WO 20101055005PCT1EP2009/064813 NAP HT HYLACETIC ACIDS The present invention relates to
novel substituted naphthalen-2-ylacetic acids, their manufacture, pharmaceutical compositions

containing t%ﬁrﬂ%ﬂﬁg use as CRTH2 antagonists or partial agonists. Rpgeaandiyz2 (PGD2) is
the major prostanoid produced by activated mast cells and has been implicated in the pathogenesis of

5 allergic diseases such as allergic asthma and atopic dermatitis. Chemoattractant
Receptor-homologous molecule expressed on T-helper type cells (CRTH2) is one of the prostaglandin
D2 receptors and is expressed on the effector cells involved in allergic inflammation such as T helper
type 2 (Th2) cells, eosinophils, and basophils (Nagata et al., FEBS Lett 459: 195-199, 1999). It has
been shown to mediate PGD2- 10 stimulated chemotaxis of Th2 cells, eosinophils, and basophils
(Hirai etal., J Exp Med 193: 255-261, 2001). Moreover, CRTH2 mediates the respiratory burst and
degranulation of eosinophils (Gervais atgip & PHeLCENeaCImd| 108: 982-988, 2001), induces the
production of proinflammatory cytokines in Th2 cells (Xue et al., J Immunol 175: 6531-6536), and
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2004). increased numbers of circulating T cells expressing CRTH2 have aiso been

correlated with severity of atopic dermatitis (Cosmi et al., Eur J Immunof 30, 2872-

20 2979, 2000). These findings suggest that CRTH2 plays a proinflammatory rote in
allergic diseases. Therefore, antagonists or partial agonists of CRTHZ are useful for
treating disorders such as asthma, aliergic inflammation, allergic rhinitis, COPD, and

afopic dermatitis.



(9) lower heterocycloalkyl optionally substituted by a substituent selected from the group consisting of:
(i) lower alkyl, (i) phenyl optionally substituted by halogen, and (iii) lower alkoxycarbonyl; and (h)
phenyl or benzyl, wherein said phenyl or benzyl is optionally substituted by halogen or trifluoromethyl;
and R5 and R6, independently of each other, are hydrogen or methyl. In a second aspect, there is
provided a compound of formula I: R4 or a pharmacéutically acceptable salt or ester thereof, wherein:
Q is C(H) or N; X is selected from the group consisting of: (1) C(0), (2) C(H)(H), (3) C(H)(OH), (4)
C(F)(F), (5) C(H)(0CH3), and (6) C(H)(CH3); one of R1 or R2 is fluor and the other is selected from the
group consistiggiRkiostee icLlahyskaasnwe) ihrleasipdahiwsiaili@ptionally substituted by halogen,
and (4) lower alkoxy, R3 is selected from the group consisting of: (1) hydrogen, (2) halogen, (3) lower
alkyl, optionally substituted by halogen, (4) lower alkoxy, and (5) cyano; R4 is selected from the group
consisting of: (1) halogen, (2) lower alkyl optlonally substituted ¥ halogen, (3) lower cycloalkyl, (4)
lower alkoxy optionally substituted by halogen (5) lower al carbonyl, (6) benzyloxy or
benzylsulfanyl, (7) heteroaryl optionally substituted by |EVEr yl, (8) cyano, (9) phenyl optionally
substituted by methanesulfonyl, (10) lower alkanesulfon lQ d (11) S(0)2-R7 wherein R7 is

and pharmaceutically acceptable salts and esters thereof, wherein X, Q, and R*-R®

are defined in the detailed description and claims. in addition, the present disclosure
relates to methods of manufacturing and using the compounds of formula | as well
as pharmaceutical compositions containing such compounds. The compounds of
formula | are antagonists or partial agonists at the CRTH2 receptor and may be
useful in treating diseases and disorders associated with that receptor such as

asthma.

