Hz,

-93 .
Sodium borohydride (690 mg, 18.2 mmol) was added to a solution of 2-
(benzenesulfonyl)-benzaldehyde (1.98 g, 8.04 mmol) and methanol (50 mL). The
reaction mixture was stirred at room temperature. When vigorous bubbling subsided,
the reaction mixture was cooled in an ice-water bath, then carefully quenched with a

5 1.0 N aqueous solution of HCI (20 mL). The mixture was concentrated to remove
methanol, then the residue was diluted with water and extracted three times with
ethyl acetate. The combined organic phases were dried over MgSQO,, filtered, and
concentrated to afford 1.94 g (97%) of (2-benzenesulfonyl-phenyl)-methanol as an
oil. This product was used in subsequent steps without further purification.

10 2-(Benzenesulfonyl)benzyl chloride

Cl
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o8

Triphenylphosphine (4.08 g, 15.5 mmol), carbon tetrachloride (7.0 mL, 73 mmol), (2-
benzenesulfonyl-phenyl)-methanol (1.90 g, 7.65 mmol) and tetrahydrofuran (40 mL)
were combined and heated at reflux for 2 hours. The reaction mixture was cooled to
15 room temperature, then stirred at room temperature for 60 hours. The reaction
mixture was diluted with water, then extracted three times with ethyl acetate. The
combined organic phases were washed with brine, dried over MgSQy, filtered, and
concentrated to give the crude product as an oily solid. A solution of this crude
product and dichloromethane was evaporated over silica gel, and the resulting silica
20 gel supported crude product was loaded onto an Analogix SuperFlash™ column.
Flash chromatography (0% - 15% ethyl acetate in hexanes) afforded 1.73 g (85%)
of 2-(benzenesulfonyl)benzyl chloride as an off-white, crystalline solid. "H NMR (300
MHz, DMSO-ds) © ppm 8.14 (d, J=7.8 Hz, 1 H), 7.93 (d, J=7.2 Hz, 2 H), 7.56 -
7.82 (m, 6 H), 5.07 (s, 2 H). HRMS (El+) cald. for C43H41CIO,S [M*] 266.0168, obsd.
25 266.0168.
Preparation of 3-(1-methyltetrazol-5-yl)benzyl chloride
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3-(Chloromethyl)-N-methyl-benzamide
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To a solution of 3-(chloromethyl)-benzoic acid (34.1 g, 200 mmol) in toluene (125
mL) was added thionyl chloride (21.9 mL, 300 mmol) at room temperature. The
resulting solution was heated at reflux for 15 hours. The reaction mixture was cooled
to room temperature and concentrated under vacuum. The resulting oily residue
was azeotroped with toluene and dried under high vacuum to obtain the crude acid
chloride. To a suspension of the above crude acid chloride (200 mmol) in
dichloromethane (400 mL) was added methylamine hydrochloride (14.9 g, 220
mmol) at -5 °C to 0 °C. Diisopropylethylamine (69.6 mL, 400 mmol) was added drop-
wise over 15-20 minutes at 0 °C. After completion of the addition, the mixture was
stirred for 45 minutes at 0 °C , then warmed to room temperature. After stirring at
room temperature for 15 minutes, the reaction mixture was diluted with water (300
mL) and the aqueous layer was extracted with dichloromethane (100 mL). The
combined organic layers were washed with brine and dried over anhydrous
magnesium sulfate. Filtration and concentration gave the crude solid which was
dissolved in toluene at ~60-70 °C. The resulting solution was stored in the
refrigerator overnight and the precipitated solids were collected by filtration and then
washed with hexanes. After drying in air, 3-(chloromethyl)-N-methyl-benzamide
(80%) was isolated as a light yellow solid.

3-(1-Methyltetrazol-5-yl)benzyl chloride

N-N

N
N Cl
/

To a suspension of 3-(chloromethyl)-N-methyl-benzamide (27.2 g, 148 mmol) in
toluene (100 mL) was added thionyl chloride (16.2 mL, 222 mmol) at room
temperature. The resulting suspension was heated at reflux for 15 hours. The
reaction mixture was cooled to room temperature and then concentrated under
vacuum. The residue was azeotroped with toluene and dried under high vacuum.
To a suspension of sodium azide (11.6 g, 178 mmol) in acetonitrile (140 mL) was

added chlorotrimethylsilane (23.7 mL, 187 mmol) at room temperature and the

Yl
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suspension was stirred for 1.5 hours. The reaction mixture was cooled to -10 °C and

the above crude imidoyl chloride (148 mmol) in acetonitrile (40 mL) was added over

5 minutes. The mixture was stirred for 2 hours at 0 °C and then stirred at room

temperature for 15 hours. The reaction mixture was diluted with water (200 mL) and

5 extracted with ethyl acetate (2 X 100 mL). The combined organic extracts were

washed with brine and dried over anhydrous magnesium sulfate. Filtration and

concentration gave a light yellow solid which was dissolved in hexanes-ethyl acetate

(220 mL, 11:9 ratio) at 60-70 °C. The resulting solution was stored in the refrigerator

and the precipitated solids were collected by filtration and washed with hexanes.

10 After drying in air, 3-(1-methyltetrazol-5-yl)benzyl chloride was isolated as 24.5 g

(79.5%) of a white amorphous solid, mp 63-65 °C; HRMS (ES+) cald. for CoHgCIN,4
[(M+H)] 209.0589, obsd. 209.0588.

Preparation of 4-(1-methyltetrazol-5-yl)benzyl chloride

15 4-(Chloromethyl)-N-methyl-benzamide

To a solution of 4-(chloromethyl)-benzoic acid (8.53 g, 50 mmol) in toluene (100 mL)
was added thionyl chloride (14.5 mL, 200 mmol) at room temperature. The resulting
solution was heated at reflux for 15 hours. The reaction mixture was cooled to room
20 temperature and concentrated under vacuum. The resulting oily residue was
azeotroped with toluene and dried under high vacuum to obtain the crude acid
chloride. To a suspension of the above crude acid chloride (50 mmol) in
dichloromethane (110 mL) was added methylamine hydrochloride (3.72 g, 55 mmol)
at -5 °C to 0 °C. Diisopropylethylamine (19.3 mL, 110 mmol) was added drop-wise
25 over 15-20 minutes at 0 °C. After completion of the addition, the mixture was stirred
for 45 minutes at 0 °C, then warmed to room temperature. After stirring at room
temperature for 15 minutes, the reaction mixture was diluted with water and the

aqueous layer was extracted with dichloromethane. The combined organic layers
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were washed with brine and dried over anhydrous magnesium sulfate. Filtration and

concentration gave the crude solid which was dissolved in toluene at ~60-70 °C.

The resulting solution was stored in the refrigerator overnight and the precipitated

solids were collected by filtration and then washed with hexanes. After drying in air,

4-(chloromethyl)-N-methyl-benzamide was isolated as a light yellow solid.

4-(1-Methyltetrazol-5-yl)benzyl chloride

Cl
N’N\
\t

N—N\
To a suspension of 4-(chloromethyl)-N-methyl-benzamide (50 mmol) in toluene (200
mL) was added thionyl chloride (29.1 mL, 400 mmol) at room temperature. The
resulting suspension was heated at reflux for 15 hours. The reaction mixture was
cooled to room temperature and then concentrated under vacuum. The residue was
azeotroped with toluene and dried under high vacuum. To a suspension of sodium
azide (4.55 g, 70 mmol) in acetonitrile (100 mL) was added chlorotrimethylsilane
(9.15 mL, 73.4 mmol) at room temperature and the suspension was stirred for 1.5
hours. The reaction mixture was cooled to -10 °C and the above crude imidoyl
chloride (50 mmol) in acetonitrile (65 mL) was added over 5 minutes. The mixture
was stirred for 2 hours at 0 °C and then stirred at room temperature for 15 hours.
The reaction mixture was diluted with water and extracted with ethyl acetate (2 X 100
mL). The combined organic extracts were washed with brine and dried over
anhydrous magnesium sulfate. Filtration and concentration gave a light yellow solid
which was dissolved in hexanes-ethyl acetate (220 mL, 11:9 ratio) at 60-70 °C. The
resulting solution was stored in the refrigerator overnight and the precipitated solids
were collected by filtration and washed with hexanes. After drying in air, 4-(1-
methyltetrazol-5-yl)benzyl chloride was isolated as 6.26 g (60%) of a white solid. 'H
NMR (300 MHz, CDCls) & ppm 7.76 (d, J =8.2 Hz, 2 H), 7.61 (d, J = 8.2 Hz, 2 H),
4.67 (s, 2 H), 4.20 (s, 3 H). HRMS (ES+) cald. for CgHsCIN,4 [(M+H)"] 209.0589,
obsd. 209.0588.

Preparation of 1-chloromethyl-4-methanesulfonylmethyl benzene
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(4-Methanesulfonylmethyl-phenyl)-methanol
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A 1.0 M solution of diisobutylaluminum hydride in toluene (44 mL, 44 mmol) was
added slowly drop-wise to a 0 °C solution of methyl 4-

5 (methanesulfonylmethyl)benzoate (4.00 g, 17.5 mmol) and toluene (220 mL). After
the addition was complete, the reaction mixture was warmed to room temperature,
then stirred at room temperature for 16 hours. After this time, thin-layer
chromatography indicated some starting material to remain. The reaction mixture
was cooled to 0 °C, then additional 1.0 M diisobutylaluminum hydride in toluene (44

10  mL, 44 mmol) was added slowly drop-wise to the cold reaction mixture. The reaction
mixture was warmed to room temperature, and then stirred for 20 minutes. The
reaction mixture was again cooled to 0 °C. Ethyl acetate (50 mL) was added
followed by methanol (1 mL). The reaction mixture was allowed to stand for 6
minutes at 0 °C, during which time the mixture became cloudy and thick. A

15 saturated aqueous solution of sodium potassium tartrate was added, and the
heterogeneous mixture was warmed to room temperature. Water and additional
ethyl acetate (50 mL) were added. The organic phase was separated, dried over
MgSQOy, filtered, and concentrated to give 2.18 g (62%) of (4-methane-
sulfonylmethyl-phenyl)-methanol as a white solid.

20 1-Chloromethyl-4-methanesulfonylmethyl benzene

S

Triphenylphosphine (5.71 g, 21.8 mmol), carbon tetrachloride (8.4 mL, 87 mmol),
and tetrahydrofuran (12 mL) were combined in a round bottom flask under argon and
stirred at room temperature for 10 minutes. A heterogeneous mixture of (4-

25 methanesulfonylmethyl-phenyl)-methanol (2.18 g, 10.9 mmol) and tetrahydrofuran
(37 mL) were added to the reaction mixture, and then the mixture was heated at
75 °C for 3 hours. The reaction mixture was cooled to room temperature, and then
partitioned between ethyl acetate and water. The organic phase was dried over
MgSQ,, filtered, and concentrated to give the crude product as an oily solid. A

30 solution of this crude product and dichloromethane was concentrated over silica gel,
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and the resulting silica gel supported crude product was loaded onto a RediSep®
Flash column. Flash chromatography (25% - 40% ethyl acetate in hexanes) afforded
1.59 g (67%) of 1-chloromethyl-4-methanesulfonylmethyl benzene as a white solid.
"H NMR (300 MHz, DMSO-ds) 5 ppm 7.47 (d, J =8.2 Hz, 2 H), 7.41 (d, J=8.2 Hz, 2
H), 4.78 (s, 2 H), 4.50 (s, 2 H), 2.91 (s, 3 H).

Preparation of (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-

naphthalen-2-yl)-acetic acid tert-butyl ester
F
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4-(4-Fluoro-phenyl)-2-methyl-buta-2,3-dienoic acid ethyl ester

F
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To a solution of (4-fluoro-phenyl)-acetic acid (22.33 g, 144.9 mmol) in 100 mL of
methyl terf-butyl ether and 250 pL of DMF was added 13.02 mL (146.3 mmol) of
oxalyl chloride at room temperature dropwise over 30 minutes. The resulting mixture
was stirred at room temperature for an additional 20 minutes (HPLC indicated
completed reaction), and then the entire solution was added dropwise over 1 hour to
a solution of N,N-diisopropylethylamine (50.48 mL, 289.8 mmol) and ethyl 2-
(triphenylphosphoranylidene)propionate (50.0 g, 138.0 mmol) in 100 mL of methyl
tert-butyl ether, while maintaining the internal temperature between 0-15 °C. After
the addition was complete, the reaction mixture was stirred for an additional 10
minutes at 0-10 °C, when HPLC indicated a completed reaction. The reaction
mixture was then diluted with 100 mL of heptane, and stirred for 30 minutes at 0-

10 °C. The resulting solid was filtered and washed with 2x 100 mL of 1:1 methyl fert-
butyl ether:heptane. The filtrate and the washings were combined and washed with
100 mL of water, 100 mL of 1M citric acid, 2x100 mL of water, then concentrated

azeotropically at 25 °C/60 mmHg to a total volume of ~40 mL. The residue was

3.77
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diluted with 60 mL of methyl tert-butyl ether. This solution was then directly used for
the next step.

2-Ethoxycarbonyl-3-[1-(4-fluoro-phenyl)-meth-(E)-ylidene]-

4-methyl-pentanedioic acid 1-tert-butyl ester 5-ethyl ester

Malonic acid tert-butyl ester ethyl ester (30.08 g, 151.8 mmol) was added to a
solution of potassium tert-butoxide (16.30 g, 138.0 mmol) in 200 mL of N,N-dimethyl
acetamide, while the reaction temperature was maintained at ~25 °C. To the
resulting mixture was then added the solution of 4-(4-fluoro-phenyl)-2-methyl-buta-
2,3-dienoic acid ethyl ester prepared above, at such a rate that the reaction
temperature was maintained between 20-28 °C. After the addition was complete,
the reaction mixture was stirred at room temperature for 20 minutes, when HPLC
indicated completed reaction. The mixture was then treated with 100 mL of 1M citric
acid and 150 mL of ice-water, and then extracted with 400 mL of methyl fert-butyl
ether. The organic extract was separated and washed with 2x200 mL of water, and
then concentrated to produce 56.36 g of a yellow oil, which was used in the next step
without further purification.
3-[1-(4-Fluoro-phenyl)-meth-(Z)-ylidene]-2-methyl-pentanedioic acid 5-tert-butyl

ester

%

The malonate ester derivative prepared above (56.36 g, 138 mmol) was dissolved in
280 mL of absolute ethanol. Lithium hydroxide (1M solution, 414.0 mL, 414.0 mmol)
was 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
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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 adjust the pH to 2.75. The reaction mixture was then
extracted with methyl tert-butyl ether (400 mL). The organic phase was separated
5 and washed with 200 mL of water, then treated with 17.00 mL of 1M sodium
carbonate in 150 mL of water, washed with an additional 200 mL of water, and then
concentrated azeotropically at 30 °C/80 mmHg to produce an oil. Methyl tert-butyl
ether (200 mL) was added, and the residue was concentrated azeotropically at
30 °C/80 mmHg to produce 38.3 g of a yellow oil, which was used in the next step
10  without further purification.

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

o,

The above prepared 3-[1-(4-fluoro-phenyl)-meth-(Z)-ylidene]-2-methyl-pentanedioic
acid 5-tert-butyl ester (38.3 g, 124.2 mmol) was dissolved in acetic anhydride (96.00
15 mL, 995.3 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 maintaining the internal temperature at ~ 23 °C. The
20 mixture was then cooled to 0-5 °C, and stirred for 2 hours. The solid formed was
filtered, and then washed with water (2x40 mL), heptane (2x40 mL), and then dried
under vacuum to furnish 28.5 g of a yellow solid, which was used in the next step

without further purification.
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(6-Fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid tert-butyl ester

%,

To a mixture of the above prepared (4-acetoxy-6-fluoro-3-methyl-naphthalen-2-yl)-
acetic acid tert-butyl ester (28.4 g, 85.44 mmol) in 140 mL of methanol was added
sodium methoxide (25% solution in methanol, 23.44 mL, 102.5 mmol) rapidly
dropwise. The resulting reaction mixture was stirred at room temperature for 20
minutes, when HPLC analysis indicated a completed reaction. The mixture was
cooled to 0 °C, and then acidified to pH 2 with 1N hydrochloric acid solution (111.1
mL, 111.1 mmol). The mixture was then stirred at 0-5 °C for an additional 30
minutes. The resulting solid was filtered, and washed with water (2x40 mL), then
dried under vacuum overnight (40 °C), to produce 23.7 g of (6-fluoro-4-hydroxy-3-
methyl-naphthalen-2-yl)-acetic acid tert-butyl ester as a light yellow solid. "H NMR
(300 MHz, DMSO-ds) & ppm 9.09 (s, 1 H), 7.76-7.86 (m, 2 H), 7.26-7.35 (m, 2 H),
3.71(s,2H),2.23 (s, 3H), 1.41 (s, 9 H).
(6-Fluoro-3-methyl-4-trifluoromethanesulfonyloxy-

naphthalen-2-yl)-acetic acid tert-butyl ester

F F

O\\\

hae?

A solution of (6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid tert-butyl
ester (8.00 g, 27.52 mmol), in 48.0 mL of dichloromethane was cooled to 0-5 °C. To
this solution was added pyridine (4.451 mL, 55.04 mmol) in one portion. Then,
trifluoromethanesulfonic anhydride (5.556 mL, 33.04 mmol) was added dropwise

over 5 minutes, in order to maintain the internal temperature between 5-15 °C. The

J
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resulting reaction mixture was stirred at 10 °C for an additional 10 minutes, then

warmed up to room temperature, and stirred for an additional 5 minutes. HPLC
analysis indicated complete disappearance of the starting phenol. The reaction
mixture was then quenched with 40.0 mL of water. The organic layer was separated

5 and washed with 1M citric acid (33.33 mL, 33.33 mmol), followed by 40.0 mL of
water. The resulting organic layer was then concentrated to a viscous oil, dissolved
in 20 mL of 1:1 dichloromethane:heptane, and filtered through a thin silica gel plug
(elution with 1:1 dichloromethane:heptane), to furnish 11.5 g of (6-fluoro-3-methyl-4-
trifluoromethanesulfonyloxy-naphthalen-2-yl)-acetic acid tert-butyl ester as an off-

10  white solid. '"H NMR (300 MHz, DMSO-ds) & ppm 8.13 (dd, J = 8.9, 5.7 Hz, 1 H),
8.00 (s, 1 H), 7.60 (dd, J=8.9, 2.1 Hz, 1 H), 7.49-7.56 (m, 1 H), 3.91 (s, 2 H), 2.41 (s,
3 H), 1.39 (s, 9 H).

PART li: PREPARATION OF COMPOUNDS OF INTEREST
EXAMPLE 1-1
15
[4-(4-Dimethylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic acid

2-Trimethylsilanylethynyl-benzaldehyde
0O

H

A o

AN

20 A solution of 2-bromo-benzaldehyde (20.0 g, 108.1 mmol) in anhydrous
tetrahydrofuran (200 mL) was degassed with argon for 30 minutes at room
temperature. To the above solution was added bis(triphenylphosphine)palladium(ll)
chloride (Pd(PPhs).Clo) (3.79 g, 5.4 mmol) and the mixture was degassed again for
an additional 15 minutes. To the reaction mixture were added trimethylsilanyl

25 acetylene (33.97 mL, 216.2 mmol), copper(l) iodide (1.0 g, 5.4 mmol) and
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triethylamine (29.5 mL, 216.2 mmol), and the mixture was stirred for 16 hours at

room temperature. Tetrahydrofuran was removed in vacuo. To the residue was

added water (100 mL), and the resulting mixture was extracted with ethyl acetate (3

x 100 mL). The combined organic layers were dried over anhydrous sodium sulfate,
5 filtered, and concentrated in vacuo to give a black colored crude product. Flash

chromatography (silica gel, 100-200 mesh, 2-5% ethyl acetate in hexane) afforded 2-

trimethylsilanylethynyl-benzaldehyde (18.0 g, 82%) as a brown colored solid. MS

(ESI+) cald. for C1.H140Si [(M+H)"] 202, obsd. 203.

2-Ethynyl-benzaldehyde
0
H

10 A
To a solution of 2-trimethylsilanylethynyl-benzaldehyde (6 g, 29.70 mmol) in N,N-
dimethylformamide (10 mL) was added potassium fluoride (1 g, 17.2 mmol). The
reaction mixture was stirred at room temperature for 30 minutes. The resulting
solution was poured into water, and then extracted with dichloromethane. The

15 collected organic layers were dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (RediSep® Flash column, 230-400
mesh, 0-25% ethyl acetate in hexane) gave 2-ethynyl-benzaldehyde (2.8 g, 73%) as
a white solid. MS (ESI+) cald for CgHgO [(M+H)*] 130, obsd. 131.

20 4-(2-Formyl-phenylethynyl)-N,N-dimethyl-benzenesulfonamide
0
H
_ P -
=
o \

A mixture of 4-bromo-N, N-dimethylbenzenesulfonamide (610 mg, 2.31 mmol)
bis(triphenylphosphine)palladium(ll) chloride (Pd(PPhs).Cl2) (33 mg, 0.05 mmol),

25 copper (I) iodide (5 mg, 0.03 mmol) and triethylamine (3 mL) was degassed with
argon. To the above mixture was added a degassed solution of 2-ethynyl-
benzaldehyde (300 mg, 2.31 mmol) in acetonitrile (3 mL). The resulting mixture was
heated at 80 °C for 3 hours under argon, and then cooled to room temperature,
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treated with ethyl acetate, and then washed with water. The organic layer was dried
over anhydrous sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (RediSep® Flash column, 230-400 mesh, 5-40% ethyl acetate in
hexane) gave 4-(2-formyl-phenylethynyl)-N,N-dimethyl-benzenesulfonamide (454 mg,
63%) as a brown oil. MS (ESI+) cald. for C17H1sNO3S [(M+H)*] 313, obsd. 314.
[4-(4-Dimethylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic acid ethyl ester

o~
SOR.
0]
0]

O.,S\lil/

A suspension of gold(lll) bromide (38 mg, 0.087 mmol), 4-oxo-butyric acid ethyl ester
(377 mg, 2.9 mmol) and 4-(2-formyl-phenylethynyl)-N,N-dimethyl-
benzenesulfonamide (454 mg, 1.45 mmol) in anhydrous dioxane (10 mL) was
heated at 100 °C for 4 hours. After being cooled to room temperature, the mixture
was treated with ethyl acetate, and then washed with water. The collected organic
layer was dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (RediSep® Flash column, 230-400 mesh, 25-60% ethyl
acetate in hexane) gave [4-(4-dimethylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic
acid ethyl ester (180 mg, 29%). MS (ESI+) cald. for Ca3sH23NOsS [(M+H)'] 425, obsd.
426.

[4-(4-Dimethylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic acid

OH
I
g
’/S\N/

o

To a stirred solution of [4-(4-dimethylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic acid
ethyl ester (180 g, 0.42 mmol) in tetrahydrofuran:water (1:1; 4 mL) was added lithium
hydroxide (40 mg, 0.97 mmol) at room temperature, and the resulting mixture was
heated at reflux for 6 hours. The solvents were removed under reduced pressure,

and the residue was washed with diethyl ether (5 x 5 mL), and then acidified with
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50% aqueous hydrochloric acid solution (10 mL) and extracted with ethyl acetate (3
x 25 mL). The collected organic layers were dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo to give a crude solid, which was further washed
with a hexane/ethyl acetate/ether mixture and freeze dried to give pure [4-(4-
5 dimethylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic acid (130 g, 77%) as a brown
solid. "H NMR (300 MHz, DMSO-ds) & ppm 12.35 (br. s, 1 H), 7.96 - 8.11 (m, 5 H),
7.91(d,J=82Hz 2H),7.52-7.68 (m, 3 H),3.83 (s, 2 H), 2.66 (s, 6 H); HRMS
cald. for C21H1sNOsS (ESI*) [(M+ H)*] 398.1057, obsd. 398.1056.
EXAMPLES 1-2 to 1-5
10 The following examples 1-2 to 1-5 were prepared in an analogous manner to
example 1-1, starting with the appropriate commercially available or prepared

aldehydes, aryl halides, and 4-oxo-butyric acid methyl ester (or ethyl ester).

'H NMR (300
Example Aryl Systematic | MHz, DMSO- MS
No. Aldehyde | halide | Name ds) & ppm (M+H)" | Structure
1-2 2-Bromo- | 4- [6-Fluoro- | (400 MHz, 388
4- lodo- | 4-(4- DMSO-dg)
fluorobenz | benze | sulfamoyl- | 12.51 (br.s, 1
aldehyde | nesulf | benzoyl)- | H),8.11-8.19 OH
onami | naphthale | (m,1H),7.90 OO
de n-2-yl}- -8.01(m, 4 F O
acetic acid | H), 7.85 (dd, J
=11.1,2.4 Hz, 0
1H),768(d,J O ,O
=1.2 Hz, 1 H), S=p
7.61 (s,2 H), NH
757 (td, J = 2
8.6,2.4Hz,2
H),3.82 (s, 2
H)
1-3 2-Bromo | 4- [4-(4- (400 MHz, 370
benzaldeh | lodo- Sulfamoyl- | DMSO-dg)
yde benze | benzoyl)- 12.50 (br. s, 1
nesulf | naphthale | H),7.86-8.17 OH
onami | n-2-yl}- (m, 7 H), 7.51 OO
de acetic acid | -7.68 (m, 5 O
H), 3.83 (s, 2
’ TT
I’O
$=0
NH,
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thyl- = 8.5 Hz, 2 e naphthale H), 8.04 (d, J n-2-yl]- = 8.5 Hz, 2
aceti c acwa 2pho/0530089 (d, J = 8.8 Hz, 1 PCT/EP2009/064813
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1-4 2-Bromo- | 1- [4-(2- 12.27 (br. s, 1 457.0279°
4- Bromo | Chloro-4- | H), 8.66 (dd, J
fluorobenz | -2- ethanesulf | =12.1,2.6 Hz, OH
aldehyde | chloro- | onyl- 1H),821 (s, 1
4- benzoyl)- | H), 8.17 (dd, J OO o
ethane | 6-fluoro- =9.0,6.3 Hz, F
sulfon | naphthale | 1H),8.10(d,J
yl- n-2-ylJ- =1.6 Hz, 1 H), 0 O
benze | acetic acid | 8.01 (dd, J = 0
ne 8.0, 1.6 Hz, 1 cl $=0
H),7.90(d,J = )
8.0 Hz, 1 H),
7.69 (br.s, 1
H), 7.63 (td, J
=9.0,2.6 Hz,
1H),3.75(s,2
H),348(q,J =
7.4 Hz, 2 H),
147 (t, J=7.4
Hz, 3 H)
1-5 2-Bromo- | 1- {4-[4-(3- 1242 (br.s,1 | 505.0283"
4- bromo | Chloro- H),8.19(d, J =
fluorobenz | -4-[(3- | benzenesu | 8.5 Hz, 2 H), OH
aldehyde | chioro | ifonyl)- 8.11 - 8.16 (m, OO
phenyl | benzoyl]- 2H),8.09(J F O
)sulfon | 6-fluoro- =1.8Hz, 1 H),
yl] naphthale | 7.97 (d,J=8.5 o)
benze | n-2-yl}- Hz, 2 H), 7.93 O .0
ne acetic acid | - 8.03 (m, 1 $=0
H), 7.88 (dd, J
=11.5,2.4 Hz,
1 H),7.81- cl
7.86 (M, 1H),
7.69 (s, 1 H),
770(t,J=78
Hz, 1 H), 7.56
(td, J=88,2.7
Hz, 1 H), 3.80
(s,2H)

a: HRMS (ESI+, [(M+H)™]); b: HRMS (ESI+, [(M+Na)'])

[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid

EXAMPLE 241

oY
. ol

O
0
S

73N

(4-Methanesulfonyl-phenylethynyl)-trimethyl-silane
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Bromo-4-methanesulfonyl benzene (50.78 g, 213 mmol) was placed in a 3-necked
round bottomed flask and purged with argon. Copper(l) iodide (2.05 g, 10.6 mmol)
and bis(triphenylphosphine)palladium(ll) chloride (PdClx(PPhs)) (7.55 g, 10.6 mmol)
5 were added while purging with argon, followed by the addition of triethylamine (200

mL) and anhydrous dichloromethane (200 mL). (Trimethylsilyl)acetylene (61 mL,
425 mmol) was added and the reaction mixture was stirred at room temperature over
72 hours. The mixture was concentrated, then partitioned between ethyl acetate and
water. The combined organic layers were washed with 1 N hydrochloric acid, water,

10 and brine, dried over magnesium sulfate, filtered, and concentrated to afford crude
(4-methanesulfonyl-phenylethynyl)-trimethyl-silane (54 g, 213 mmol), which was
used in the next step without further purification. MS (ESI*) cald. for C12H1602SSi
[((M+H)"] 252, obsd. 253.

15 1-Ethynyl-4-methanesulfonyl-benzene

s”
pog
&=

To a solution of (4-methanesulfonyl-phenylethynyl)-trimethyl-silane (20.7 g , 82.0
mmol) in tetrahydrofuran (450 mL) was added tetrabutylammonium fluoride hydrate
(8.80 g, 27.3 mmol). An immediate color change from yellow to red was observed.

20 After 5 minutes, the reaction was complete, and the solvent was removed in vacuo.
Water was added, and the resulting mixture was then extracted three times with
ethyl acetate. The combined organic layers were washed with water and brine, dried
over magnesium sulfate, filtered, and concentrated. The residue was suspended in
dichloromethane, and the insoluble material was filtered off. The filtrate was

25 concentrated to give the crude product. Flash chromatography (RediSep® Flash
column, 230-400 mesh, 0-25% ethyl acetate in hexane) afforded 1-ethynyl-4-
methanesulfonyl-benzene (10.7 g, 72% yield) as a yellow solid.
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4-Fluoro-2-(4-methanesulfonyl-phenylethynyl)-benzaldehyde
0

Cr
F \\
Ul

S

7N

O
A degassed mixture of 1-ethynyl-4-methanesulfonyl-benzene (2.5 g, 13.87 mmol),
5 bis(triphenylphosphine)palladium(ll) chloride (0.49 g, 0.69 mmol), copper(l) iodide
(0.13 g, 0.69 mmol), triethylamine (28 mL), and 2-bromo-4-fluorobenzaldehyde (3.38
g, 16 mmol) in dichloromethane (10 mL) was stirred at 80 °C for 3.5 hours, then at
room temperature overnight. The reaction mixture was partitioned between
dichloromethane and water. The organic layer was dried over sodium sulfate,

10 filtered, and concentrated in vacuo. Flash chromatography (RediSep® Flash column,
230-400 mesh, 15-35% ethyl acetate in hexane) gave 4-fluoro-2-(4-methanesulfonyl-
phenylethynyl)-benzaldehyde (3.32 g, 79%). MS (ESI+) cald. for C4sH11FO3S
[(M+H)"] 302, obsd. 302.

[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid ethyl

15 ester

F
O
’y

l,S ~

To a mixture of 4-fluoro-2-(4-methanesulfonyl-phenylethynyl)-benzaldehyde (1.74 g,
5.77 mmol) and gold(lll) bromide (0.15 g, 0.35 mmol) in dioxane (8 mL) was added
4-oxo-butyric acid ethyl ester (1.50 g, 11.53 mmol). The reaction mixture was

20 heated at 100 °C under nitrogen for 4 hours. The solvent was removed in vacuo to
afford a deep red viscous oil. Flash chromatography (RediSep® Flash column, 230-
400 mesh, 25-65% ethyl acetate in hexane) gave [6-fluoro-4-(4-methanesulfonyl-
benzoyl)-naphthalen-2-yl]-acetic acid ethyl ester (0.63 g, 26%). MS (ESI+) cald. for
C2oH1oFOsS [(M+H)'] 414, obsd. 415. It is noted that in some instances, this
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reaction also produced some amount of [6-fluoro-4-(4-methanesulfonyl-benzoyl)-
naphthalen-2-ylJ-acetic acid.

[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid

F
O
’

I,S ~

5 To a solution of [6-fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid
ethyl ester (0.63 g, 1.52 mmol) in tetrahydrofuran (6 mL) and water (6 mL) was
added lithium hydroxide monohydrate (0.83 g, 1.98 mmol). The reaction mixture
was heated at reflux for 3 hours. After cooling to room temperature, more water was
added, and tetrahydrofuran was removed under reduced pressure. The pH was

10 adjusted to 2 with ca. 2 mL of 4 N hydrochloric acid. The resulting light tan solid was
collected by filtration to give pure [6-fluoro-4-(4-methanesulfonyl-benzoyl)-
naphthalen-2-yl]-acetic acid (0.53 g, 90%). 'H NMR (300 MHz, DMSO-ds) & ppm
12.48 (br.s, 1 H), 8.15(s,1 H), 8.12-8.20 (m, 1 H), 8.11 (d, J = 8.3 Hz, 2 H), 8.00
(d,J=8.3Hz,2H),7.90 (dd, J=11.5,24 Hz, 1 H), 7.70 (s, 1 H), 7.57 (id, J = 8.8,

15 2.4 Hz, 1H), 3.82 (s, 2H), 3.32 (br. s, 3 H); HRMS cald. for C2H1sFOsS (ES+) [(M+
Na)*]. 409.0516, obsd. 409.0515.

EXAMPLES 2-2 to 2-32
The following examples 2-2 to 2-32 were prepared in an analogous manner to
20 example 2-1, starting with the appropriate commercially available or prepared
aldehydes and aryl halides and 4-oxo-butyric acid ethyl ester (or methyl ester).

Exa 'H NMR (300
mple Aryl Systematic | MHz, DMSO- | MS
No. Aldehyde halide Name ds) © ppm (M+H)" Structure
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2-2 Trifluorom | 1- [4-(4- 12.43 (br. s, 389.0897°
ethanesulf | Bromo- | Methanes | 1 H), 8.10 (d, OH
onic acid 4- ulfonyl- J=8.5Hz 2 OO
2-formyl-5- | methan | benzoyl)- H),7.94 - ~o 0
methoxy- esulfon | 6- 8.03 (m, 4 H),
phenyl yl methoxy- 7.58(d,J = 0
ester benzen | naphthale 1.5Hz, 1 H), O o)
e n-2-yl}- 7.55(d,J = Si\o
acetic acid | 2.5 Hz, 1 H), |
7.29(dd, J =
8.9,2.5Hz,1
H), 3.77 (s, 3
H), 3.76 (s, 2
H), 3.33 (br.
s, 3 H)
2-3 2-Bromo- 1- [4-(4- 12.49 (br. s, 369 OH
benzaldeh | Bromo- | Methanes | 1 H), 8.08 - OO
yde 4- ulfonyl- 8.13(m,J = 0]
methan | benzoyl)- 8.4 Hz, 2 H),
esulfon | naphthale | 8.08 (s, 1 H), 0
vl n-2-yl}- 8.00 - 8.07 O .0
benzen | acetic acid | (m, 2 H), 8.00 SL\O
e (d,J=84 |
Hz, 2 H),
7.53-7.66
(m, 3 H),3.83
(s,2 H), 3.31
(s,3H)
2-4 2-Bromo- 1- [7-Fluoro- 12.49 (br. s, 387.0697°
5- Bromo- | 4-(4- 1 H), 8.12 (m, F OH
fluorobenz | 4- methanes | 1 H), 8.10 (d, OO
aldehyde methan | ulfonyl- J=8.5Hz 2 O
esulfon | benzoyl)- H), 8.06 (br.
vl naphthale | s, 1 H), 8.00 0
benzen | n-2-yl]- (d,J=85 O 0
e acetic acid | Hz, 2 H), Si\o
7.86 (dd, J = |
10.0, 2.8 Hz,
1H),7.58 (d,
J=15Hz,1
H), 7.49 (id, J
=9.1, 2.8 Hz,
1H),3.82 (s,
2 H), 3.29 (s,
3H)
2-5 2-Bromo- 1- [6-Fluoro- | (CDCIls) 8.58 | 401.0852°
4- Bromo- | 4-(4- (dd, J=11.8, OH
fluorobenz | 4- methanes | 2.5 Hz, 1 H), OO
aldehyde methan | ulfonyl-2- 7.98 (s, 1 H), = O
esulfon | methyl- 7.90 (s, 1 H),
yl-2- benzoyl)- 7.89-7.96 o
methyl naphthale | (m, 1 H), 7.80 O 0
benzen | n-2-ylJ- -7.88 (m, 1 Si\o
e acetic acid | H), 7.54 (d, J |
=7.8Hz,1
H), 7.49 (s, 1
H), 7.41 (id, J
=8.5,2.5Hz,




acet 7.67 - 7.75 ic acid (m 2 H, 7.51 - 7.61 (m 1 ,
3.82 (s, 2 H, 3.40 (s, 2 H  2-32 2-Bronpb- 1- [4-(4- (CDCl3)
8. 30 437.w6a6wn/ds8n0s/ 0' u), PCT/EP2009/064813
-111-
1H),3.78 (s,
2 H), 3.13 (s,
3 H), 2.45 (s,
3H)
2-6 2-bromo- 1- [6,7- (CDCl3) 8.16 | 405.0603°
4,5- Bromo- | Difluoro-4- | (dd, J =12.1,
difluoro- 4- (4- 8.2 Hz, 1 H),
benzaldeh | methan | methanes | 8.08(d,J = = OH
yde esulfon | ulfonyl- 8.2 Hz, 2 H),
yl benzoyl)- | 8.02(d,J = OO 0
benzen | naphthale | 8.2 Hz, 2 H), F
e n-2-yl}- 7.90 (s, 1 H),
acetic acid | 7.66 (dd, J = O
10.4, 8.0 Hz, O
1H),7.55 (s,
1H),3.84 (s,
2 H), 3.13 (s,
3H)
2-7 6-Bromo- | 1- [8-(4- (400 MHz) 413
benzo[1,3] | Bromo- | Methanes | 12.44 (br. s, HO
dioxole-5- | 4- ulfonyl- 1 H),8.09 (d,
carbaldehy | methan | benzoyl)- J=8.6Hz 2 0
de esulfon | naphtho[2, | H),7.97 (d, J < OO
yl 3- =8.6Hz 2 0
benzen | d][1,3]diox | H), 7.89 (br.
e ol-6-yl]- s, 1H),7.45 0 O
acetic acid | (s,2H), 7.40 0
(d,J=17 St
Hz, 1 H), / O
6.17 (s, 2 H),
3.73 (s, 2 H),
3.32(s,3H)
2-8 2-Bromo- | 2- [4-(2- 12.43 (br. s, 443.0125° OH
4- chloro- | Chloro-4- 1 H), 8.65 OO
fluorobenz | 1-iodo- | methanes | (dd,J=11.9, E al O
aldehyde 4- ulfonyl- 2.5Hz, 1 H),
methan | benzoyl)- 8.21 (br.s, 1 0
esulfon | 6-fluoro- H), 8.16 - O 0
yl- naphthale | 8.22 (m, 1 H), '
benzen | n-2-yl}- 8.14(d,J =
e acetic acid | 1.4 Hz, 1 H),
8.03 (dd, J =
79,14 Hz, 1
H),7.87 (d, J
=7.9Hz,1
H),7.67 (d, J
=1.2Hz,1
H), 7.61 (id, J
=8.9,2.5Hz,
1H),3.75 (s,
2 H), 3.37 (s,
3 H)




00 0 *O0OLLwuU_u_ 5- Bronb- Methanes (d, J = 9.4 trifluorone 4-

ul fonyl- Hz, 1 H), t hyl benzal nethan benzoyl)- 8.23 (s, 1 H), dehyde
esul fon WOR00M56®5 1 H), yl trifluoronme 8.06 (m 4PHI/EP2009/0bsSmzen
thyl- 7.72 (d, =