In a first aspect, there is provided a compound of formula i:

4
I R



(e) acetylamino, (f) N-acetyl-N-lower alkylamino, - 2d - (g) lower heterocycloalkyl optionally substituted
by a substituent selected from the group consisting of: (i) lower alkyl, (H) phenyl optionally substituted
by halogen, and (Hi) lower alkoxycarbonyl; and (h) phenyl or benzyl, wherein said phenyl or benzyl is
optionally substituted by halogen or trifluoromethyl; and R5 and R6, independently of each other, are
hydrogen or methyl. In a third aspect, there is prode’éd a pharmaceutically acceptable salt of a
compound as defined above. In a fourth aspect, there is provided a pharmaceutically acceptable ester
of a compound as defined above. Unless otherwise indicated, the following specific terms and phrases
used in the slesgripiioneadietdinsasptsiisediasfeltwwshEhsotewnerapiety” refers to an atom or group
of chemically bo aﬁd atgms that is attached to another atom or molecule by one or more chemical
bonds there 3'/Sf§r l)n% rt of a molecule. For example, the variables R1-R6 of formula | refer to
moieties that &srecticicldtoin the govestuntisérgf ddrmula | by a covalent bond. In reference to a
particular moiety %T‘?@?? or more hydrogen atoms, the term "substituted" refers to the fact that at
least one of the hydro atoms of that moiety is replaced by another substituent or moiety. For
example, the term{2pG@h)atkyl substituted by halogen" refers to the fact that one or more hydrogen
atoms of a lower WﬁQWQESOOSPCT/EPZOOQ/OMB13 - 3 - alkyl (as defined below) is replaced by
one or more halogen moieties (e.g., trifluoromethyl, difluoromethyl, fluoromethyl, chloromethyl, etc.).
Similarly, the term{#oimtfekerocycloalkyl substituted by lower alkyl or lower alkoxycarbonyl" refers to
the fact that one 5[y yg_@g%p Atgms of a lower heterocycloalkyl (as defined 5 below) is replaced
by one or more lower alkyls (e.g., 4-methyl-piperazin-1-yl, etc.) or replaced by one or more lower
alkoxycarbonyls (é.sé., 4 @jﬁﬁﬁoxycarbonylpiperazin-I-yI, 4-methoxycarbonyl-piperazin-I-yl, or
4-ethoxycawabauam@serméryaeemg>oaeameoman spptionatiayRs e RIS Sl thn ek that one or
more hydrogen atoms of a moiety (with one or more hydrogen atoms) can be, but does not necessarily
have to be, substitdte¥{it¥&Rother substituent. The term "halogen" refers to a moiety of fluoro,
chloro, bromo or igeioh&loddmless otherwise indicated, the term "hydrogen” or "hydro” refers to the
moiety of a hydro atomz%-& anchnot 2. . The term "alkyl" refers to an aliphatic straight-chain or
branched-chain sgﬁﬂﬁ‘gﬁr ycﬁ’B 8%&& ﬁ?&%@iﬁ%@%?ﬁ 8% c8on atoms. In particular
embodiments the glkydhas dtholk§y carbon atoms. The term "lower alkyl" refers to an alkyl moiety having
Ito 7 carbo _In particular embaodiments the lower alkyl has 1 carbon atoms and in other 25
particular e%nﬁbggglﬁ}gﬁ ég i e%o?v%(?ra%kﬁrﬁabso (%d?;% ?Vé%erﬁl:l oflr%rér,r.] x%t% A‘Fense 81 8ver alkyls include
methyl, ethR’ freeiéciesiiropy ftHeugyhusotantglsteg-dfutyl and tert-butyl. The term "lower cycloalky!"
refers to a saturat%ﬂw,%ggﬁmsaturated non-aromatic hydrocarbon ring moiety having 3 to 7 carbon
atoms bonded togethet to form a ring structure. Examples of cycloalkyls include cyclopropyl,
cyclobutyl, cyclopéftjlaB@efclohexyl and cycloheptyl. WO 2010/055005PCT/EP2009/064813 - 4 -
The term "lower allga 2181/ IOSBRIRAIS K DsRUMEEEG R igRwer alkyl as defined previously.
Examples of lower alkoxy moieties include methoxy, ethoxy, Npropoxy, isopropoxy, n-butoxy,
isobutoxy, sec-but@yeHrRT RKB%GH 5 The term "lower alkoxycarbonyl” refers to the moiety
-C(0)-0-R, Whereiroggkdgdﬁwfar alkyl as defined previously. Examples of lower alkoxycarbonyl moieties
include methpxycarbonyl, ethoxycarbonyl, and tert-butoxycarbonyl. The term "lower

alkanesulfoRy iFrethiArrBrefd 5 FHE Pn bty 88igs_BeHy2he Wik rPRSIINgIBler alkyl as defined
previously. An example q)épu(ijwraawyaapﬁuﬁgwmgmuhfgmhwﬁwﬁﬁ@{wl. The term "lower
alkylamino" refers to the moiety -N(R)(H), wherein R is lower alkyl as defined previously. An example
of a lower alkylamino is net \}'ﬁ/ﬂﬂino. 15 The term "lower dialkylamino” refers to the moiety -N(R)(R"),
wherein R and R' are lowey lalkgr askyedinad previously. An example of a lower dialkylamino is
dimethylamino. 20 The term "N-acetyl-N-lower alkylamino” refers to the moiety -N(R)(C(0)(CH3)),
wherein R is lower alkyl g%m e\ﬁﬁég(? ﬁ@lﬁ)ﬂt}gg An example of a N-acetyl-N-lower alkylamino is
N-acetyl-N-methylamino{@)recedpharttisteroatom" refers to nitrogen, oxygen, or sulfur. 25 The term
"lower heterocycloalkyl" @‘W%E%%ﬁﬁqg@@rdaﬂ{gw%unsaturated non-aromatic ring moiety having 3
to 7 ring atoms bonded together to form a ring structuré 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, pipendin-1-y[, and piperazin-1-yl. WO 2010/055005PCT/EP2009/064813
ring atoms is a heteroatom while the remaining ring atoms are carbon atoms. Examples of heteroaryls
include pyrimidyl, imidazolyl, pyrazol-1-y1 and tetrazol-5-yl.



Unless otherwise indicated, the term "a compound of the formula" or "a compound of 5 formula" or
"compounds of the formula” or "compounds of formula" means any compound selected from the genus
of compounds as defined by the formula (including any pharmaceutically acceptable salt or ester of
any such compound if not otherwise noted). 10 The term "pharmaceutically acceptable salts" refers to
those salts which retain the biological effectivenes&and properties of the free bases or free acids,
which are not biologically or otherwise undesirable. The salts of the present invention may be formed
by the addition of inorganic or organic bases to the acid compounds of the present invention. Salts
derived from an inorggy)iphrse ieledockialiafeopabHaEnieslissitotesodismshriassidrclithium,
ammonium, calcium, magnesium salts and the like. Salts derived from organic bases include, but are
not limited to salts of prir‘%ﬁ@,tE@&{ﬂHarWQﬁat@%%{r’y amines, substituted amines including naturally
occurring substituted amines, GyRligénaiRgls and basic ion exchange resins, such as isopropylamine,
trimethylamine, diethylamine, friethylamine, tripropylamine, 20 ethanolamine, lysine, arginine,
N-ethylpiperidine, piperidine, p@ﬁ%m@ ?8&%%%%858 |&i?%%¥%§h%%n%dof the present invention
can be present in the form of gifixlovamealticaly abeegtablel salts. The compounds of the present
invention can 25 also resent in the form of pharmaceutically acceptable gsters (i.e., the methyl
and ethyl esters of théﬁgg%gn? %rrr?m%rl]g ﬁo eeirjés)tgdg %@&ﬁoe rﬁ%%)g. né%é?n%%onr}?sﬁ%f the present
invention can also bestistilteied oy hadirgtedo Ml soioetidhytaanide effected in the course of the