-112 -

2-9 2-bromo- 1- [4-(4- (400 MHz) 399 _0 OH
5- Bromo- | Methanes | 12.46 (s, 1

methoxy- 4- ulfonyl- H), 8.10 (d, J OO O
benzaldeh | methan | benzoyl)- =8.6Hz 2

yde esulfon | 7- H),7.98 (d, J o
yl methoxy- =8.6Hz 2 O 0
benzen | naphthale | H),7.95 - ¥

e n-2-yl} 7.98 (m, 1 H), ?‘0
acetic acid | 7.95(d, J =
9.4 Hz, 1 H),
745(d, J =
2.7 Hz, 1 H),
742(d,J =
1.5Hz, 1H),
7.22(dd,J =
94,27 Hz, 1
H),3.90 (s, 3
H),3.78 (s, 2
H),3.31 (s, 3
H)

2-10 | 2-Bromo- 1- [6-Fluoro- 12.52 (br. s, 387

4- Bromo- | 4-(3- 1H),8.27 - OH
fluorobenz | 3- methanes | 8.29 (m, 1 H), OO
aldehyde methan | ulfonyl- 8.23-8.27 F O

esulfon | benzoyl)- | (m,1H),8.13 |
yl naphthale | -8.19 (m, 2 0 ST
benzen | n-2-yl}- H), 8.08 (dt, J O 0]
e acetic acid | =7.8, 1.4 Hz,
1H),7.87 -
7.91 (m, 1 H),
7.82-7.87
(m, 1 H),7.71
d,J=10
Hz, 1 H),
7.57 (td, J =
8.7,2.5Hz, 1
H), 3.82 (s, 2
H),3.30 (s, 3
H)
2-11 | 2-Bromo- | 1- [4-(3- (400 MHz) 369
benzaldeh | Bromo- | Methanes | 12.49 (br. s, OH
yde 3- ulfonyl- 1 H), 8.29 (s, OO
methan | benzoyl)- 1 H), 8.26 (d, O
esulfon | naphthale | J=8.3 Hz,1

y n-2-ylJ H), 7.99 - o X
benzen | acetic acid | 8.12 (m, 4 H), O O
e 7.84(t J=

7.8 Hz, 1 H),
7.62(d,J =
1.2 Hz, 1 H),
7.52 -7.67
(m, 2 H), 3.83
(s, 2 H), 3.30
(s,3H)




e naphthale 8.2 Hz, 1 H), n-2-yl]- 7.66 (s, 1 H) acetic acid 3.90
(s, 2 H, 3.12 (s, 3 H a: HRVB (ES+, [(MI-H)]),; b: HRVB (ESH+,
[ (M:Na) | )WOBXANMBE®S 3- 1 PCT/EP2009/064813

5{ 6- Fl uor o- 4- 14- (pi per azi ne- 1- sul f onv1) - benzovi | - napht hal en- 2-v1}-acetic

acid OH WD 2010/ 055005PCT/ EP2009/ 064

12

P

0 -

4- (4- Brono- benzenesul f ony1) - pi per azi ne- carboxylic acid tert-butyl ester
9 /--\ 0 [rAN2 /|N-Byomo-Tr|itet hyl al¥i(Be (O QWOM':'Z .71 ftbl) | was added to a
stirred rleacti|@§n 1x%] rlit @f’“ﬂes 6ér bpnyl pi perazine (0.50 g, 2.68
mmwol) in tetra@f@ eh aaﬁetr(a% %Zt]_ﬁ the reagtion nmixture was
stirred at roaqmy é{agﬁb{[? Réh% go7 A golution
4-brom)-benzeresulfonyly|c of 6 1g,| PedB ol )
nL) was ddded [to the r|@agidnONdym AdieH € (@Nd) $t8|3rl‘l ng conti
hours. Tetrahydr of urar enas e/alpﬁeﬂ]atej(tm‘i?anider reduce
reaction m xtdre was dil ut ed| agetihacd 1yIH),aY(;4ét-ate (20 mL
materials were filtergd 10 off through4&(eeltite bed. The
washed with 2 |N aqueods HCl (5 ni), 11714 : I\JI/er anhydr o
concentrated iln vacuo |to yield 1.00 (1) 9 f 4-
(4- brono-|benzenesul fonyl ) - pi per azi ne{ i ic acid|ltert-butyl ester as
a white solid,] which vas usefl in the @@5(3 gyyp wi t hout | furt her
purificat|izofz [EBrembd.| LO7 CIRHZIBr NZOHSMHZIVF ) 401 42, T.0H
154- (4- Tr|i met hyt si | anylBéhyny Ethbesaienessl fpasy 1) - pi perazin box ¥yl i c
aci d tert|-but ylflueshear | 4tri met byl-si |yl dcietdylSene| (0. 70 nf prol ) Oand
triethyl dnm ne |(EEeBGen] etheges7 AberzeNl)y Wei(mdddd| to a st fred soluti on of
4- (4- br ono- berzenesulf %ﬂ% aﬁgﬂﬁ%‘%fgi n8.04 Og-car boxyl it aci d®ery Byt yl
ester (1.[00 g,| 2.468 n Hzp ®di b Jofget hane (12| nL), 3 0
reaction |m xtuyre was degasse \ ygbda (g 30 m nutes at room SN
i 1]
tenmperature. To the rgaction mxture r1¢5 iged Pd(PPhB)2C1 2 ( 0.173 @,
0.25 mol| ) and Cul ((d.047 g| 0.25 mmlz)mthen the reagtion m xture was
heated at| 50 ¢ for 14 |hours under an|a@rg@hJat npsphere.| The reacti on m xturje
was cool €d to|room 25 |t enper at ure and!12iEnt dbncentrated in vacuo to yield|a
crude residue,| which vas dissol ved i 7@76ﬁIJ0Tonet hane (20 nL) and washed
with water (2(x 5 L) (and brine (5 nlL ganic phase was dried over
anhydr ous sodijum sul f gt e and| concent s vacuo to pafford a bl ack
col ored dgrude |[product,| which|was fina m@ﬁ ‘Ifjed using silica gel (100-200
mesh) coljum ¢hromat ography (2:23 et hy, 1aq¢ﬁ@te hexanes to
=7.2Hz,3
H)
2-14 | 2-Bromo- | 4- [4-(4- (400 MHz) 416
4- Bromo- | Dimethyls | 12.50 (br. s,
fluorobenz | N,N- ulfamoyl- H), 8.12 - OH
aldehyde dimethy | benzoyl)- 8.20 (m, 2 H), OO
I- 6-fluoro- | 8.00(d, J = E 0
benzen | naphthale | 8.3 Hz, 2 H),
esulfon | n-2-yl]- 792(d,J= 0
amide | acetic acid | 8.3 Hz, 2 H), O 0
7.87 (dd, J = S\~
11.7,2.4 Hz, O |
1H),7.71 (s,
H), 7.57 (td,
J=88,24
Hz, 1 H),
3.82 (s, 2 H),
2.68 (s, 6 H)




WD 2010/ 055005PCT/ EP2009/ 064813 -

furnish 1.20 g (80% of
4- (4-tri neohlylisk@mayl et hynyl benzenesul f ony1l) - pi per azi nePCTERe@ONY48IE aci d

tert-buty
440,

| ester as a brown solid. M cald.
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5 C23H21FN2055 [M 456,

obsd. 456.9. EXAMPLE 4-1

4-f 4- (3- Car boxynet hyl- 7-fl uor o- napht hal ene-1 -carbonyl) - benzenesul fonyl | -

pi per azi no2oasbwiyl i c aci d et hyl

ester

PCT/EP2009/064813

444- (3- Et hoxycar bonyl net hyl- 7-f | uor o- napht hal ene- 1- car bony1) -

benzenesul f onyl ] - pi per azi ne- 1- car boxyl ﬁfs acid ethyl ester

150 1

Triethylanine (0.19 m, 1.34 mmol) was added slowy at 0 Cto astirred
reacti on m|%& urdeBremo- 4- [6-Fluoro- (CDCl3) 8.45 477 0386°
{6-f 1 uorg- 4[ 4- (Ioi per a2|3ﬁ%fnfl’- st4ony 1 (doén%é’yl] - napht hal en- r@Haci|d
et hyl estler (Q. ﬁéd 0 rr*r{é;gm'}%' ep 49dgs descri bed| abg
di chl or onet hane yrrL) ‘o5 % i3 &g@ Uy g), was stirred a
t enperature fcr 15 mnyies. Eny ghb@{dojgrnate (0.Pp7 m, DI ) was
added slgw y tjo the rea.cifmb.an Bangbyiy € | 8ndt 6 WD 12010/ 0550p5PCT/ I‘:;’P209/ 064813 |-
125 - sti|rring was corjtmeyed| faphthale aedgistocenal | 3 hours| at room t exgerglt ur €
The nixtyre was dil ut gcbewienh| oM or pAEt traried)([LO nL), hen washed |with a
saturated sol dtion of |$odi um B?eé%@%bﬁioé $H|>r1_ and water (5 mL). gThe
organi c ljayer |was col llected, |dried o rous sodi um sul fate and
concentrated uUnder reduced pressure. de product was purified by
silica gel (100-200 ngsh) colum chro hy (1:3 efhyl acetate -hexane)
to give (0.077g (41.49%| of 444-(3- eth)w,g@ﬁhqny nmet hy1-
7-fl uor o-|napht{hal ene- 1- car bopyl ) - benzenss b Hpny 1] - pi pef azi ne- 1- car boxylic
acid ethyl estler as a |viscous yell ow|8@b(i3HMS cald. fpr C28H29FN2075
([ M FH] +)| 586,| 2ebysdo- §57. 2. | 4-(3- 12.58 (br.s, | 437.0827°
10444- ( 3-|Car ba¥ynet hy1-Brome-upFéyirfapht hdb &ie-{%- car bony1) - b QA ] -
pi per azi ne- 1-c£r% Fi|c2-dei-d @gﬁ ’I'ese“1 861153&{;[ a stirred $
444- ( 3- et|hoxyq :;H_eWan' Edrl, ne-1- 15| F
car bonyl)-benzenesulfcr&gfog DE T AL ne Bm(y ic acid|ethyl es (0.110
g, 0.20 nmol ) |in tetr4 r of URahth |132 added a spl uti of? of 'bum
hydr oxi de nmonghydr at e |(H3n&42| g2-yiF 99 mmlz)esmﬂ wat er (3| nmL) and t aCtign
m xture was stlirred fqre 14 hpacesc adid d)(bmn%rmeratur e. [The reactio rg'xT\ure
was concentratied under| reduced press JF/€18d'I|Z| fited with nwater (6 and
washed wit h etlhyl acetlate (2|20 x 5 )7 agueous | ayer was acidified
wi th an gqueous sol utijon of hydrochl ¢ @4 i';lsd 1 N), then extracted with
ethyl acetate|(3 x 10mL). The conbi ng¢ 8 anic| layers pere dried over
anhydrous sodilum sul f gt e and| concent 1 alkedqunder reduced pressure to afford
0.058 (5% of| 444-(3-|car boxymet hyl- ¥glsl 2i@He-1ngpht hal ene- 1-
car bonyl )|- benzenesul f gny1] - p| per azi ngHy 3c3ar(§)qul ic aci ¢ ethyl ester as
yell ow salid. ({25 1H NNR (400| VHz, DIVI:ED)G’»@ P (53ppm 12. 51 (br. s, 1 H, 8.10
-8.20 (m| 2 HJ|, 8.00 (|d, J =|8.3 Hz, (?08(07J90(d J 8.3 Hz, 2 H), 7.82
- 7.8 (m 1H), 7.72|(s, 1 H, 7.57 2010/ 055:)05PCT/ EP2009/ 064813
- 126 J 3 8.7,/ 2.2 Hz,| 1 H),|3.99 (q 4ét Hz, 2 H| 3.82 (s, 2 H, 3.46
(br. s, 4 H, 296(br. s, 4 H, 1.13 5 6l9 Hz, 3|H). M5 cald. for
C26H25FN2G5 (lzl\gf.b‘l!hé 528,005 '._(4_529 512%M3L|: 20210 I
4-2 was prepared in ar gB&R-00eHenERNNEH) B a5 RKANTD
{6-f1 uor g- 4- [ 4-fi(@blE dz4- ne- 11 snf-pony| Y- bejgzmyl
aci d et hyl estlerdebynld dietlaeed  athyll di elariborsatoe]
1H NVR (400 Mz, DNVGO-|déynyE PPenzub- ( 2 ®.2uc
et hyl - 7- |fl uorlo- naph |thal enegbAuorear l)b‘ﬁg (S be
-1- methyl- | naphthale
benzen | n-2-yl}- —91 Hz 1
e acetic acid | H) 7.55 - 7.68

(m 3H)3.76

(s,2H)3.34 -

3.42 (m, 2 H)

2.35(s, 3H)

1.05-1.23

(m, 3 H)




carboxylic acid tert -butyl ester 12.51 (br. s, 1 H,8.11 -8.19 (m 2 H),
8.00 (d, J=7.8 Hz, 2 H, 7.82 - 7.93 (m 3 H, 7.72 (br. s, 1 H, 7.57 (t,
J= 7.8 HzwODQoHy055®582 (br. s, 2 H, 2.94 (br. s, 4 H), pCTAP2¢9/064813+H) 555. 2

H, 3.40 (br. s, 4 1.1010 0 0 OH, Nrox 0 EXAWPLE 5-1

f 6- Fl uor o- 4- 14- (4- et hvl

- pi per azi ne-1-

fonvl)-benzovl | - napht hal en- 2-

vl}-acetic acid OH WO 2010/ 055005PCT/ EP2009/ 064813 - 127 -
{ 6- Fl uor g-2424- (243rm§@ hyI1-(ﬂt pef a&FlHero1 1 §0PfbAY1) | bedabdyl | - napht hal en- 2-
yl}-acetilc aC| ?’é‘? 14Tr i et h 13§H=| é 0.04 m, [0.27 mml) was adde
to a stirfred mi q?P Eﬁ SR 7grsd1
(pi perazijne- 1-s nyI ¥ u’lﬁlmﬂap 1#:'})332[@ -yll-acet|c acid ethyl ester
(0.10 g, |0.17 {mmol ) in ;ﬁiﬁﬁ&o"'bér{zb;h]e Fgy @y P C and fhe reaction mxtureg
was stirrled far 15 ninuies. —ﬁj;ﬂﬁﬂhl—aﬂe1y&@$|—( 202/ mL, 0.8B odbum
cyanobor ghydri|lde (0.017 10 g| n@Q-y87 mpul),).saenet pdded to|t hé on[lm xt ur
at 0 C, tlhen tlhe m xtJre was| steiic acit | Hor7 .68t her 15 min refction
m xture was neutralizdd to pH - 7 by|§ ﬁzicfééqd Addition p acid. The
reaction |m xtyre was doncentfated, an 5 lHés due was| made @ e bg t h
addition |of a|2.0 N aqueous §ol ution 1H % The resulting mxtu QS
extracted with diethyl| ether|{(2 x 15 &' conbi ned| 15 or gani ¢ Iay%‘r@
were dried over anhydrlous sodi um sul 1 atHe 1ag@ mconcentra ed under red@
pressure |to obtain thg crude|product] 38)lica gel (100-R00 nesh) col
chromat ogr aphy (4:1 etlhyl acetate-he anes) affprded 0.D5 g (60% of
{6-f1 uor 9-429 4-2-Rrdmeret|y| - pi pd4-elzi net @08 MHzony(l) 4déAzoy 1] - pa >QH
yl | -acetilc aci|d-et hyl |&¥eae- aBietisyf { 1948 P& sst|j cky sol | d. or
C26H27FNZ055 2 EKQ@? HN-H99, | B, 499 H 8.10- F
{6-FI uoro-414-(a IS—' het BIPRA: 1. r?g:} L benzoyl | - napht
y1}-acetilc acild )eZ /D '(hoﬁglgc 08/0p4813 - 128 - rrgd
sol ution |of {E-fl uor o-|44d- (41 AR Y| - Dl pehazi nef 1- sul fopyl) - benzo} S//O
napht hal en- 2-yl yaceti d i@&ci d ehdeyt acst e, 76095 g, 0.10 pmol) in
tetrahydrjofuran (6 nlL)| was afdded a sobuth)ns®f| |ithi um hydroxi de r q
nmonohydrate (Q.021 g, [0.50 ntol) in WdtEF8. t|.25 m.) and|the reaction tur
was stirrled far 48 hoyrs at 'oomtem)ét"'a\t 5 The so|vents were distilleg
of f under| reduced pregsure, then the ? was diluted with water (4 nl)
and washed w th ethyl |acetate (2 x 3 G Hj'ermve unwant ed organic
products.| The |agueous |l ayer Wwas sepa qtoeé acidified to pH-3-4 with a
1.0 N aqueous [sol ution of hydrochl orieg7asl gJH The resulting m xture was
extracted with ethyl gcetate|(2 x 10|nl). The conbi ned| organi c phases Wer €
dri ed over2- A0 |ardwyds-oysi-@odi Ls-Slubrbal eoamiizEoncenreat e )
pressure |to yi|ldrd 0. 02M®rgng-42942-of 12.29 (br. s,
{6-f1 uorg-444- ('Horﬁ'ﬁ“hyla'pl pef @Eihwé‘ 1] él'jl)’fgd‘ﬁ C_L) L benzoyl
acetic acid ag AMKMNE s e‘f”&g.'r; j N a Z DVBO- d6)
2 H, 7.4 - 8.05 (m qu Q%Q 48 - 7.61

. 2.97|(br. |s, 4 H),| 238 Ef;%ﬁ ?1;11 s, 3 H
C24H23FN2065 (|[ M F1-1]|%) 471 le :735 7.7d5 EXAMPLE
[ 6- Fl uor g- 4- ( 4- met hangsudrfr@ny h 2Lyenzo b -43H)nerhyl - napht
acid ine acetic acid | (s, 2 H), 3.66
[ 6- Fl uor g- 4- ( 4- met hangsul f onyl - benzoy ®y-s34 kst hyl - napht hal en- 2-y1] -ace?i c
acid 20nethyl |ester To a mikture of |2:9(br.s 4
4-f | uor 0-|2- (44 met hanegul f ony| - phenyl eﬂ&fﬁ@ﬁ@’benzal dehyde (exanmple 2-1, 3r
step) (2./02 g,/ 6.68 mol) an@d pent-3iynoic acid nethyl |ester (3.03 g, 26.E
nmol ) i n ;7 2=dichtoroethane {40 nt),was added gotd{(tt+1)—bromde (0264 1,

d

e



25 1.18 mmol).

addi ti onal

The resulting m xture was heated at 80 C for 2 hours before

WO 2010/ 055005PCT/ EP2009/ 064813 -

129 -

gold(lIll) brom de

(0.125 g,wO0.260/088m5) was added. Anot her portion of gol deCriEP2momsde (0. 125

g,

heating, the reaction m xture was cool?

0.59 mmol) was added after 2 nore hours.

After a total
to roomtenperature,

of 6 hours of
and the

solvent was renoved to afford a brow oil. Flash chronmat ography (Aspire
Fl ashRead2t¥ |ZPBremem| 430% et Hir(4- acet &08 MH3) hexarfé9-0ga
[ 6-fl uora-4- (4 4rret hanesEiE‘Prf‘?Jn/P'”l%W% 13- ‘Bcbr fet hyl - napht
aci d methyl est P(?ro 63‘7 O3 L9400 RVE, ﬁl cal d. for
yl iethyl-
437.0829,| obsd. A- Z0yl)- 2H
[ 6- Fl uor g- 4- (4- rret hane%gtﬂn Eﬂ 512 OY i)mfgg@ hyl - napht
acid 10 | Starting w th. naphthale | (m, 2 H), 7.76
[ 6-f1 uor g- 4- (4- met hangsghieany h-28nzoy is) 1 By, msBhy| - napht pal en- 2-y1] - trc
acid nethyl ester (182 asgfon0| dektigaai ) (d, dAd.lusi ng a net hod anal ogous t 0O\t he
one descrli bed |for exam@™ 2-1, final §'Fe1d"
[ 6- f | uor 0- 4- (4- met hangs%f f onyl - benzoy 7637%_{hyl -napht hal en- 2-y1] - aceti c
acid (131 ng, |75% wayg obt ai 1ed as a z? NVR 15 (300 MHz, DVBO- d6) 5
ppm 12.55 (br. s, 1 H), 7.98 - 8.14| bRy 7.93 (d{ J =8.5 Hz, 2 H),
7.38 - 751 (m 1 H, [6.99 (dd, J = LQgg(SgH Hz, 1 H| 3.88 (s, 2 H, 3.29
(s, 3 H, 2.14 (s, 3 H); HRVB (ESI+) |cald. for| C20HL7FDP55 [(M+ Na) +]
423.0672,| obsd. 423.0673. EXAMPLES 612 to 6-3 RO The fpllow ng exanpl es 6-2
to 6-3 wgrEzpremead I[n-an ahaé-pgeds | monesz) T o] exaspl ef 6- 1 _~sta(t omth
the apprgpri at/é- commer|drathé-y | a¥ai | abI @2.68 (bpseppr ed al dehyq
hal i des and perfuorgbappqi% aci gmetayliy é$’t)é3r39 Exarrpl e A pti © 1H NWR
(300 HRVB ( MrH)ldefyste A\I'E%Mdmﬁ@b"ﬂﬂfe 6 ppm +
2010/ 055005PCY/ EP2009/|054¢ 2?21 m)- 4- ch| or o- 3 dehyde
1- Brono |-4- rfetha nes T]y% oro- 4- (f- I anyl -
benzoyl)-| 3-nethyl - n3 |7|%;5{;}I ,n__ yI] S@p, i pcid (DMSO-c16) 12.56 (%‘r’. g,
1 H),8. 11 (d J= 8.4 Dicet zcdl/— & 90 Hz, 1| H), 8.02 (s, \H),
7.94 (d, |J 8.4 Hz, 2|dré), 755(dd gz 10, 114 Hz, 1|H), 7.29 (br. s, 1
H, 3.89 (s, 2 H, 3.30 (br.|s,3 H),|2534768, B H 417{05 56 OH SO 0 CI
(m, 4 H),3.77
(s,2H),2.48
(d,J=51
Hz, 3 H),
2.35(s, 3H)
226 | 2-Bromo- | 1-(4- (6-Fluoro- | (400 MHz) 551.1
4- Bromo- | 4-{4-[4-(2- | 12.25 (br. s,
fluorobenz | benzen | fluoro- H), 8.10 - OH
aldehyde esulfon | phenyl)- 8.18 (m, 2 H),
ylI)-4-(2- | piperazine | 8.04 (d,J = OO 0
fl -1- 7.8 Hz, 2 H), F
uoro- sulfonyl]- 795(d, J=
phenyl)- | benzoyl}- | 7.8 Hz, 2 H), 0 O o
piperazi | naphthale | 7.88(d, J = -
ne n-2-yl)- 11.2 Hz, 1 $=0
acetic acid | H), 7.74 (s, 1 N
H), 7.56 (t, J [ j
=8.6 Hz, 1 N
H), 6.94 - .
7.16 (m, 4 H), ij/
3.79 (s, 2 H),
3.11 (m, 8 H)




0 110 s=0 | 6-3 2-Bronmp- 4- fluorobenz al dehyde 1- Brono -4- ethane sulfon
yl benze ne [4-(4- Ethanesulf onyl- benzoyl)- 6-fluoro-3- nethyl- naphthale

n-2-yl]- woeviowsswsd (CDCI3) 7.99 (s, 4 H), 7.80 - 7.91PCWEP2000)064813 20 -
7.29 (m 1 H, 7.00 (dd, J=10.3, 2.1 Hz, 1 H, 3.8 (s, 2 H, 3.15 (q, J=
7.4 Hz, 2 H, 2.24 (s, 3 H, 1.31 (t’-f18:-7'4 Hz, 3 H 415.10 07 OH SO O
1/0 s=0) EXAMPLE 7-1
246- Fl uor 0'7-217-(4?-3fem¢rane15ul foﬂﬁrCftBé(Prz D130 hasht h4P®Gf0P~ v 11- a6iHd
246- Fl uor|o- 4- (|4-5%fhan QIT‘? oh benz D Bﬁpﬁ‘ht hal en- 2- ,/1] - cid
met hyl ester ) f'@)/ 005 009/, L 131 - \ U gener at ed
l'ithium diisopryopyl am %] D 3 gm)?fL Fom diiso:)ropyla ) 0. 33
mrol ) and n-bytyllithi k)] g5t £ff ahydrof uran (1. 505 t g78
C under nitrogen was ¢ ﬁﬂ;na S.QlyL]II on7eb (d,J= Lo
[ 6-fl uorg- 4- (4- met hangsul f onyhdeenzay 1) smaphihal en- 2-yl] -acetic acid nﬂt hyI
ester (0./120 g, 0.30 nmmol, prepared | Ab6afddashal pgous mapner to the precursar
of exanplle 2-1 accordilng to Bchene 2 9|1n1§éir1ahydrofuran (1.0 nl)
drop-w se. The reactidn m xture was $ti 326 or 30 mnutes at -78 C. Mt hyl
i odide (Q.051|g, 0.36 |mvl) |n hexanme Ys phoram de| (HWPA) 10 (2.4 nl)
was then |added drop-wj|se. The resultlng xture was st rred at -78 C for 20
m nutes, HBEYT WEHRE 1[0-- 30 Caand St Hé@ﬂ(bﬂ%r Be PG i
reaction was quenghged |Virého-anMB@ERBUS 1$0]alsi@n| of sat ur
chloride |(2 ml)oenzamidht/hie resylifonplg m XtEB2HAAS| ext r act e
(3 x 5 nl). Thedeonbi nedetmngabénzodlayeHs 7Were dri ed over
sul fate, |filtgred, and esdfogoneasthvat ¢8-0lifiey)r educed pr
chr omat odr aphy (silic3 ygel, log-h N @ﬁH(d %et hyl ace g e
2[ 6- f | uorlo- 4- (|4- met han&Ssifon Ceig'c'gcrildz %Z ht hal en- 2} y1] - pr opi ot ¢,@<i d
nmet hyl ester (0.070 g, 56. 499 “As. an solid. M5 cald. for ©
C22H19F055 [ (M FH) +] 415, obsd. 415. 2 HZ1H
2- [ 6- Fl udr o- 4-/( 4- net hgnesul f pnyl - benzoys)d, uapht hal en- 2t y1] - propi oni ¢ aci d
WO 2010/ 055008PCT/ EP2Q09/ 064813 - 13284 HataHLing with
246- f | uor|o- 4- (|4- met hanesul f opyl - benz )9177($natiht hal en- 2-y1] - propi oni c acid
nmet hyl esgter ({0.070 g, 0.17 pmol ), an §rifg3 al met hod panal ogous to the one
described for |exanpl e |1-1, f{ nal ste)"')z“z(S 3
246- f | uor|o- 4- (|4- met hanesul f opyl - benz )yi) napht hal en- 2t y1] - pr op| onic acid
(0.040 g, 3% T e gbtainefizas-a Sesh pisd HF S5evR (40
5 ppm 12.158 (9 ,trifibio Brdndo-- Bhgl:ﬁar(em 8€557§sl ?d 3
(d, J =87 Hity2 H, %87 (Udiong- = 11+4,82.& Hz,
Hz, 1 H),| 7.58 betghided |meddhad, | BerGoyz, | 1 =ld)8HA3188 - 3 98
Hy, 1.46 |(d, Jy= 7.1 Hzsu®nH)6- M5 cal di) 8f261(s, €2l 1- 117F
obsd. 401. 10EXAMPLE EB% :erlluorome 8812(d J
[ 4- (4- Met|hanegul f onvi -|BERAD : \ al en-2-v1
A sol utian of © ”aphms'e _;g%@gt}
[ 6- met hyl|- 4- (4- met hangsul fon Ceﬁégg(p ), 7%@£1tJhal en-2-y|]-acetic acid
(exanpl e |2-28) (70 ng,| 0.183| mmol) i n=mefanol | (8 nL) was hydrogenat ed
using a 15 H qube hydrjogenat | on reaci e, 7wot(sh1a flowrate of 1 nmi/mn and &
10% pal | adi umfjon carbgn catalyst cart{H)ége (@ B0 C under 10 bar hydrogen
pressure.| After the rgaction|was comJHéat3é50((len tored by TLC, 4% net hanol ijn
di chl oronet hane), the |solvent was evaﬁ Bt ed ip vacuo. | Rever se- phase
pr epar ati \12n HPLC (usit n a\Vaterc( Irr\ Do BﬁlHDr ep TI\4/|0§8(\(\ wi-th a Varian on
Pursui t () %9] E%T(;t-lm E[rg'rgo- TE(% | .54 (br. s, OO
benzaldeh methanes | 1 H), 8.29 (s, o)
yde o othan ulfonyl- | 1 H), 8.26 (d, cl 2o
esulfon | benzoyl- | J=7.8Hz, 1 0 S’\
vl naphthale | H), 8.19(d, J O
benzen | n-2-yl}- =1.8Hz,1
e acetic acid | H), 8.07 -
8.15 (m, 3 H),
7.85(t,J=
7.8 Hz, 1 H),




20 mm ) gave [4-(4-nethanesul fonyl -benzyl) - 6-net hyl - napht hal en-2-y1]-acetic
acid (14.4 ny, 21% as a white solid. 1H NVR (300 WMHz, CDCI3) 5 ppm 7.83
(d, J = 8vo2pw/52008), 7.74 (d, J = 8.7 Hz, 1 H), 7.66 (®CTHEHRQIDBD3 (s, 1
H, 7.38 (d, J =8.4 Hz, 2 H), 732(d J=8.7Hz, 1 H, 7.22 (s, 1 H),

4.48 (s, 2 H, 3.78 (s, 2 H), 302(5,1§% 2.46 (s, 3 H; HRMVS cald. for
C21 H20045 (ESI+) [(M- Na)+] 391. 0974 sd. 391.0976. 25 EXAMPLES 8-2 to
8-9 The flol | owi ng exanples 8(2 to 8- 97\Kékfé~/ epar ed i n| an anal ogous nanner

to exanplle 8-1, startijng with the co I'ng ketone|derivatives. WO
2010/ 055Q05PC1/ EP2009/|064813| - 133 - ~No Systenmptic Name 11-1 NWR
(300 MHz,| CDCI|3) 6 ppm HRVS (ESI +, ( éructure B3-2 [4-(4- 8.19 (s, |1
H, 7.97 |377.0829 Net hanegsul f onyl | H, 3 .5 Hz, 1 benzyl)-6- H),

)5

130
7.87 (d, |J= trifluqromethyl- 8.2 Hgy 2 , 7. 78 OH naphthal en-2-yl]-
(s, 1 H, 7.66 (dd, 90O acetic acid|J= 8.5, 1|5 Hz, 1| O H, 7.39 (d, |J

2-31 | 2-Bromo- | 2- [6-Fluoro- | (400 MHz) 4053 OH
4- Fluoro- | 4-(4- 12.50 (br. s, OO
fluorobenz | 5- fluoro-3- 1 H), 8.25 F O 0
aldehyde bromop | methanes | (dd, J=6.8, Ii_o

henylm | ulf 2.1 Hz, 1 H), o S’\
ethylsulf | onyl- 8.11-8.19 O
one benzoyl)- (m, 3 H),7.83 F
naphthale | (dd, J =11.5,
n-2-yl}- 2.1 Hz, 1 H),
acet 7.67-7.75
ic acid (m, 2 H), 7.51
-7.61(m, 1
H), 3.82 (s, 2
H), 3.40 (s, 2
H)

2-32 | 2-Bromo- | 1- [4-(4- (CDCl3) 8.30 | 437.0666°
5- Bromo- | Methanes | (d,J=94
trifluorome | 4- ulfonyl- Hz, 1 H),
thylbenzal | methan | benzoyl)- 8.23 (s, 1 H),
dehyde esulfon | 7- 8.07 (s, 1 H),

vl trifluorome | 8.06 (m, 4 H),
benzen | thyl- 7.72(d,J =
e naphthale | 8.2 Hz, 1 H),
n-2-yl}- 7.66 (s, 1 H)
acetic acid | 3.90 (s, 2 H),
3.12(s,3 H)

a: HRMS (ES+, [(M+H)"]); b: HRMS (ES+, [(M+Na)"]).

EXAMPLE 3-1
5 {6-Fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic acid

F




8.2 Hz, 2 H), 7.35 s, 1H, 456 (s, 2H, 3.85(s, 2 H, 1.19S

( :
3.04 (s, 3 H ' -3 [4-(4- (CD30D) 8.22 (s, 445.0691
Met hanesulvbanwl/ossm)sl—l) 8.11 (d, J= benzyl)-7- 8.8 HzPCI/HHR)09D6BT3
trifluoromethyl- (s, 1 H, 7.83 (d, J OH naphthalen-2-yl]- = 8.2 Hz, 2
H, SO acetic acid 7.54 - 7.63 (m 212(5)_ H, 7.47 (d, J=

4-(4-Bromo-benzenesulfonyl)-piperazine-1-carboxylic acid tert-butyl ester
0
OO
A

Triethylamine (0.94 mL, 6.71 mmol) was added to a stirred reaction mixture of N-tert-
butoxycarbonyl piperazine (0.50 g, 2.68 mmol) in tetrahydrofuran (6 mL) at 0 °C,

5 then the reaction mixture was stirred at room temperature for 15 minutes. A solution
of 4-bromo-benzenesulfonyl chloride (0.686 g, 2.68 mmol) in tetrahydrofuran (4 mL)
was added to the reaction mixture and stirring continued for another 2 hours.
Tetrahydrofuran was evaporated off under reduced pressure, then the reaction
mixture was diluted with ethyl acetate (20 mL). The inorganic materials were filtered

10 off through a celite bed. The filtrate was washed with 2 N aqueous HCI (5 mL), dried
over anhydrous sodium sulfate and concentrated in vacuo to yield 1.00 g (92%) of 4-
(4-bromo-benzenesulfonyl)-piperazine-1-carboxylic acid fert-butyl ester as a white
solid, which was used in the next step without further purification. MS cald. for
C15H21BrN2Q4S [(M+NH,)*] 422, obsd. 422.1.

15 4-(4-Trimethylsilanylethynyl-benzenesulfonyl)-piperazine-1-carboxylic acid

tert-butyl ester
T n O
—Si— S—-N
I NN <O <

Trimethylsilylacetylene (0.70 mL, 4.94 mmol) and triethylamine (2.80 mL, 19.74
mmol) were added to a stirred solution of 4-(4-bromo-benzenesulfonyl)-piperazine-

20 1-carboxylic acid tert-butyl ester (1.00 g, 2.468 mmol ) in dry dichloromethane (12
mL), then the reaction mixture was degassed with argon for 30 minutes at room
temperature. To the reaction mixture were added Pd(PPhs;),Cl, (0.173 g, 0.25
mmol ) and Cul (0.047 g, 0.25 mmol), then the reaction mixture was heated at 50 °C
for 14 hours under an argon atmosphere. The reaction mixture was cooled to room

25 temperature and then concentrated in vacuo to yield a crude residue, which was
dissolved in dichloromethane (20 mL) and washed with water (2 x 5 mL) and brine (5
mL). The organic phase was dried over anhydrous sodium sulfate and concentrated
in vacuo to afford a black colored crude product, which was finally purified using

silica gel (100-200 mesh) column chromatography (2:23 ethyl acetate-hexanes to



8.2 Hz, 2 H), 4.61 (s, 2 H, 3.81 (s, 2 009 H, 3.06 (s, 3 H
O 8-4 [6-Fluoro-4-(4- 7.78 - 7.88 (m 3 395.0724 nmet hanesul fonyl - H),
7.71 (br.we,20/055006enzyl)- H), 7.39 - 7.46 (m napht rar@®P2@964843 1 H) ,
7.37 (d, J= OH acetic acid 7.8 Hz, 2 H, 7.28 SO - 7.34 (m 2 H, O
-121 -
2:18 ethyl acetate in hexanes) to furnish 1.20 g (80%) of 4-(4-trimethylsilanylethynyl-
benzenesulfonyl)-piperazine-1-carboxylic acid tert-butyl ester
as a brown solid. MS cald. for CxH3oN204SSi [(M+NH,4)*] 440, obsd. 440.0.
4-[4-(5-Fluoro-2-formyl-phenylethynyl)-benzenesulfonyl]-piperazine-1-
5 carboxylic acid tert-butyl ester
0O
O H
- X

°K
A solution of 4-(4-trimethylsilanylethynyl-benzenesulfonyl)-piperazine-1-carboxylic
acid tert-butyl ester (4.100 g, 9.70 mmol) in dry N,N-dimethylformamide (30 mL) was
degassed with argon for 30 minutes at room temperature. Potassium fluoride (1.690
10 g, 29.10 mmol) was added, then the reaction mixture was purged with argon once
again for another 30 minutes. The intermediate deprotected acetylene thus formed
was not isolated. Pd(PPhs),Cl; (0.681 g, 0.97 mmol), Cul (4.100 g, 0.97 mmol), 2-
bromo-4-fluoro benzaldehyde (1.780 g, 8.73 mmol) and triethylamine (2.00 mL,
14.55 mmol) were added simultaneously to the above reaction mixture and stirring
15 was continued for an additional 2 hours. Water (60 mL) was added, then the reaction
mixture was extracted with ethyl acetate (3 x 30 mL). The combined organic layers
were washed with brine (2 x 20 mL), dried over anhydrous sodium sulfate and
concentrated in vacuo to get a black colored crude product, which was purified using
silica gel (100-200 mesh) column chromatography (10% ethyl acetate in hexanes) to
20 furnish 2.00 g (43.9%) of 4-[4-(5-fluoro-2-formyl-phenylethynyl)-benzenesulfonyl]-
piperazine-1-carboxylic acid tert-butyl ester as a yellow solid. MS cald. for
C24H25FN20OsS [(M+NH4)] 490, obsd. 490.4.



4.49 (s,

2 H, 3.79 (s, 2 H, 3.04 (s, 3 H o , 0 8-5

[ 6- Fluoro-4-(4- 7.87 (dd, J= 8.6, 409.0881 nmet hanesul fonyl - 6.2 Hz,

7.82

7.59 -

(dd,

10

15

20

woebtwlssiwenzyl )- (s, 1 H, 7.71 (s, 1 napht rar@rP2@964813 H)

-122 -
4-Fluoro-2-[4-(piperazine-1-sulfonyl)-phenylethynyl]-benzaldehyde
O

PO

X

QF
&N
NH

Trifluoroacetic acid (1.18 mL, 15.87 mmol) was added to a stirred solution of 4-[4-(5-
fluoro-2-formyl-phenylethynyl)-benzenesulfonyl]-piperazine-1-carboxylic acid tert-
butyl ester (0.500 g, 1.06 mmol) in dichloromethane (10 mL) at 0 °C. The reaction
mixture was stirred at room temperature for 4 hours, then concentrated under
reduced pressure. The viscous liquid was washed with ether (3 x 5 mL) to obtain
0.310 g (60.2%) of 4-fluoro-2-[4-(piperazine-1-sulfonyl)-phenylethynyl]-benzaldehyde
as a yellow solid. MS cald. for C19H17FN2O3S [(M+H)*] 373, obsd. 373.3.