manufacéarm OGRS rﬁ??} I i S /L0 roscopic properties of an initially
anhydrous compo’ung (5?430 orlm%%ﬁ%ﬁﬁgh .eéo?ﬁpo r?gs?ﬁ@% ve the same molecular formula

but differ in the nature or sequence of bonding of their atoms or the arrangement of their atoms in
space ajf MNOZRIY p@%@g{gﬁ’%@%g%g&% suniesMedmigamers.” Isomers that differ in the
arrangement of their atoms in space are termed "stereoisomers." Diastereomers are stereoisomers
with opposite configuration at one or more chiral centers whigt are not enantiomers. Stereoisomers
bearing one or more asymmetric centers that are non- erimposable mirror images of each other
are termed "enantiomers."” When a compound has an @syrhmetric genter, for example, if a carbon
atom is bonded to four different groups, a pair of engnti IS possible. An enantiomer can be
characterized by the absolute configuration of its @symmetric center or centers and is described by the
R- and S-sequencing rules of Cahn, Jagold and Prelog, orby the 10 manner in which the molecule
rotates the plane of polarized light and™d @ ed as.d %rorotatory or levorotatory (i.e., as (+) or

(-)-isomers respectively). A chiral compo as either individual enantiomer or as a mixture
thereof. A mixture containing equalgfoportia rfbmers is called a "racemic mixture"”. 15
The term "a therapeutically effective amount” of a compgqund means an amount of compound that is
effective to prevent, alleviate or ameliorate symptoms-of o §ase or prolong the survival of the subject
being treated. Determination of a therapeutically effective amount is within the skill in the art. The
therapeutically effective amount or dosage of a compound according to this invention can vary within
wide limis 206 20.may,he determined, o evapnerknown p ihe a Such dosage will be adjusted to
the indiwduaii)requwemen% thEac particular case mcludmg’tWe Specific compound(s) being
administerisd;>thie eolNe of administration, the condition being treated, as well as the patient being
treated. {n. i I ral administration to adult humans weighing
approxir#;{t%% @g\ Eg}%a?@é%g d&ggﬁsﬁ%ﬁﬁdgﬁt'o.l mg to about 5,000 mg, 1 mg to about 1,000 mg,
or 1 mg to 100(d>tfal be appropriate, although the lower and upper limits may be exceeded when
indicated. The @a}i@(ﬁ,{% fJe can be administered as a single dose or in divided doses, or for parenteral
administration, it may be given as continuous infusion. 30 The term "pharmaceutically acceptable
carrier" is inter@é@fé}f@%l}e any and all material compatible with pharmaceutical administration
including solv Cfrspeysion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and other materials and compounds compatible with WO

20101055005k Boofedabend 7 - pharmaceutical administration. Except insofar as any
conventional mgg'@(pg)@g@?g is incompatible with the active compound, use thereof in the compositions
of the inventign is coniemplated. Supplementary active compounds can also be incorporated into the
composRi¥hSS §Lf§e%l'ﬁt$é’t‘?‘ﬁ%@éﬂi@%ﬂ eihAElS Seiane iR A BHIESREBEIRENS hereof, can be
solids, liquids or gases; thus, the compositions can take the form of tablets, pills, capsules,
suppositories, powders, enterically coated or other protected formulations (e.g. binding on
ion-exchange resins or packaging in lipid-protein vesicles), 10 sustained release formulations,
solutions, suspensions, elixirs, aerosols, and the like. The carrier can be selected from the various oils
including those of petroleum, animal, vegetable or synthetic origin, e.g., peanut oil, soybean oll,
mineral oil, sesame oil, and the like. Water, saline, aqueous dextrose, and glycols are preferred liquid
carriers, particularly (when isotonic with the blood) for injectable solutions. For 15 example,
formulations for intravenous administration comprise sterile aqueous solutions of the active