{6-Fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic acid

ethyl ester

Sk

HN
To a stirred solution of 4-fluoro-2-{4-(piperazine-1-sulfonyl)-phenylethynyl]-
benzaldehyde (0.500 g, 1.03 mmol) in anhydrous 1,4 dioxane (10 mL) was added 4-
oxobutyric acid ethyl ester (0.200 g, 1.54 mmol) at room temperature under an argon
atmosphere. Gold (lll) bromide (0.135 g, 0.31 mmol) was added, and the reaction
mixture was stirred at 110 °C for 5 hours. After cooling to room temperature, the
reaction mixture was concentrated under reduced pressure and then diluted with
ethyl acetate (20 mL). The organic phase was washed with water (2 x 5 mL), dried
over anhydrous sodium sulfate and concentrated under reduced pressure to obtain
0.466 g, (65%) of crude {6-fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-

yl}-acetic acid ethyl ester as a light brown oil. Triethyl amine (0.35 mL, 2.51 mmol)

1H,

7.67 (m OH acetic acid 1 H), 7.37 - 7.46 00 (m 1 H, 7.31



0 J=10.6,2.1 Hz, 1 H, 7.05 (s, 1 H), 7.01 (d, J = 8.2 Hz,
09 2H, 3.77 (s, 2 0 H), 3.06 (s, 3 H), 2.45 (s, 3 H)
WO 2010/ OBBQ0BRGIIEP2009/ 064813 - 134 - 8-6 [ 6-Fl uor 0- 4PCAAEP2009/064813

4.37 (s,

met hanesul fonyl - 3-trifl uoronethyl -
8.19 (d, J=7.8 Hz, 1 H), 7.82 - 7.92 (

1H,

benzyly napht hal en-2-yl]- acetic acid
7.75 (br. s, 2 H, 7.49 (d,

(M1 H,
J= 7.5 Hz, 1 H, 7.39 (d, 463.0597040%0 J =10.3 Hz, 1 H), 7.28 - 7.34

(m 2

10

15

20

25

4@as added to a stirred mixture of the crude product from above in dichloromethane
(10 mL) at 0 'C. The reaction mixture was stirred for 15 minutes at 0 'C. Di-tert-
butyl-dicarbonate (0.23 mL,1.09 mmol) was added drop-wise to the reaction mixture
at 0 'C, then the reaction mixture was stirred at room temperature for 14 hours. The
mixture was diluted with dichloromethane (15 mL), washed with a saturated solution
of sodium bicarbonate (5 mL) followed by water (5 mL). The organic phase was
dried over anhydrous sodium sulfate and concentrated under reduced pressure to
obtain the crude product, which was purified by silica gel (100-200 mesh) column
chromatography (ethyl acetate-hexane = 1:19). The resulting purified tert-butyl
carbamate (0.110 g) was dissolved in dichloromethane, then the mixture was cooled
to 0 'C with stirring. Excess trifluoroacetic acid was added to the cold reaction
mixture under nitrogen, then the reaction mixture was stirred for 4 hours. The
reaction mixture was concentrated under reduced pressure to obtain a viscous oll,
which on triturating with diethyl ether gave pure {6-fluoro-4-[4-(piperazine-1-sulfonyl)
benzoyl]-naphthalen-2-yl}-acetic acid ethyl ester as a yellow solid. MS cald. for
C25H25FN2OsS [(M+ H)*] 485, obsd. 485.2.

{6-Fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic acid

Oy
. ol

QM
Sk
HN
To a stirred solution of {6-fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-
yl}-acetic acid ethyl ester (0.100 g, 0.17 mmol) in tetrahydrofuran (6 mL) was added
a solution of lithium hydroxide monohydrate (0.035 g, 0.83 mmol) in water (1.5 mL)
and the reaction mixture was stirred for 48 hours at room temperature. The reaction
mixture was concentrated under reduced pressure, diluted with water (8 mL) and
washed with ethyl acetate (2 x 5 mL). The aqueous layer was acidified with an
aqueous solution of hydrochloric acid (1 N), then extracted with ethyl acetate (3 x 10
mL). The combined organic extracts were dried over anhydrous sodium sulfate and

concentrated under reduced pressure to give 0.050 g (52%) of {6-fluoro-4-[4-



=0 H, 4.51 (s, 2 H, 3.84 (s, 2 H, 3.17 I (s, 3H F 87 [4-(4-
DVBO d6) 12. 35 401. 1215 Et hanesul f onyl-2- net hyl - benzyl) - 6-
| uor o- nawbt2zbeesmos(br. s, 1 H 8.01 (dd, J= 9.1, 6.0 HeCTEPR)09D6BD3 (d, J
-yl]-acetic acid = 3.3 Hz, 2 H 7.63 (dd, J = 11.5, 2.1 Hz, 1 H 7.54
dd, J =8.1, 1.4 Hz, 1 H 7.42 (t(iiz4J=8.8, 2.1 Hz, 1 - ) H 7.09
s, 1 H B
(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic acid as an off-white solid.
"H NMR (400 MHz, DMSO-ds) 5 ppm 8.13 -8.17 (m, 1 H), 8.12 (s, 1 H), 7.99 (d, J =
80Hz,2H),793-798 (m,1H),7.89(d, J=8.0Hz, 2H), 7.67 (s, 1 H), 7.57 (id, J
=8.6,2.0Hz, 1 H),3.76 (s, 2 H), 2.89 (br. s, 4 H), 2.76 (br. s, 4 H). MS cald. for
5 C23H21FN205S [M+] 456, obsd. 456.9.
EXAMPLE 4-1
4-[4-(3-Carboxymethyl-7-fluoro-naphthalene-1-carbonyl)-benzenesulfonyl]-
piperazine-1-carboxylic acid ethyl ester
10
Soas
. 0
T
0
S
SN
K/NYO
R
4-[4-(3-Ethoxycarbonylmethyl-7-fluoro-naphthalene-1-carbonyl)-
benzenesulfonyl]-piperazine-1-carboxylic acid ethyl ester
SR A
. 0
T
O
N
K/NYO
R
15

Triethylamine (0.19 mL, 1.34 mmol) was added slowly at 0 °C to a stirred reaction
mixture of {6-fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic acid
ethyl ester (0.200 g, 0.33 mmol, prepared as described above) in dichloromethane (7
mL). The reaction mixture was stirred at room temperature for 15 minutes. Ethyl

20 chloroformate (0.07 mL, 0.73 mmol) was added slowly to the reaction mixture and



6.96 (d, J= 8.1 Hz, 1 H) 4.44 (s, 2 H 3.65 (s, 2 H 3.23 (q,
J=7.4 Hz, 2 H 2.41 (s, 3 H 1.06 (t, J= 7.4 Hz, 3 H 88
[4- (4- (DNBQOUBSS®MS99 402. 1169 OH Di met hyl sul f anoyl - benTyEPReSAs4SLDT O-

t,
sul I

napht hal en-2-yl]- acetic acid (dd, J= 9.1, 6.0 Hz, 1H 7.76 (s, 1 H 7.72
J =8.3

(dd, J=11.5,°2.1 Hz, 1 H 000 7.664d,

stirring was continued for an additional 3 hours at room temperature. The mixture
was diluted with dichloromethane (10 mL), then washed with a saturated solution of
sodium bicarbonate (5 mL) and water (5 mL). The organic layer was collected, dried
over anhydrous sodium sulfate and concentrated under reduced pressure. The
5 crude product was purified by silica gel (100-200 mesh) column chromatography

(1:3 ethyl acetate -hexane) to give 0.077g (41.4%) of 4-[4-(3-ethoxycarbonylmethyl-
7-fluoro-naphthalene-1-carbonyl)-benzenesulfonyl]-piperazine-1-carboxylic acid ethyl
ester as a viscous yellow solid. MS cald. for CasHFN20O-S ([M+H]") 556, obsd.
557.2.

10 4-[4-(3-Carboxymethyl-7-fluoro-naphthalene-1-carbonyl)-benzenesulfonyl]-

piperazine-1-carboxylic acid ethyl ester

oY
. ol

To a stirred solution of 4-[4-(3-ethoxycarbonylmethyl-7-fluoro-naphthalene-1-

15 carbonyl)-benzenesulfonyl]-piperazine-1-carboxylic acid ethyl ester (0.110 g, 0.20
mmol) in tetrahydrofuran (12 mL) was added a solution of lithium hydroxide
monohydrate (0.042 g, 0.99 mmol) in water (3 mL) and the reaction mixture was
stirred for 14 hours at room temperature. The reaction mixture was concentrated
under reduced pressure, diluted with water (6 mL) and washed with ethyl acetate (2

20 x5 mL). The aqueous layer was acidified with an aqueous solution of hydrochloric
acid (1 N), then extracted with ethyl acetate (3 x 10mL). The combined organic
layers were dried over anhydrous sodium sulfate and concentrated under reduced
pressure to afford 0.058 (56%) of 4-[4-(3-carboxymethyl-7-fluoro-naphthalene-1-
carbonyl)-benzenesulfonyl]-piperazine-1-carboxylic acid ethyl ester as yellow solid.

25  "H NMR (400 MHz, DMSO-ds) & ppm 12.51 (br. s, 1 H), 8.10 - 8.20 (m, 2 H), 8.00 (d,
J=83Hz,2H),7.90(d, J=83Hz,2H),7.82-7.88 (m,1H),7.72 (s, 1 H), 7.57 (id,



0,0 Hz, 2 H 7.49 (d, J

, =83 H, 2H 7.36- 7.45 (m 2 S=0i N\
4.51 (s, 2 H 3.72 (s, 2 H

2.56 (s, 6 H  8-9 [4-(4- (DVBO d6)
12. 41 409w0880)/d55@5cns, o O Et hanesul f onyl - benzyl ) PETIHPR@OO64813
r. s, 1 H 7.98 (dd, J= 9.0, 6.2 Hz, 1 H)

napht hal en-2-yl]- acetic acid (b

7.74-7.81 (m 3 H 7.71 (dd, J =

8.2, Hz, 2 H 7.42
J=8.7,22Hz,1H),3.99(q,J=6.9Hz, 2 H), 3.82 (s, 2H), 3.46 (br. s, 4 H), 2.96

(br. s, 4 H), 1.13 (t, J = 6.9 Hz, 3 H). MS cald. for C2sH25FN.O7S ([M+H]") 529, obsd.
529.3.

11.6, 24 He, 1 H 7.49 (d, J=

EXAMPLE 4-2
5 The following example 4-2 was prepared in an analogous manner to example 4-1,
starting with {6-fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic

acid ethyl ester and di-fert-butyl dicarbonate.

'H NMR (400

Example | Systematic | MHz, DMSO-dg)

No. Name O ppm MS (M-H)" | Structure

4-2 4-[4-(3- 12.51 (br.s, 1 555.2 OH
Carboxym | H),8.11-8.19 OO
ethyl-7- (m, 2 H), 8.00 E O
fluoro- (d,J=78Hz,2
naph H),7.82-7.93 0
thalene-1- | (m, 3 H), 7.72 O 0
carbonyl)- | (br.s, 1 H),7.57 ~g”
benzenesu | (t, J =7.8 Hz, 1 0 N

Ifonyl H
]_

,3.82(br.s, 2

382 0r.5.2 )
), 2
), 1

H
piperazine | H),2.94 (br.s, 4 7]/O)<
-1- H), 1.35 (s, 9 H) 0
carboxylic
acid tert
-butyl
ester

10
EXAMPLE 5-1
{6-Fluoro-4-[4-(4-methyl-piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-

yl}-acetic acid

F
O
,/
S

7N




(s, 1 H 7.37 (dd, J= 9.0, 2.4 Hz,1 H 4.50 (s, 2 H) 3.71 (s, 2 H)
3.21 (g, J= 7.3 Hz, 2 H 1.03 (t, J=7.3 Hz, 3 H) WO

2010/ 055006RCIVERDO09/ 064813 - 135 - a: HRMVS reported a®CI(Evk@0s$s)3 ; b:
HRVS (ES+), [(MFH)+]. EXAWPLE 9-1

[ 6- Fl uor o- 4- (4- met hvl sul f anovl - benzvn- ﬁaht hal en- 2-v11l-acetic acid 5

[ 6- Fl uor o- 4- (4- met hyl sul f anoyl - benzy1) -hapht hal en-2-y1] -acetic aci d met hyl
ester 10 A 6tRluorordd#-(4-methyl-piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-

[ 6-fl uoro-4-(4-nmet hyl sul fanoyl -benzoyl): ht hal en-2-y1]-acetic acid nethyl
ester (prepared in an anal ogoﬂpﬁ'ﬁﬁﬁé&@)%@egteﬁyl ester precursor to
exanple 2-1) in nethanol (20 nlL) was hydrogenated using a H cube

hydr ogenati on reactor with a flow rate of 1 nm./mn and a 10% pal | adi um on
carbon catal yst 15 cartridge at ar 010 bar hydr ogen pressure. The
reaction gave a m xture of
[ 6-fl uoro-4-(4-nethyl sul fanoyf-b nzy ) - naphthal en-2-yl] acetic acid nethyl
ester, and WD 2010/ 055005PCT/ EP2009A064813 - 136 - the corresponding

al cohol {6-f1uoro-4-[hydroxy-(4-ne hyI f ar®yl - phenyl) - met hyl | -

napht hal en-2-yl | -acetic acid nethyl es ,sa ecursor to exanple 20-1.
Rever se- phase preparative HPLC (using a Wtels(n) Delta-Prep TM 3000 with a
Varian Pursuit(r) CG18 colum [10 pm 20 x 1 M) was used to separate

t hese products, giving [6- 5

fl uor 094- (4- net hyl sul f anoyl - benzy1) - napht hal en-2-y1]-acetic aci d nethyl

ohs. SSZPr'{YE%eﬁﬁ%e?gd‘Q% Sen iR atre B osircl b pLtit

acid OH (piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic aC|d ethyl ester (0. 10 g, 0.17

mmol) in acetonitrile (4 mL) at 0 °C and the reaction mixture was stirred for 15
minutes. Formaldehyde (0.02 mL, 0.83 mmol) and sodium cyanoborohydride (0.017

10 g, 0.27 mmol) were added to the reaction mixture at 0 °C, then the mixture was
stirred for another 15 minutes. The reaction mixture was neutralized to pH ~ 7 by
gradual addition of acetic acid. The reaction mixture was concentrated, and the
residue was made alkaline by the addition of a 2.0 N aqueous solution of KOH. The
resulting mixture was extracted with diethyl ether (2 x 15 mL). The combined

15 organic layers were dried over anhydrous sodium sulfate and concentrated under
reduced pressure to obtain the crude product. Silica gel (100-200 mesh) column
chromatography (4:1 ethyl acetate-hexanes) afforded 0.05 g (60%) of {6-fluoro-4-[4-
(4-methyl-piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-
yl}-acetic acid ethyl ester as an off-white sticky solid. MS cald. for CosHz7FN2O5S

20 ([M+H]") 499, obsd. 499.3.

{6-Fluoro-4-[4-(4-methyl-piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-

yl}-acetic acid




10 Starting with

[ 6-fl uoro-4-(4-net hyl sul fanoyl - benzyl) - napht hal en-2-y1] -acetic acid nethyl
ester, uswogow/oseiohod anal ogous to the one descri bed forCexza@oacsd1i, fi nal
step, [6-fluoro-4-(4-nethylsul fanoyl-benzyl)-napht hal en-2-y1]-acetic acid
(2.8 ng, 96% was obtained as a yeIIow%)gI 1H NMR (300 MHz, CDCI3) 5 ppm
7.84 (dd, J = 9.1, 5.7 Hz, 1 ,776 : :7.9Hz,2|—|),7.70(s,1|—|)
7.44 (d, Toastioed sedytion qﬂ){6-ﬂm5r07434_>4metbyl=plraerazinz 1-gulfgnyl)ybergoyly, 1 H),

&1h. Sooleanyifieat s bRl 0055, BulbiheninduatitGuid G ml "

20[ 6- Fl uowas 4d@dd ﬁeiohﬂmaﬁﬂhfmnmlhybm)ddelmoaohmmw (0‘@2711@ habemrdeN Iril- aceti c
ggllg/ 05?0_!@3{2@2—? E o hocg@@g?gctlcp o nL?re wasngtlrredl %r£8 hours at room temperature.
2- (4- Fhuorges benankivaaistfeafHae? P@dﬂc’éb%r@%uﬁ’e khERtY leshRicBaddiluted A 2 L

three-neck flask fitted wth a drop-w se addition funnel and a nechani cal

stirrer 5wm@wa<t¢fa(ﬂg‘eld) ana wagledwitly eyl asetaim(2 x dimlsiddiramong dinweatgds0%

sus ensio 0 dri de
vas washed 9plicBOg Ity Theaqeass ifPsh b8 Sk aiaudd 8 s¥BTes IR 2T B H
portion oi.OtN)bqae@Js solotiaresf hydrmcﬂmweambeTlhrerremhng)rrhxtu@mas eagadted fl ask

th i b tal yt t of
o hanol T B aChiblb, o0 BT TR it oo ha s R B Br R (20 .
0. 196 IUD| énl‘?})@ﬁo@ S&dilwl surstd s sstdendbed §adh ke@ucdd &QZSJ@'% 3%0@@

drop-wise to the nechanically stirred solution. Drop-wi se addition occurred

sl oWl y ovéR%). & {Bdlipr étﬁﬂ:ﬁ41n1’rﬁihy|tmléeﬁaé@@t1-éh'erB'Hﬂ@f‘@PMH'@aﬁh@alﬁB‘tZﬁ’i}ceed 35
C and evo t fter
t he drop- %\négsdgo%dg%? %ﬁé\%gg&]cgqﬂ%g%? ﬁﬂi??ﬂ??ﬁﬁ%y%ﬂ?@&‘?g t ﬁ’ ?eH 3
15 hours.7.84e &@@(m; DT Xt (s, e1 Was/.480el7ed! (nn, BH),i 381 \(@&t2H),Ba9h(br. s, 4 H),

the r eaci o (PG é@?a@@“ﬁﬁaﬁﬁ’i@ Eé%f-’&ﬁ%?ﬁwﬁdﬂ@t%gég %ﬁﬁ%atand

t he bijphasic mxture was poured into a separatory funnel. The organic |ayer
was separated, then extracted twice with 1 M aqueous potassium carbonate.
The conbi ned aqueous extracts Were EXAMRLE®G] |y acidified to pH 2 with
concentra times
wi th 500 K%‘gﬁq%;{ tﬁéﬁé%ﬁﬁ{; er)by?)he congfﬂg%\ﬁg]ra%eﬁn?éﬂngtﬁgé;ts gﬂv\ere
dried over Na2SO4, flltered, and exaporgled teHyi el d 2-(4-

fl uoro-benzyl i dene) - 3-net hyl - succ -nmet hyl ester as an orange oil
whi ch cont ai ned excess di nethyl F g inate as a mgjor inpurity and

m nor anounts 25 of other inpurities. crude product was used in the
next reaction w thout further purifi @atl
4- Acet oxy- 6-f | uor o- 3- net hyl - napht hal ene- 2<£ %xyl ic acid nmethyl ester WO
2010/ 055005PCT/ EP2009/ 064813 - 138 - 0 To Q)"s\ol ution of crude

2- (4-fluoro-benzylidene)-3-nethyl-succinic acid 1-nmethyl ester

(appr oxi m[ﬁ-d?lqor@M-tM-nﬁbthﬁﬁewaOnylFbeltzmyil)e3-alid‘twr-hdph(h4a%h-m)bl]-aastitadd'mﬂ

sodi u215 acetate (32.15 g, 0.392 rml% e portion. The reaction m xture
was stlFrred at 150 C for 3 hours. @r eJtlms the reaction m xture was
cooled to roomtenperature, then s ed _overai ght. Acetic anhydride was
renoved i n vacuo, providing a vi @ ownlloi I'. This crude product was

di ssolved in ethyl acetate. The rEs NSOl uti on was washed with a
saturated, aqueous ammoni um chl ori de solution. The organic 10 phase was
dried over Na2SO4, filtered, and cono ed. Fl ash chromat ography

(Anal ogi x Super Fl ashTM 10% et hyl acet at el g he&ane) gave 18.4 g (34% of 4-
acet oxy- 6- f | uor o- 3- net hyl - napht hal ene- 2- carbeXyl i c acid methyl ester as a
yel |l ow oi | . 6-Fl uoro- 4- hydr oxy- 3- net hyl - naptft hal ene- 2- car boxyl i ¢ aci d

t hyl t 46 g,
033 ot y 16 e ftaturSEAMOR. 2/ @3RERBHES iRy iR el ARBEMRGANRRNC © Lre: Sns
to a0 c @mhunle)a-bﬁr%teme(&myg .68 mm|¢aee| weth§lynnipioich adetmeé egter 43.68xy 1 i ¢

e w2 €B P hr 2 feniBica¥alBlab b, SRR b erbemidi 0 Ad0g L 09,

and spkr red8&ﬁmbt)0mh'fe&@’§@f|@g HiigufedWad hb@terd at B0 G RRCthaUrs Befdre badiieRal
concentrated in vacuo. The renmai ning oily suspension was diluted with ethyl

acetate and washed with 1 N aqueous HCI. The organi c phase was dried
(MS™), filtered, and concentrated to yield 9.64 g (62% of 6-fluoro-4- 25
hydr oxy- 3- net hyl - napht hal ene- 2- carboxylic acid nethyl ester as a yell ow sh
tan solid. HRVMS (ES-) cald. for C13H11FO3 [(MH)] 233.0619, obsd. 233.0619.
WO 2010/ 055005PCT/ EP2009/ 064813 139 -

4- Benzyl oXy- 6 fI uor o- 3- et hyl - napht haI ene- 2 car boxyl | c aC| d met hyl ester O

~ ~NSN oA e v o




3- et hyl - napht hal ene- 2- carboxylic acid nethyl ester (15.56 g, 66.43 mol)
and 5 potassium carbonate (19.26 g, 136.6 mmpl) in acetone (300 nL). The
reacti on woxpuvesswas heated at reflux for 3 hours. The &cetEPa@9We813 enoved
in vacuo. The residue was diluted with water, and the resulting m xture was
extracted three times wth et hyI acet atlf% The conbi ned organi ¢ phases were
washed with brine, dried over ered, and concentrated. A

concent r ageld(Iéddratride (O 25 beO@udmobermaddem Amptlaa%@tlhnylof goldfli e in

h hTM

chr omat ogn BRHGE (2528 86/ SR PR SE P do R AR INRlS v <1347 § newts

eyl 22?@?4?2@2"“@“8&*‘“ "‘“""é‘i”??"mdf?%d "I RN (300, i DN 6T 5_porm

ge 34y(s \g{aﬂ)’emgvé % rd‘a Aoyl %@h_ﬁhm@alggrag gé\aqj@’FlgshJ%é@? " 8p

% gi)g (g 5%m}_‘)§®%3etﬁ%l6ac%té"ﬂéun Bekine) Havé [89uorold-p4-ndthadeddifon fi-5Ehzb$1) 32 H)

( 4- Benzy| meihybnaphibatens2-wieketic Aeigtmethylegstor (B7)mered- hmoHRMS (£ 3lghaaldbot t om

fl ask 3.5 g, 88 mol dth
2ok vaoroh CHHAGRORS I NaN AT BT (B 871008, 070 o (00"t s acidod

flask was ydi of uran (100 nlL) was added
20 slowy. The resulting solution was maintained at -4 Cwith stirring. A

ot 1 oo e B AR RS A
added to the cold Iithium al uni numh e Suspensi on drop-w se VI a an

addition funnel. The rate of drop 10 055005PCT/ EP2009/ 064813 - 140 -
W se additi on was nonitored SO i i

roomtenperature. The reaction m xtuoé
1 hour. After this tine, the reaction m Xt
bath. Water (3.5 nL) was 5 added slowy, Keeptrg the reaction tenperature
bel owl2 C. A 15% aqueous NaCOH solution (3.5 ) was next added, followed by
an additi Reql i were
filtered, Qfaéﬁﬂcljn Eﬁ]@f’%@fgd% ﬁ{et@%ﬁesﬁlfgﬁ%tbae;ﬁ?yl,ﬁ’_@grﬁgt@zbl nedh?ehtzrjg es wer e
concent r aaelictagichmesiyh e&ter(OGBZgrr(quaﬂm mmel)i @ed yisisigd) methqddanalogous to the

Thi's) 10 47 Gaterc g R B e aE Thake oB: GptroRett T ESuRal bbbt on

1H NMR (3metﬁwnapw5@ncm|]@cemra&dcw3(d@ 75%;) vBaQobtain@dHss, a dolld)., 1H7NWIR(S 1

s 21p) (390Hzg jsagoeapmm (br. 5, 3Hy 2.985 §414 (. 4 5
(s, 218y, balFecBhst 675 Tt 298 &8, adung e, I g %
| or omet hyﬂiz72i—|| 17,880 7251%  h, r@@@‘(&@'ﬁﬂ%%z @Hz ’P\I—ghi‘s 88" eex I 9Y9ds bot t om

flask was char tri phenyl phosphi ne (2

t et rahydr%i‘l)r%ﬁ4($,03 ;) HPiM@ Eél‘*ﬁ é@rr(aonhxﬁQS@e[?MSH\la‘bﬂ 423.087 Zrobydunder
an argon a4 ere The resulting mxture was stirred at roomtenperature
for 20 mnu Asolutlon of

(4 benzyl oXy- 6 f 1 uor o- 3- et hyl - EXAMPBES6-24ty6})3 20 net hanol (13.09 g,

o t et rahydr of 0 mL) was added rapidly to th reactlon
it ol e iloi SRRPIRE B 6 3 el e e IR BRATAP RS MO At s of | o
for 1 hougxanihie 6-€ashting V\Vﬂr?(ﬂwléra%_ig‘v‘@érla‘fé’@br‘?}%ér@laﬂy‘i’ﬁvaﬁa‘b@@ﬂ@%Hél%d and the
solvents were renoved i n vacuo he residue was diluted with water, and the

resul ti ngaldeRydascanharybhalidgstasd RentSeyrdic ACidtMgthyRsd€at e. The organic
phases were washed 25 twice with water, and the resulting aqueous | ayers
were extracted with ethyl acetate. The conbi ned organic extracts were
washed wiith brine, dried over| MJSH, filtered, |and concentrated. The crude
product was purified using flash chrojmat ography| (Anallogi x Super Fl ashTM

col umm, 10-25% di chl or ofret hane i n hexane), affording|10.8 WD

2010/ 055Q05PCT/ [EP2009/ 064813 M 141 - |g
(7799 1-R h§>y-3-chlor th%%%ght ( +ﬁ%1phthalene as a white
sol 10, 11 U C300ha, | ORGO s Bol b 0 A3 L By, 8 o, 1 1,
7.89 (s, T'Hy, 7.53 - 7.65 ( 3 H, 7.3 - 7.50 (m 4 H)y, 4.97 (s, 4 H,
2.47 (s, 3 H). 5(4-Benzyl oxy-6-fl uoro-3-nethyl-naphthal en-2-yl)-acetic acid
met hyl ester A 2 L round bottom flask contai ni ng

1- benzyl oxy- 3-chl or onet hy1- 7-f | uor o- 2- net hyl napht hal ene (10.84 g, 34.44
mol ), PdCl2(PPh3)2 (1.22 g 1.72 mol, 0.05 eq), and potassium carbonate
(5.04 g, 36.50 mol, 1.06 eq) was evacuated and then 10 backfilled with
carbon nonoxi de gas. A balloon of carbon nonoxi de was connected into the
reaction flask to provide an extra reservoir of CO gas. Tetrahydrofuran
(120 nL) was added to the reaction m xture, followed by nethanol (58 ni).
The reactlon nlxture was stlrred at roon1tenperature for 3 hours and t hen

o . A Y. Y. o o, .




acid nethyl ester 15 Trifluoronethanesul fonic anhydride (0.35 m, 2.1
nmol ) was added drop-wise to a O C solution of

(6-f 1 uor owo-2hydrss00§- 3- et hyl - napht hal en- 2-yl ) - aceti ¢ aciPdTmretévgloc4sss er (400
ng, 1.61 mmol) and pyridine (0.195 ni, 2.42 mmol) in dichl oronethane 20
(12.0 nmL). The reaction mxture was stitred at O C for 30 m nutes. The
reaction mixture was warmed to roomtenperature, and stirred for 4 hours.

The react|if%h ni x2drenevas 1t hen| Bddlosd | EMPAEe) Wat4lrr-06150 and
the mixture was %ﬂ"%’cte&rot”}?re‘e( i mes| ig-34(P ? nL por /i ong
di chl or onet hane. aiﬁ#dconﬁtggd RPN | | & éﬂzz?ere dr i| egi-OWe
filtered,| and e oﬁa?ednggﬁy n _yeﬂ thjJ. 25 Aj|solutio hIS crude
product iln dichloronethagﬁﬂ saeﬁégoragé_}gyér silica gel, 0

/

resulting silica gel-suppeitednfprmaucl H)a92 &ilbjlected [to flash
chr omat ogr aphy (Redi Sep(n¢ Fl asbyigol upr), 7280+ 400 nesh, 28% et hyl acéﬁa%e i{n
hexane) tjo give|514 ng (849% [pceticacid | =8.4Hz, 2
(6-f|uoro-3-nethy|-4-trif|uoronethane;U}VéﬁgWoxy napht hal en-2-y1)-acetic

acid nethyl ester as a white,| crystal . 1H NWVR (300 MHz, CDCI3) §
ppm WO 2010/ 055005PCT/ EP2009f 064813  ° %ﬁ .82 (dd, J =8.9, 5.6 Hz, 1
H, 7.73|(s, 1 ), 7.64|(d, Jj = 10.0 Hg &d% 7.27 47.35 (m 1 H), 3.84

(s, 2 H, 3.73 (s, 3 H, 2.49 (s, 3 Hp), r(BS+) cald. for C15H12F405S

[ (M:Na) +]| 403. 0234, obsd. 403} 0233. s, 3H 2.14
5[6-FIuoro-4-(4-nethanesu|fonyl-benzyl& $Hnethyl-naprthalen 2-yl]-acetic
acid methyl ester 0 O Step 1L Preparation of tlhe Benzylic Zinc Chloride:

An oven dré-%d 3-ﬁé%%“@5)1nt r plériét- bot | 6ﬁ¥1$é§% wHS 18 har ged\w \peHdust
(13.08 g,| 200 m and o'é”g f&?stib (i/[ 18Pth| Bm ghl dri dp (8. 47 g, 200
mol ) under nitr ﬁéﬂm”%l e hg g 171 Cr or 1.5

hours under hi gh va@hun1 ;ﬁ? q&_ Nl q to room t enps re. The
reaction fl ask was backf i, Mﬂg t7@@ Q‘A§d equi pped w 3

0
t her monetler. To |t he graybaizac) hdph mun'uh$qmude m xtune was addesdAfrgshly
distilled tetrahydrofurane(8 m-p-ylindef 1H),BBO¢en. Then, 1, 2-di br onoefhane
(0.52 nL,| 6.0 1% nmol ) Wwas addendtic apide| 2HhS. 18U pensi on was t hen heat’ed
gently wijth a heat gun {o ebul lition.|AFféMZbeiing al llowed to cool (50 O
the mxtUre was|heated again.| This proﬁt§§4ﬁa$ repeatied three tines to nake
sure the |zinc dyst was activated conp|etgly -2 The actijvated zinc dust was
then treated wth trinmethylsi|yl chIonge 0.761 nm_, |6.0 nmol ), and the
suspensign was stirred for 15 mn at foom 20 tenperatjure. The reaction
m xture was then treated drop-wse with a solution of 4-
met hanesul f onyl benzyl chloride (10.24 g, 50.0 nmol) in dry tetrahydrofuran
(25 nL) at 5-10 C (ice bath with water). After the addition, the reaction
meﬂevmsMImmdtovanH)Hm@@mﬂﬁqueinanaMNmutemmmuwe
wat er bath. After 2 hours, the zinc i1nsertion reaction was conplete (as
i ndi cat ed G-E@i aroad {4-nethnes wlfien Y -SEnzolyi hthaten-2iy- ibnicragid xt ur e
whi ch was quenched with a saturated solution of NHACI and then diluted with
et hyl acetate). The reaction m xture was ollaged with freshly distilled
tetrahydrofuran (25 ni), and the g = topped to all ow the excess
zinc dust to settle over 15 hours H055005PCT/ EP2009/ 064813 - 144 -
Step 2. Negishi Coupling Reactién: ~InYJa separate reaction flask, palladi um
(I'l) acetate (643 ny, 2.86 nmol) and 8~Rbes_(2-di cycl ohexyl phosphi no-2', 6" -
di met hoxybi phenyl) (2.35 g, 5.73 nnnfﬁ E cogbined with freshly distilled
tetrahydrofuran (80 nL) at roomtenperat gider nitrogen. The resulting
mxture 5 was stirred at roomtenperature fa’ 10 minutes. A solution of
(6-fluoro- 3 net hyl-4- trifluorgmet hanesul f onyl oxy- napht hal en-2-y1)-acetic
aci d net h{il6-Edueio-4{4methgnesulfonylhenzoyihnaphkibaisn-divdl-prorignic acid
tetrahydr gfohiestd® n) was added to the |ight brown reaction mxture.
After 2-3 mnutes, the benzyl zinc reagent in tetrahydrofuran (prepared
above) was added at roomtenperature. The resulting dark brown 10 sol ution
was heated at 60 C for 1 hour. During this time, the initial dark brown
solution turned to a cloudy light brown and then slowy to a dark brown
solution. The reaction m xture was cooled to roomtenperature and then
diluted with saturated amoni um chl oride solution (200 nL). The organic
conpound was extracted into ethyl acetate (2 x 150 nL) and the conbi ned
organi c extracts were washed with 15 brine (200 nL). The organic |ayers
were dried over anhydrous magnesiumsulfate, filtered, and concentrated to
gi ve the crude product which was first purified on a 1 kg silica gel plug
[eluting with hexanes (500 ni), 20@6ethy| acetate in hexanes (1.0 L) and
40% 60% et hyl acetate |n hexanes (each .0 L)] The pure fractlons gave

~ NS - Y a1 N I e T -, e I | 4




Second Method OF Preparing Exanple 10-1

15[ 6- Fl uor o- 4- (4- et hanesul f onyl - benzyl) - 3- net hyl - napht hal en-2-y1] -acetic
acid tertwbupylose®ser 1 To a m xture of Zn dust (14.21PgI/EP2®9D64sm®| ) in
DMF (45.00 nL) was added trinethylchlorosilane (910.5 pL, 7.102 mmol) via
syringe, and the reaction mxture 20 stirred at roomtenperature for 30
m nutes. A solution of 1-chloronethyl-4-" nethanesul fonyl -benzene (19.28 g,
92.33 mml) in 35 00 nL of DMF was then added over 5 nminutes via syringe
(the syringe was rinsed with an a 3 50 of DMF). Wen the reaction

tenperature elevated to 45 C, a cQ r Bath was used to maintain the
reacti on tenperature between 3545 ~¢nd tHe reaction WO

2010/ 055005PCT/ EP2009/ 064813 - 146 - re was stirred at that
tenperature range for an additional Jes. The triflate XXXVI-a
(prepared as described above in schene 25,38 %0 g, 71.02 mmol ) and
dlchlorobls(trlphenylphosphlne)palladlun(II)'§254 3 ng, 0.355 mmol) were
t hen added, and the resulting reaction nlxture was heated at 64 C over 10
mnutes, to 5 initiate the reaction. The external heati ng source was then

removed, and the internal tenperature rai sed 67 C and slowy dropped to
64 C. The!? @nsity genarated itaumeadisoprqryiamide Ia% @3%(”90'918‘[9@ when HPLC

I t I d
?ga%S'CS dg%&bﬁﬁ% R eﬁgwaiﬁﬁcrﬁ@gﬂrﬁ ’?ngIII;'?T'I‘m S@HmrﬁBIﬁINfe@raW%rotﬂm%H %0 e

, acetate an wat er .
resul t bngmiy at 118’ Grasdetriitrogen was added Besopdioatal [@-fluoroFbi(4 thBmeaLﬂfonds and

wth et nyPoRRub H RS ec i af weuh bfiee 107G 8 B REE SR B e
W t]p \évaL esn 6RAIdGOusTMannanth thegitecnBcetit draingde C2bacdHingbiGchemef 2)rini sh 35. 1
go

[6-f 1 uor oteHabMdrﬁﬁtrﬁ%rﬂeQdFIbeQP “Wafzy DF-reacHoPHpIg prAsHEMeR.for Ja minyiest i ¢
aci d t ert alibylc. /Rl oot E08RY, didedfiol) it heaiBtryihodBbraiige (MR

further 15purification

[ 6- FI U46r ot244 () Hhﬁ@@ddeddmrl-wmzyﬁbe ®spingynixivae masatieed atyid “Gdet i ¢
acid OH O I ter, di ssol ved
in freshl %@prI’EIg[SI gthgag\%tr%ed%éggé gg%ﬁ%t'ﬁ%g fgﬁ%r?gg@'g II% %III:BI)LICILVI/a\I?Er sol ution
(240 L) . reBbtor a@elqulenghed wtthrae AR08 isoluéidn af s3Qradbd GnirnoniGoh chioidee®, and

h di | i Th 30.C h
T er ba BES AieiRedesiing mitur Was sugacied Wiyl qoetaio O a6 M L bt
over ni ghtg (Srﬂblﬁée\b'r@éh@%')_(g% Fef drfi’ed"B\Iér%rﬁﬁHIdIJs ol R Sgwbafllf@éd lanko

trifluoroacetic acid . The solid was further dried 0 C under
vacuudﬁZSCmﬂHﬁtﬁﬁltunQQﬁ repduqqadsqfe%:re drlash chromatography ( S|I|ca geI 100-200

he o vt ¢ Dol 2R RS B%I%I%?@?é%%féﬁ%@% Laanh ket frokplsgegyie oci

(dd, J = BaghthéleB-2-]-propidnic cid methPBegten 03)7I€I)g 56.6%) @d anloffwhie Qolidz, 1 H),

| % OBl b il Sge 0 1 G

2010/ 055005PCT/ EP2009/ 064813 - 147 - EXAMPLES 10-2 to 10-13 The fol |l owi ng
exanples 10-2 to 10-13 were prepared in an anal ogous manner. to the first
met hoaoof2-;56fﬂwwﬂ;—(ﬁ%ﬂbaeeaelfqnylsb%mth)gnwhﬂ?a?%Zryﬁhpmlealcsamdt ituted 5
benzal dehyde and di net hyl nethyl succi nate and using the indicated benzyl
chloride as a precursor to the benzylic¢ zilnc geagent in the Negishi
coupling step. Exanple No Systenma Y¢ Bghzal de hyde Benzyl Chloride
11-1 NMR (300 MHz, DWMSO- d6) 6 o-: ESO (MFNa)+) Structure 10-2

[ 6- Fluoro- 4- 3- 12.42 (br. F409. 08 4- (3- Fl uorobe (Methane




1 H, 7.85 - met hanes nzal dehy -sulfonyl) 7.98 (m 1 H), ul fonyl - de
benzyl 7.77 (s, 1 H), benzyl)-3- chloride 7.64 - 7.75 nmet hyl - (m
3 H, 7.480:2010apleshal e (t, J= 8.0 Hz, n-2-yl]- PCHEP20098448(3
acetic acid J=8.6 Hz, 1

-132 -
Starting with 2-[6-fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-propionic
acid methyl ester (0.070 g, 0.17 mmol), and using a method analogous to the one
described for example 1-1, final step, 2-[6-fluoro-4-(4-methanesulfonyl-benzoyl)-
naphthalen-2-yl]-propionic acid (0.040 g, 59.7%) was obtained as a semi-solid. 'H

5 NMR (400 MHz, DMSO-ds) & ppm 12.58 (s, 1 H), 8.17 -8.23 (m, 2 H), 8.11 (d, J =
8.7Hz,2H),800(d,J=87Hz, 2H),7.87 (dd, J=11.4,2.3Hz,1H),7.70 (d, J =
1.7 Hz, 1 H), 7.58 (td, J = 8.9, 2.6 Hz, 1 H), 3.88 - 3.98 (m, 1 H), 3.57 (s, 3 H), 1.46
(d, J = 7.1 Hz, 3 H); MS cald. for C21H;7FOsS [(M+H)*] 401, obsd. 401.

10 EXAMPLE 8-1
[4-(4-Methanesulfonyl-benzyl)-6-methyl-naphthalen-2-yl]-acetic acid

OH
I
(e

I,S ~

A solution of [6-methyl-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid
(example 2-28) (70 mg, 0.183 mmol) in methanol (8 mL) was hydrogenated using a

15 H-cube hydrogenation reactor with a flow rate of 1 mL/min and a 10% palladium on
carbon catalyst cartridge at 30 °C under 10 bar hydrogen pressure. After the
reaction was complete (monitored by TLC, 4% methanol in dichloromethane), the
solvent was evaporated in vacuo. Reverse-phase preparative HPLC (using a
Waters® Delta-Prep™ 3000 with a Varian Pursuit® C-18 column [10 pm, 20 x 150

20 mm]) gave [4-(4-methanesulfonyl-benzyl)-6-methyl-naphthalen-2-yl]-acetic acid (14.4
mg, 21%) as a white solid. "H NMR (300 MHz, CDCls) & ppm: 7.83 (d, J = 8.4 Hz, 2
H), 7.74 (d, J=8.7 Hz, 1 H), 7.66 (s, 1H), 7.60 (s, 1 H), 7.38 (d, J = 8.4 Hz, 2 H),
7.32(d,J=8.7Hz,1H),7.22 (s,1H),4.48 (s, 2 H), 3.78 (s, 2 H), 3.02 (s, 3 H), 2.46
(s, 3 H); HRMS cald. for C21H2004S (ESI*) [(M+ Na)*] 391.0974, obsd. 391.0976.

25

EXAMPLES 8-2 to 8-9

The following examples 8-2 to 8-9 were prepared in an analogous manner to
example 8-1, starting with the corresponding ketone derivatives.



H)
H)

7.23 (d, J = 7.5 Hz, 1 H, 4.59 (s, 2 H, 3.82 (s, 2
3.15 (s, 3 H, 2. (s, 3
WO 2010/055005 PCT/EP2009/064813
-133 -
'H NMR (300 HRMS

Example MHz, CDCl;) & (ESI+,

No Systematic Name | ppm (M+Na)") | Structure

8-2 [4-(4- 8.19 (s, 1 H),7.97 | 377.0829°
Methanesulfonyl- | (d, J =8.5Hz, 1
benzyl)-6- H), 7.87(d,J =
trifluoromethyl- 82Hz,2H),7.78
naphthalen-2-yl]- (s, 1 H), 7.66 (dd,
acetic acid J=8515Hz1

H),7.39(d, J =
8.2Hz,2H),7.35
(s, 1H),4.56 (s, 2
H), 3.85 (s, 2 H),
3.04 (s,3H)

8-3 [4-(4- (CD;0OD) 8.22 (s, 445.0691
Methanesulfonyl- 1H),811(d,J=
benzyl)-7- 8.8 Hz, 1 H), 7.87
trifluoromethyl- (s,1H),7.83(d,J
naphthalen-2-yi]- =8.2Hz, 2 H),
acetic acid 754 -763(m, 2

H), 747 (d,J =
8.2 Hz, 2 H), 4.61
(s,2H),3.81(s,2
H), 3.06 (s, 3 H)

8-4 [6-Fluoro-4-(4- 7.78-7.88(m, 3 395.0724
methanesulfonyl- H), 7.71 (br.s, 1
benzyl)- H), 7.39-7.46 (m,
naphthalen-2-yi]- 1H),737(d,J=
acetic acid 7.8Hz,2H),7.28

-7.34 (m, 2 H),
449 (s,2H),3.79
(s,2H),3.04 (s,3
H)

8-5 [6-Fluoro-4-(4- 7.87 (dd, J = 8.6, 409.0881
methanesulfonyl- 6.2 Hz, 1 H), 7.82
2-methyl-benzyl)- | (s, 1 H),7.71 (s, 1
naphthalen-2-yl]- H), 7.59 - 7.67 (m,
acetic acid 1H),7.37-7.46

(m, 1 H), 7.31 (dd,
J=10.6,2.1Hz1
H), 7.05 (s, 1 H),
7.01(d,J=82
Hz, 1 H), 4.37 (s,
2H),3.77 (s, 2
H), 3.06 (s, 3 H),
245 (s,3H)




10-3 [4-(4- 4- 4-
(Benzene 1 H),
benzyl) - 6wode10ss003 |
7.77 (s,

met hyl -

7.88 -
1 H,

12. 44 (br.
ul fonyl -

7.84(d, J=

napht hal e

s, 471.1038

134 -

fl uor o-

"0 *0 *

Benzenes Fl uorobe
nzal dehy sulfonyl) 7.97 (m 3 H),
3- chloride 8C4/HA2009D644)3

8-6

[6-Fluoro-4-(4-
methanesulfonyl-
3-trifluoromethyl-
benzyl)-
naphthalen-2-yl]-
acetic acid

819(d,J=78
Hz, 1 H),7.82-
792 (m, 1 H),
7.75 (br.s, 2 H),
749d,J=75
Hz, 1 H), 7.39 (d,
J =103 Hz, 1 H),
728-734(m,2
H), 4.51 (s, 2 H),
3.84 (s,2H),3.17
(s,3H)

463.0597

[4-(4-
Ethanesulfonyl-2-
methyl-benzyl)-6-
fluoro-naphthalen-
2-yll-acetic acid

(DMSO-dg) 12.35
(br.s, 1 H) 8.01
(dd, J=9.1,6.0
Hz, 1 H)7.75(d, J
=3.3Hz, 2 H)
7.63 (dd, J =115,
2.1 Hz, 1 H)7.54
(dd,J=8.1,1.4
Hz, 1 H) 7.42 (td,
J=8.8,2.1Hz, 1
H) 7.09 (s, 1 H)
6.96 (d, J = 8.1
Hz, 1 H)4.44 (s, 2
H) 3.65 (s, 2 H)
323(q,J=74
Hz, 2 H)2.41 (s, 3
H) 1.06 (t, J = 7.4
Hz, 3 H)

401.1215°

8-8

[4-(4-
Dimethylsulfamoyl-
benzyl)-6-fluoro-
naphthalen-2-yl]-
acetic acid

(DMSO-ds) 7.99
(dd,J=9.1,6.0
Hz, 1 H)7.76 (s, 1
H)7.72(dd, J =
11.5,2.1 Hz, 1 H)
766(d,J=83
Hz,2H)749(d, J
=8.3Hz 2H)
7.36-7.45(m, 2
H) 4.51 (s, 2 H)
3.72(s,2H)2.56
(s, 6 H)

402.1169°

8-9

[4-(4-
Ethanesulfonyl-
benzyl)-6-fluoro-
naphthalen-2-yl]-
acetic acid

(DMSO-dg) 12.41
(br.s,1H)7.98
(dd,J=9.0,6.2
Hz, 1 H)7.74-7.81
(m,3H)7.71 (dd,
J=116,24Hz 1
H)7.49(d, J=
8.2,Hz,2H)7.42
(s, 1 H)7.37 (dd,
J=9.0,24 Hz1
H) 4.50 (s, 2 H)
3.71 (s,2H)3.21
(q, J=7.3Hz 2
H)1.03( J=7.3
Hz, 3 H)

409.0880




7.54 - 7.71 n-2-yl]- (m 4H, 7.34 acetic acid (td, J= 8.8,
2.1 Hz, 1 H), 7.25 (d, J= 8.4 Hz, 2 H), 4.55 (s, 2 H,
WO 2010/055005 PCT/EP2009/064813

-135-

a: HRMS reported as [(M-COOH)7; b: HRMS (ES+), [(M+H)"].

EXAMPLE 91
[6-Fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl]-acetic acid

[6-Fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl]-acetic acid methyl

ester

N
FOO ol

O 0

s

o N

10
A solution of [6-fluoro-4-(4-methylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic acid
methyl ester (prepared in an analogous manner to the ethyl ester precursor to
example 2-1) in methanol (20 mL) was hydrogenated using a H-cube hydrogenation
reactor with a flow rate of 1 mL/min and a 10% palladium on carbon catalyst

15 cartridge at 30 °C under 10 bar hydrogen pressure. The reaction gave a mixture of

[6-fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl] acetic acid methyl ester, and



3.81 (s,

2 H, 2.26 (s, 3 H WD 2010/ 055005PCT/ EP2009/ 064813

148

- 10-4 [4-(4- Brono- benzyl)-6- fluoro-3- nethyl- naphthale n-2-yl]- acetic
acid 4- RAvoarobsswzal dehy de 4- bronobe nzyl chloride 1PCAAEPE@Y/ 0848It
(dd, J=8.8, 6.3 Hz, 1 H), 7.76 (s, 1 H), 7.65 (dd, J= 12.1, 2.2 Hz, 1 H),
7.43 (d, 385.0244 J=8.4 Hz, 2 -136-H)’ 7.34 (td, J = 8.8,

|_|21

10

15

20

the corresponding alcohol {6-fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyl]-
naphthalen-2-yl}-acetic acid methyl ester, a precursor to example 20-1. Reverse-
phase preparative HPLC (using a Waters® Delta-Prep™ 3000 with a Varian Pursuit®
C-18 column [10 um, 20 x 150 mm]) was used to separate these products, giving [6-
fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl]-acetic acid methyl ester (3.0
mg) as a white solid. MS cald. for C21HoFNO4S [(M+H")] 401, obsd. 402.
[6-Fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl]-acetic acid

SoRs
. O
(Lo

So. .~
7, N

Starting with [6-fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl]-acetic acid
methyl ester, using a method analogous to the one described for example 2-1, final
step, [6-fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl]-acetic acid (2.8 mg,
96%) was obtained as a yellow oil. 'H NMR (300 MHz, CDCls) & ppm 7.84 (dd, J =
9.1,57Hz,1H),7.76 (d, J=79Hz,2H), 7.70 (s, 1 H), 7.44 (d, J =10.6 Hz, 1 H),

7.

2.

7.32(d, J =8.5Hz, 2 H), 7.28 (s, 1 H), 4.43 (s, 3 H), 3.81 (s, 2 H), 2.65 (d, J = 5.4 Hz,

3 H); HRMS cald. for C21H2004S [(M+ Na)*] 410.0833, obsd. 410.0833.
EXAMPLE 10-1

[6-Fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid

OO O
F
[\
O:S l

First Method Of Preparing Example 10-1

93
2



1 H, 6.99 (d, J= 8.4 Hz, 2 H, 4.44 (s, 2 H)y, 3.82 (s,
H, 2.31 (s, 3 H  10-5 [4-(4- 4- 4- 12.44 (s, 1 356.1057 Cyano-
Fl uor obe woanossids, 7.

10

15

20

25

92 (dd, PCT/EP2009/064813

-137 -

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

A 2 L three-neck flask fitted with a drop-wise addition funnel and a mechanical stirrer
was charged with 18.63 g (0.466 mol) of sodium hydride (60% suspension in mineral
oil) under a stream of argon gas. The sodium hydride was washed twice with 100
mL portions of hexane and once with a 100 mL portion of toluene in order to remove
the mineral oil. The reaction flask was then charged with toluene (220 mL) followed
by a catalytic amount of methanol (0.5 mL, 12.3 mmol). A mixture of 4-
fluorobenzaldehyde (21 mL, 0.196 mol) and dimethyl methylsuccinate (87.61 g,
0.547 mol) was added drop-wise to the mechanically stirred solution. Drop-wise
addition occurred slowly over 1.5 hours such that the reaction temperature did not
exceed 35 °C and evolution of hydrogen gas occurred at a steady, moderate rate.
After the drop-wise addition was complete, the reaction mixture was stirred for 3
hours. The reaction mixture was cooled in an ice-water bath. Concentrated HCI
(100 mL) was added slowly drop-wise at a rate such that the reaction temperature
did not exceed 20 °C. Water (100 mL) was added, and the biphasic mixture was
poured into a separatory funnel. The organic layer was separated, then extracted
twice with 1 M aqueous potassium carbonate. The combined aqueous extracts were
carefully acidified to pH 2 with concentrated HCI. The resultant cloudy suspension
was extracted three times with 500 mL portions of diethyl ether. The combined
organic extracts were dried over Na,SOy, filtered, and evaporated to yield 2-(4-
fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester as an orange oil which
contained excess dimethyl methylsuccinate as a major impurity and minor amounts
of other impurities. This crude product was used in the next reaction without further

purification.

4-Acetoxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester

2
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To a solution of crude 2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester
(approximately 49 g, 0.196 mol) in acetic anhydride (490 mL) was added sodium
acetate (32.15 g, 0.392 mol) in one portion. The reaction mixture was stirred at 150
°C for 3 hours. After this time, the reaction mixture was cooled to room temperature,
then stirred overnight. Acetic anhydride was removed in vacuo, providing a viscous
brown oil. This crude product was dissolved in ethyl acetate. The resulting solution
was washed with a saturated, aqueous ammonium chloride solution. The organic
phase was dried over Na SO, filtered, and concentrated. Flash chromatography
(Analogix SuperFlash™ 10% ethyl acetate in hexane) gave 18.4 g (34%) of 4-

acetoxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester as a yellow oil.

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

o
F

OH

A heterogeneous mixture of potassium carbonate (46 g, 0.33 mol), water (260 mL),
and acetone (260 mL) was added in three portions to a 0 °C solution of 4-acetoxy-6-
fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester (18.4 g, 0.066 mol) in
methanol (1 L). The resulting mixture was stirred at 0 °C for 15 minutes, then
warmed to room temperature and stirred at room temperature for 1 hour. The
reaction mixture was concentrated in vacuo. The remaining oily suspension was
diluted with ethyl acetate and washed with 1 N aqueous HCI. The organic phase
was dried (MgSQ,), filtered, and concentrated to yield 9.64 g (62%) of 6-fluoro-4-
hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester as a yellowish tan solid.
HRMS (ES-) cald. for C43H11FO3 [(M-H)] 233.0619, obsd. 233.0619.

2
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4-Benzyloxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester
0
L
F
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Benzyl bromide (10 mL, 82.51 mmol) was added to a mixture of 6-fluoro-4-hydroxy-
3-methyl-naphthalene-2-carboxylic acid methyl ester (15.56 g, 66.43 mmol) and
5 potassium carbonate (19.26 g, 136.6 mmol) in acetone (300 mL). The reaction

mixture was heated at reflux for 3 hours. The acetone was removed in vacuo. The
residue was diluted with water, and the resulting mixture was extracted three times
with ethyl acetate. The combined organic phases were washed with brine, dried
over MgSQy, filtered, and concentrated. A concentrated solution of the crude product

10 in 25% ethyl acetate in hexanes was loaded onto a Analogix SuperFlash™ column.
Flash chromatography (25-50% ethyl acetate in hexanes) provided 14.27 g (66%
yield) of 4-benzyloxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester
as a slightly yellow solid. "H NMR (300 MHz, DMSO-ds) & ppm 8.34 (s, 1 H), 8.19
(dd, J=8.9,59Hz, 1H),7.64 (dd, J=10.7, 2.3 Hz, 1 H), 7.57 (d, J = 6.6 Hz, 2 H),

15 7.36-7.54 (m, 4 H), 4.98 (s, 2 H), 3.89 (s, 3 H), 2.56 (s, 3 H).

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

0]

A round-bottom flask was charged with lithium aluminum hydride (3.5 g, 88 mmol),
and the flask was placed in an brine/ice bath. Tetrahydrofuran (100 mL) was added

20 slowly. The resulting solution was maintained at -4 °C with stirring. A solution of 4-
benzyloxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester (14.27 g,
44.00 mmol) in tetrahydrofuran (30 mL) was slowly added to the cold lithium

aluminum hydride suspension drop-wise via an addition funnel. The rate of drop-
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wise addition was monitored so that the reaction temperature did not exceed 6 °C.
After the drop-wise addition was complete, the reaction was warmed to room
temperature. The reaction mixture was stirred at room temperature for 1 hour. After
this time, the reaction mixture was cooled to 4 °C in an ice bath. Water (3.5 mL) was
added slowly, keeping the reaction temperature below 4 °C. A 15% aqueous NaOH
solution (3.5 mL) was next added, followed by an additional portion of water (10.5
mL). The precipitated solids were filtered, and then rinsed with ethyl acetate. The
combined filtrates were concentrated to obtain 13.09 g (quantitative yield) of (4-
benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-methanol as a white solid. This
product was used in the next step without additional purification. "H NMR (300 MHz,
DMSO-ds) © ppm 8.00 (dd, J=8.9,5.9Hz, 1 H), 7.77 (s, 1 H), 7.54 - 7.63 (m, 3 H),
7.31-7.51(m,4 H),526-535(m, 1H),4.94 (s, 2H),4.64 (d, J =5.1 Hz, 2 H),
2.34 (s, 3 H).

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

0]

A three-neck round-bottom flask was charged with triphenylphosphine (23.33 g,
88.34 mmol), tetrahydrofuran (70 mL), and carbon tetrachloride (35 mL, 0.36 mol)
under an argon atmosphere. The resulting mixture was stirred at room temperature
for 20 minutes. A solution of (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-
methanol (13.09 g, 44.17 mmol) in tetrahydrofuran (50 mL) was added rapidly to the
reaction mixture via an addition funnel. The reaction mixture was heated at reflux for
1 hour. The reaction mixture was cooled to room temperature, and the solvents
were removed in vacuo. The residue was diluted with water, and the resulting
mixture was extracted twice with ethyl acetate. The organic phases were washed
twice with water, and the resulting aqueous layers were extracted with ethyl acetate.
The combined organic extracts were washed with brine, dried over MgSQy, filtered,
and concentrated. The crude product was purified using flash chromatography

(Analogix SuperFlash™ column, 10-25% dichloromethane in hexane), affording 10.8
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g (77%) 1-benzyloxy-3-chloromethyl-7-fluoro-2-methyl-naphthalene as a white solid.
"H NMR (300 MHz, DMSO-ds) 5 ppm 8.02 (dd, J = 8.9, 5.9 Hz, 1 H), 7.89 (s, 1 H),
7.53-7.65(m,3 H),7.35-7.50 (m, 4 H), 4.97 (s, 4 H), 2.47 (s, 3 H).

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

O\
(Y
F

0]

A 2 L round bottom flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-2-methyl-
naphthalene (10.84 g, 34.44 mmol), PdCIx(PPhs), (1.22 g 1.72 mmol, 0.05 eq), and
potassium carbonate (5.04 g, 36.50 mmol, 1.06 eq) was evacuated and then
backfilled with carbon monoxide gas. A balloon of carbon monoxide was connected
into the reaction flask to provide an extra reservoir of CO gas. Tetrahydrofuran (120
mL) was added to the reaction mixture, followed by methanol (58 mL). The reaction
mixture was stirred at room temperature for 3 hours, and then diluted with water (600
mL). The resulting mixture was extracted twice with 300 mL portions of ethyl
acetate. The combined organic layers were washed with water and brine, dried over
MgSQy, filtered, and concentrated to obtain 12.6 g of the crude product. Flash
chromatography (Analogix SuperFlash™, 0-15% ethyl acetate in hexane) was used
to isolate 11.7 g (quantitative yield) of (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-
yl)-acetic acid methyl ester as a clear, colorless oil that crystallized upon standing at
room temperature. 'H NMR (300 MHz, DMSO-ds) & ppm 7.96 (dd, J =9.1, 5.7 Hz, 1
H), 7.65 (s, 1 H), 7.52 - 7.62 (m, 3 H), 7.32 - 7.50 (m, 4 H), 4.94 (s, 2 H), 3.89 (s, 2
H), 3.64 (s, 3 H), 2.31 (s, 3 H).

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

O\
(T
F

OH
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A round-bottom flask was charged with (4-benzyloxy-6-fluoro-3-methyl-naphthalen-2-
yl)-acetic acid methyl ester (11.7 g, 34.58 mmol) in ethanol (350 mL). Some heating
was required in order to dissolve all of the starting material in ethanol. A full spatula
scoop of 10% palladium on carbon was added into the reaction flask. The reaction
mixture was stirred under hydrogen gas at atmospheric pressure overnight at room
temperature. After this time, it appeared that approximately 750 mL hydrogen gas
had been consumed, and TLC (1:3 ethyl acetate, hexanes) indicated that the starting
material had been consumed. The reaction mixture was filtered through a bed of
celite. The filtrate was concentrated to afford 7.91 g (92% ) of (6-fluoro-4-hydroxy-3-
methyl-naphthalen-2-yl)-acetic acid methyl ester, which was used in the next step
without further purification. MS (ES-) cald. for C14H13FO3 [(M-H)] 247, obsd. 247 .1.

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

acid methyl ester

Trifluoromethanesulfonic anhydride (0.35 mL, 2.1 mmol) was added drop-wise to a

0 °C solution of (6-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methyl
ester (400 mg, 1.61 mmol) and pyridine (0.195 mL, 2.42 mmol) in dichloromethane
(12.0 mL). The reaction mixture was stirred at 0 °C for 30 minutes. The reaction
mixture was warmed to room temperature, and stirred for 4 hours. The reaction
mixture was then cooled to 0 °C. Water (150 mL) was added, and the mixture was
extracted three times with 50 mL portions of dichloromethane. The combined
organic layers were dried over Na,SOq filtered, and evaporated to yield a yellow oil.
A solution of this crude product in dichloromethane was evaporated over silica gel,
and the resulting silica gel-supported product was subjected to flash chromatography
(RediSep® Flash column, 230-400 mesh, 28% ethyl acetate in hexane) to give 514
mg (84%) of (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-yl)-acetic
acid methyl ester as a white, crystalline solid. "H NMR (300 MHz, CDCls) & ppm

1
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7.82 (dd, J=8.9, 5.6 Hz, 1 H), 7.73 (s, 1 H), 7.64 (d, J = 10.0 Hz, 1 H), 7.27 - 7.35

(m, 1 H), 3.84 (s, 2 H), 3.73 (s, 3 H), 2.49 (s, 3 H). HRMS (ES+) cald. for
C1sH12F405S [(M+Na)'] 403.0234, obsd. 403.0233.

5  [6-Fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid

methyl ester

O
FOO ol

O O

S

N

0]
Step 1. Preparation of the Benzylic Zinc Chloride: An oven dried 3-neck 250 mL

round-bottom flask was charged with zinc dust (13.08 g, 200 mmol) and previously

10 dried lithium chloride (8.47 g, 200 mmol) under nitrogen. The mixture was heated to
171 °C and stirred for 1.5 hours under high vacuum. The mixture was cooled to
room temperature. The reaction flask was backfilled with nitrogen and equipped with
a thermometer. To the gray zinc/lithium chloride mixture was added freshly distilled
tetrahydrofuran (8 mL) under nitrogen. Then, 1,2-dibromoethane (0.52 mL, 6.0

15 mmol) was added. The zinc suspension was then heated gently with a heat gun to
ebullition. After being allowed to cool (50 °C), the mixture was heated again. This
process was repeated three times to make sure the zinc dust was activated
completely. The activated zinc dust was then treated with trimethylsilyl chloride
(0.761 mL, 6.0 mmol), and the suspension was stirred for 15 min at room

20 temperature. The reaction mixture was then treated drop-wise with a solution of 4-
methanesulfonylbenzyl chloride (10.24 g, 50.0 mmol) in dry tetrahydrofuran (25 mL)
at 5-10 °C (ice bath with water). After the addition, the reaction mixture was allowed
to warm to room temperature in an ambient temperature water bath. After 2 hours,
the zinc insertion reaction was complete (as indicated by TLC analysis of a small

25 aliquot from the reaction mixture which was quenched with a saturated solution of
NH.Cl and then diluted with ethyl acetate). The reaction mixture was diluted with
freshly distilled tetrahydrofuran (25 mL), and the stirring was stopped to allow the

excess zinc dust to settle over 15 hours.
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Step 2. Negishi Coupling Reaction: In a separate reaction flask, palladium (II)

acetate (643 mg, 2.86 mmol) and S-Phos (2-dicyclohexylphosphino-2’,6’-
dimethoxybiphenyl) (2.35 g, 5.73 mmol) were combined with freshly distilled
tetrahydrofuran (80 mL) at room temperature under nitrogen. The resulting mixture
was stirred at room temperature for 10 minutes. A solution of (6-fluoro-3-methyl-4-
trifluoromethanesulfonyloxy-naphthalen-2-yl)-acetic acid methyl ester (10.92 g, 28.66
mmol) in freshly distilled tetrahydrofuran (80 mL) was added to the light brown
reaction mixture. After 2-3 minutes, the benzyl zinc reagent in tetrahydrofuran
(prepared above) was added at room temperature. The resulting dark brown
solution was heated at 60 °C for 1 hour. During this time, the initial dark brown
solution turned to a cloudy light brown and then slowly to a dark brown solution. The
reaction mixture was cooled to room temperature and then diluted with saturated
ammonium chloride solution (200 mL). The organic compound was extracted into
ethyl acetate (2 x 150 mL) and the combined organic extracts were washed with
brine (200 mL). The organic layers were dried over anhydrous magnesium sulfate,
filtered, and concentrated to give the crude product which was first purified on a 1 kg
silica gel plug [eluting with hexanes (500 mL), 20% ethyl acetate in hexanes (1.0 L)
and 40%-60% ethyl acetate in hexanes (each 2.0 L)]. The pure fractions gave 9.33 g
of the desired pure material from this purification and ~ 4.0 g of impure compound.
The impure product was again purified by flash chromatography (ISCO RediSep®
Flash column, 230-400 mesh, eluting with 0-40% ethyl acetate in hexanes) to obtain
another 2 g of the desired product. The combined yield of [6-fluoro-4-(4-
methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid methyl ester was
11.33 g (98%), isolated as a light yellow solid. HRMS (El+) cald. for C2H21FO4S
[M*] 400.1145, obsd. 400.1144.
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[6-Fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid

OH
FOO o)

O 0

S

7N
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Starting with [6-fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic
5 acid methyl ester (11.33 g, 28.3 mmol), using a method analogous to the one
described for example 2-1, final step, [6-fluoro-4-(4-methanesulfonyl-benzyl)-3-
methyl-naphthalen-2-yl]-acetic acid was obtained. Further purification was
accomplished by recrystallization from acetonitrile to give the final product in two
crops as 10.07 g (92%) of a white solid. '"H NMR (300 MHz, CDCls) & ppm 7.77 -

10 7.85(m,3H),7.72(s,1H),7.39(d, J=11.8 Hz, 1 H), 7.16 - 7.26 (m, 3 H), 4.54 (s,
2 H), 3.91 (s, 2 H), 3.03 (s, 3 H), 2.38 (s, 3 H) ; HRMS (ESI+) cald. for C21H19O4sSF
[(M+Na)*] 409.0880, obsd. 409.0880.

Second Method Of Preparing Example 10-1

15 [6-Fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid

tert-butyl ester

OO OY
E 0]
O O
\
O:\S

I
To a mixture of Zn dust (14.21 g, 213.1 mmol) in DMF (45.00 mL) was added

trimethylchlorosilane (910.5 pL, 7.102 mmol) via syringe, and the reaction mixture
20 was stirred at room temperature for 30 minutes. A solution of 1-chloromethyl-4-
methanesulfonyl-benzene (19.28 g, 92.33 mmol) in 35.00 mL of DMF was then
added over 5 minutes via syringe (the syringe was rinsed with an additional 5 mL of
DMF). When the reaction temperature elevated to 45 °C, a cold water bath was

used to maintain the reaction temperature between 35-45 °C, and the reaction
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mixture was stirred at that temperature range for an additional 20 minutes. The
triflate XXXVI-a (prepared as described above in scheme 25, 30.00 g, 71.02 mmol)
and dichlorobis(triphenylphosphine)palladium(ll) (254.3 mg, 0.355 mmol) were then
added, and the resulting reaction mixture was heated at 64 °C over 10 minutes, to
initiate the reaction. The external heating source was then removed, and the internal
temperature raised to 67 °C and slowly dropped to 64 °C. The reaction mixture was
stirred at 6413 °C for 3 hours, when HPLC analysis indicated 99.7% conversion.
The reaction mixture was then cooled to 15 °C, and diluted with 150 mL of ethyl
acetate and 15 mL of water. The resulting mixture was stirred at room temperature
for 20-30 minutes, and then filtered through a thin cake of celite. The celite cake
was washed with ethyl acetate (3x30 mL), and the combined organic phases were
washed with water (2x150 mL), and then concentrated (25 C/60 mmHg) to furnish
35.1 g of crude [6-fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-
acetic acid tert-butyl ester, which was directly used in the next step without further

purification.

[6-Fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid

OH
FOO ol

O 0

S
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O
The tert-butyl ester above (43.00 g, 97.16 mmol) was dissolved in freshly prepared
warm (35 °C) 4:1 trifluoroacetic acid:water solution (240 mL). The resulting mixture
was stirred at 30-35 °C for 30 minutes, and then diluted with water (336 mL). The
warm mixture (~30 °C) was then filtered and washed with water (3x200 mL), then
dried under vacuum overnight to provide 36.28 g of a white solid, which contained
1.1% trifluoroacetic acid (TFA). The solid was further dried at 50 °C under vacuum
overnight, to furnish 35.7 g of [6-fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-
naphthalen-2-yl]-acetic acid as a white solid. "H NMR (300 MHz, DMSO-ds) & ppm
12.44 (br.s, 1 H), 7.95(dd, J=8.8,6.3 Hz, 1 H), 7.77-7.83 (m, 3 H), 7.68 (d, J =
12.0 Hz, 1 H), 7.36 (td, J = 8.8, 2.3 Hz, 1 H), 7.29 (d, J = 8.1 Hz, 2 H), 4.60 (s, 2 H),
3.84 (s, 2 H), 3.15 (s, 3 H), 2.32 (s, 3 H).
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EXAMPLES 10-2 to 10-13
The following examples 10-2 to 10-13 were prepared in an analogous manner to the
first method of preparing example 10-1, starting with the indicated substituted
5 benzaldehyde and dimethyl methylsuccinate and using the indicated benzyl chloride

as a precursor to the benzylic zinc reagent in the Negishi coupling step.

'H NMR (300 | HRMS
Example | Systematic | Benzalde | Benzyl MHz, DMSO- | (ES",
No Name hyde Chloride | dg) d ppm (M+Na)") Structure
10-2 [6-Fluoro- | 4- 3- 1242 (br.s, | 409.0882 OH
4-(3- Fluorobe | (Methane | 1 H),7.85 - OO
methanes | nzaldehy | -sulfonyl) | 7.98 (m, 1 H), E O 0
ulfonyl- de benzyl 7.77 (s, 1 H), i
benzyl)-3- chloride 7.64-7.75 ﬁ_
methyl- (m,3H),7.48 O 0]
naphthale (t, J = 8.0 Hz,
n-2-yl}- 1H),7.34
acetic acid J=8.6Hz1
H),7.23(d, J
=7.5Hz1
H),4.59 (s, 2
H),3.82 (s, 2
H),3.15(s, 3
H),2.30 (s, 3
H)
10-3 [4-(4- 4- 4- 1244 (br.s, | 471.1038 OH
Benzenes | Fluorobe | (Benzene | 1 H),7.88 - OO
ulfonyl- nzaldehy | sulfonyl) | 7.97 (m, 3 H), E O
benzyl)-6- | de benzyl 784, J=
fluoro-3- chloride 8.4 Hz, 2 H),
methyl- 7.77 (s, 1 H), O 0
naphthale 7.54-7.71 S"
n-2-yl}- (m,4 H),7.34 o \©
acetic acid (td, J = 8.8,
2.1 Hz, 1 H),
725(,J =
8.4 Hz, 2 H),
4.55 (s, 2 H),
3.81 (s, 2 H),
2.26 (s, 3 H)
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10-4 [4-(4- 4- 4- 12.44 (s, 1 385.0244° OH
Bromo- Fluorobe | bromobe | H), 7.93 (dd, OO
benzyl)-6- | nzaldehy | nzyl J=88,6.3 E O
fluoro-3- de chloride Hz, 1 H),
methyl- 7.76 (s, 1 H),
naphthale 7.65(dd, J = O
n-2-yl}- 12.1,2.2 Hz, Br
acetic acid 1H),7.43 (d,
J=84Hz2
H), 7.34 (td, J
=8.8,2.2 Hz,
1 H), 6.99 (d,
J=84Hz2
H), 4.44 (s, 2
H), 3.82 (s, 2
H),2.31 (s, 3
H)
10-5 [4-(4- 4- 4- 12.44 (s, 1 356.1057 OH
Cyano- Fluorobe | cyanobe | H),7.92 (dd, OO
benzyl)-6- | nzaldehy | nzyl J=89,6.3 F 0]
fluoro-3- de chloride Hz, 1 H),
methyl- 7.76 (s, 1 H),
naphthale 7.70(d,J= O
n-2-yl}- 8.2 Hz, 2 H), S
acetic acid 7.65(dd, J = =N
12.1,2.2 Hz,
1 H),7.34 (td,
J=88,22
Hz, 1 H),
721(d,J=
8.2 Hz, 2 H),
4.56 (s, 2 H),
3.81 (s, 2 H),
2.29 (s,3H)
10-6 [6-Fluoro- | 4- 1-(4- 12.15 (br, s, | 375.1503° OH
3-methyl- | Fluorobe | Chlorom | 1 H), 8.38 (s, OO
4-(4- nzaldehy | ethyl- 1H),7.94 (t E 0]
pyrazol-1- | de phenyl)- | J=7.2Hz1
yl-benzyl)- 1H- H), 7.77 (s, 1
naphthale pyrazole | H), 7.59-7.73 O N
n-2-yl} (m, 4 H),7.35 NT N\
acetic acid (t, J = 8.8 Hz, Q
1H),7.15 (d,
J=75Hz,2
H),6.49 (d, J
=1.5Hz,1
H), 4.50 (s, 2
H), 3.84 (s, 2
H),2.35(s, 3
H)
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7.95 (dd, J= 8.8, 6.2 Hz,

2. 30
150 -

1H),

(s,

3 H
10- 10 {6-Fl uoro-

389. 1417 OH SO 0O

WO
3-net hyl - 444-0-

tetrazol - 5-

7.68 - 7.81 yI)-benzyl]-_I&Qjoride (m 4 H, 7.36 O1l

10-7 {6-Fluoro- | 4- 3-(1- 12.44 (s, 1 391.1564° OH
3-methyl- | Fluorobe | methyl- H), 7.92 (dd, OO
4-[3-(1- nzaldehy | tetrazol- | J=8.8,6.3 E 0]
methyl-1H- | de 5- Hz, 1 H),
tetrazol-5- yl)benzyl | 7.76 (s, 1 H)
yl)-benzyl]- chloride 7.64 (m, 2 H), O
naphthale 7.56 (s, 1 H),
n-2-yl}- 7.43-7.53
acetic acid (m, 1H),7.33 NZ N7

(td, J = 8.8, N=n
2.4 Hz, 1H), N=N
7.27(d,J =

7.5 Hz, 1 H),

4.58 (s, 2 H)

4.06 (s, 3 H),

3.83 (s, 2 H),

2.36(s,3H)

10-8 [4-(4- 4- 4- 12.38 (br.s, | 437.1521 OH
Benzyloxy- | Fluorobe | (Benzylo | 1 H),7.91 OO
benzyl)-6- | nzaldehy | xy) (dd, J =91, E 0]
fluoro-3- de benzyl 6.3 Hz, 1 H),
methyl- chloride 7.74 (s, 1 H),
naphthale 764(d,J= O
n-2-yl}- 12.1 Hz, 1 o
acetic acid H), 7.27 -

7.44 (m, 6 H),
6.96 (d, J =

8.8 Hz, 2 H),
6.88 (d, J =

8.8 Hz, 2 H),
5.01 (s, 2 H),
4.38 (s, 2 H),
3.82 (s, 2 H),
2.33(s,3H)

10-9 [4-(3- 4- 3- 1245 (br. s, 332.1090° OH
Cyano- Fluorobe | cyanobe | 1H),7.93 OO
benzyl)-6- | nzaldehy | nzyl (dd, J = 8.9, E 0]
fluoro-3- de chloride 6.2Hz, 1 H), N
methyl- 7.77 (s, 1 H), ~
naphthale 7.59-7.71 (m, O
n-2-yl}- 2 H),7.49 (s,
acetic acid 1H),7.43 (t,

J=7.7Hz1
H), 7.27-7.38
(m,2H),4.53
(s,2H),3.82
(s,2H),2.30
(s,3H)




napht hal e (td, J=8.8, N n-2-yl}- 2.3 H, 1 H, 1,Pl acetic acid
7.28 (d, J= N-N 8.2 Hz, 2 H), 4.59 (s, 2 H), 4.12 (s, 3
H) , wW0.28!/0580052 H) , PCT/EP2009/064813
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10-10 {6-Fluoro- | 4- 4-(1- 12.26 (br.s, | 389.1417° OH
3-methyl- Fluorobe | methyl- 1 H),7.95 OO
4-[4-(1- nzaldehy | tetrazol- | (dd, J=8.8, E O
methyl-1H- | de 5- 6.2 Hz, 1 H),
tetrazol-5- yl)benzyl | 7.68 - 7.81
yl)»-benzyl]- chloride | (m, 4 H),7.36 O I
naphthale (td, J = 8.8, N'N
n-2-yl}- 2.3 Hz, 1 H), ,\} P
acetic acid 7.28(d,J = ~N
8.2 Hz, 2 H),
4.59 (s, 2 H),
4.12 (s, 3 H),
3.84 (s, 2 H),
2.36(s,3H)
10-11 [4-(4- 4- (4- 7.89(dd,J = | 431.1475° OH
Benzylsulf | Fluorobe [ benzyl- 8.6,6.5Hz,1 OO
anyl- nzaldehy | sulfanyl)b | H), 7.70 (s, 1 E O
benzyl)-6- | de enzyl H),7.61(d,J
fluoro-3- chloride =11.8 Hz, 1
methyl- H), 7.21 - O
naphthale 7.38 (m, 6 H), s
n-2-yl}- 719, J=
acetic acid 8.2 Hz, 2 H),
6.96 (d, J =
8.2 Hz, 2 H),
4.39 (s, 2 H),
4.14 (s, 2 H),
3.74 (s, 2 H),
2.31(s,3H)
10-12 [6-Chloro- | 4- 4- 1243 (br.s, | 425.0587 OH
4-(4- Chlorobe | (Methane | 1 H), 7.98 (s, OO
methanes | nzaldehy | -sulfonyl) | 1 H), 7.91 (d, cl o
ulfonyl- de benzyl J=8.8Hz1
benzyl)-3- chloride H), 7.77-7.84
methyl- (m, 3 H),7.46 O .0
naphthale (dd, J = 8.6, Sz
n-2-yl} 1.4 Hz, 1 H), I
acetic acid 728 (d,J=
8.2 Hz, 2 H),
4.63 (s, 2 H),
3.84 (s, 2 H),
3.16 (s, 3 H),
2.31(s,3H)
10-13 [6-Chloro- | 4- 1- 12.70 (br.s, | 439.0741 OH
4-(4- Chlorobe | chlorome | 1 H), 7.96 (s, OO
methanes | nzaldehy | thyl-4- 1 H), 7.89 (d, cl o
ulfonylmet | de methane | J=8.7 Hz, 1
hy sulfonylm | H), 7.76 (s, 1
I-benzyl)- ethyl H),7.44 (d, J O
3-methyl- benzene | =8.7Hz, 1
naphthale H),7.27 (d, J _§—
n-2-yl] =8.0Hz, 2 o’
-acetic H),7.05(d, J
acid =8.0Hz, 2
H), 4.50 (s, 2
H), 4.39 (s, 2
H), 3.83 (s, 2
H),2.87 (s, 3




2.36 (s, 3 H 10-11 [4-(4- 4- (4- 7.89 (dd, J = 431.1475 Benzyl sul f
Fl uor obe benzyl- 8.6, 6.5 Hz, 1 anyl - nzal dehy sulfanyl)b H), 7.70 (s,
benzyl) - owodeloarszoob H), 7.61 (d, J fluoro-3- chlori #eTEPY®IB64423 1
met hyl - H, 7.21 - napht hal e

- 151 -

1

H), 2.33 (s, 3
H)

a: HRMS (ES+), [(M+H)']; b: HRMS (ES-), [(M-HYT.