ingredient(s) which are prepared by dissolving solid active ingredient(s) in water to produce an
aniriantic enlition and renderina the eoliitinn oterile <Untabhle nharmaceritical eveiniente inclhiide ctarch



combination. The compounds or compositions can thus be administered orally (e.g., buccal cavity),
sublingually, parenterally (e.g., intramuscularly, intravenously, or subcutaneously), rectally (e.g., by
suppositories or washings), transdermally (e.g., skin electroporation) or by inhalation (e.g., by aerosol),
and in the form of solid, liquid 5 or gaseous dosages, including tablets and suspensions. The
administration can be conducted in a single unit dos&ge form with continuous therapy or in a single
dose therapy ad libitum. The therapeutic composition can also be in the form of an oil emulsion or
dispersion in conjunction with a lipophilic salt such as pamoic acid, or in the form of a biodegradable
sustained-release Qmp@@iien, for subcutaneous or 10 intramuscular administration. In detail, the
present invention r@ea%e? to the compounds of formula I: R4 HO 15 and pharmaceutically acceptable
salts and esters th ?,Wﬁé'rein: is C(H) or N; 20 X is selected from the group consisting of: (1) C(0),
(2) C(H)(H), (3) C(13)(0MRr ek (BMFon B SLEERRChiBhatogen, Bing6) C(H)(CH3); Fe and R2,
independently of e(%rtil‘flootggrﬂgore selected from the group consisting of: (1) hydrogen, 5(2) halogen, (3)
lower alkyl optionally Sl%sti?uteéyby halogen, and (4) lower alkoxy, or alternatively. R1 and R2 are
bonded tog&hisr seléstedifrethytiengdiopycdtsR8rig sélected from the group consisting of: (1) hydrogen,
(2) halogen, (3) lo rr%gpgé)ecﬁionally substituted by halogen, (4) lower alkoxy, and 15(5) cyano; R4 is
selected from the gﬁ)u consisting of: (1) halogen, (2) lower alkyl optionally substituted
by halogen, 70(3) {8Weglegemalkyl, (4) lower alkoxy optionally substituted by halogen, (5) lower
alkoxycarbonyl, ( W&Oéﬂ(ﬁ,r Wgwmﬁitumd b&?ﬁelpgé%rrgaryl optionally substituted by lower
alkyl, 25(8) cyano, % phenyl optionally substituted by methariesulfonyl, (10) lower
alkanesulfonylmetifyleer @k BPR7 wherein R7 is selected from the group consisting of: (a) lower
alkyl optionally substityigsbby halogen or phenyl, 30(b) amino, (c) lower alkylamino, (d) lower
dialkylamino, (e) acetylamino,

R’ is selected from the group consisting of:

{1) halogen,

(2) lower alkyl optionally substituted by halogen,

(3) lower cycloatkyl,

(4) lower alkoxy optionally substituted by halogen,

{5) lower alkoxycarbonyl,

(6) benzyloxy or benzylsulfanyl,

(7) heteroaryl optionally substituted by lower alkyl,

(8) cyano,

(9) phenyl optionally substituted by methanesuifonyl,

{10} lower alkanesuifonylmethyl, and

(11) S(0)>—R’ wherein R’ is selected from the group consisting of;
(a) lower alkyl optionally substituted by halogen or phenyl,
b) amino,
¢} lower alkylamino,