EXAMPLE 111

[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfonyl-benzyl)-

5 naphthalen-2-yl]-acetic acid

OO 9] °
F
O ,,C F

I,S
OF F

[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfanyl-benzyl)-naphthalen-2-yl]-

acetic acid methyl ester

2N
LY

Step 1. Preparation of the Benzylic Zinc Chloride: To an oven-dried 3-neck 50 mL

F
F
F
s

10

round bottom flask equipped with a rubber septum and an L-shaped adapter was
added zinc dust (1.3 g, 20 mmol) and previously dried lithium chloride (850 mg, 20
mmol) under nitrogen. The flask was heated to 171 °C and stirred for 1.5 hours

15 under high vacuum. The mixture was then cooled to room temperature and backfilled
with nitrogen. To this gray mixture was added dry tetrahydrofuran (2 mL) under
nitrogen. Then, the reaction mixture was treated with 1,2-dibromoethane (0.170 mL,
2.0 mmol). The suspension was heated gently with a heat gun to ebullition and then

allowed to cool (~50 °C), and heated again to reflux. This process was repeated



7.38 (m 6 H), n-2-yl]- 7.19 (d, J = )- acetic acid 8.2 Hz, 2 H),
6.96 (d, J= 8.2 Hz, 2 H), 4.39 (s, 2 H), 4.14 (s, 2 H),
WO 2010/055005 PCT/EP2009/064813
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three times to make sure the zinc dust was activated completely. The activated zinc
dust was then treated with trimethylsilyl chloride (0.254 mL, 2.0 mmol), and the
suspension was stirred for 15 minutes at room temperature. The reaction mixture
was then treated drop-wise with a solution of (4-trifluoromethanesulfanyl)benzyl

5 chloride (1.13 g, 5.0 mmol) in dry tetrahydrofuran (5 mL) at 5-10 °C (ice with water
bath) for 5-10 minutes. After the addition was complete, the reaction mixture was
allowed to warm to room temperature. An ambient temperature water bath was used
as necessary to keep the temperature from exceeding 50 °C. The reaction mixture
was stirred at room temperature for 2 hours, then diluted with dry tetrahydrofuran (5

10 mL). Stirring was halted to allow the excess zinc dust to settle over about 3 hours.

Step 2. Negishi Coupling Reaction: In a separate reaction flask, palladium(ll) acetate

(34 mg, 0.15 mmol) and 2-dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (S-Phos)
(123 mg, 0.3 mmol) were combined with dry tetrahydrofuran (3 mL) under nitrogen,
15 and the mixture was stirred for 5 minutes. A solution of (6-fluoro-3-methyl-4-
trifluoromethanesulfonyloxy-naphthalen-2-yl)-acetic acid methyl ester (570 mg, 1.5
mmol) in dry tetrahydrofuran (5 mL) was added to the above light brown solution.
After 2-3 minutes, the above freshly prepared and clear organozinc compound in
tetrahydrofuran was added at room temperature. The resulting dark brown colored
20 solution was heated to 61 °C (oil bath temperature) for 1 hour. During this 1 hour, the
initial dark brown solution turned to a cloudy light brown color and then slowly to a
dark brown solution. The reaction mixture was cooled to room temperature and
diluted with saturated ammonium chloride solution (50 mL). The organic compound
was extracted into ethyl acetate (2 x 50 mL) and the combined organic extracts were
25 washed with brine solution (100 mL). The organic layers were dried over anhydrous
magnesium sulfate, filtered, and concentrated to give the crude product which was
purified by flash chromatography using an ISCO RediSep® Flash column, 230-400
mesh, eluting with 0-15% ethyl acetate in hexanes to obtain [6-fluoro-3-methyl-4-(4-
trifluoromethanesulfanyl-benzyl)-naphthalen-2-yl]-acetic acid methyl ester (460 mg,
30 80%) as a light brown solid: HRMS (ESI+) cald. for CooH1sF402S [(M+H)*] 423.1037,
obsd. 423.1038.



3.74 (s, 2 H), 2.31 (s, 3 H 10-12 [6-Chl oro- 4- 4- 12.43 (br. s,
425. 0587 4-(4- Chl orobe (Methane 1 H), 7.98 (s, nmet hanes nzal dehy

- sul f onylwo2ot)05500591 (d, ul fonyl - de benzyl J= 8.8 PEI/EP2009/0bsnzyl ) - 3-
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[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfonyl-benzyl)-naphthalen-2-yl]-

acetic acid methyl ester

o008
F O
F

F

)(

I/S\\ F
OO0

5 To a solution of [6-fluoro-3-methyl-4-(4-trifluoromethanesulfanyl-benzyl)-naphthalen-
2-yl]-acetic acid methyl ester (392 mg, 0.93 mmol) in dichloromethane (10 mL) was
added m-chloroperoxybenzoic acid (480 mg, 2.78 mmol) at -10 °C. The resulting
clear solution was stirred for 30 minutes at a temperature between -10 °C and 0 °C
and then it was allowed to warm to room temperature. The resulting clear solution

10 was stirred for 15 hours, by which time a white solid had formed. Then, the reaction
mixture was diluted with water (20 mL) and the dichloromethane was removed under
vacuum. The organic compound was extracted into ethyl acetate (2 x 40 mL) and the
organic layer was washed with saturated sodium bicarbonate solution (3 x 50 mL).
Then, the ethyl acetate layer was washed with brine solution (100 mL) and dried

15 over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The crude
residue was purified by flash chromatography using an ISCO RediSep® Flash
column, 230-400 mesh, eluting with 0-30% ethyl acetate in hexanes to afford [6-
fluoro-3-methyl-4-(4-trifluoromethanesulfonyl-benzyl)-naphthalen-2-yl]-acetic acid
methyl ester (404 mg, 96%) as a white solid. HRMS (ES-) calcd for CooH1sF404S

20 [(M-H)]453.0789, obsd. 453.0790.

[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfonyl-benzyl)-naphthalen-2-yl]-
acetic acid

7 /S\\ F

25



(m 3 H,

acetic acid
3.84 (s, \WOHp10/055005

10

15

20

7.46 napht hal e (dd, J= 8.6, n-2-yl]- 1.4 Hz, 1 H),
7.28 (d, J= 8.2 Hz, 2 H, 4.63 (s, 2 H,
PCT/EP2009/064813
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To a solution of [6-fluoro-3-methyl-4-(4-trifluoromethanesulfonyl-benzyl)-naphthalen-
2-yl]-acetic acid methyl ester (395 mg, 0.87 mmol) in tetrahydrofuran (15 mL) was
added a solution of lithium hydroxide monohydrate (208 mg, 8.7 mmol) in water (3
mL) at room temperature. The resulting clear solution was stirred for 15 hours. Then,
the tetrahydrofuran was removed under vacuum and the residue was diluted with
water (10 mL). The aqueous solution was acidified with 1.0 N hydrochloric acid and
the organic compound was extracted into ethyl acetate (2 x 20 mL). The combined
organic extracts were washed with brine solution (50 mL) and dried over anhydrous
magnesium sulfate. Filtration of the drying agent and concentration of the solvent
under vacuum provided 343 mg (90%) of [6-fluoro-3-methyl-4-(4-
trifluoromethanesulfonyl-benzyl)-naphthalen-2-yl]-acetic acid as a white solid. mp =
200-201 °C: "H NMR (300 MHz, DMSO-ds) & ppm 12.45 (br. s, 1 H), 8.04 (d, J =8.4
Hz, 2 H), 7.96 (dd, J=9.1,6.0Hz, 1 H), 7.81 (s, 1 H), 7.69-7.80 (m, 1 H), 7.48 (d, J
=8.4 Hz, 2 H), 7.29-7.43 (m, 1 H), 4.71 (s, 2 H), 3.84 (s, 2 H), 2.30 (s, 3 H). ES(+)-
HRMS cald. for C21H16F404S [(M+Na)*] 463.0597, obsd. 463.0598.

EXAMPLES 11-2 to 11-3
The following examples 11-2 to 11-3 were prepared in an analogous manner to
example 11-1, starting with (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-
naphthalen-2-yl)-acetic acid methyl ester and the appropriate benzyl chloride as a

precursor to the benzylic zinc reagent.

Exa 'H NMR (300
mple | Systematic Benzyl MHz, DMSO-de)
No Name Chloride | & ppm MS Structure
11-2 | [6-Fluoro-3- (3- 12.85 (br. s, 1 463.0598° OH
methyl-4-(3- trifluoro- | H), 7.85-7.97 OO
trifluorome methane | (m, 3 H), 7.63- E O o0 F
thanesulfonyl- | sulfanyl)b | 7.79 (m, 3 H), il
benzyl)- enzyl 7.51-7.61 (m, 1 §—|—F
naphthalen-2- | chloride H),7.34 (id, J = O O F
yl]-acetic acid 8.7,20Hz,1
H), 4.68 (s, 2
H),3.79 (s, 2
H),2.30 (s, 3 H)




3.16 (s, 3 H), 2.31 (s, 3 H 10-13 [6-Chloro- 4- 1- 12.70 (br. s,
439.0741 11 Ou)= 0 00 * 0 4-(4- Chlorobe chlorome 1 H), 7.96 (s,
nmet hanes woaboalsyooshyl-4- 1 H), 7.89 (d, ul fonyl net ®eTmPévanessi= 8. 7
Hz, 1 hy sulfonylmH), 7.76 (s, 1
- 155 -
11-3 | [6-Fluoro-3- (4- 12.46 (br. s, 1 461.1226" 0
methyl-4-(4- benzyl- H),7.95(dd, J = OO
phenylmetha sulfanyl)b | 8.9, 6.3 Hz, 1 E O
nesulfonyl- enzyl H), 7.79 (s, 1
benzyl)- chloride H),7.65 (dd, J =
naphthalen-2- 121,19 Hz, 1 O
yl] H),7.57 (d, J = S
-acetic acid 8.5 Hz, 2 H), d/\®
7.37 (td, J = 8.9,
1.9 Hz, 1 H),
7.16-7.31(m, 5
H), 7.06 (d, J =
7.2 Hz, 2 H),
4.58 (s, 4 H),
3.84 (s, 2 H),
2.31(s,3H)
a: HRMS (ES+), [(M+Na)™]; b: HRMS (ES-), [(M-H)].
EXAMPLE 12-1
[6-Fluoro-4-(4'-methanesulfonyl-biphenyl-4-ylmethyl)-3-methyl-naphthalen-2-
5 yl]-acetic acid

O //

=0
I

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

F
10

Step 1. Preparation of the Benzylic Zinc Chloride: To an oven-dried 3-neck 100 mL

round bottom flask equipped with a rubber septum and an argon inlet was added
zinc dust (4.82 g, 73.6 mmol) and previously dried lithium chloride (3.12 g, 73.6




napht hal e H, 7.27 (d, J n-2-vyl

(d, J
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| -benzyl)- ethyl H, 7.44 (d, J 3-nethyl- benzene = 8.7 Hz, 1
]

V0i2010/055008. 0 Hz, 2 H, 4.50 (s, 2 PCT/EP2009/064813
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mmol) under nitrogen. The flask was heated at 170 °C for 1.5 hours under high
vacuum. The mixture was then cooled to 50 °C and backfilled with argon. To this
gray mixture was added dry tetrahydrofuran (5 mL) and 1,2-dibromoethane (0.20 mL,
2.3 mmol). The resulting suspension was heated gently with a heat gun to ebullition
and then allowed to cool (~50 °C), and heated again to reflux. This process was
repeated three times to make sure the zinc dust was activated completely. The
activated zinc dust was then treated with trimethylsilyl chloride (0.29 mL, 2.3 mmol),
and the suspension was stirred for 15 min at room temperature. The reaction
mixture was cooled to 5 °C, and then treated drop-wise with a solution of (4-
benzyloxy)benzyl chloride (4.29 g, 18.4 mmol) in dry tetrahydrofuran (14 mL) over 5-
10 minutes. After the addition was complete, the reaction mixture was allowed to
warm to room temperature, and then stirred at room temperature for 3 hours. An
ambient temperature water bath was used as necessary to keep the temperature
from exceeding 50 °C. After 3 hours, stirring was halted to allow the excess zinc

dust to settle over several hours.

Step 2. Negishi Coupling Reaction: In a separate reaction flask, palladium(ll) acetate

(236 mg, 1.05 mmol) and 2-dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (S-Phos)
(891 mg, 2.1 mmol) were combined with dry tetrahydrofuran (20 mL) under argon.
The mixture was stirred at room temperature for 5 minutes. A solution of (6-fluoro-3-
methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-yl)-acetic acid methyl ester (4.0 g,
1.5 mmol) in dry tetrahydrofuran (10 mL) was added to the above light brown
solution. After 2-3 minutes, the above freshly prepared and clear organozinc
compound in tetrahydrofuran was added at room temperature. The resulting orange
colored solution was heated to 61 °C (oil bath temperature) for 30 minutes. The
reaction mixture was cooled to room temperature and diluted with saturated
ammonium chloride solution (100 mL). The organic compound was extracted into
ethyl acetate (2 x 100 mL) and the combined organic extracts were washed with
brine solution. The organic layers were dried over anhydrous magnesium sulfate,
filtered, and concentrated to give the crude product. A silica gel plug (eluting with
dichloromethane) was used to give 4.23 g (84%) of [4-(4-Benzyloxy-benzyl)-6-fluoro-
3-methyl-naphthalen-2-yl]-acetic acid methyl ester (460 mg, 80%) as a solid with
90% purity. This product was used in the subsequent reaction without further

=80 Hz, 2 -acetic H, 7.

05



H, 4.39 (s, 2 H, 3.83 (s, 2 H, 2.87 (s, 3 WO

2010/ 055005PCT/ EP2009/ 064813 - 151 - H, 2.33 (s, 3 H) a: HRVB
(ESt), [ (WBHEprijosst®s HRVS (ES-), [(MH)]. PCT/EP2009/064813
EXAMPLE 11-1 [6-Fl uoro-3-nmethyl-4-(4-trifluoronethanesul fonyl -benzyl)-
5napht hal en-2-yl]-acetic acid OH 157 -

[ 6- Fl uor o- 3- net hyI -4-(4-trifluoromet hanesul f anyl - benzyl) - napht hal en- 2-y1] -
acetic acpurification. HNMER ( 3ODd\ﬂEtZeENDSO-I%)e®ame 88 (dd, £ Aé.Bdn2 Vizi ¢ Hii nc

Chl ori de: m S ped,with a
r ubber sez)}gr@’akgﬂ’ 6% g(??i peaE%ép(?HF%wgg ?OJZ-}&E %h@’té(?ﬁc@‘g d%) nmol )
and previds? H)d.88dd|J £8.URzcDIH)r 5.0e (§8561),y38 28 HDI3. 9B HNiXsoEen. The
flask was hg%gq to 1 Cand stirred for 1.5 hours 15 under high vacuum
The i xt up & 00l ed to roomtenperature and backfilled with
nitrogegn. To this gray m xture was added dry tetrahydrofuran (2 nlL) under
nitrogen. Then, the reaction m xture was treated with 1, 2-di bronpet hane
(0.170 nm., 2.0 mmol ). The suspension was heated gently with a heat gun to

Thi's procese (RENoR I BHTE G eRLa e b AR HEP ZpyTaRE o Bowd =11

methyl ester

So¢h
. ol

10 A round-bottom flask was charged with [4-(4-benzyloxy-benzyl)-6-fluoro-3-methyl-

OH

naphthalen-2-yl]-acetic acid methyl ester (4.17 g, 9.73 mmol) in ethanol (250 mL). A
full spatula scoop of 10% palladium on carbon was added into the reaction flask.
The reaction mixture was stirred under hydrogen gas at atmospheric pressure
overnight at room temperature. The reaction mixture was then filtered through a bed
15 of celite. The filtrate was concentrated to afford 3.96 g (100% ) of [6-fluoro-4-(4-
hydroxy-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid methyl ester, which was used
in the next step without further purification. "H NMR (300 MHz, DMSO-ds)  ppm
9.17 (br.s,1H), 7.91(dd, J=8.7,6.2 Hz, 1 H), 7.74 (s, 1 H), 7.64 (dd, J=12.2,1.9
Hz, 1 H), 7.33 (td, J=8.7, 1.9 Hz, 1 H), 6.83 (d, J =8.5 Hz, 2 H), 6.62 (d, J = 8.5 Hz,
20 2H),4.32(s,2H), 3.93 (s, 2 H), 3.64 (s, 3 H), 2.30 (s, 3 H).

[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfonyloxy-benzyl)-naphthalen-2-yl]-

acetic acid methyl ester

Cr
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- 152 - three times to make sure the zinc dust was activated conpletely.
The activated zinc dust was then treated with trinmethylsilyl chloride

(0. 254 mwo2o0v/esemE), and the suspension was stirred foPCTEP2IMOG4S33 at room
tenperature. The reaction m xture was then treated drop-wise with a
solution of (4-trifluoronethanesul fany& enzyl 5 chloride (1.13 g, 5.0

mml) in dry tetrahydrofuran (5 nL) at "5-10C (ice with water bath) for 5-10
m nutes. After the addition was conplete, the reaction m xture was al |l owed
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with 0-15848thyl acetate in hexanes to obtain [6-fluoro-3-nethyl-4-(4-
trifluoronethanesul fanyl - benzyl) - napht hal en-2-yl1]-acetic acid nethyl ester
(460 ng, 30 80% as a light brown solid: HRVS (ESI+) cald. for C22H18F4025
[ (M FH) +] B2Blubd8-4-(40neethan@sulfodd-biphenyib4-glroetyopraié¢tbykoaphtieaién2-- 153
- [6-Fl uoro-3-nethyl-4-(4- trlﬁ u .. . thvl est

or omet hanesul f onyl - benzy1) - napWEAGEREACH Mty 63461 ¢ acid methyl ester 5
To a sol ution of O

[6-fluoro-3-nethyl-4-(4-triflug =newulfanyl benzyl) - napht hal en2-y1] - ac
etic acid nethyl ester (392 ng X0 woP) in dichloronethane (10 L) was
added m chl or oper oxybenzoic acid (4' 2.78 mol) at -10 C. The
resulting clear solution was stirred 30 mnutes at a tenperature
between -10 C and O C and then it was alJ\Qwed to warmto room tenperature.
The resulting clear solution 10 was stirreﬂi;w/GS hours, by which tinme a
white solid had forned. Then, the reaction™\ was diluted with water
(20 ) and the dichloronmethane was renoved undér vacuum The organic
conpound was extracted into ethyl acetate (2 x 40 nL) and the organic |ayer
was washed with saturated sodi um bi carbonate solution (3 x 50 nm.). Then,

t he et hyl and dried
15 over” argarange oKl ARAVER M4l oM Aokt BT, 09 SF 6!

The cr udenamﬁhalea-z\.t\ﬁﬁ guetic facieldmbthyf ésten( 1clr7rrrngm) agmambly, 4si ng an | SCO

Redi Sep( rr}g E%@PH' p@eny%oromc acid (%EO Lb“lg'ﬁnmol rhq 30%ethyl acetate in

hexanes t

fl 3- 1] - acet
¢ aci %’?Wi@@?’sbﬂ"c}% fé%@é@ﬂa‘@‘ﬁ'@ﬁdﬂaﬂ'gﬂ@ e e (e o or e
022F118F4wr2@a[mat9 (2]444159 @7"§gnm@!)sftas adriedydigethoxyethane (5 mL) at room

[ 6- Fl uor yl] -
cet i o aced Rt piag i b b BRI b B e aB TR OAL E v as ]

[ 6- f | uor ohaatad ttd§b -~ Caaha stirfeddufor dbebhemebhe feaciibn bextoielvasapbleddb eo@rny 1] - ace
tic acid nmethyl ester (395 ng, 0.87 mmol) in tetrahydrofuran (15 nL) was
added a solution of |ithium hydroxi de nonohydrate (208 ng, 8.7 mmol) in
water (3 5 nL) at roomtenperature. The resulting clear solution was
stirred for 15 hours. Then, the tetrahydrofuran was renoved under vacuum
and the residue was diluted with water (10 nlL). The aqueous sol ution was
acidified with 1.0 N hydrochloric acid and the organic conpound was
extracted into et hyI acet ate (2 X 20 m_) The conbl ned organl c extracts

o o S A~




12.85 (br. s,1 463.0598a OH nethyl-4-(3- trifluoro- H), 7.85-7.97 SO

trifluorone nethane (m 3 H), 7.63- t hanesul fonyl - sulfanyl)b 7.79 (m 3
H, OF wbenmyisyeosenzyl 7.51-7.61 (m 1 napirCinaipesn9Pe4schl or i de
H, 7.34 (td, J = 00 F ylFacetic acid 8.7, 2.0 Hz, 1

- 159 -

temperature and diluted with water (50 mL) and ethyl acetate (50 mL). The two
layers were separated and the aqueous layer was extracted with ethyl acetate (25
mL) and the combined organic extracts were washed with brine (100 mL). The
organic layer was dried over anhydrous magnesium sulfate, filtered, and
5 concentrated to give a colored residue which was purified by flash chromatography

using an ISCO RediSep® Flash column, 230-400 mesh, eluting with 5-30% ethyl
acetate in hexanes to afford 49 mg (41%) of [6-fluoro-4-(4’-methanesulfonyl-
biphenyl-4-ylmethyl)-3-methyl naphthalen-2-yl]-acetic acid methyl ester as an
amorphous white solid. HRMS (ES+) calcd for CagH25F04S [(M+Na)*] 499.1350,

10 found 499.1350.

[6-Fluoro-4-(4'-methanesulfonyl-biphenyl-4-ylmethyl)-3-methyl-naphthalen-2-

yl]-acetic acid

=0
I

15
Starting with [6-fluoro-4-(4'-methanesulfonyl-biphenyl-4-ylmethyl)-3-methyl-
naphthalen-2-yl]-acetic acid methyl ester, using the method analogous to the one
described for example 2-1, final step, [6-fluoro-4-(4'-methanesulfonyl-biphenyl-4-
ylmethyl)-3-methyl-naphthalen-2-yl]-acetic acid was obtained as 39 mg (83%) of a

20 white solid. "H NMR (300 MHz, DMSO-ds) § ppm 12.52 (br. s, 1 H), 7.94 (d, J=8.0
Hz,2H),7.87-797 (m,1H),7.86(d, J=8.0Hz, 2H),7.75(s,1H),7.69 (d, J =
11.8Hz, 1 H),7.62(d, J=8.0Hz,2H),7.33 (td, J=85,1.8Hz,1H), 717 (d, J =
8.0 Hz, 2 H), 4.52 (s, 2 H), 3.81 (s, 2 H), 3.22 (s, 3 H), 2.35 (s, 3 H). HRMS (ES-)
cald. for Co7H23FO4S [(M-H)] 461.1228, obsd. 461.1226.

25 EXAMPLE 12-2
The following example 12-2 was prepared in an analogous manner to example 12-1,
starting with [6-fluoro-3-methyl-4-(4-trifluoromethanesulfonyloxy-benzyl)-naphthalen-

2-yl]-acetic acid methyl ester and pyrimidine-5-boronic acid.



H,

2010/ 055005PCT/ EP2009/ 064813 - 155 - 11
benzyl - MO04610(d55005s, 1 H), 7.95 (dd, J

4.68 (s, 2 H, 3.79 (s, 2 H)
-3

, 2.30 (s, 3 H WO
[ 6- Fl uoro-3- nethyl-4-(4- (4-
461. 1226b * OPO'T/HP2609/064313

phenyl netha sulfanyl)b 8.9, 6.3 Hz, 1 nesul fonyl - enzyl H), 7.79 (s,

benzyl)- chloride H), 7.65 (dd, J = _1&?Pht hal en- 2-
'HNMR (300 | HRMS
Example | Systematic | MHz, DMSO- | (ES-), (M-
No Name de) O ppm HY Structure
122 | [6-Fluoro- | 1244 (br.s, | 385.1359 OH
methyl. | 1 H), 9.1 (s, OO
4-(4- 1H),9.08 (s, = 0]
pyrimidin- | 2H),7.94
5-yl- (dd, J =8.8,
benzyl)- 6.3 Hz, 1 H), O
naphthale ;gg (37, 173!") | N
n-2-ylJ- 68-7.
acetic acid | (M, 1 H), 7.69 N/)
d,J=82
Hz, 2 H),
7.35(td, J =
8.5,2.0Hz, 1
H), 7.20 (d, J
=8.2Hz, 2
H), 4.54 (s, 2
H), 3.85 (s, 2
H), 2.36 (s, 3
H)

EXAMPLE 13-1
[4-(4-Ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid

o0oQs
E o]
A

I\

5 (OJNO)

6-Fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalene-2-carboxyl
ic acid methyl ester
0

o
] O
O FF
10 Trifluoromethanesulfonic anhydride (3.52 mL, 20.8 mmol) was added drop-wise over

a period of 30 minutes to a 0 °C solution of 6-fluoro-4-hydroxy-3-methyl-

naphthalene-2-carboxylic acid methyl ester (3.75 g, 16.0 mmol) in dichloromethane



12.1, 1.9 Hz, 1 YI] H), 7.57 (d, J = -acetic acid 8.5 Hz, 2 H),
7.37 (td, J = 8.9, 1.9 Hz, 1 H), 7.16-7.31 (m 5 H, 7.06
(d, J = wWoO?20i/@58, 2 H), 4.58 (s, 4 H), PCT/EP2009/064813

-161 -

(120 mL) and pyridine (1.95 mL, 24.2 mmol). The resulting mixture was allowed to
warm slowly to room temperature with stirring, and the reaction mixture was stirred
at room temperature for 3.5 hours. After this time, the reaction mixture was cooled
to 0 °C. Water (150 mL) was added, and the organic phase was separated. The

5 organic phase was dried over NaxSQOys, filtered, and concentrated to afford a brown
solid. Flash chromatography (Aspire FlashReady™, 50 um, 10% - 18% ethyl
acetate in hexane) gave 6-fluoro-3-methyl-4-trifluoromethane-
sulfonyloxynaphthalene-2-carboxylic acid methyl ester as 4.52 g (77%) of a yellow,
crystalline solid. HRMS (El+) cald. for C14H10F40sS [M*] 366.0185, obsd. 366.0186.

10
4-(4-Ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalene-2-carboxylic acid
methyl ester
0

CoC”
F
/\S ‘

7\

15 Step 1: Preparation of the Benzylic Zinc Chloride. An oven dried 3-neck 250 mL

round-bottom flask was charged with zinc dust (1.80 g, 27.5 mmol) and previously
dried lithium chloride (1.17 g, 27.5 mmol) under argon. The mixture was heated at
170 °C (oil bath temperature) for 2 hours under high vacuum. The mixture was
cooled to room temperature. The reaction flask was backfilled with argon and

20 equipped with a temperature probe. To the gray zinc/lithium chloride mixture was
added freshly distilled tetrahydrofuran (2.5 mL) under argon. Then, 1,2-
dibromoethane (0.20 mL, 2.3 mmol) was added. The zinc suspension was then
stirred vigorously and heated gently with a heat gun to ebullition. After being allowed
to cool to 50 °C, the mixture was heated again. This process was repeated two

25 times to ensure that the zinc dust was activated completely. After the third time
heating to ebullition, the reaction mixture was cooled to 35 °C with stirring. The
activated zinc dust suspension was then treated with chlorotrimethylsilane (0.220 mL,

1.72 mmol), and the mixture was stirred for 10 minutes at room temperature. The



3.84 (s, 2 H), 2.31 (s, 3 H a: HRVB (ES+), [(MtNa)]; b: HRMVB
(ES-), [(MH]. EXAMPLE 12-1

[ 6- Fl uor owe-20w/osaeshanesul f onyl - bi pheny1- 4-yl et hyl ) - 3- metippReoaptsihal en- 2-
5vl1il-acetic acid 01li SO

[ 4- (4- Benzyl oxy-benzyl)-6-fl uoro- 3- net 51& napht hal en- 2-y1] -acetic acid

nmet hyl ester 10 Step 1. Preparation of"the Benzylic Zinc Chloride: To an
oven- dr i et¢astiorokxtu@owas cooladdn Boticcowaidr dakh aodthgretteated rep-witgsheith sept um

i ea 1 RNt e PR R RS S0 o L ndellT ke BBER RS s

- ol ) ufedet). nAfteoperaddition, tHeagkctiers niteatcetlagtiriddatts POIford3 mimatess under
hi gh vacu%m The ntIXt e was then cooled to 50 C and backfilled Wit h ar gon.
To this gi&gp hwasa © WadR P ERAM ILTRRIE 3T 8P ANQIeNtiePsRiure water

1,2-di ?r%@cﬁt W@@Z(@hé’@rs@ﬁmrﬁl i tﬁé“ah)blenfﬁ‘&npél%ltbrb'v@&e%%eﬂ% @Ack@s heat ed

gently wth a heat gun to ebullition 5 and then allowed to cool (-50 C),
and heat ealixigrgi was briefbfstissed atiils’ (pfas el mrinwies.r dpedeaationtnixtireiwass t o nake

Shen 11 oatIed i oo RrcRRt 1Y FE TR Sk ilBEa Rith seghRicRE s bas

suspens: otetrahigdrefuran eeg nngr The sﬂrmngg\t\/as balted, earmahahrelaettonTmia(tu*reavafst on m xture
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b 2t o Slseebto S (T i ora ST OIS e AGon e Bl BT dist( 14

L) over &maRtel seties. TAERNhZ)IReziRE dhibHEe thasSpreparidal s s&&%qm@a LSy

m xture was allowed to warmto roomtenperature, and then stirred at room
t enper at undhe degshheovRlingmieRnbi ent t enperature water bath was used as
necessary to keep the tenperature fromexceeding 50 C. After 3 hours,
stirring was halted to allow the excess zinc 15 dust to settle over sever al
hour s. St_@p22 Neis s @ oupbing Reagtidte alrt @ separbte @astraflatle patadiomoil) f | ask,

D2 eyl oHEdEaS Si 0T e SO AP DL RSB P g, 2. 1 ol )
ver e gembiiRrthaiybibhdnyl) (£43 ﬂi@ydrszmm We@ dBrbined @iitharedary- digkllehe m xture

was stirred at roomtenperature for m nutes. A solution of (6-fluoro-3-

net hyl - 4- &eﬁrathr@fltsﬁet(&mké@rq%ﬁwrm@raﬁwsmrw@r@FgOZL yA poluéian of 6frer-Aet hyl
ester (4. p the
R e e S T U R
and cl ear (202 gaBdzinmol)do meshiydiistiied etetrahydhotifran §24 wis waedcasitiealtto rtlm@hght
tenperature. The resultin range 25 cal ored ,solutio s heated to 61 C
(ol “bat hBumparcidrEytd i finfe et rastuitidtaSirdiand PR dor oa o
room benpas@ic) Wsanen abbed adrodnt ferfigdratiaé edhamsaulingusil oA cidiontian (100
m.). The organic con'? nd was extracted into ethyl acetate (2 x 100 nlL) and

the conbi HEELREhC Qfx1t £2bp4rsyehhe ipashuMRituTe Was RRCISBIUfIBA. The organic
| ayers Wejehyfbrhfife NG the B Pin ERANGRATL AR Sl Jf'dn?rﬁf)ﬁﬂm and

concentrated to give t e crude product. A silica ge uting with
di chl or onmmm Theseauding mixtyeweasiet@acted guetof acetate The organic phase

et byl oofBr ¢ 5%3 R b, hlateq e WG ab I T Fbhlo BB Al

used bR t@ehl&tdlﬁ@lﬂaﬂétlvefs@@pbﬁﬁed\ﬂobéwma‘ gesl! ded the\/}@sultlng S|I|ca gel

2010/ 055005PCT/ g u5)9/ 064813 url fication T MHz O d6)
5 ppm 7. GRARE GPedugt vasdd g an A aﬁ@'x §UP&r L C@ n.gFlashy o,
2.0 Hz, 1c:f\'r'bma?o%rgphy 7254/2 (’33% @thgb ace@at%ﬁn ﬁ@xaﬁes’é a?fOFdé'd'Z 2 @ g*)(zz?% 8‘54(0' J =
8.7 Hz, 2 H 3 H),

2.31 (s (;4 e{)wan@sulfonyl benzyl) -6-fluoro- 3 methyl naphthalene-2 carboxyllc acid methyl

[6-F Y Oztef 45 BYGRPIRALEIG HN (30 -MARHRRIG P ¥k 8571 & Afghéet hy!

ester
30 (dd, J=9.1,6.3 Hz, 1 H), 7.74 - 7.81 (m, 1 H), 7.74 (d, J = 8.2 Hz, 2 H), 7.45 (td, J =

8.6,2.1 Hz, 1 H), 7.28 (d, J = 8.2 Hz, 2 H), 4.63 (s, 2 H), 3.88 (s, 3 H), 3.20 (q, J =
7.3 Hz, 2 H), 2.48 (br. s, 3 H), 1.04 (t, J = 7.3 Hz, 3 H). HRMS (ES+) cald. for
CaoH2FO4S [(M+Na)*] 423.1037, obsd. 423.1036.




OH 10 A round-bottom fl ask was charged with

[ 4- (4- benzyl oxy-benzyl) - 6-fl uor o- 3- net hyl napht hal en- 2-y1] -acetic acid

met hyl eswer0(0453005g, 9.73 mml ) in ethanol (250 nmi). APCWHP2&pAt481H Scoop
of 10% pal | adi um on carbon was added into the reaction flask. The reaction
m xture was stirred under hydrogen gas, g _at nospheri c pressure overnight at
roomtenperature. The reaction mxture was then filtered through a bed 15
of celite. Thé4-Ethanesudfonyd-beoryk6-fluok3methyl-oaphthalen@-yl}-omthpnof

[ 6-fl uoro-4-(4- hydroxy-benzyl)-3-neth I-napht hal en-2-y1] -acetic acid

met hyl ester, which was used in the €p @Ht hout further purlflcatlon
1H NVR (300 MHz, DMSO-d6) 5 ppm 9.1 1 H, 7.91 (dd, J 8.7, 6.2
Hz, 1 H, 7.74 (s, 1 H, 7.64 (dd,FJ 12]2, 1.9 Hz, 1 H), 7.33 (td, J =
8.7, 1.9 Hz, 1 H, 6.83 (d, J =8.5 H, 6.62 (d, J = 8.5 Hz, 20 2 H,
4.32 (s, 2 H, 3.93 (s, 2 H, 3.64 (& H, 2.30 (s, 3 H.

[ 6- Fl uoro-3-nethyl -4-(4-trifl uo1/oﬁ8 hatiesul f onyl oxy- benzyl) - napht hal en- 2-y1
]- acetic acid nethyl ester WO @OdO/ 055005PCT/ EP2009/ 064813 - 158 -

Trifl uoronet hanesul fonic anhydride (2.6 nL, 15.0 mmol) was added drop-w se
toa- 6 Csolution of

L1 e A S R S

di chl o6 ong2H et was(ddledio)0 °Cﬂtuedeea¢streamn afiacgom.eAvsatuticarated-(4-0 room
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torn C vanereRIsTiteay Sl e nerh PRt cap et el s

MySH4, fif 817@rrﬁgl 2madnrﬁ@w)qet&rraﬁy@fd)furénsm@ltmqmasfaddyd%|@wwdﬁom@§wdthen

di chl oronet hane was concentrated over silica gel, and the resulting silica

gel - suppo?  edUsPeRRie?. A reamicaciskire yas| %‘éﬂ@d@ﬁpor%f%dﬁdﬁﬁytqsmﬁl%gl x 10
[ng)er FI asuIMiGR hiilre wae 23HhEHRY fo & RbEratite AN GAs B8 Yerobrs 9 (70% of
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7ou" (aa. Soflegtes S3ASH aipPuRefl aynd e unSai B TRyt A ° PP
1H, 7 3s7at(|ﬂhted1aqu§o& ddiutioh wpotiss&&néoa&ni&r(rﬁﬂe waghdded.20nh€ 8rgahic 8. 8
Hz, 2 H), 4.53 (s, %394 2@,,3.64(5 3 H) . 229 (5 3 H.

[ 6- Fl uor ophﬁs(e4%%§ﬁ%ﬁfé fdaﬁ«}py@r MeS&y filierod n@‘idmr)ae@irﬁmma EHKBAAISEN- 2-
yl]-aceti@ %'dmﬁ”?& B3l c?nﬁ-benz \LB-fRioP® étrHét?u >P halen-2)-yl] -methanol

[ 6-fluoro-3-methyl-4-(4-trifluoro anesulfony enz
napht hal eas an pily ]Nhete @phd, ablsoprnéwywaselss@ln(sybgemntmeazslonwmouufurther
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m xture s £asled Ap A M0 2040/ SBS0SPET RS0 AE4RIE, TN

tenperature and dil wat er (50 ethyl acetate (50 m_) The
two | d)er JRMS éE%’eb%a@tf@dCanﬂrw QS KiytraNald 39§y@87m@g8@x3%t@9@d wi th ethyl

oet e o) (25 Ty o RSN PERARS MRS i 2 et TR Bk e

(100 nm). organic ove nhydrous magriesi tim sul f at e
filtered, and 5 concentrated to give a : C%rl:e5|due WhICh was purified
by flash chromat ography using an u@- | ash col um, 230-400 nesh,
eluting with 5-30% et hyl acetate in-fhexdnes to afford 49 ng (41% of

[ 6-fl uoro-4-(4'-nmet hanesul f onyl bi pheny]_-4-Jyl net hyl ) - 3- net hyl

napht hal en-2-yl]-acetic acid nethyl e as an anor phous white solid. HRMS
(ES+) calcd for C28H25F04S [ ( MrNax+].~499. 1350, 10 found 499. 1350.

[ 6- Fl uoro-4-(4' - met hanesul f onyl - bi gheny1- 4-yl nmet hyl ) - 3- net hyl - napht hal en- 2-
yl]-acetic acid OH 0 I/ S=---0 1 “48 Starting with

[ 6-fl uoro-4-(4'-nmethanesul fonyl - bi phenyl - 4-yl et hyl ) - 3- net hyl napht hal en- 2-y
1] -acetic acid nethyl ester, using the method anal ogous to the one
described for exanple 2-1, final step,

[ 6-fl uoro-4-(4'-nmet hanesul f onyl - bi phenyl - 4-

yl met hyl ) - 3- net hyl - napht hal en-2-y1] -acetic acid was obtained as 39 ng (83%
of a 20 white solid. 1H NVR (300 MHz, DMSO-d6) 6 ppm 12.52 (br. s, 1 H),
7.94 (d, J =80 Hz, 2 H, 7.87 - 7.97 (m 1 H, 7.86 (d, J =8.0 Hz, 2 H),
7.75 (s, 1 H, 7.69 (d, J =11.8 Hz, 1 H), 7.62(d, J =8.0 Hz, 2 H), 7.33
(td, J =85 1.8 Hz, 1 H, 7.17(d, J =8.0 Hz, 2 H, 4.52 (s, 2 H, 3.81
(s, 2 H, 3.22 (s, 3 H, 2.35 (s, 3 H. HRMS (ES-) cald. for C27H23F045
[(MH)] 461 1228 obsd 461 1226 25EXAIVPLE 12 2 The foll OWI ng exarrpl e 12-2

- o o o o o o v o o A N oA ..




Nane 1H NVR (300 MHz, DMSO- els) 6 ppm HRMS (ES-), (M H)- Structure 12-2
[ 6- Fluoro- 3-nethyl- 4-(4- pyrimdin- 12.44 (br. s, 1 H, 9.15 (s, 1 H),
9. 08 (s, WOHp10/085®4 385.1359 Z- I/ Z 00 41 * 5-yl- bemeyiEp0mapisihal e
n-2-yl]- acetic acid (dd, J =8.8, 6.3 Hz, 1 H, 7.78 (s, 1 H, 7.68 - 7.73
(m 1 H, 7.69 (d, J = 8.2 Hz,_lg4_H), 7.35 (td, J = 8.5, 2.0 Hz,
1 H, 7.20 (d, J

A mixture of triphenylphosphine (1.10 g, 4.19 mmol), carbon tetrachloride (1.62 mL,

16.8 mmol) and tetrahydrofuran (5 mL) was stirred at room temperature for 10
minutes. A mixture of [4-(4-ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-
yl]-methanol (780 mg, 2.09 mmol) in tetrahydrofuran (2.5 mL) was added, and the
5 reaction mixture was stirred at 75 °C for 4 hours. The reaction mixture was cooled to

room temperature, and then diluted with ethyl acetate. The resulting mixture was
washed with water. The organic phase was dried over MgSQ, filtered, and
concentrated. A solution of the crude product in dichloromethane was evaporated
over silica gel, and the silica gel supported crude product was loaded onto an

10  Analogix SuperFlash™ column. Flash chromatography (10% - 30% ethyl acetate in
hexanes) afforded 450 mg (55%) of 1-(4-ethanesulfonyl-benzyl)-3-chloromethyl-7-
fluoro-2-methyl-naphthalene as a white solid. 'H NMR (300 MHz, DMSO-ds) & ppm
8.04(s,1H),7.96-8.04(m,1H),7.76 (d, J=82Hz,2H), 7.68-7.75(m, 1 H),
7.41 (td, J=8.6,2.1 Hz, 1 H), 7.30 (d, J = 8.2 Hz, 2 H), 5.01 (s, 2 H), 4.63 (s, 2 H),

15 3.22(q,J=7.2Hz,2H),2.47 (s,3H),1.06 (t, J=7.2 Hz, 3 H). MS (ES+) cald. for
C21H2CIFO2S [(M-CI)*] 355, obsd. 355.

[4-(4-Ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid
methyl ester

CoCr
O

F

O

7\

20 00

A 500 mL round-bottom flask containing 1-(4-ethanesulfonyl-benzyl)-3-chloromethyl-
7-fluoro-2-methyl-naphthalene (450 mg, 1.15 mmol), potassium carbonate (165 mg,
1.20 mmol), and dichlorobis(triphenylphosphine)palladium(ll) (40 mg, 0.057 mmol)
25 was evacuated under high vacuum, and then backfilled with carbon monoxide gas
via a balloon. Tetrahydrofuran (3.6 mL) and anhydrous methanol (1.8 mL) were
added, and the resulting mixture was stirred at room temperature under a balloon of
carbon monoxide for 1.5 hours. During this time period, the reaction mixture turned

red in color. The carbon monoxide balloon was removed, then the reaction mixture



= 8.2 Hz, 2 H, 4.54 (s, 2 H, 3.85 (s, 2 H, 2.36 (s, 3 H)
EXAMPLE 13-1

14- ( 4- Et moeswidseovgl - benzyl) - 6- f | uor o- 3- net hyl - napht hal eaTZPedidAesses i c aci d
OH 500
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organ|c phase was separate organi € hase was dried over

filtered, 4%mmgc(68&@mfr[f&(fb@thameawfw&banhfibﬁ;rﬁlugm BdnetFFWa@ﬂ’iDhtfhﬁ@‘mﬁt)dbr aphy
Aspire 1 n
gi flmuoro é ?qd%}MyI Eg egglrsc?#&(%é{%iog'ﬁgo&nzI%)@;%E%ﬁ%lﬁége- calﬁgo;b%fn I C

acid net hX/l93€(ddeJ‘ &s8,48.2Hz91(H)/ 79780E, & H)eT I7avd, ¢ =64 &7, Rrie), 371 [dd, .IHRI\/B

A (4, Bt el 2R L Berto o o) e it P Asish i B ?@ar%%%a e acid

met hy|1035F-I?r3 %] 3152 I$} %%21 s, Br Qrz@t('qoﬂ =0f 2tH'te 23%}132)@8 &, é'l—'l‘)ﬁ@’ﬂ] ('PrJ dg.2 An
oven dried 3- nec 50 nL round-bottom fl ask Was char ed with zinc dust

(1.80 g, IZZ,%H%WMS) %‘ﬁrtl)@(é\fpb(}saﬂzsﬁ@ﬁed N+ Na) h%émhsm #387.(1.17 g, 27.5
mmol ) under t F ed 7 I ture)
for 2 hour J4taaRandaRnEh AL ErpR.AERb S Waeé"’a&ﬁtﬁa'e" 2SR e,
The reaction flask was backfilled w 0
tenperature probe. To the gray zinc cHioride mxture was added
freshly distilled tetrahydrof uranpf2x& snfer argon. Then, 1, 2-

di br onoet hane (0.20 nL, 2.3 mml) was_adged. The zinc suspension was then
stirred vigorously and heated gentl h a heat gun to ebullition. After
being allowed to cool to 50 C, /t»ﬁ:? Wxt'ure was heated again. This process
was repeated two 25 tines to enswne that the zinc dust was activated
conpletely. After the third ti mehe atlng to ebullition, the reaction

m xture was cooled to 35 Cwith stirring. The actlvated zi nc dust

suspensi on was then treated with chlorotrinmethylsilane (0.220 nL, 1.72

mol ) |15 an8tartneg withx f4+(eethamesulfanyétenzi )--unimdinesthgtnapihtimlee @pdF atalice.  The

WO 2010/ Ogggﬁeﬁr%/e%?ezrf)gsgiég%4r§1:eLt?ﬁod analogous to the one described for example 2-1,

final step, [4-(4-ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid

(388mg, 95%) was obtained as a yellow oil. "H NMR (300 MHz, DMSO-ds) & ppm

12.45 (br.s,1H),7.92 (dd, J=9.1,6.3Hz, 1H),7.76 (s, 1H), 7.73 (d, J=8.2 Hz, 2
20 H),7.67(d,J=11.8Hz,1H),7.30-7.40(m, 1 H),7.28 (d, J=8.2 Hz, 2 H), 4.58 (s,

2H),3.81(s,2H),3.20(q, J=7.4Hz,2H),2.29 (s, 3H), 1.04 (t, J=7.4 Hz, 3 H).

MS (ES-) cald. for CooH21FO4S

[((M-H)] 399, obsd. 399.

25 EXAMPLE 141

[4-(2-Benzenesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid




- 162 - reaction mxture was cooled in an ice-water bath and then treated
drop-wise with a solution of 4-ethanesul fonyl benzyl chloride (3.00 g, 13.7
nmol ) i n woyotetssmlydr of uran (9 nmL). After the additi onpPCTEP2000M6481HN

m xture was stirred at 4 Cfor 3 mnutes, then it was allowed to warmto
roomtenperature in an anbi ent tenpergﬁé e water 5 bath. After 2.5 hours
stirring in the anbient tenperature wa bath, the reaction m xture was
briefly stirred at 40 C for 2.5 m e e Plaction nmxture was al |l owed
to cool to roomtenperature, then ted with freshly distilled
tetrahydrofuran (7 nL). The stimi1nhg wss T ed, and the reaction m xture
was allowed to stand at roomtenperatuge for 30 hours under argon so that
the zinc dust 10 conpletely settl ¢ he benzylic zinc chloride thus
prepared was subsequently used in %beNNelli shi coupling step. Step 2:

Negi shi Coupling Reaction. In a separatje-reaction flask, palladium(ll)
acetate (135 ng, 0.601 nmol) and S-Ph 2-di cycl ohexyl phosphi no-2',6' - 15
di met hoxybi phenyl) (493 ng, 1.20 mmol re conbined with freshly distilled
tetrahydrofuran (8 nL) at room tenperature under argon. A solution of
6-fluoro-3- ne i L rboxylic
aci d net hyl tdéﬂuo‘}o :fhi‘eltllgﬂ 4’-(@& Fﬁ@@g%ﬂﬂg%}gﬁ}fﬁ tse&?lr%mr of uran
(24 nL) was added to thmaprghalemrbwi-a@mamd mebtlv!xesterThe benzylic zinc
reagent in tetrahydrofuran (prepared 20 abgve),was then added at room
tenperature. The resulting dark br trgh was stirred at 60 C for 1.25
hours. The reaction mxture was cokl| gd to.room tenperature and then diluted
with a saturated aqueous sol uti oh of anfroniumchloride. The resul ting

m xture was extracted with ethyl acet?¢%~ The organi c phase was dried over
My504, filtered, and evaporated. A so t on of the crude product in 25

di chl or onet hane was evaporated over sf gel, and the resulting silica
gel supported crude product was | oaded onto an Anal ogi x Super Fl ashTM

col umg Fl ash chromat ography (25% - 35% ethyl acetate in hexanes) afforded
2.09 g (87% of 4-

(4-et haneén|owew|rleﬂéwzry,dr§>o®om|f@§ka\ta§ Gheresd Wit perflberoetreneth Waft-boxyl i ¢ aci d

(o0 1 1 - oglqRignpiliighBbypHadingfin 2 S 506} ety B (150 05887 7,

(d J 8m2’1d-|-tho%sb|)um dcdatg (1d3 gJ13:28nBiol)2dithlerg 18°H), 7.28 (d, J = 8.2 Hz,

s 4 s denchyIBhosgnib bBocsne pasedireabitoad . G394 Fundly 1035 'T Mne T
423 1987, biskssherdibhod ﬁﬁofeNﬁbéﬂﬂ@b@5ﬁgQ5@ﬁTﬁEﬁ&@OQ@Qﬁﬁﬁiﬁﬂo&ﬁ@mnn

[4-(4- Ethanesulfonyl enz | uor 0- 3- et hyl - napht hal en- 2- y1] - net hanol

A suspensiTo? 8 5-2PtAMNAkh wdﬂnwm@nmﬁ%eq 35@6 r@ultm mixEHgIWas fieated at

;glt L?ihgﬁr géd“c??oﬁd héms MhheVtactitonBielkQvdl CodtlW RS rdnstdnsseratlie 20N A

et hanesul $tored atbequyteynp@ratUmomrBignet hiyrle- reaptinrhenidure-\2as difliect yithetiayi d

nmet hyl ester (8 tetrah rofuran. 30 s.added
Srouly ar Bipaes beroastEcpiie Bliade fBe i ERoS ER Bren el P BeBIFRY e a
0 Cfas @mweeﬁrate% affoRg il itk Bil X PUgAutigsoViBe BRI srotioemaricenper at ure and
it was stirred at room 10 tenperature for 15 mnutes. The reaction m xture

was cool egichlgEamethane was eappratad sver %"%@'a@d‘éﬁ‘edﬁéklmﬁﬂ sdice@euench t he
unreact edsddd(?’r‘ﬂe%!@r@dé‘ﬁ?ddd@l wyelid C?g;%g d?ﬁti%ﬁ WAl 8fUBBIper Flashl k.

pot assium s mtartrate was a e organi ¢ phase was separated, dried
over MySHlash pht@netdgrama (U t@Nhtathyl egetate if Iﬁ@rame’iaﬂnmge(i &y orof-3-

T

wi t hoat fmetHweSueuasfzeoahg @1 % Lof ANdBal 81D01+H/INH\ARILB@Q\M~&) ChQOIpyd iSpﬂB? 6dd, J =

8.9, 6.2 : 67 (d, J
12. 4 Hz, ;‘;ﬁ?](m?H%éﬂ)Z%&ﬂ ]88é_%| %"é ﬁ%g 37%%3(31'2' 595%8 'Iﬂé 2 H),
5.27 (t, 956 (8 1 H@Mé éﬁm ) Balibidr ©.0H,,BFD, 1[( EI‘VIZFH‘%CJ’EDQ ofs®B50s, 2 H, 3.20
(g, J =7.2 HZ, 2 H), 2.31° (s, 3 H, 1.04(t, J'=7.2 Hz, 3 H. 20 HRVS
(ES+) cald. for C21 H21 FO3S [(M+Na) +] 395.1087, obsd. 395.1088. 1

- (4- Et hanesul f onyl - benzyl ) - 3-chl oronet hyl - 7-f | uor o- 2- net hyl - napht hal ene WO
2010/ 055005PCT/ EP2009/ 064813 - 164 - A mixture of triphenyl phosphine (1.10
g, 4.19 mmol), carbon tetrachloride (1.62 nL, 16.8 mmol) and
tetrahydrofuran (5 nL) was stirred at roomtenperature for 10 mnutes. A

m xture of [4-(4-ethanesul fonyl-benzyl)-6-fluoro-3-nethyl-napht hal en- 2-

y1l] - net hanol (780 ng, 2.09 mmol) in tetrahydrofuran (2.5 nm.) was added, and
the 5 reaction mxture was stirred at 75 C for 4 hours. The reaction
nlxture was cooled to roomtenperature, and then dlluted mnth ethyl

. o . o




15 Starting with

[ 4- (4- et hanesul fonyl - benzyl) - 6-f | uor o- 3- net hyl - napht hal en- 2-y1] -acetic acid
met hyl eswerpi1wussing a net hod anal ogous to the one descr iPb@dPR@w/oesadpl e
2-1, final step,

[ 4- (4 et hanesul f onyl - benzy1) - 6-f | uor o- f,,{‘ret hyl - napht hal en- 2-y1] -acetic acid
(388ny, 95% was obtained as a yellow o? 1H NVR (300 MHz, DMSO-d6) 5 ppm
12.45 (br. s, 1 H), 7442- Qemenesulfenyl-bmzyll—ﬁ-ﬂuprei)3 mktrml (s, 1 H, 7.73
(d, J =8.2 Hz, 2 20 H), 30-7.40(m 1 H,
7.28 (d, J = 8.2 Hz, 2 lﬂjaphj'z%&”(%y']z’ﬁ%j"c%“k‘éi“%‘é‘m ES 3.20 (q, J = 7.4
Hz, 2 H, 2.29 (s, 3H) 1.04 (t, J 03 H). I\/B(ES—) cald. for
C22H21 FAS [(MH)-] 399, obsd. 3§ PLE 14-1 WO

2010/ 055005PCT/ EP2009/ 064813 - {66
[ 6- Fl uoro-3-nethyl -4-(4,4,5,5-tetranet hyl-[ 1, 3, 2] di oxabor ol an-2-y1) -

napht hal en-2-y1]-acetic acid nethyl ~aSter 5 An oven-dried round-bottom
flask was charged with (6-fl uoro- 8- gt hyP- 4-

trifluoronethanesul f onyl oxy- napht hal enSI?Oyl) acetic acid nethyl ester (1.00

g, 2.63 mmol), potassium acetate (1. 13.2 mml ), dichloro 1,1'-

bi s(di phenyl phosphi no)ferrocene palladium (I1) (288 ny, 0.394 mml ), 1,1 -
10 bi s(di phenyl phosphi no)ferrocene (229 ng, 0.390 mmol ),

bi s( pi nacol at o) di boron (1.33 g, 5.25 mol ), and 1, 4-di oxane (36 nlL). The
resulting mxture was heated at 120 C for 10 hours. The reaction m xture
was cosl ed migtur@omamme@mnm -4t(Aens Stietrametal-[ 1,0 AMdibeatpeoahid-gl)-over ni ght .

N ) T
concent r ap&ehi eniafid® (b ﬁqu@@?o%ﬂnm Ate"'zr%klékt'nﬁﬁerﬁ’gflpﬁd’%hﬁé)ﬁéiIal?]"&ﬁw}t(1@nd

di chl oronet hane was evaporated over silica the resulting silica
gel suppomged.0dPwa@mopr adutM agiseous sebdiooraf @OQINrrAﬁab@gabe BFRuLsipennm@lash
colurm.  ~has bRy BRI R AR ML §48 LaTELEYS 2561 2hBuld IR ABloh HiRLRD o

nmet hyll04-wés 408le8-1b edoranenpgrbddre 3thizhdi waakidmtehatmtmetwl)acedﬂibt(aalnm) 2I'Jn¢1] ace

o 3y 5 ESBO AR s hsreohyTPwbizs (3o Ly 1R Ghagt phats wag rgaer s 1y
3.69 (s, 8@1)4, Aterbd (end §véf90ratéd59\ écﬁutldr?of"%e Mrid %ﬂhcﬁﬁ'cﬁbhlér@hethane
C201-124BF04 [ (M FH) +] 359, obsd. . WD 2010/ 055005PCT/ EP2009/ 064813 -
167 - 4- (waB@Mmeétﬁﬂ Qv ilicH@eh Ty Boresding siiergehaupporied crude product

ht hal I A t
TaPT vor g 106Heat 0 pf) AYRISHTBERY SuBR) Flaot boluin ek i im8logranny
napht hal ef1-62 y:B]S%aeihyll acehatedn hexdmds) aﬁbr::ded(ﬁm mgrd6 %) 02332nmol ) ,
2- benzenesul f on

oy o o Behas et BYan s Bl i Phachylen TltAcstic asid methy estey,

aqueous sgd Hicleain onf 1qumRrreg@r|\mQﬂa¢lC(3§)6? 8. 3@ @, o=t B HAaNH), 8.01 (d, J
t et rahydr of uran was stirred at 2 hours. The reaction

m xture 1897 v@@zcéﬁ e65f50 7&%%%&&)& af ur’etd frﬂeh"ﬁ 7 - whddaf Flt&Hzwl Hh et hyl

acetate ( t L w@r The
organic -ﬁgngméls g?l ggﬁg\%ei P%g% %Qﬁ?ewsgﬁg é(,amvéalq rat egiS (2 ég}_?uotl on of
the cQOde(Sdedj)udt98|-n’Zdlﬂc§an 6rI-dJ)nﬁ\iISdES+MaldefmaﬁoflﬂdsE@48v[éM+ki)T]|4@3 gedd. and

t he resul g silica gel supported crude product was | oaded onto an

Anal ogi x 0 Super Flash colum. Flash chromatography 15 (15% - 35% et hyl
acetate in hexanes) afforded 180 ng (46% of 4-(2-

benzenesul f onyl - benzyl) - 6-f | uor o- 3- net hyl - napht hal en- 2-y1] -acetic acid

nmet hyl ester as a clear oil. 1H NVWR (300 MHz, CDCI3) 5 ppm8.38 (d, J = 7.8
Hz, 1 H, 801 (d, J =7.5Hz, 2 H, 7.55- 7.76 (m 5 H, 7.37 - 7.48 (m
1H, 7.3 (d, J =7.8H, 1 H, 7.09 (td, J =8.5, 2.0 Hz, 1 H), 6.46 -
6.60 (m 2 H), 4.51 (s, 2 H, 3.81 (s, 2 H, 3.70 20 (s, 3 H, 1.98 - 2.14
(m 3 H. M5 (ESt) cald. for C27H23F045 [ (M FH) +] 463, obsd. 463. WO
2010/ 055005PCT/ EP2009/ 064813 - 168 -

4- (2- Benzenesul f onyl - benzy1) - 6-f | uor o- 3- net hyl - napht hal en-2-y1] -acetic acid
OH 5 Starting with

4- (2- benzenesul fonyl - benzyl) - 6-f | uor o- 3- et hyl - napht hal en-2-y1] -acetic acid
met hyl ester, using a nethod anal ogous to the one described for exanple
2-1, final step,

4- (2- benzenesul fonyl - benzyl) - 6- f | uor o- 3- net hyl - napht hal en-2-y1] -acetic acid
(17.6 ng, 31% was obtained as a yellow oil. 1H NVR (300 MHz, DMSO d6) 6
ppm 12.23 (br. s, 1 H, 830 (d, J =7.5Hz, 1 H, 805 (d, J=75H, 2
H, 7.91 (dd, J 10 =8.7, 6.3 Hz, 1 H), 7.66 - 7.86 (m 4 H), 7.56 (t, J =

7 1 - — A ' a 1 N -— o~~~ £ o2 1 - ~ -



- 169 - A m xture of
(6-fluoro-3-nmethyl-4-trifl uoronethanesul f onyl oxy- napht hal en-2-y1l)-acetic
aci d et hwb 2e8¢0s6006220 ng, 0.578 mmmol ), PCT/EP2009/064813
4,4,5,5-tetranethy1-2-(4-nethyI-benzyl) 1, 3, 2- di oxaborol ane (402 ng, 1.731
mol ), palladiun(ll) acetate (17 ny, % 57 nnDI)

2-di cycl ohexyl phosphi no-2", 6’ - di met hox phenyl nmg, 0.129 mmol), 5

pot assi um @HasPerzenesalfonylybenzylse ﬂumoys-meihul;-neph&ahe_r)-mihaoetieaci(ob. 5 )
was heated at 110C for 2 hours. The reaction m xture was cooled to room
tenperature, diluted with ethyl acetate (100 m.) and washed with brine (25
m.). The organi c phase was dried . _DHl tered and concentrat ed.
Silica gel chromatography (93:7 he acetate) gave 145.7 ny

nethyl-benzyl)-naphthalen-2-y1]-acet|c acid nmethyl ester as a colorless oi
whi ch solidified on standing. 1H (300 MHz, DMSO-d6) 5 ppm 7.92 (dd, J =
8.8, 6.2 Hz, 1 H, 7.75 (s, 1 H, 6_ ¢&d, J = 12.4, 2.1 Hz, 1 H, 7.33
(td, J =8.8, 2.1 Hz, 1 H, 7.03 (d, JS507.8 Hz, 2 H, 6.92 (d, J = 7.8 Hz,
2 H, 4.40 (s, 2 H, 3.93 (s, 2 H, 364 (s, 3 FD, 2.30 (s, 3 H, 2.21 (s,
3 H). 15[ 6-Fl uoro-3-net hyl-4-(4-net hy

OH A sol ution of

[ 6-fl uoro- 3-net hyl - 4- (4- net hyl - benzy1l) - napht hal en-2-yl]-acetic acid nethyl
ester (140.8 ng, 0.419 mmol) in tetrahydrofuran (14 nL) was treated with a
20 war m s$tantingowitio - (Qitidnizemammxb@hzylh)camhmpamtlﬁwmp&thwen-2 yJJQadenicl ) in
water (3.5 The reaction xt ure was stlrred n1tenper re for 20
our s, | Feif BN 8 Habieng SHTERHIOR ATIGHCRR 18 4ire B8 SosTBRCHET SRR T act cd

with et hyﬂ.naﬁeﬁé@ue(z %?ﬁeﬁéél)‘lfon%@é v -8-AY60S3- Wt%%'b’ﬁt% 2WAshdicwi th

brine, dried % , filtered and concentr at urification by reverse
phase HPLEidale 8119 131% a9 obtaiied as alygew-oil25H NMR (300 MHz, DMSO-ds) 5

3-net hyl - 4- | p I o a oI|d
TH R (SRS (et BB 2 R PR AR THI 8 08Ty ) £ 726K, 2Rn°r W1 (8. )

Hz, 1151) =B.7,46.3 81z, 1 H)) 7.68.-6286 ¢d, 4 H) -7356 ﬂ,Jfl?&H-Hz 1 H) H)46'(L3%'(t4d—lzJ =
8.7, 1. 03 _( s 8

440 (5. ?fwz%«sge%ﬁzé M’ég &4 14 edage 1S st

cald. fory FO2 H l\ésbglr 324 2967 ( 9b33pl|§ ﬁ/%lg ES8%ald W6 CoeH1FO,S
2010/05500 PCT, P2009/ 6481 170 - EXAMPLES 15-2 to 15-5 The follomnng
exanpl es ﬁ@*t'ﬂd49505“MéM8(brepared in an anal ogous manner to exanple 15-1,
starting with (6-fluoro-3-nmethyl-4-trifluoronethanesul fonyl oxy- 5

napht hal en-2-yl)-acetic acid nethyl ester and the appropriate
4,4,5]15-tetranet hyl- 2- (benzyl) J.BXBNmMthﬁdrolane reagent. Exanple No

enzyl) - napht hal en-2-yl]-acetic acid

Systematic Na e 4. 5,95 ) et 2 d|04abor8Iane 11-1
NVR (300 Mz, 'BWEHRy-BER REEEH s e i (3- Chl or o-
4,4,5,5- 12.44 (br. 341. 0747 s, 1 H,

fluoro-3-net chloro-benzyl)-

H),

1,3,2- (m 1

[6-Fluoro-3-methyl-4-(4-methyl-benzyl)-naphthalen-2-yl]-acetic acid methyl

ester

JooCh
>

20



2-yl]-acetic acid di oxaborolane 7.77 (s, 1 H, 7.68 (d, J=
)

12.1 Hz,

H),

10

15

20

25

1 H, 7.19 - 7.40 (m 3 )-/ )= H, 7.09 (s,
WO 2010/055005 PCT/EP2009/064813

- 169 -

A mixture of (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalen-2-yl)-acetic
acid methyl ester (220 mg, 0.578 mmol), 4,4,5,5-tetramethyl-2-(4-methyl-benzyl)-
1,3,2-dioxaborolane (402 mg, 1.731 mmol), palladium(ll) acetate (17 mg, 0.0757
mmol), 2-dicyclohexylphosphino-2’,6’-dimethoxybiphenyl (53 mg, 0.129 mmol),
potassium phosphate (246 mg, 1.159 mmol), toluene (5 mL) and water (0.5 mL) was
heated at 110 °C for 2 hours. The reaction mixture was cooled to room temperature,
diluted with ethyl acetate (100 mL) and washed with brine (25 mL). The organic
phase was dried over MgSQy, filtered and concentrated. Silica gel chromatography
(93:7 hexanes-ethyl acetate) gave 145.7 mg (74.9%) of [6-fluoro-3-methyl-4-(4-
methyl-benzyl)-naphthalen-2-yl]-acetic acid methyl ester as a colorless oil which
solidified on standing. "H NMR (300 MHz, DMSO-ds) 5 ppm 7.92 (dd, J = 8.8, 6.2 Hz,
1H),7.75(s,1H), 763 (dd, J=12.4, 2.1 Hz, 1 H), 7.33 (td, J = 8.8, 2.1 Hz, 1 H),
7.03(d,J=7.8Hz,2H),6.92 (d, J=7.8 Hz, 2 H), 4.40 (s, 2 H), 3.93 (s, 2 H), 3.64 (s,
3 H),2.30(s,3H),2.21 (s, 3 H).

[6-Fluoro-3-methyl-4-(4-methyl-benzyl)-naphthalen-2-yl]-acetic acid

OH
Y
F

A solution of [6-fluoro-3-methyl-4-(4-methyl-benzyl)-naphthalen-2-yl]-acetic acid
methyl ester (140.8 mg, 0.419 mmol) in tetrahydrofuran (14 mL) was treated with a
warm solution of lithium hydroxide monohydrate (175.8 mg, 4.19 mmol) in water (3.5
mL). The reaction mixture was stirred at room temperature for 20 hours, diluted with
water, acidified with aqueous 3.0 N HCI and extracted with ethyl acetate. The ethyl
acetate layers were combined, washed with brine, dried (MgSO,), filtered and
concentrated. Purification by reverse phase HPLC gave 81.7 mg (60%) of [6-fluoro-
3-methyl-4-(4-methyl-benzyl)-naphthalen-2-yl]-acetic acid as a white solid. '"H NMR
(300 MHz, DMSO-ds) & ppm 12.43 (br. s, 1 H), 7.91 (dd, J=8.7,6.3 Hz, 1 H), 7.74
(s,1H),7.62(dd, J=121,1.8Hz, 1 H),7.33(td, J=8.7,1.8 Hz, 1 H), 7.03 (d, J =
7.8Hz,2H),6.92(d,J=7.8Hz,2H),4.40 (s,2 H), 3.82 (s, 2 H), 2.32 (s, 3 H), 2.21
(s, 3 H). HRMS (ES-) cald. for C21H19FO2 [(M-H)] 321.1296, obsd. 321.1294.



6.99 (d,
H, 2.32
Ou_ O

J = 6.6 Hz, 1 H, 4.49 (s, 2 H), 3.84 (s, 2
(s, 3H  15-3 [6-Fluoro-4-(4- 4,4,5 5. 12.46 (br. 325.1045
WO 2010/055005 PCT/EP2009/064813

-170 -

EXAMPLES 15-2 to 15-5
The following examples 15-2 to 15-5 were prepared in an analogous manner to

example 15-1, starting with (6-fluoro-3-methyl-4-trifluoromethanesulfonyloxy-

naphthalen-2-yl)-acetic acid methyl ester and the appropriate 4,4,5,5-tetramethyl-2-

(benzyl)-1,3,2-dioxaborolane reagent.

Example
No

Systematic
Name

4,45 5-tetra
methyl-2-
(benzyl)-1,3,2-
dioxaborolane

"H NMR
(300 MHz,
DMSO-ds)
S ppm

HRMS
(ES-, (M-
H))

Structure

15-2

[4-(3-Chloro-
benzyl)-6-
fluoro-3-met
hyl-naphthalen-
2-yll-acetic acid

4,4,55-
tetramethyl-2-(3-
chloro-benzyl)-
1,3,2-
dioxaborolane

12.44 (br.
s, 1 H),
7.88 -8.02
(m, 1 H),
7.77 (s, 1
H), 7.68
(d,J=
12.1 Hz, 1
H), 7.19 -
740 (m, 3
H), 7.09
(s, 1H),
6.99 (d, J
=6.6 Hz, 1
H), 4.49
(s, 2 H),
3.84 (s, 2
H), 2.32
(s,3H)

341.0747

0y
- o)
l cl

15-3

[6-Fluoro-4-(4-
fluoro-benzyl)-
3-met
hyl-naphthalen-
2-yll-acetic acid

4,4,55-
tetramethyl-2-(4-
fluoro-benzyl)-
1,3,2-
dioxaborolane

12.46 (br.
s, 1 H),
7.91(dd, J
=8.6,6.5
Hz, 1 H),
7.74 (s, 1
H), 7.64
(d,J=
11.8 Hz, 1
H), 7.32 (t,
J =8.6 Hz,
1H),7.05
(d,J=6.9
Hz, 4 H),
443 (s, 2
H), 3.80
(s, 2 H),
231¢(s,3
H)

325.1045

Y
. ol




(dd, J

Hz, 1

* fluoro-benzyl)- tetranmethyl-2-(4- s, 1 H), 3-nmet fluoro-benzyly 7.91
hyl - napht halen- 1,3,2- = 8.6, 6.5 2-yl]-acetic acid
di oxabor oveanei1oss00: H) , 7.74 (s, 1 H)y, 7.64 PCT/EPA)09D54813 11.8
-171 -
15-4 [6-Fluoro-3- 4,4,55- 12.41 (br. 391.0961
methyl-4-(4- tetramethyl-2-(4- | s, 1 H),
trifluorome trifluoromethoxy- | 7.92 (dd, J
thoxy-benzyl)- | benzyl)-1,3,2- =8.8,6.3 O
naphthalen-2- dioxaborolane Hz, 1 H), OO
ylJ-acet 7.75(s, 1 F O
ic acid H), 7.67
(dd, J =
12.1,2.0 O F
Hz, 1 H), O_I_F
7.33(d,J F
=8.8,2.0
Hz, 1 H),
7.23(d,J
=8.4Hz 2
H), 7.13
(d, /=84
Hz, 2 H),
449 (s, 2
H), 3.81
(s, 2 H),
2.30¢(s,3
H)
15-5 3-(3- 4,4,55- 12.42 (br. 389.1160°
Carboxymethyl- | tetramethyl-2-(3- | s, 1 H),
7-fluoro-2- carbomethoxy- 7.94 (dd, J
methy benzyl)-1,3,2- =8.8,6.3
I-naphthalen-1- | dioxaborolane Hz, 1 H),
yimethyl)- 7.64-7.83
benzoic ac (m, 4 H),
id methyl ester 7.25-744
(m, 3 H),
4.55 (br. s,
2 H), 3.83
(s, 2H),
3.78 (s, 3
H), 2.32
(s, 3H)

a: HRMS (ES+), [(M+Na)].

EXAMPLE 16-1
{4-[(2-Chloro-4-methanesulfonyl-phenyl)-hydroxy-methyl]-

6-fluoro-naphthalen-2-yl}-acetic acid

F

OH
T

Cl

HO
0

I,S ~



H, 7.32 (t, J= 8.6 Hz, 1 H), 7.05 (d, J=6.9 Hz, 4 H),
4.43 (s, 2 H), 3.80 (s, 2 H,
WO 2010/055005 PCT/EP2009/064813

10

15

20

-172 -

To a solution of [4-(2-chloro-4-methanesulfonyl-benzoyl)-6-fluoro-naphthalen-2-yl]-
acetic acid (example 2-8) (920 mg, 2.19 mmol) in methanol (20 mL) was added
sodium borohydride (248 mg, 6.56 mmol) at 0 °C. The mixture was stirred at 0 °C for
30 minutes before warming to room temperature. After 4 hours, the reaction was
once again cooled to 0 °C, and additional sodium borohydride (163 mg, 4.31 mmol)
was added. The reaction mixture was then warmed to room temperature, and stirred
at room temperature overnight. The solvent was removed under reduced pressure.
The residue was dissolved in ethyl acetate and washed once with a 0.5 N
hydrochloric acid solution. The organic layer was dried over sodium sulfate, filtered,
and concentrated in vacuo. Reverse phase preparative HPLC (using a Waters®
Delta-Prep™ 3000 with a Varian Pursuit® C-18 column [10 um, 20 x 150 mm]) gave
{4-{(2-chloro-4-methanesulfonyl-phenyl)-hydroxy-methyl]-6-fluoro-naphthalen-2-yl}-
acetic acid (500 mg, 54%) as an off-white powder. 'H NMR (300 MHz, 1.8:1 mixture
of CDsOD and CDCl3) d ppm 7.92 (s, 1 H), 7.75-7.85(m, 3 H), 7.62-7.71 (m, 2 H),
7.16-7.29 (m, 2 H), 6.70 (s, 1 H), 3.64 (s, 2 H), 3.09 (s, 3 H); HRMS (ESI+) cald. for
C20H16CIFOsS [(M+ Na)] 445.0283, obsd. 445.0281.

EXAMPLES 16-2 to 16-8
The following examples 16-2 to 16-8 were prepared in an analogous manner to

example 16-1, starting with the corresponding ketone derivatives.

HRMS
Example | Systematic 'H NMR (300 MHz, (ESI+,
No Name CDCl3) & ppm (M+Na)") | Structure
16-2 {4-[Hydroxy-(4- 7.84(d,J=83Hz2 407.0923
methanesulfonyl- | H), 7.76 (br. s, 1 H),
phenyl)-methyl} | 7.73(d,J=8.6 Hz, 1
6-methyl- H), 7.67 (br.s, 1 H), OH
naphthalen-2-yl}- | 7.60 (d, J = 8.3 Hz, 2 OO
acetic acid H), 7.45 (br. s, 1 H), (0]
7.31(d,J=8.6Hz1
H), 6.54 (s, 1 H), 3.78 HO
(br.s,2H),2.98¢(s, 3 O 0
H),2.46 (s, 3 H) Y
788
O




2.31 (s,

[ 6- Fl uor o- 3- net hyl
ic acid 4we,2610%55408t r anet hy1- 2- (4-

3

H)
-4- (8-

WO 2010/ 055005PCT/ EP2009/ 064813 -
trifluorone thoxy-benzyl)-

171

- 15-4

napht hal en- 2- yl Facet
trifluoronet hoxy- bereYIEP2009 864813

di oxaborol ane 12.41 (br. s, 1 H), 7.92 (dd, J 88, 6.3 Hz, 1 H), 7.75 (s,
1 H,7.67 (dd, J=12.1, 2.0 Hz, 1 H), Y73'33 (td J =88, 2.0Hz, 1 H, 7.23
(d, J =84 H, 2 H, 7.13 (d, J=8.4 W2 H), 4.49 (s, 2 H, 3.81 (s, 2
H, 2.30 (163 3 Hy6- Q@qro@%l (CD3OD) §.0§ (s, 1 HZL5 R7P3(B] 4,4,5,5- 12.42 (bfr.
389.1160a \ci 0 |@varox-(4 onyI gﬁ%%ﬁ“ ?r apethy1-2-(3- s, 1 H), on
7-fluoro-|2- car b(glfgrfﬁme K (s, 1 H) OO
naphthalen-2-yl}- 7 69 (d, J = 8.4 Hz, 2 Cl @]
acetic acid ), 7.63 (br. s, 1 H),
733 742(m1H) HO
6.43 (s, 1H),3.70 (s, 2 O o
H), 3.09 (s, 3 H) S
O
16-4 {6-Fluoro-4- 7.74(dd,J=9.1,5.7 425.0827
[hydroxy-(4- Hz, 1 H), 7.69 (s, 1 H),
methanesulfonyl- | 7.60 (d,J=7.5Hz, 1
2-methyl- H), 7.39 - 7.54 (m, 3 H), OH
phenyl)-methyl}- | 7.15-7.25 (m, 2 H), OO
naphthalen-2-yl}- | 6.46 (s, 1 H), 3.47 (br. F O
acetic acid s,2H), 3.01 (s, 3H),
2.26 (s,3 H) HO O
0
l,S\
O
16-5 {6-Fluoro-4- (DMSO-dg) 12.44 (br.s, | 411.067
[hydroxy-(4- H), 7.98 (dd, J = 9.0,
methanesulfonyl- | 6.0 Hz, 1 H), 7.86 -
phenyl)-methyl} | 7.90 (m, 1 H),7.85 (d,J OH
naphthalen-2-yl}- | = 8.4 Hz, 2 H), 7.78 (br. OO
acetic acid s,1H),7.69 (br.s, 1 (0]
H), 7.66 (d, J = 8.4 Hz, F
H), 7.38 (td, J = 9.0, HO
27Hz,1H),645(,J O 0
=4.0Hz, 1H),6.40 (d, S
J=4.0Hz, 1H),3.76 g >
(s,2H),3.16 (s,3H)
16-6 {4-[Hydroxy-(4- 7.97(d,J=82Hz1 393.0767
methanesulfonyl- | H), 7.79 - 7.89 (m, 3 H),
phenyl)-methyl}- | 7.73 (s, 1 H), 7.52 -
naphthalen-2-yl}- | 7.66 (m, 3 H), 7.36 - OH
acetic acid 7.52 (m,2H),6.54 (s, 1 OO
H), 3.83 (s,2 H), 2.97 O
(s, 3H)
HO O
0
I,S\
O




met hy benzyl)-1, 3, 2-
ylmethyly 7.64 -

7.44

10

=8.8, 6.3 | - napht hal en- 1- di oxaborol ane Hz, 1
7.83 benzoic ac (m 4 H), id nethyl ester 7.
wOrep10355003 4.55 (br. s, 2 H, 3.83 PCT/EP2009/064813
-174 -

16-7 {4-[(4- (DMSO-dg) 12.48 (br.s, | 401° OH
Ethanesulfonyl- 1H)7.96 (dd,J=9.1, OO
phenyl)-hydroxy- | 6.3 Hz,1H)7.72-7.88 E 0]
methyl]-6-fluoro- | (m,4 H)7.56-7.71 (m,
naphthalen-2-yl}- | 3 H)7.36 (td, J = 8.7, HO
acetic acid 23Hz,1H)6.34 - 6.47 O 0

(m,2H)3.73 (s, 2 H)

3.22(q,J=74Hz?2 O'/
H)1.03(t, J=74Hz,3

H)

16-8 {4-[(4- 7.87(dd,J=8.9,5.9 439.0983 OH
Ethanesulfonyl- Hz,1H),7.67-7.78 OO
2-methyl- (m, 3 H),7.57-7.66 E 0]
phenyl)-hydroxy- | (m,2 H),7.29-7.35
methyl]-6-fluoro- | (m, 1 H),7.24 -7.26 HO
naphthalen-2-yl}- | (m, 1 H), 6.61 (s, 1 H), O 0
acetic acid 3.76 (d, J =16.0 Hz, 1

H),3.75(d,J=16.0 O"
Hz, 1 H),3.12(q,J=

7.3Hz,2H),2.33 (s, 3

H), 1.28 (t, J =7.3 Hz,

3 H)

a: MS reported as [(M-H)].

EXAMPLE 17-1
{4-[(2-Chloro-4-methanesulfonyl-phenyl)-difluoro-methyl]-

6-fluoro-naphthalen-2-yl}-acetic acid

{4-[(2-Chloro-4-methanesulfonyl-phenyl)-difluoro-methyl]-6-fluoro-naphthalen-

2-yl}-acetic acid ethyl ester

H .
25



(s, 2 H, 3.78 (s, 3 H, 2.32 (s, 3 H a: HRMS (ES+),

[ (MtNa) +] . EXAVPLE 16-1

(4- 1( 2- Chwoneotromsams hanesul f onvi - phenvl) - hydr oxv- met hvi | PCT/EP2009/064813

6- f | uor o- napht hal en- 2-v1}-acetic acid OH9 WO

2010/ 055005PCT/ EP2009/ 064813 - 172 - T % sol ution of

[ 4- (2- chl or o- 4- met hanesul f onyl - benzoyl fl uor o- napht hal en-2-y1] - acetic
aci d ( exafphistupe 8f [46(922611!@19-4-me19amﬁmllfpnylfba1fzohlérﬁe‘luo(rczﬂanhwatea&#ﬂﬂ@@eti@odi um

b hyd 0 Th , Cf
o0 A SF TR eR BT BLexAtRe 2 p Ik B BEUS AN SnshiS?) Bt O
Sttt SRl bis it o becyuis ittt diecd 32‘:?}2‘3@5 e som
terrpe:ngli up%ateg@hm:gétpv}!a@tyvoagawarﬁ Righy @ﬁé?ﬁrﬁé%ﬁg‘:m%ﬁ\,\?he‘? SSHPUER VRS
removeq ugat 165Rsh R & RS0 ThESH B8l AHEIOMBSRiaEOR! maghi n et hyl acetate

and washed once wth a (53 drochloric acid solution. The organic
| ayer wasChipmatography é%ﬁﬁlﬁﬁpsﬁlaﬁhtc@mnﬂﬂ | 236400 mest, edRteathyhaesiaiennvacuo.

Rever oe PHBRAAPLER L SRR TN R 8 RERLREL ISR PnIMo2000 v th 2

{4- [(}2 ¢ hinethod] 46- ﬂ@%mmmmmmwpa@m]aamﬁuw%mmmg, @44 )u dxdatitivaaht haI en
-2-yl acetlc acl %9 as a 3@0
L2871 i aieoe PRt e S e PR P ﬂﬁﬁ(usm%%érsgs (m 3
H . 7.162 belfa ﬁledmsofbdﬂnthﬁ\ﬂa@uanb&@uu(%%é@lumﬁ 10 ub® 20k B0 mPnfAMS. 2
H, 3.09 (s, 3 H; HRM5 (ESI+) cald. for C20H16Cl FOgS [ (M+ Na)+] " 445. 0283,
obsd. 445 8)lCa|EXfAK/@|2E$8@§3@4$o[(M61‘B]470 ghd. M4d11 owi ng exarrpl es 16-2 to
16-8 were prepared in an anal ogous nanner to 20 exanple 16-1, starting with
t he correspondi ng ketone derivatives. Exanple No Systematic Name 1H NWMR
(300 WHz, {€[@-CGhidsopkmetiRafe guHRiny|-phdnyd)diflusrounethyl -G-udré-haphittaleny - ( 4-
met hanesul f onyl - phenyl) - et hyl ] - 7.?4 g{j J.=83 H, 2 H, 7.76 (br. s, 1
M, 7.73 (d, J = 8.6 Hz, 1 407.093¥}-acefi¢ acid

15
Starting with {4-[(2-chloro-4-methanesulfonyl-phenyl)-difluoro-methyl]-6-fluoro-

naphthalen-2-yl}-acetic acid ethyl ester using the method analogous to the one
described for example 2-1, final step, {4-{(2-chloro-4-methanesulfonyl-phenyl)-
difluoro-methyl]-6-fluoro-naphthalen-2-yl}-acetic acid (17.2 mg, 82%) was obtained

20 as a white crystalline solid. "H NMR (300 MHz, CDCls) & ppm: 8.05 (br. s, 1 H), 7.98
(br.s,2H),7.85-7.94 (m,2H),7.72-7.80(m, 1 H),7.54 (br.s, 1 H),7.29-7.38 (m
1 H), 3.83 (s, 2 H), 3.14 (s, 3 H); HRMS (ESI+) cald. for CooH14CIF304S [(M+ Na)’]
465.0145, obsd. 465.0144.

25 EXAMPLES 17-2 to 17-3
The following examples 17-2 to 17-3 were prepared in an analogous manner to

example 17-1, starting with the corresponding ketone ester.



cn', 00 41 r, * 6-
1 H, 7.60 (d, J = 8.
H) ,w6e.26t/0580051 H), 3

met hyl - napht hal en-2-yl}- acetic acid H), 7.67 (br
3 H, 2 H, 7.45 (br. s, 1 H, 7.31 (d, J =8.6 Hz
.78 (br. s, 2 H, 2.98 (sPCIEP2009H4812. 46 (s

0
s
1
3 H WD 2010/ 055005PCT/ EP2009/ 064813 - 173 - 16-3 {6-Chl oro- 4-
[ hydroxy- (4- methanesul fonyl - phenyl)- es hyl ]- naphthal en-2-yl}- acetic
acid (CD30D) 8.08 (s, 1 H, 7.90 (d, J =8.4 H, 2 H, 7.82 (d, J =8.5 Hz
1 H, 7.75 (br.|s, 1 H, 7.69 (d, J = 8. 4ukuus 2|H), 7.63 (br. s, 1 H),
427. 0376 |IEx@mPe? Systématic 7. 3B'H NMR43DOMAZ, 1 (B, 6.43 (s, 1 H, 3.70 (s}
No Name CDCIs) & ppm (M+Na)") | Structure
17-2 {4-[Difluoro-(4- | 8.02(d, J=8.5Hz, | 431.0535

methanesulfonyl- | 2 H), 7.91 (s, 1 H),
phenyl)-methyl}- | 7.85-7.90 (m, 1

6-fluoro- H),7.70-7.80 (m,
naphthalen-2-yl}- | 3H),7.51 (d, J =
acetic acid 11.2Hz, 1 H), 7.28
-7.35(m, 1 H),
3.88 (s, 2 H), 3.09
(s, 3H)
17-3 {4-[(4- 797 (d,J=8.5Hz, | 445.0692

Ethanesulfonyl- | 2H)7.90 (s, 1 H)
phenyl)-difluoro- | 7.83 - 7.89 (m, 1
methyl]-6-fluoro- | H) 7.66 - 7.78 (m,
naphthalen-2-yl}- | 4 H) 7.49 (d, J =1
acetic acid 09 Hz, 1H)7.27 -
7.33(m,1H)3.87
(s,2H)3.14 (q,J =
7.4Hz,2H)1.29
(t, J=7.4Hz,3H)

EXAMPLE 18-1
{6-Fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-

naphthalen-2-yl}-acetic acid

I,S ~

{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-naphthalen-2-yl}-

acetic acid methyl ester

SoR S
. ol

2



H)

3.09 (s, 3 H  16-4 {6-Fluoro-4- 7.74 (dd, J = 9.1, 5.7 425.0827

[hi/droxy-(4- Hz, 1 H, 7.69 (s, 1 H), nmet hanesul fonyl - 7.60 (d, J =
Hz, 1 worretonpseosH), 7.39 - 7.54 (m 3 H), phenyl ) POBIEPROPAO6BIAS -
7.25 (m 2 H), napht hal en-2-yl}- 6.46 (s, 1 H, 3.47 (br. . --% 4

acetic acids, 2 H, 3.01 (s, 3 H), _1772_.26 (s, 3 H 16-5 {6-Fl uoro-4-

(DMBO-d6) 12.44 (br. s, 411.067

10

15

20

25

To a solution of [6-fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid
methyl ester (103.5 mg, 0.26 mmol) (example 2-1, 4" step) in methanol (3 mL) was
added sodium borohydride (30 mg, 0.78 mmol) at room temperature. The reaction
mixture was stirred at room temperature overnight, and then partitioned between
ethyl acetate and water. The collected organic layer was dried over magnesium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (RediSep® Flash
column, 230-400 mesh, 0-40% ethyl acetate in hexane) gave {6-fluoro-4-[hydroxy-(4-
methanesulfonyl-phenyl)-methyl]-naphthalen-2-yl}-acetic acid methyl ester (90 mg,
86%) as a yellow oil. MS (ESI+) cald. for C21H1sFOsS 402 [(M+H)*], obsd. 403.

{6-Fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-naphthalen-2-yl}-

acetic acid methyl ester

To a solution of {6-fluoro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-naphthalen-
2-yl}-acetic acid methyl ester (90 mg, 0.23 mmol) in methanol (5 mL) was added 3
drops of concentrated sulfuric acid. The mixture was heated at reflux overnight.
After cooling to room temperature, the reaction mixture was partitioned between
ethyl acetate and water. The collected organic layer was dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (RediSep® Flash column,
230-400 mesh, 0-40% ethyl acetate in hexane) gave {6-fluoro-4-[(4-methanesulfonyl-
phenyl)-methoxy-methyl]-naphthalen-2-yl}-acetic acid methyl ester (37.6 mg, 39%)
as a clear oil. MS (ESI+) cald. for Co2H21FOsS [(M+H)] 416, obsd. 417.

{6-Fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-naphthalen-2-yl}-

acetic acid

7.

5



[ hydroxy-(4- 1 H), 7.98 (dd, J = 9.0 met hanesul fonyl- 6.0 Hz, 1 H),

7.86 -

8
(
J

.4 Hz, 2wH)2p10053@5( br . acetic ac

d,

J

10

15

20

phenyl )-methyl]- 7.90 (m 1 H)
i 7.69 (bPCTEP2M09/064813H)
t

8.4 H, > L 2H, 7.38 (
4.0 Hz, 1 H), 6.40 (d,

d
d, J

1H, 3.76

I,S ~

Starting with {6-fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-naphthalen-2-
yl}-acetic acid methyl ester, and using the method analogous to the one described
for example 2-1, final step, 6-fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-
naphthalen-2-yl}-acetic acid (36 mg, 99%) was obtained as a white solid. 'H NMR
(300 MHz, CDCl3) & ppm: 7.78 - 7.93 (m, 3 H), 7.75 (br. s, 1 H), 7.50 - 7.68 (m, 4 H),
7.16-7.31 (m, 1 H), 5.80 (s, 1 H), 3.84 (s, 2 H), 3.45 (s, 3 H), 3.02 (s, 3 H); HRMS
(ESI+) cald. for C21H19FOsS [(M+ Na)*] 425.0829, obsd. 425.0827.

EXAMPLE 19-1
{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-

3-methyl-naphthalen-2-yl}-acetic acid

S0¢s
. o)
HO
0

I,S ~

A solution of [6-fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-naphthalen-2-yl]-
acetic acid (60 mg, 0.15 mmol) (example 6-1) in methanol (12 mL) was
hydrogenated using a H-cube hydrogenation reactor with a flow rate of 1.7 mL/min
and a 10% palladium on carbon catalyst cartridge at 20 °C under 10 bar hydrogen
pressure. The reaction mixture was concentrated in vacuo. The crude product was
purified using flash chromatography (RediSep® Flash column, 230-400 mesh, 2%-
5% methanol in dichloromethane) to give 11 mg (18%) of {6-fluoro-4-[hydroxy-(4-
methanesulfonyl-phenyl)-methyl]-3-methyl-naphthalen-2-yl}-acetic acid as an oil. 'H
NMR (300 MHz, CDCls) & ppm: 7.82 (d, J =8.2 Hz, 2 H), 7.74 (dd, J =9.1, 6.0 Hz, 1
H), 7.61-7.70(m,2H), 749 (d, J=8.2Hz, 2H), 7.15 (td, J=8.3, 2.1 Hz, 1 H), 6.73

7.85 (d, J napht hal en-2-yl}- =

7.66

2.7 H, 1 H), 6.45 (d,



(s, 2 H, 3.16 (s, 3 H 16-6 {4-[Hydroxy-(4- 7.97 (d, J =8.2 Hz, 1
393.0767 10, / 0" u',00 1 2 nmet hanesul fonyl- H, 7.79 - 7.89 (m 3 H),
phenyl ) - meOlrgiojossws73 (s, 1 H), 7.52 - napht hal en- 2- PCTAEPZ008H64sn3 3 H),
7.36 - acetic acid 7.52 (m 2 H), 6.54 (s, 1 H, 3.83 (s, 2 H, 2. 97
(s, 3 H WO 2010/ 055005PCT/ EP2009/ 0 13 - 174 - 16-7 {44(4-

Et hanesul f onyl - phenyl)-hydroxy- nethyl]=-6-fl uoro- naphthal en-2-yl}- acetic
aci d (s, 1H),3.86 (br. s, 1 H), 3.48 (s, 2 H), 3.01 (s, 3 H), 2.41 (br. s, 3 H); HRMS (ESI+)

cald. for C21H1sFOsS [(M+ Na)*] 425.0829, obsd. 425.0827.

EXAMPLE 19-2
5 The following example 19-2 was prepared in an analogous manner to example 19-1,

starting with the corresponding ketone derivative.

HRMS
Example | Systematic 'H NMR (300 MHz, (ESI+,
No Name DMSO-ds) 5 ppm (M+H)" Structure
19-2 (6-Fluoro-4- 12.40 (br.s, 1 H),7.97 | 460.1224
{hydroxy-[4- (dd,J=8.9,6.3Hz, 1 OH
(morpholine-4- | H), 7.77 (br.s, 1 H), OO
sulfonyl)- 774-787(m, 1H), F 0
phenyl]- 7.66 (s, 4 H), 7.62 (br.
methyl}- s,1H),7.37 (d,J = HO
naphthalen-2- | 8.9,2.3Hz, 1 H), 6.34 .0
yl)-acetic acid | - 6.49 (m, 2 H), 3.73 ,,S\N/\
(s,2 H),3.49 - 3.62 0 K/O
(m,4 H),2.78 (br.s, 4
H)

EXAMPLE 20-1
{6-Fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyl]-

10 naphthalen-2-yl}-acetic acid

SoRs
. O

{6-Fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyl]-

naphthalen-2-yl}-acetic acid methyl ester

SORS
. ol



(DMBO-d6) 12.48 (br. s, 1 H 7.96 (dd, J = 9.1, 6.3 Hz, 1 H) 7.72 - 7.88

(m 4H 7.56 - 7.71 (m 3 H 7.36 (td, J =8.7, 2.3 Hz, 1 H 6.34 - 6.47
(m 2 H wo281o(ws5002 H 3.22 (g, J = 7.4 Hz, 2 H 1.03 (PCTEP2009/0448lz, 3 H)
40la | 0O'cn'so 0 9 . - 16-8 {44(4- 7.87 (dd, J = 8.9, 5.9 439.0983 |

O'cn'so O 9 . - Li_ Ethanesul fonyl - , 1 H, 7.67 - 7.78 2- met hyl -

(m 3 H), 7.57 - 7.66 phenyl )-hydr6>1<§/-_(m 2 H, 7.29 - 7.35
met hyl | - 6Afsoludioo -of (GrfluaroH)-(4-meaylsulfanigyl-benrayihnagiitbalep-2ryl}-acg¢tin addH) , 6. 61

(s, 1H, methy‘?ggtteir ((:prgﬁér%dgfh ?a% a(n%’log‘]oué rrlmgther% ’exgimple 2-1) in methanol (20 mL)
was hydrogenated using a H-cube hydrogenation reactor with a flow rate of 1
mL/min and a 10% palladium on carbon catalyst cartridge at 30 °C under 10 bar

5 hydrogen pressure. The reaction gave a mixture of alcohol {6-fluoro-4-[hydroxy-(4-
methylsulfamoyl-phenyl)-methyl]-naphthalen-2-yl}-acetic acid methyl ester and the
corresponding fully hydrogenated product [6-fluoro-4-(4-methylsulfamoyl-benzyl)-
naphthalen-2-yl] acetic acid methyl ester. Reverse-phase preparative HPLC (using a
Waters® Delta-Prep™ 3000 with a Varian Pursuit® C-18 column [10 pm, 20 x 150

10 mm]) was used to separate these products, giving {6-fluoro-4-[hydroxy-(4-
methylsulfamoyl-phenyl)-methyl]-naphthalen-2-yl}-acetic acid methyl ester (4.0 mg)
as 3.0 mg of a white solid. MS cald. for C21H20FNOsS [(M-H)] 417, obsd. 416.

{6-Fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyl]-
15 naphthalen-2-yl}-acetic acid

SoRs
. O
HO
.0

So. .~
7, N

Starting with {6-fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyl]-naphthalen-2-
yl}-acetic acid methyl ester (3.0 mg, 0.007 mmol), using a method analogous to the

20 one described for example 2-1, final step, {6-fluoro-4-[hydroxy-(4-methylsulfamoyl-
phenyl)-methyl]-naphthalen-2-yl}-acetic acid (4.5 mg, 100%) was obtained as a
yellow oil. '"H NMR (300 MHz, CDCl3) 8 ppm 7.72 - 7.79 (m, 1 H), 7.71 (d, J = 8.6 Hz,
2 H),7.63 (s, 1H),7.55(dd, J=11.5,2.1 Hz, 1 H), 7.50 (d, J = 8.6 Hz, 2 H), 7.48 (br.
s, 1H), 7.16 (td, J = 8.6, 2.1 Hz, 1 H), 6.31 (s, 1 H), 3.70 (s, 2 H), 2.51 (s, 3 H);

25 HRMS (ESI+) cald. for CooH1sFNOsS [(M+Na)*] 426.0782, obsd. 426.0779.

ACTIVITY AND USE OF THE COMPOUNDS



H, 3.75 (d, J = 16.0 Hz, 1 H, 3.12 (q, J = 7.3 Hz, 2 H, 2.33 (s,
3 H, 1.28 (t, J = 7.3 Hz, 3H) a. Ms reported as [(MH].
EXAVPLE IWO2R0{0055(02- Chl or o- 4- net hanesul f onyl - phenyl) - di PCu@PRoO®648YL] -

6- f | uor o- napht hal en-2-yl1}-acetic acid OH (5

{4-[(2-Chl oro- 4- met hanesul f onyl - phenyl % ]gl fl uoro-nmet hyl]-6-fluoro-naphthale
n- 2-yl}-acetic acid ethyl ester % / 055005PCT/ EP2009/ 064813 - 175 - A
m xture oThe compounds of formula | possess valuable pharmacological properties. It has

2- h| -2- - i
L 2o h P B A B ARSI HAadt S AR B BEARSIs g LR S L)
ég‘z’l”gn;m?rezﬁ,ﬁ?"ﬁ‘;’” m%""%?”%%” et g elSadshe Bnacisdtirs dssobiat will talfo o,
The crude el‘???i%ﬁé‘%\é% agthyma. ef’f‘? )?Ci"ﬁ%(dg&h%ﬁre@@néc@f@gp'g% 73 &% g%re&sm?rm f o-r
purifiegat érﬂﬁgor’fh%%?’ M&%bﬁ@f@l@@énﬁﬁ%@a%ow 9he%ﬁ<§ﬂn§%&3@cal%’é%‘a§90 mesh,

0-50% et hyl acetate in hexane) gave slightly inpure
{4-[(2-chl oro- 4- met hanesul fonyl phenyl) di fl uoronet hy1] - 6 f I uor o- napht hal en

-2-yll-acetic acid ethyl nal purification was
achi eved using reverse phl%se prepar a§ eeptéél_%nflﬁﬁdb‘géiy Waters(r) 10
DeI ta Pr ef vﬂH\zﬂléieeloremeptDraaMng ass Busing t"’(—lr]r)arr@trb&aocdwm chirpeting 20 x 150

Th ] 2} Criricchve Boareh weh erBipecTReFRRI MG SRPeowd RpePoav e ERm hal o

n- 2-yd}-6RIHX B fdiddclivé gart ?H]rlaﬁﬁatr‘ﬂb"ah was synthesized according to
{4-[ (2-chl oro-4-net hanesul f onyl - é%/1) di f1 uor o- met hyl ] - 6-f1 uor onapht hal en

- 2-yl | - acevgigncde et abt(Fyr. Jeﬁh@rma@wn 4,5 . FE85akna égemﬁc eetitityof dae
descri bedqf /r‘?]Fn ixarrpl e 2-1, final step,
O-

{4-1(2- ch or met hanesulfonyl phenyl) -
di fl uoro-net hyl] - 6-fl uoro-napht hal en-2-yll-acetic acid (17.2 ng, 82% was
obt ai ned

o be (or Aol ingistibly Sxstetang bumzn SR ThO mad bOMGhEA by M isrell R BnO BT
1 H), 13. 54elsWith svo hahmalién?Spr es73|é’r3vécffbrs]thb\)harﬁo?éﬂ Ksmar ORTHBadd d-s, 3
; HRMS (ESI +) cald. for C20H14C| F3045 @( ') 465. 0145, obsd. 465.0144.

|2_23iEXAI\/PL E&iph716 cbblAs7resperiv el Usig hgGenanp ragsiertion repgent Grage Rochekpar ed
oy one 28 CqBSR o 08 AT I kA S S SofS AT 0
(BD Pharmingen™ from BD Biosciences, a division of Becton, Dickinson and
Company), which is a rat monoclonal antibody to human CRTH2. The cells were
20 maintained as monolayer cultures in Ham’s F-12 medium containing 10% fetal
bovine serum, 100 units/mL penicillin, 100 ug/mL streptomycin, 2 mM glutamine, 0.5
mg/mL G418 (geneticin) for CRTH2, and 0.2 mg/mL hygromycin-B (for G-alpha 16).
For whole cell receptor binding assay, the monolayer cells were rinsed once with
PBS (phosphate buffered saline), dissociated using ethylenediaminetetraacetate
25 (Versene™ EDTA from Lonza Inc.), and suspended in PBS containing 10 mM MgCl.
and 0.06% BSA (bovine serum albumin) at 1.5 x 10° cells/mL.

The binding reactions (0.2 mL) were performed in 96-well plates at room
temperature in PBS containing 1.5 x 10° cells, 10 mM MgCl,, 0.06% BSA, 20 nM

30 [*HJramatroban, and test compound at various concentrations. After 1 hour of
binding reactions, the cells were harvested on GF™/B filter microplates (microtiter
plates with embedded glass fiber from PerkinElmer, Inc.) and washed 5 times with
PBS using a Filtermate™ Harvester (a cell harvester that harvests and washes cells



- 176 - Exanple No Systematic Nane 1H NWR (300 MHz, CDCI3) 6 ppm HRVB
(ESI+, (MFNa)+) Structure 17-2 {4-[Difluoro-(4- 8.02 (d, J = 8.5 Hz,

431. 0535 wormetodmas@sul fonyl - 2 H), 7.91 (s, 1 H), pher¢r)EPowvloydsis 7. 85 -
7.90 (m 1 6-fluoro- H, 7.70 - 7.80 (m OH naphthalen-2-yl}- 3 H),
7.51 (d, J = SOo0 acetic acid 11.2 '."f82.1 H, 7.28 - 7.35 (m 1 H),
3.88 (s, 2 H, 3.09 (s, 3

from microplates from PerkinElmer, Inc.). The radioactivities bound to the cells were
determined using a microplate scintillation counter (TopCount® NXT, from
PerkinElmer, Inc.) after adding 50 pL of Microscint™ 20 scintillation fluid (from
PerkinElmer, Inc.) to each well of the filter plates. The radioactivity from non-specific
5 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 to the cells in the absence of compound (total binding) was determined by
replacing compound with 0.25% of DMSO (dimethyl sulfoxide) in the reaction mixture.
Specific binding data were obtained by subtracting the radioactivity of non-specific

10 binding from each binding data.

The ICso value is defined as the concentration of the tested compound that is
required for 50% inhibition of total specific binding. In order to calculate the I1Cs
value, the percent inhibition data were determined for 7 concentrations for each

15 compound. The percent inhibition for a compound at each concentration was
calculated according to the following formula, [1-(specific binding in the presence of
compound)/(total specific binding)]x100. The ICs, value was then obtained by fitting
the percent inhibition data to a sigmoidal dose-response (4 parameter logistic) model
in the XLfit® software Excel add-in program [from ID Business Solutions Ltd., model

20 205, where F(x) = (A+(B-A)/(1+((C/x)"D)))].

The compounds of the foregoing examples (as listed in the following table) were
tested using the above Human CRTH2 Receptor Binding Assay. The results of the
assay showed that all of these compounds have binding activity exhibiting 1Cs

25 values ranging from 0.0021 uM to 0.3859 pM as indicated below:

Example No. Human CRTH2 Binding
ICs0 (UM)

Example 1-1 0.0178

Example 1-2 0.0402

Example 1-3 0.3357

Example 1-4 0.0112

Example 1-5 0.0062




So 0 17-3 {44(4- 7.97 (d, J = 8.5 Hz, 445.0692

Et hanesul f onyl -

2 H 7.90

(s, 1 H phenyl)-difluoro- 7.83 - 7.89 (m 1 OH nethyl]-6-fluoro-
napht hal emne20100055005) 7.66 - 7.78 (m 4 H 7.49 (d, J =1rCoAPrr009464813 c aci d
0.9 Hz, 1 H 7.27 - 7.33 (m 1 H 3.87 (s, 2 H 3.14 (g, J = lei
7.4 Hz, 2 H 1.29 (t, J =7.4 Hz,_§8§-|)
Example 2-1 0.0043
Example 2-2 0.0264
Example 2-3 0.0170
Example 2-4 0.0406
Example 2-5 0.0151
Example 2-6 0.0155
Example 2-7 0.2640
Example 2-8 0.0085
Example 2-9 0.1994
Example 2-10 0.0448
Example 2-11 0.1353
Example 2-12 0.1525
Example 2-13 0.0030
Example 2-14 0.0027
Example 2-15 0.0033
Example 2-16 0.0033
Example 2-17 0.0145
Example 2-18 0.0042
Example 2-19 0.0023
Example 2-20 0.0179
Example 2-21 0.0038
Example 2-22 0.0025
Example 2-23 0.0037
Example 2-24 0.0069
Example 2-25 0.0089
Example 2-26 0.007
Example 2-27 0.0064
Example 2-28 0.0213
Example 2-29 0.0075
Example 2-30 0.0825
Example 2-31 0.1031
Example 2-32 0.2719
Example 4-1 0.0083
Example 4-2 0.0267
Example 6-1 0.0021
Example 6-2 0.0037
Example 6-3 0.0024
Example 7-1 0.0533
Example §-1 0.0878
Example §-2 0.0153
Example 8-3 0.1625
Example 8-4 0.0061
Example 8-5 0.0053
Example 8-6 0.0054
Example §-7 0.0054
Example 8-8 0.0060
Example 8-9 0.0043
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25{ 6- Fl uor o- 44
acetic acid
{6-fluoro-4-|

[ (4- et Hanewld Fohyl - pheny

| ) - met hoxy- @&BéMyn- napht hal

on- 2-y1} -

ANO 2010/ (5a6(p5PGF2 EP2009/ 0

64813 -

1780.083&tarting with

4- met hareauipiomnys - phenyl)

- met hoxy- mep bylg - napht hal e

n- 2-

yl'l-acetic acid met hylggafp&f}5-#4nd using the methodpgngy ogous to the one
described for rexanple gely, d {13 Step, — 00276 _

gé];)lh;]ﬁ;f)-eﬁ: [2( it ”?L “d”%iﬂ'p&)élyé I’p“e”yl L- H—was—obt ol oid as—a whi-te) solid. 1H
NVR (300 Mz, 'coc‘,!e) EXICLO2g Ty ol i 3 Y (pr o 3 1y 7 50 -
7.68 (m 4 H)| 7.16 -ﬁ’@ﬁnﬁ%& H, 5. 0.1 , 13045 (s,
3 H), 3.02 (s, 3 H: P4 cald ffor 21 H 98BS [ (M- Na)+]| 425, 08209,
obsd. 425.0827. 10EXANPEREPIOLOES’ 0.0080

{ 6- Fl uor o- 44hydr oxv- ( Exmsiplalfesul f onvi - phenvil) - net H.0330-

3- et hyl - napht hal en- 2-EBxbjnpct-Vc acid |OH 0 HO 150818l uti on of

[ 6-f 1 uoro-4- (4- met hangsiahiptyd-8 benzoyl) - 3- net hyl - n@phdshal en-2-y1]+ acetic
acid (60 ng, 0.15 ‘molgxahprampi e 6-1) 1n nethanol (3g7L) was hydfogenat ed
using a Hcube nyarogqﬂ@&ﬂ @0 7-gactor with a fiow r@b@lor I 7 m/mn and a
10% pal | adi u ! 0 hydr ogen
10% pal | adium on carbufghel st cartridge ot 20 Gypger 10 bar hydrogen
was 20 purifi ed—using E’iag]:@:l‘e]gj.lonat ography—(Red Seo“gf@l ash—eelumm] 230-400
mesh, 2% 5% iethanol F¥0H: :iq*]9g\rnrrei_hann) to give g"go%" (18% of
{6-fluoro-4-[ hydroxy- (ﬁ(ampe .

met hanesul f onyl - pheny!BxampldRA-] - 3- et hyll - napht hal eh022ly| | - aceti c_acid as an
oil. 1H NMR (300 MHz, CDCI3) 5 ppm 7.82 (d, J = 8.2 Hz, 7.74 (dd, J
= 9.1, 6 0 0 , 7.15
(td. 3 2 g aCaidiy '%'uxl&?ﬁav HS@%%&V&%&W%@S@%@% 179 (s,
1 H, 3.86 (br. s, H, 3.48 (s, 2 H, 3.01 (s, 3 H, 2.41 (br. s, 3 H);
HRVS ( ESI + ch.l fé) &21H19F058 [ (M+ Na)+] 425.0829, obsd. 425.0827.
EXAVPLE 1688 Gulttre Gogrdi @My exanple 19-2 was prepared in an anal ogous

manner to exanple 19-1,

starting with the correspondi ng ketone derivative.

Exanpl e No Systematic Nane 1H NVR (300 WVHz, DMb0O-d6) 6 ppm HRVS (ESI +,
(MtH) +) Structure



19-2 (6-Fluoro-4- {hydroxy-[4- (norpholine-4- sulfonyl)- phenyl]- nethyl}-
napht hal en-2- yl)-acetic acid 12.40 (br. s, 1 H), 7.97 (dd, J = 8.9, 6.3
Hz, 1 H) ,wé.2¢/5b005 s, 1 H), 7.74 - 7.87 (m 1 H), 7.66PCI/EPA00N0648T3 62 (br.
s, 1 H, 7.37 (td, J =8.9, 223 H, 1 H, 6.34-6.499 (m 2 H, 3.73 (s, 2
H, 3.49 - 3.62 (m 4 H), 2.78 (br. s,_iigg-Q 460.1224 CHo SO HOO .9 N
EXAMPLE 20-1
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G/ mol . Budrey the inpebatioablgst eampessd n@terﬁuware BRPEEdRY adding 90 dheld by
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For whol e cell receptor binding assay, the nonolayer cells were rinsed once
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et hyl enedi am netetraacetate 25 (Versene TM EDTA from Lonza Inc.), and
suspended in PBS containing 10 mMM MgCl 2 and 0. 06% BSA (bovi ne serum

al bumn) at 1.5 x 106 cells/nm. The binding reactions (0.2 L) were
perforrred in 96-well plates at roomterrperature in PBS containing 1.5 x 105
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30 [3H ramatroban, and test conpound at various concentrations. After 1
hour of binding reactions, the cells were harvested on GF-Tm B filter

m cropl atwe 20miss@si t er plates with enbedded gl ass fi bePCrmEpaRes48INEl Mer ,
Inc.) and washed 5 tinmes with PBS using a Filternate TM Harvester (a cell
harvester that harvests and washes cells. WO 2010/ 055005PCT/ EP2009/ 064813 -
182 - frommcroplates from PerkinElner,;  Inc.). The radioactivities bound
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i i ' O b riaes _ | 50
Vatua i s (e et 8RiEDRREL e, T Aol HElioly BRIEFE TN 1o PR

requi red érd 26QWofdhsXd concenteted idaald waeadfied tdihedieli plates. Dudag the

e e s S tab g hEs B ot BRSBTS, SE S 0

at eagh COBREEAERY PDEeiMRIsC HivdllealifRsarsrartdkdldd &sthihRnfrsii Bukeling nul a,
[1-(specific binding in the presence of conpound)/(total specific

bi ndi ng) ] %€0&0 pthef sarsplewEsu@Pighs (IhidHsedrandhemuigneously agdethie erahcwelt
inhibitio ' Ldal - 4 t ogj, St nodel
in the xcp, {Erp! BBy, Ihd TRbRoeas s CORANRL e B RGHRR Keforen Bldd B0d T o
Ltd., nodafterZangdé additien éorfd totaleldpseBinA¢ bl 1066 ECndsADRéIdonseh éncreapeunds
f the fo. [ | es. | i st in the follow t abl ted

Usi ng. t hen o dUAHGAERT P SRR BloAGeRp shed o etd Rl B o e
assay |shomeidl fllisres @rcedbatifgTRons @EBI Wl Spi4e 1i§aRé saurtibh WaY us&dabiat | ng
| C50 25 values ranging from0.0021 pMto 0.3859 pM as indicated bel ow

Exanpl e NegrolasgineCratre festhaidatp remohabng!l. EXBerpgsPonses wepa PRPERSPRH AR %1 - 2
0. 0402 Exappl = et 4 112 - - 183 -
Exanpl e 2'35{%8?’6’(1)9{%%32%{%%-5 ero'%féﬁ"%‘xjg’rr%%g%?-gsg ﬂggoc%’?ge@l%%p% %_4 0.0406
Exanpl e 2edmpolribthabEwaspéguiddsiod 5066 hiBitmmpdfeh buffér @svd|, Exampdleulate® 0. 0085
Exanpl e 263?fit%hé%?e4peExrc%lejn ibfiorCdala 38 S5 Stidrsts a sigmoidal dose-

20 response (4 parameter logistic) model using Genedata Screener® Condoseo

software program [from Genedata AG, model 205, where F(x) = (A+(B-
A)(1+((C/x)"D)))]-

Specific representative compounds tested in the binding assay were tested using the
25 above FLIPR® assay (examples 1-1 to 1-5, 2-1 to 2-25, 2-27 to 2-30, 6-1 to 6-3, 7-1,

8-1, 8-3 to 8-8, 9-1, 10-1, 10-3 to 10-11, 11-2, 121, 13-1, 14-1, 15-1, 16-1, 16-3 to

16-7, 17-1, 7-3, 18-1, 19-1, 19-2, 20-1). The results of the FLIPR assay showed that,

with the exception of examples 1-2, 1-3, 2-7, 2-9, 2-11, 2-12, 2-30, and 7-1 (which

exhibited ICsy values of greater than 3), all of the representative compounds tested
30 in this assay exhibit ICsy values ranging from 0.0001 uM to 2.1405 uM.

DK-PGD2-induced IL-13 production assay in Th2 cells
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0. 0083 Exkahikitornie2 D14 2dydrcadikt Brostaglandin DexBipiPeDs)-mduced 1L-13

production in 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 CD4™ T Cell Isolation Kit 11
(from Miltenyi Biotec Inc.). The CD4" T cells were then differentiated to Th2 cells by

10 culturing the cells in X-VIVO 15® medium (from Cambrex BioScience Walkersville
Inc.) containing 10% human AB serum (serum of blood type AB from Invitrogen
Corporation), 50 U/mL of recombinant human interleukin-2 (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

15 (from Miltenyi Biotec Inc.) and amplified in X-VIVO 15° medium containing 10%
human AB serum and 50 U/mL of rhiL-2 for 2 to 5 weeks. In general, 70% to 80% of
the Th2 cells used in the assay are CRTH2-positive when analyzed by fluorescence-
activated cell sorting using the BM16 antibody (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

25 “Instant ELISA™” kit (from Bender MedSystems Inc.) according to the procedure
suggested by the vendor. The spontaneous production of IL-13 by Th2 cells was
determined in the absence of DK-PGD2 stimulation and the value was subtracted
from that in the presence of each compound for percent inhibition and ICsg
calculations.

30
The percent inhibition of interleukin 13 (IL-13) production for a compound at various
concentrations was calculated according to the following formula, [1-(IL-13

production in the presence of compound)/(IL-13 production in the presence of 0.15%



0. 0037 Exanple 6-3 0.0024 Exanpl e
0. 0153 Exanple 8-3 0.1625 Exanpl e

7-1 0.0533 Exanple 8-1 0.0878 Exanple 8-2
8-4 0.0061 Exanple 8-5 0.0053 Exanple 8-6
0. 0054 BExsiopb®/B50050. 0054 Exanpl e 8-8 0. 0060 Exanpl e 8- @CU/EPONS/064813184 -
Exanple 9-1 0.0032 Exanple 10-1 0.0039 Exanple 10-2 0.0540 Exanple 10-3

0. 0032 Exanple 10-4 0.024 Exanple 10-_51§ 0124 Exanple 10-6 0.0267 Exanple
10-7 0.0067 Exanple 10-8 0.005 Exanpl e %29 0. 0599 Exanpl e 10-10 0. 0325
Exanpl e 10MBO)x 1003 Fhetaspraduel @lefined as the concentration of a compound that is

required for 50% inhibition of IL-13 production, was calculated by fitting the percent

inhibition data for 7 concentrations to a sigmoidal dose-response (4 parameter

logistic) model in the XLfit® software Excel add-in program [ID Business Solutions
5 Ltd., model 205, where F(x) = (A+(B-A)/(1+((C/x)*D)))].

Representative compounds tested in the binding assay were tested using the
foregoing DK-PGD32-induced IL-13 production assay (examples 1-1, 1-4, 1-5, 2-1 to
2-3, 2-5, 2-8, 2-13 to 2-29, 6-1 to 6-3, 8-1 to 8-9, 9-1, 10-1, 11-1, 16-1 to 16-6, 17-1
10 to17-3, 18-1, 19-1, 19-2). The results of the DK-PGD-induced IL-13 production
assay showed that, with the exception of examples 2-29, 16-2 and 8-3 (which
exhibited ICso values of 3.001 uM, 5.7465 uM and greater than 10 pM, respectively),
representative compounds tested in this assay exhibited activity in inhibiting IL-13

production, with 1Cs values ranging from 0.0006 uM to 2.4637 uM.

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

20

In one embodiment, the present invention relates to a method for the treatment
and/or prevention of diseases and disorders which are associated with the
modulation of CRTH2 receptors, which method comprises administering a
therapeutically effective amount of a compound of formula | to a human being or

25 animal. A method for the treatment and/or prevention of an inflammatory or allergic
disease or disorder is preferred. Such diseases or disorders may include (but are
not limited to) asthma, chronic obstructive pulmonary disease (COPD), allergic

rhinitis, allergic inflammation, and atopic dermatitis.

30 The present invention is also directed to the administration of a therapeutically
effective amount of a compound of formula | in combination or association with other
drugs or active agents for the treatment of inflammatory or allergic diseases and
disorders. In one embodiment, the present invention relates to a method for the
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to a human or animal simultaneously, sequentially, or separately, a therapeutically
effective amount of a compound of formula | and another drug or active agent (such
as another anti-inflammatory or anti-allergic drug or agent). These other drugs or
5 active agents may have the same, similar, or a completely different mode of action.

Suitable other drugs or active agents may include, but are not limited to: Beta2-
adrenergic agonists such as albuterol or salmeterol; corticosteroids such as
dexamethasone or fluticasone; antihistamines such as loratidine; leukotriene
antagonists such as montelukast or zafirlukast; anti-IgE antibody therapies such as

10 omalizumab; anti-infectives such as fusidic acid (particularly for the treatment of
atopic dermatitis); anti-fungals such as clotrimazole (particularly for the treatment of
atopic dermatitis); immunosuppressants such as tacrolimus and pimecrolimus; other
antagonists of PGD2 acting at other receptors such as DP antagonists; inhibitors of
phosphodiesterase type 4 such as cilomilast; drugs that modulate cytokine

15 production such as inhibitors of TNF-alpha converting enzyme (TACE); drugs that
modulate the activity of Th2 cytokines IL-4 and IL-5 such as blocking monoclonal
antibodies and soluble receptors; PPAR-gamma agonists such as rosiglitazone; and

5-lipoxygenase inhibitors such as zileuton.

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

incorporated by reference in their entirety.



0.0118 Exanple 19-2 0.0095 Exanple 20-1 0.0221 Cal cium Flux Assay Using
FLuoronetric I magi ng Plate Reader (FLIPR) Cell Culture Conditions: WO
2010/ 055006RAIVERDO09/ 064813 - 185 - CHO K1 cel I's previ easipr2amanssisct ed
with Gal pha 16 were subsequently transfected with the human CRTH2 receptor
and the neomycin resistance gene. Followying selection in 800 pg/n. (418
(geneticin), individual clones were aés%éd for their receptor expression
based on staining with an anti hunanCEtRIMS | gG fol l owed by 5 assaying for
their response to 13, 14-di hydro-15-keto Prostagl andin D2 (DK-PD&X) (Ii gand)
in the Ca2+ Flux assay. Positive clones were then cloned by limting

di lution tl ardomgpoubdeoftiommgabéct ed cells were cultured in Ham's F-12 nedi um
suppl emented with 10% fetal bovine serum 2 nM ql utam ne , 100 U nL

peni cil1in/100 pg/nL streptonycin, 200 pg/nL hyyronycin B, and 800 pg/ni
(418 (geneticin). Cells 10 were harvested w trypsi n- EDTA

(trypsi n-et hyl enedi am netetraaceti c acid) Q ount ed using ViaCount (r)
reagent (from Guava Technol ogies, Inc. whj ’ns two DNA- bi ndi ng dyes
that enabl e the reagent user to distingl sh Yetween viable and non-viabl e
cells). The cell suspension volune was |adjusted to 2.5 x105 cells /nL with
conplete gromh nedia. Ali quézf L _Wwelg di spensed into BD 15 Fal con
T™M 384 wel | bl ack/clear m cropl BD Bi osci ences, a division of
Bect on, Dickinson and Corrpagzz) ropltes were placed in a 37 C
CO2 incubator overnight. Th ' he m croplates were used in
the assay. Dye Loadi ng and Assay: Loadi ng Buffer containing dye (fromthe
FLIPR(r) Calcium 3 Assay Kit from Ml ec 20y Devi ces, a division of MDS
Anal yti cal Technol ogies and MDS Inc.) was prepared by dissolving the
contengs of one bottle into 200 nL Hank's Bal anced Salt Sol ution contai ning
20 mM HEPES (4- (2- hydroxyet hyl)-1-pi perazi neet hanesul fonic acid) and 2.5 nM
pr obeneci & 2@ BP3VR3cSYEanlY IresPIEdIR SahOt eTRT theeedeVneinit es and 25 pL of
Hank' s Bahagegd)&aNt Sol ution (HBSS) containing 20 mM HEPES, 0.05% BSA and
25 2.5 nmM probeneci d was added to each well followed by 25 pL of diluted
dye usi ngXads sgieciedrfopm thesgronpeonsithieg pf:at es were then incubated for 1 hour
at 37 'C. Duri@g%@g i ncubation, test conpound pl ates were prepared by
adding 90 pL o / 20 mM HEPES/ 0. 005" )/ 0 BSA buffer to the 2 pL of serial
di | uted conmpouy&(HRB),To prepare serial diluted conmpounds, 20 nM stocks of
conmpounds wer eag/i@l?sol d in 100% DMSO. The conpound dilution plate was set
up as foll ows: ( &M, r eceived 5 pL of conmpound plus 10 pL of DMSO. Wells
2-10 received &9cgpkypf DMBO. 5 pL was mixed and transferred fromwell #1
into well #2. 1.3 sertal dilutions were WD 2010/ 055005PCT/ EP2009/ 064813 -
186 - conti nue®) 6)(@oChitkged 2 pL of dil uted compound was transferred into
duplicate well wel | "assay plate"” and then 90 pL of buffer was
adged. Af ter |@2¢§%‘3&‘%§§ both the cell and "assay plate" plates were
broughts tR'ahe RS, hHependettyiof caohgthey, peatetectedfrom thELJr&ERS consistindy & pL of
the diluted co Runds were transferred to the cell plates by the FLIPR(r).
Pl ates were th(gﬁ Y¥OG63t ed for 1 hour at roomtenperature. After the 1 hour
i ncubation, pl@tagioyere returned to the FLIPR(r) and 20 pL of 4.5X
concentrated |1 gand was added to the cell plates. During the assay,

fl uor escence r(@gtﬂW@”@|%r@tbaﬁ@h3l§@%mt@@ﬁé&@§?%nf goth al | 384 wells of the
cell 10 plate @Yf‘cfvﬁer]allgu econds. Five readings were taken to establish a
stabl e basel i ne; then pL of sanple was rapidly (30 pL/sec) and

si mul taneousiteynatietd R'aneahameeddnded topetheetd fophanethy®hedibkyior escence was
conti nuous} ni.tored before, durin nd after sanple addition for a total
el apsed t néﬁeolt@gf@gb ﬁﬂ?uﬁggﬁﬁﬁg&s&?i ncrease in peak fluorescence) in
each wel | fol l@yhpsrogeani st addition were determned. The 15 initi al
fluorescence reading fromeach well, prior to ligand stinulation, was used
as a zero basel) Ralogghue for the data fromthat well. The responses were
expressed as 9omh i i ; i The 1 C50 val ue, defined as
thg concentratﬁzs?)nm%%‘?atéh@gb Ifgﬂ%l@ﬁ? attltﬁg%%?ygtﬂﬁegd for 50% i nhibition of the
buf f e25cont r ol (4) laeercdaxyl| andd by fitting the percent inhibition data for
10 concentrations to a signoidal dose- 20 response (4 paraneter |ogistic)
nodel using CGenedata Screener(r) Condoseo software program [from Genedat a
AG, nodel 205, where F(x) = (A+(BA)/(1+((C x)AD)))]. Specific
representative conpounds tested in the binding assay were tested using the
25 above FLIPR(r) assay (exanples 1-1 to 1-5, 2-1 to 2-25, 2-27 to 2-30,
6-1to 6-3, 7-1, 8-1, 83 to 8-8, 9-1, 10-1, 10-3 to 10-11, 11-2, 12-1,
13-1, 14-1, 15-1, 16-1, 16-3 to 16-7, 17-1, 7-3, 18-1, 19-1, 19-2, 20-1).
The results of the FLIPR assay showed that, with the exception of exanples
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suggested by the vendor. The spontaneous production of IL-13 by Th2 cells
was determ ned in the absence of DK-PGD2 stinulation and the val ue was
subt r act esof2zommssiwat in the presence of each conpound f @CT{EPR@O/64813

i nhibition and 1C50 cal cul ations. 30 The percent inhibition of interleukin
13 (IL-13) production for a conpound g# various concentrations was

cal cul ated according to the followng fornmula, [1-(1L-13 production in the
presence of cadipoyand)/ (IL-13 production in the presence of 0.15% WO

2010/ 0550 BPCT EP2 [ 06481 1 0) ] x100. The 1050 val ue, defined as
t he conce'%t Pa? g?r% @‘8&5%805?43?”9%% equired for 50% i nhibition of

| L- 13 producti dr)thaw@encal culated by fitting the percent inhibition data for

7 concentratio to a Si m)l d se-res 4 paraneter |ogistic) nodel
in the XLfi t(r@iw‘f@tr\ﬁéﬁyé yéd'gsf'th @QH % ™D Business Sol utions 5

Ltd., godel 203, dmé?rc%l'd(a?@l = (A+(B- A)/(1+((C/x)AD)))] Representative
conpounds tested in the binding assay were tested using the foregoing

DK- PGD2- i nduceld) lawer sy dpdionally mwt@@baﬂﬂploe@nt 1, 1-4, 1-5, 2-1 to 2-3,
2-5, 2-8, 2-13 6-3, 8-1to 8-9, 9-1, 10-1, 11-1, 16-1 to
16-6, 17-1 10 5@)%{\% %%(Ofg %rbtoﬁ;él 1, 19-2). The results of the

DK- PGD2- i nduce@) béﬂﬁﬁowmaulfm,ay showed that, with the exception of

exanpl es 2-29, ted | 0 val ues of 3.001 pM

5. 7465 pM and @}gﬁéé‘?a’t’h%cﬁ OI%YWWWJ‘E%Q&WQ‘@% Yl epresent ati ve conpounds
testedgi n thi sgaepanp,exhibited activity in inhi bi ti ng I L-13 production,
with I C50 val ues ra fromO0.0006 pMto 2.4637 pM 15 Thus, the
conpounds of t(ﬁépbe&@@gona{we&msbwted Bycrseéhaanesyifﬂmé the conpounds tested
show some act i mj e above three assays (i.e., binding
at the CRTH2 r(‘éb@&v&g%a%ane%@ﬁiéﬁ’rﬂgth?éahgy be useful as antagonists or
partial agoni stl1g) B(OleI%7at/merg|rle§ESMta@dod1 hergieus casssiigadfed with this
receptor such as as n_one enb nt resent invention
relates to a method a?@/e{ﬁg(yl PB%QW%QM@U tqgeﬂ%%tr]%%‘?” BhPR¢Yi seases and

di sordsrs which arqbpgsifd,ated with the nodul ati on of CRTH2 receptors,

whi ch net hod conpri ses admi nj steri ng a therapeutically effective anount of
a conpound of for miFhlower glkylamiren being or 25 aninmal. A method for the
treat ment and/ or pr( nfl ammatory or allergic disease or

di sorder is pref errgg%“grg%%las@glgés or disorders may include (but are not
limted to) asthma,( e):acemiamlmﬂnst ructive pul nonary di sease (COPD), allergic

rhinitis, aIIerglc f d_at.opic dermatitis. 30 The present
invention is also df’ p% EQB%GOWﬁEa@dﬁPH?’tratlon of a therapeutically
effecppve amount of(gplod@mpetsrdcyiodikyl Bptiendllyi SubsamiesdBy B@ubeituAsOCi ati on
with other drugs or active agents for the treatnment of inflanmmtory or

al l ergi c di seases ®dorders. In one enmbodi nent, the present invention
relates to a nethod f t 05PCT/ EP2009/ 064813 - 189 -
treatment and/ or prev@ﬁpﬁﬁﬁ d%ﬁiﬁgﬁﬁﬁﬁgggses or disorders conprising
admini stering to a human @)baﬁrakvlsinultaneously sequentially, or

and anothor drug oracti vi) Bl EEhhE BBk Ehy BB H et ory or
anti-akl ergic drug or agefit))lowdh&lkexyelaftsinytiramgs or 5 active agents may have

th I tely dif t t t abl th
drugs o act i ve-agdfl RS OF RENGHYIeE 3918 PhETY o Fered ' Ptz —
adr ener gi ¢ agoni st %@%ﬁt@téﬁsb@hg%@ﬁ oF trﬁruo&?rh@‘tﬁg/ﬁréﬁh corticosteroids such

as dexanet hasone or fluticasone; "anti hi stam nes such as |oratidine;

| eukotri eReaaﬁﬂ%gl@dBB@@d%’ﬂﬂM@f@@ler@th@l anedydregerzeifmethykast ; anti -1 gE

anti body therapies such as 10 omal i zumab; anti-infectives such as fusidic
acid (par pic dermatitis); anti-fungals
such as c otg\;eldffIIIi élr{docéft%gr}ﬁt F{ﬁ&;%?"fb treatnent of atopic dermatitis);
i nmunosuppressants such as tacrolinus and pi necrolinus; other antagonists
of PGB ast Amepraroundreficlaimcepheran XusiC(BYFIDP ant agoni st's; inhibitors of
phosphodi est erase type 4 such as cilonilast; drugs that nodul ate cytokine
15 produc O, . a converting enzyne (TACE);
drugs thaét' %‘tr;bul ({he]%ts%ecrma@ﬂ b’ﬁ%ﬁe@% %gH@@t—l kKines IL-4 and IL-5 such as

bl ocki ng nonocl onal anti bodi es and sol ubl e receptors; PPAR-gamma agoni sts
such as rosiglitazone; and 5-1ipoxygenase inhibitors such as zileuton. 20
Unl ess stated to the contrary, all conpounds in the exanples were prepared
and characterized as described. Al patents and publications cited herein
are hereby incorporated by reference in their entirety. - 190 - CLAI M5 1.
A conpound of fornula I: 5 or a pharmaceutically acceptable salt or ester
thereof whereln Qis CH or N Xis sel ected fromthe group con5|st|ng
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(2) halogen, (3) lower alkyl, optionally substituted by hal ogen, 25(4)

| oner al koxy, and - 191 - (5) cyano; R4 is selected fromthe group

consi st i Myoan10/055005 (1) hal ogen, (2) | ocEEPadRpb4813
optionally substituted by hal ogen, 5(3) | ower cycloal kyl, (4)
| ower al koxy optionally substituted bylgfjogen, (5) | ower al koxycarbonyl,
(6) benzyl oxy or benzyl sul fanyl, (7) heteroaryl optionally

subst i t ut 2dAggonpawnd ofldgim, 1 vbed)n &yiakdO)(9) phenyl optionally substituted
by met hanesul fonyl, (10) |ower al kanesul fonyl nmethyl, and (11) S(0)2-R7

wher ein iAS LSt : 1 al kyl

opt i onal % éu%@fé%td:%c%cﬂﬁgi%gg)ﬂfﬁgBE&%@%@%&E&?W&#@P&Rl %@@'ﬁdmr

al kyl am niadefehddntiwerf edclabkhdraarerseledted fracethglgroumoongistinghefacet yl - N- | ower
al kyl am no, 2%% |, ower heterocycl oal kyl optionally substituted by a
substituent selléBY¥Q9Pom the group consisting of: (i) lower alkyl, (ii)
phenyl sopti onab) flusigbsti tuted by hal ogen, and 25(iii) |ower alkoxycarbonyl;
and (h) phenyl or benzyl, wherein said phenyl or benzyl is optionally
substituted by(3h&a1®@dn or trifluoronmethyl; and R5 and R6, independently of

each ot her, ar@ gp{%&pgen or nethyl. 2. A conpound of claim11 wherein X
is C(H((H. 30 ?’, c¢onpound of claim1l wherein Xis C(F)(F). 4. A conpound
of claim1l whedgtriflugrarsetBybHpO@H). - 192 - 5. A conpound of claim 1 wherein

Xis C(0). 6.0@ conﬁound according to any one of the clains 1 to 5 wherein
Rl and R2, ind@pBKI&# My of each other, are selected fromthe group
consisting of: (1) hydrogen, 5(2) fluoro, (3) nethyl, (4) chloro, (5)
trifluoromenhydmpand {dgprdirg koany oA of theAlginpbtond wieesin dt'ng R°ds any one of
t he cl ai msql to 6 wherein RL or R2 is hydrogen. 8. A conpound according to
any one ofY¥Ree%lains 1 to 6 is fluoro. 9. A conpound according to any one
of clains 1 to 6 wherein RL is Fluoro. 10. A conpound according to any one

of cl ai msg 1 AtépnFoiumer &icordiRg teamly Ihe8ethe ddmkl1 toh6 &PiRYNd according to any
of the clains 1 to 10 wherein R3 is selected fromthe group consisting of:

(1) hydrogep, %%) hal ogen, (3) lower alkyl, optionally.supstituted by
hal ogen, g-rr%iC? @yn@@g%qf_dlngltg_anx Qﬂ?n‘ifcﬁ'ﬁ‘%‘sak@oé H’%ﬁ@e”ﬂ "SRR of clains 1
to 11 wherein R3 is hydrogen, fluoro, or chloro.

10. A compound according to any one of claims 1 to 9 wherein R? is Hydrogen.

15 11. A compound according to any of the claims 1 to 10 wherein R® is selected from
the group consisting of:
(1) hydrogen,
(2) halogen,
(3) lower alkyl, optionally substituted by halogen, and
(4)

20 4) cyano.

12. A compound according to any one of claims 1 to 11 wherein R® is hydrogen,

fluoro, or chloro.

13. A compound according to any one of claims 1 to 11 wherein R® is methyl or

ethyl.

25 14. A compound according to any one of claims 1 to 13 wherein R* is S(O),-R” and
R’ is selected from the group consisting of:
(1) lower alkyl,
(2) trifluoromethyl,



13. A compound according to any one of clainms 1 to 11 wherein R3 is nethyl
or ethyl. 25 14. A conpound according to any one of clains 1 to 13 wherein
R4 is S(OVR-2R0/@EcMMSR7 is selected fromthe group consi sSPCREPRG9/064B)3 | ower
al kyl, (2) trifluoromethyl, - 193 - (3) benzyl, (4) am no, (5) methylam no
or ethylam no, (6) dinethylamno or di_g§§1_yl am no, 5(7) norpholin-4-yl, (8)
pi peridin-1-yl, (9) piperazin-1-yl, (1 4- met hyl - pi perazin-1-yl, (11)
4-tert-but oxyd@) bensyl- pi perazin-1-yl, 10(12)

4- met hoxycar bo(% | - ic?er azin-1-yl or 4-ethoxycarbonyl -piperazin-1-yl, (13)
4-(2-fl uorophe i??ﬁ)’b ‘perazin-1-yl, (14) acetylam no or

N- acet yl - N- net 3y hasthyiamiranst dthphnidegny! substituted by hal ogen or
trifluoromnethy , 15. A cg, ound according to any one of clains Ito 14
wherein R4 is %é)n@ethv'aan@ PEAIRMYANIZPN) 2-R7 and R7 is selected fromthe
group econsi sti@ynfphdiaypwer alkyl, (2) trifluoronmethyl, (3) benzyl, (4)
nmet hyl am no or et hyl am no, 20(5) dinethylam no or diethylamno, (6) phenyl.
16. A conpound8apiperidimtyyto any one of clains 1 to 15 wherein R4 is

S(0) 2- R7 and ' oyl or ethyl. 25 17. A conpound according to any one
of clainms 1 to%ém%\ﬁg%'@iﬁryl’% or R6 is hydrogen. 18. A conpound according to
any one of cl ailop4inttoyllfipateeiredyl, RS or R6 is nmethyl. WO

2010/ 055005PCT, 09/ 064813 - 194 - 20 A conpound according to any one of
claims 1 to 1 1&/%3%’?#“ VPQrWMIF%'B%W.Z'nﬁYi A conpound toclaim1 wherein R3
is bonged to b il Jotd iR-1l- I Fyd)a)r | ded to
posi tiqgn 4 onqﬁﬁghpﬁgﬁé?yﬁrtﬁwr.?‘q‘egé‘lzr}ﬁna&lloggjs&ihﬁkl ca?wgg/%%tﬂﬁn?gﬁ oW ng
nunmber ed posi t({18h4-(Bdluoraphepiemperazing -vf formula I: 6Q,.,--/ 4 5 R4

------ 1-3---- 0] 1 : , Xananre as defined
according to gﬁﬁg%\{)«éﬁ'@é glr ’r?éa(%%% @?Gt@a?mi%dgﬁgound of claim1l selected
from t he group16ppbémyt isngstifited by halogen or trifluoromethyl.

[ 4- (4- D et hyl sul f anmoyl - benzoy1l) - napht hal en- 2-y1] -aceti ¢ aci d;

10[ 6- Fl uoyr 0- 4- (4-sul fanoyl ~benzovy1) - napht hal en- 2- - acet4.c i de

Ca (o sur 1S A AR R R Sesn S 80 deinS £ 3 (iR ™ € 1)K and

[ 4- g 216h! Rt - LR aed R Tiorglechrnzomthe gréupicsrsigtiagidrhal en- 2-y1] - acetic
aci d;

{444-(3-Chl or oI bENES ot 1 onyl) - benzoyl] - 6-f | uor o- napht hal en-2-yl | -acetic

acid; 15[ 6-Fl U(??]mf@b(cﬂﬁggﬁyhanesul f onyl - benzoyl) - napht hal en- 2-y1] - acetic
aci d; [4-(4-Methanesul fonyl - benzoy1l) - 6- net hoxy- napht hal en- 2-y1] - acetic
aci d; [ 7-Fl uor(@) kepzy¥.nmet hanesul f onyl - benzoy1) - napht hal en-2-y1] -acetic aci d;

[ 6- Fl uoro-4-( 44 ewgfij“*{ozgﬁ]'%the@mﬁ% hyl - benzoy1l) - napht hal en-2-yl]-acetic

acid; 20[6,7- uor-o- nesul f onyl - benzoyl) - napht hal en- 2-y1] - acetic
aci d; 2p8- (4- Mahdmesthl/ibotyd ebdietoydminoapht ho[ 2, 3-d] [ 1, 3] di oxol- 6-y1l] - acetic
aci d;

[ 4- (2- Chl oro- AShBbevesul f onyl - benzoyl) - 6- f | uor o- napht hal en- 2-y1] - aceti c
acid; [4-(4-Methanesul fonyl-benzoyl)-7-nmet hoxy-napht hal en-2-yl1]-acetic

aci d; [6-Fluoro-4-(3-nethanesul fonyl -benzoyl) - napht hal en- 2-y1] -acetic acid;
WO 2010/ 055005PCT/ EP2009/ 064813 - 195 -

[ 4- (3- Met hanesul f onyl - benzgy1) - napht hal] en- 2-y1] - aceti c agi d;
[8-( 3- Met 6 mwnﬂ%ﬂ-%ﬁ%@g@ @.@%{@?@J%Mﬂg es%iB R 65 PIPlsRetNe aci d:
R’ is methyl or ethyl.

25 17. A compound according to any one of claims 1 to 16 wherein R® or R® is
hydrogen.

18. A compound according to any one of claims 1 to 16 wherein R® or R® is methyl.

19. A compound according to any one of claims 1 to 16 wherein R® is hydrogen or
methyl.



[ 4- (4- Et hanesul f onyl - benzoyl) - 6-f | uor o- napht hal en- 2-y1] -aceti c aci d;
[ 4- (4- D et hyl sul fanoyl - benzoyl) - 6- f| uor o- napht hal en-2-y1] -aceti c aci d;
5[ 6- Fl uorwo4e(osa@shyl sul f anoyl - benzoyl) - napht hal en- 2- y PUTaPR00O648E3 d;
{ 6- Fl uor o- 444- ( nor phol i ne- 4- sul f onyl) - benzoy1] - napht hal en-2-yl | -acetic
aci d;
[ 6- Fl uoro-4-(2-fl uoro-4-nethanesul f onyﬂ?%énzoyl) - napht haIGen- 2-yl]-acetic
aci d; 20 A compound according to any one of claims 1 to 16 wherein R” is hydrogen.
[ 6- Fl uor o- 4- (4- met hanesul fonyl- 3-trifl uoronet hyl - benzoyl) - napht hal en- 2-y1] -
acetic aci X . . 3. o i . .
10[ 4- (3- &ﬂyﬁ-ﬁ?-mr%%‘é’%%'ﬁl’? SRR o BONE°F 10 8P AHPRBPEICLE P et i ¢
aci d; C(H)) and R* is bonded to position 4 on the phenyl ring in formula | as indicated by _
L4 (4 BRSSO ViR DY SRIRRA pRadyi HRE S RSRILITR! en-2- 1l -acetic
{6-Fl uor o-4[ 4- (pi peri di ne- 1-sul fonyl) - benzoyl] ﬁaapht hal en-2-yl | -acetic
acid; [4-(4-Diethylsul fanmoyl -benzoy1)-6-fl uog g hapht hal en-2-y1]-acetic

4

aci d; Q%
{6- Fl uor 0- 442- et hy1- 4- (nor phol i ne- 4-sul f gny &zoyl ] - napht hal en-2-yl | -
15acetic acid; X3

[ 4- (4- D met hyl sul f anoyl- 2- net hyl - benzo X_L) -6-%1 uor o- napht hal en-2-y1] -acetic

aci d; 1 5
[ 6- Fl uor o- 4- ( 2- net hy1- 4- net h;ﬁ S -m y ﬁoyl) - napht hal en- 2-y1] - acetic
aci d;

20( 6- Fl uor o- 4- {444- (2-f | uor rPHENYIF- P
al en- 2-yl)-acetic acid;

[ 6- Chl or o- 4- (4- met hanesul f onyl - benzoyl) l-ﬂ(i L %:I en-2-yl]-acetic acid,

[ 4- (4- Met hanesul f onyl - benzoyl) - 6- net hyl 'ftapht val en- 2-y1] - aceti c aci d;

[ 4- (4- Met hanesul fonyl - benzoyl1)-6-trifluoronmet hyl - napht hal en-2-y1] -acetic
aci d - 25[ AnERPRORY; RS RERTAREH BAOTY bredSdetotr ARIAG L& B od br BEfH ©

[ 6- Fi uor ot 46 (8- f | uor o- 3- net hanesul f onyl - benzoyl) - napht hal en-2-y1] -acetic
aci d; _
L6- Fi uor 054~ p4 RS AR U Y beiBERATGR ks GRLBMonBRARS BR! en- 2- 1] -acetic

[ 6- Chl or o- 4- ( 44retDiaedtsyis diamyd -benzoy thaghthelehyd-ylrapétidadien- 2- y1] - aceti c
30aci , :

[ 4-( 4?% hanes UPrdnge-tétsyiamoy-aangay s napibalan 2 WimseiaPE: 2- y1] - aceti ¢
id; 246-Fl S ImiBA , washd-hal en- 2-y1] - i oni
:g: d; [4-(4- lI\J/g?ﬂgi%gul fonjgléﬁ%ﬁjz@w}éélgg?ﬁﬂ%%gpht hg’l Zn?g- yl]y- !a(;g': iO.(IC:)I g(r:]: g;
WO 2010/ 055009 cZ2Gipomadetmrgsyifonyl-benzoyl)-6-fluoro-naphthalen-2-yl]-acetic aqidg -
[ 4-(4- Vet hanesylhaawbniBgeaenBstifdy Ur2B8Fh- ¥ uoPRBbRaR- 2yl HcefiE St | ©
[4-( 4 Met hanesadid;onyl - benzy1) - 7-t ri f | uor onet hyl - napht hal en- 2-y1] - aceti c

id; [6-Fl -4-(4- h | f | - b - ht h -2-yl1] -. ti i d;
6L i 4ot o 4 CACHEAE T TR e A2k R R W RIS, acet o
aci d; [4-(4-Methanesulfonyl-benzoyl)-6-methoxy-naphthaIen-2-y|%—acetic acid;

5[ 6- Fl uor o- 4- (4- met hanesul fony1-3-tri fl uoronet hyl - benzyl) - napht hal en- 2-yl ] -
acetic acid: [7-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid;

4- ( 4- Et hanesukf - 27 A1 = - B 1RLAs AR =2yl L-acetic
hci 4 (4D ooy Psol R e Rl e R TP SR 2 Yo RSt ¢
aci d; [4-(4-Etdamesul fonyl -benzyl)-6-fl uoro-napht hal en-2-yl]-acetic acid,;

[6- P dbro- 4 ( AonzoRuRsTRReER TRty e B R e AT et

6
iRe- 1- sul fonyl] - benzoyl | - napht h

aci d, [8-(4-Methanesulfonyl-benzoyl)-naphtho[2,3-d][1,3]dioxol-6-yl]-acetic acid;
[ 6- Fl uor o- 4- ( 3- net hanesul f onyl - benzy1l) - 3- net hyl - napht hal en-2-y1] - acetic
aci d: [4-(2-Chloro-4-methanesulfonyl-benzoyl)-6-fluoro-naphthalen-2-yl]-acetic acid;

ggetF: uor gégi- g?[htm-lméfnéaﬁeélﬁn*ofnlyueér?z@t)hﬁﬁ%%hwy%ﬁhﬂ%@ﬁ-ﬂwr@@aiatma;en- 2-y1]-

[ 6- Fl uor o- 3- wé[ﬁkﬂuom=4-33-matmawﬁaeylmﬂégylD-ﬁenlyﬂhal@@n%yﬂaaca&paciﬂal en-2-yl]-
acetic acid;

[ 6- Fl uor o- 3- net hy1l- 4- (4- phenyl net hanesul f onyl - benzy1) - napht hal en- 2-yl ] -
20acetic aci d;

[ 4- (4- Et hanesul f onyl - benzyl) - 6-fl uor o- 3- net hyl - napht hal en-2-y1] -acetic

aci d;

{4- (2-Chl or 0- 4- et hanesul f onyl - pheny1) - hydr oxy- net hyl ] - 6-f | uor o- napht hal en
-2-yll-

Y 2 T T Y Y . AN T T B 1 ~ a1 I T T ~ 1



yl)-acetic acid;

{6- Fl uor o- 4- [ hydr oxy- ( 4- net hyl sul f anoyl - phenyl ) - net hyl ] - napht hal en- 2-yl | ace
tic aci d;wDaetassn0s- 4] 4- (pi perazi ne-1 PCT/EP2009/064813

-sul fonyl)-benzoyl] - napht hal en-2-yl | -aceti c aci d;

20444- ( 3- Car boxynet hy1- 7-f | uor o- napht h ne- 1- car bonyl ) - benzenesul f ony1] -

pi perazine-1 -carboxylic acid ethyl ester;

444- ( 3- Car boxylAeBHethanesuitanyl-peirayhalaphtraler-aritloasatic-dsishzenesul f ony1] -

pi perazine-1 -

D6 R or o a4 ELeHTEHoNEs Ebb R I AiE i lcigror6yllaceti Pgist o y1 1 -

25acet i ¢ aci d;[4-(4-Ethanesulfonyl-benzoyl)-6-fluoro-naphthalen-2-yl]-acetic acid;
[4-(2-Benzenesyl g0yl Peay L) oo Ps Tue iyt 2R A, Sas Yl acetic
[ 4- (4- Benzenesgle ol @@H?e‘sf@lsL‘ﬁfaanéﬂﬂ’Jb%h%;fthMthﬁl@ﬁ@ﬂﬁb@@n@a&é -acetic

acid; [6-Fluoro-3-neth 4- (4- pyr azol - enzyl) - napht hal en- 2-y1] - acetic
acid; {6-F |uo{|6dzlgor@e4-|h4y(mqrqr@ r(\q4-sméfphy6/b§nzoyl -naphthalen-2-yl}-acetic acid;

Htet I

[ (3 Oyano- baRdy I ear B 10PR S MR i sRa R s Bpfiaen: vi-agsig acic

[ 4- (4- Cyano- bdaldyroés-H trmtl@aribsmﬁbhy“&mﬂpbltdmtbw Benrdlh-aephtnalers2-yi]-

[ 6- Fl uor o- 3- matcéj - (4- nmet hyl - benzyl) - napht hal en- 2-y1] -acetic acid; W)
2010/ 055005PCT? '064813 - 198 -

[ 4- (41Benzyl oxy=( 9%&%@ n%‘cfﬁér\é%ruﬁo@%%n%i/l Bﬁ%FMbﬁﬁth%’réfﬂi-yﬂ-%bhé agiel d;

[ 4- (4- Bronp- benz -b-fluoro-3-nmethyl - na thalen- -gl -acefic acid;

[ 4- (3- Chl or o- Idér{ﬁr thasesuligaylo2 mQ’be'f%ﬁanﬂﬂbﬁtfh@lr@ﬁaQ sb@]ena%efﬂﬁ@eh@awd

L6 Fl'uor o- 3 nREHOR oA L TPy e o R, et FEERE IR, ey
:g: g rrgt g} il Car[lédﬂﬁhethﬂslﬂfamoh/ubemzom i flingrio- nmmmahéryl]lathlmdr[yl ) - benzoi c

| uor o- 3- net hyl{{eﬁg 'Fa'{o(ﬁ'f%fﬁi%% H4rmerehpings 4 -ssligny - Berainmarhiiaier it 2- yi 1 ace
tic agkd; acetic acid;

10[ 6- Fl uor o- 3- rreth | - 4- P yrimdin-5- gl-benz 1) - napht hal en- 2-y1] - acetic
aci d: [4-(4 |methylsul amoyl-2-methyl-benzoyl)-6-fluoro- naphthalen -2- yl]yacetlc

[ 6- FI uor o- 4- (4 igret hanesul f onyl - bi pheny1- 4-yl net hyl ) - 3- et hyl - napht hal en- 2-
yl] -acetic aci OF

[ 4- (4- Benzyl sUbffuagrio-b€nrmethylg-metrodsuifamuost-hghzoydptaprdhaen2-yitdcaicet i ¢

aci d;

[ 6- Chl or o- 4- (29t hanesul f onyl - benzy1) - 3- met hyl - napht hal en- 2-y1] - acet i ¢
acid; 20 (6-Fluoro-4-{4-[4-(2-fluoro-phenyl)-piperazine-1-sulfonyl]- benzo%l} naphthalen-

15[ 6- Chl or o- 4-(4- rret hanesul f onyl met hyl - benzy1l) - 3- net hyl - napht hal en- 2-y1] -

[ 4- (4- Met hanesmlémg ng wauéa?{wfbhmfaéf%gp%gu} a’@fﬁkﬁaéc%ﬂc%c 1] -acetic

aci d. ceutically accepta corrpoun "of claim
22. 20 24. A dﬁdﬂﬁde@anewfdwl bernzayt)dbmetud naphttalen- zfyﬂfamhd aoid; cl ai m 22.

amount of & cdaanaareR I o R B P UG 2o 2,
and a2phar maceatCiaiatd-g-( amparaédwfoﬁwwerﬁbyl)&@ph%ﬂamuQafce_ac@cmpound
according to y one of a

1l to 22 f the 2 t , ,
medi canent for f'ﬂ'éorpr"g'é‘f ﬁ'é?ﬁo' -m%p%&wlfgﬁ?l@qp%o&ip%hﬁ@%{q% %EH@CSB%?P'GE:U ve
pul monary di segsg, &R0 me%ér?ésgflfﬁnylfﬂéﬁhbylﬁa Abth ?T Hé;?nthé‘lfehmbbé’tfb and

atopic dermatitis. 27. The invention as hereinbefore defined, particularly
wi th referenceadid t he new conpounds, internediates, nedicanents, uses and

processes. 30. [6-Chloro-4-(4-methanesulfonyl-benzoyl)-3-methyl-naphthalen-2-yl]-acetic

30 acid;
[4-(4-Ethanesulfonyl-benzoyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
2-[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-propionic acid;
[4-(4-Methanesulfonyl-benzyl)-6-methyl-naphthalen-2-yl]-acetic acid;
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[4-(4-Methanesulfonyl-benzyl)-6-trifluoromethyl-naphthalen-2-yl]-acetic acid;
[4-(4-Methanesulfonyl-benzyl)-7-trifluoromethyl-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-benzyl)-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-2-methyl-benzyl)-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-3-trifluoromethyl-benzyl)-naphthalen-2-yl]-
acetic acid,
[4-(4-Ethanesulfonyl-2-methyl-benzyl)-6-fluoro-naphthalen-2-yl]-acetic acid;
[4-(4-Dimethylsulfamoyl-benzyl)-6-fluoro-naphthalen-2-yl]-acetic acid;
[4-(4-Ethanesulfonyl-benzyl)-6-fluoro-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(3-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfonyl-benzyl)-naphthalen-2-yl]-
acetic
acid;
[6-Fluoro-3-methyl-4-(3-trifluoromethanesulfonyl-benzyl)-naphthalen-2-yl]-
acetic
acid;
[6-Fluoro-3-methyl-4-(4-phenylmethanesulfonyl-benzyl)-naphthalen-2-yl]-
acetic acid,
[4-(4-Ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
{4{(2-Chloro-4-methanesulfonyl-phenyl)-hydroxy-methyl]-6-fluoro-naphthalen-
2-yl}-
{4{Hydroxy-(4-methanesulfonyl-phenyl)-methyl]-6-methyl-naphthalen-2-yl}-
acetic
{6-Chloro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-naphthalen-2-yl}-
acetic
{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-2-methyl-phenyl)-methyl]-
naphthalen-2-yl}-
{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-naphthalen-2-yl}-
acetic
{4{Hydroxy-(4-methanesulfonyl-phenyl)-methyl]-naphthalen-2-yl}-acetic acid;
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{4-{(4-Ethanesulfonyl-phenyl)-hydroxy-methyl]-6-fluoro-naphthalen-2-yl}-acetic
acid;
{4-{(4-Ethanesulfonyl-2-methyl-phenyl)-hydroxy-methyl]-6-fluoro-naphthalen-
2-yl}-
{4{(2-Chloro-4-methanesulfonyl-phenyl)-difluoro-methyl]-6-fluoro-naphthalen-
2-yl}-
{4Difluoro-(4-methanesulfonyl-phenyl)-methyl]-6-fluoro-naphthalen-2-yl}-
acetic
{4-{(4-Ethanesulfonyl-phenyl)-difluoro-methyl]-6-fluoro-naphthalen-2-yl}-acetic
acid;
{6-Fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-naphthalen-2-yl}-
acetic
{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-3-methyl-
naphthalen-2-yl}-
(6-Fluoro-4-{hydroxy-[4-(morpholine-4-sulfonyl)-phenyl]-methyl}-naphthalen-2-
yl)-acetic acid;
{6-Fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyl]-naphthalen-2-yl}-
acetic acid,
{6-Fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-acetic acid;
4-[4-(3-Carboxymethyl-7-fluoro-naphthalene-1-carbonyl)-benzenesulfonyl]-
piperazine-1-carboxylic acid ethyl ester;
4-[4-(3-Carboxymethyl-7-fluoro-naphthalene-1-carbonyl)-benzenesulfonyl]-
piperazine-1-carboxylic acid tert-butyl ester;
{6-Fluoro-4-[4-(4-methyl-piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yl}-
acetic acid,
[4-(2-Benzenesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[4-(4-Benzenesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Fluoro-3-methyl-4-(4-pyrazol-1-yl-benzyl)-naphthalen-2-yl]-acetic acid;
{6-Fluoro-3-methyl-4-[3-(1-methyl-1H-tetrazol-5-yl)-benzyl]-naphthalen-2-yl}-
acetic acid,

[4-(3-Cyano-benzyl)-6-Fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[4-(4-Cyano-benzyl)-6-Fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Fluoro-3-methyl-4-(4-methyl-benzyl)-naphthalen-2-yl]-acetic acid;
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[4-(4-Benzyloxy-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[4-(4-Bromo-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[4-(3-Chloro-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4-fluoro-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Fluoro-3-methyl-4-(4-trifluoromethoxy-benzyl)-naphthalen-2-yl]-acetic acid;
3-(3-Carboxymethyl-7-fluoro-2-methyl-naphthalen-1-ylmethyl)-benzoic acid
methyl ester;
{6-Fluoro-3-methyl-4-[4-(1-methyl-1H-tetrazol-5-yl)-benzyl]-naphthalen-2-yl}-
acetic acid,
[6-Fluoro-3-methyl-4-(4-pyrimidin-5-yl-benzyl)-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4'-methanesulfonyl-biphenyl-4-yImethyl)-3-methyl-naphthalen-2-
yl]-acetic acid;
[4-(4-Benzylsulfanyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Chloro-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl]-acetic acid;
[6-Chloro-4-(4-methanesulfonylmethyl-benzyl)-3-methyl-naphthalen-2-yl]-
acetic acid,
and

[4-(4-Methanesulfonyl-benzoyl)-7-trifluoromethyl-naphthalen-2-yl]-acetic acid.
23. A pharmaceutically acceptable salt of a compound of claim 22.
24. A pharmaceutically acceptable ester of a compound of claim 22.

25. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of formula | according to any one of claims 1 to 22 and a

pharmaceutically acceptable carrier.

26. The use of a compound according to any one of claims 1 to 22 for the
preparation of a medicament for the treatment or prophylaxis of asthma, chronic
obstructive pulmonary disease (COPD), allergic rhinitis, allergic inflammation, and

atopic dermatitis.

27. The invention as hereinbefore defined, particularly with reference to the new

compounds, intermediates, medicaments, uses and processes.