(
(
(d) lower dialkylamino,
(e) acetylamino,

(

fy N-acetyl-N-lower alkylamino,



WO 2010/055005PCT/EP2009/064813 - 10 - (f) N-acetyl-N-lower alkylamino, (g) lower
heterocycloalkyl optionally substituted by a substituent selected from the group consisting of: 5(i) lower
alkyl, (i) phenyl optionally substituted by halogen, and (iii) lower alkoxycarbonyl; and (h) phenyl or
benzyl, wherein said phenyl or benzyl is optionally substituted 10by halogen or trifluoromethyl; and R5
and R6, independently of each other, are hydrogen of methyl. Unless indicated otherwise, the R3 and
R4 moieties (independently of each other) are 15 bonded to one of the ring carbon atoms of the phenyl
ring containing Q (as shown in formula 1) in place of a hydrogen atom that would otherwise be bonded
to that carbon atom abse(g) heirg setestitiied dikyRImioRdindiibthieuteg erstasdingiteetefoltdat R3
and R4 are not simultaneouﬂé/ bﬁanded to the same ca][,bon atom and likewise neither R3 nor R4 is
bonded to Q when Q is N). & ?n%ﬁ?}jﬁn(fggg'%g}ga%d 20 otherwise, in reference to formula | or a
subgenus of formula |, the term "Q)i@¢H}Ikpticates that the carbon atom of 0 when Q is C(H) may be

bonded to a hydrogen atom or s ' [ R4, in.pl f that hydrogen atom. Unless
indicated otherwise, the term "R F@i%%%%ﬁ%%ﬁ%&@ ?gfggﬂ?ﬁgé é)grﬁr?wﬁfg%%’ét#}#;nedioxy" refers to the
formation of the following structur@ijricornaliaiycaicamd | as depicted below: WO
2010/055005PCT/EP200Q0 HLAMNSIE N Qi R0 B, fig%g)%nig rmula I. Unless
indicated otherwise, the eﬁ& 0 fgrmulaiyén(ﬁ anyasugée%%ﬁg?eof e%aﬁom ass a“ possible

stereoisomers (i.e., (R)-endistiditrd Y Spiesgntonelisosmatieteansers) as well as racemic and
scalemic mptuigg HrengeblBRReBMIAiRIeBIHbe RressrEENEPmisiiyected to the compounds of

formula | or pharmaceutically acceptable salts or esters thereof wherein X is C(0), Q is C(H), and R4 is
S(0)2-R7 as depicted below in formula IA: 10HOO wherein R1-R3 and R5-R7 are defined as in formula

| In anothepregppdimgsidhenrieserirovaston pnalirestedtiodne KUBPRWEIS A of JUsREBURI
pharmaceuticallé/facceé)table salts or esters thereof wherein X is C(H)(H), 15 0 is C(H), and R4 is

5(0)2-R7 a@986EG BRM(in formula IB: WO 2010/055005PCT/EP2009/064813 HO 0 wherein
R1-R3 and R5-R7 are defined as in formula I. In another embodiment the present invention is

directed to the compounds of 5 formula | or Qar aceutically acceptabl Its or esters thereof
wherein X LGB BIE ST A RATSS BRI RN AR RIS HO 0 wherein
R1-R3 and é&vnRdusne: aketinfdealssabdeemula 1. 10 In another embodiment the present invention is
directed to the compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein

Xis C(F)(F), Q is C(H), and R4 is S(0)2-R7 as depicted below in formula ID: WO
2010/055005mesH BPooBiob0i3iad hevfeltewirRlsRScHicd ®R6|sRNARhdeserdsestimfinenula I. In

another em@g@m&%grggﬁﬂg ipventiandg ditesigd to the compounds of 5 formula | or
pharmaceutically acceptable salts or esters thereof wherein X is C(H)(0- CH3), Q is C(H), and R4 is

S(0)2-R7 as depicted below in formula 1E: R7 /IES'0 HO 0
The term “moiety” refers to an atom or group of chemically bonded atoms that is

attached to another atom or molecule by one or more chemical bonds thereby
forming part of a molecule. For example, the variables R'-R® of formula | refer to

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

in reference to a particular moiety with one or more hydrogen atoms, the term
“substituted” refers to the fact that at jeast one of the hydrogen atoms of that moiety
is replaced by another substituent or moiety. For example, the term “lower alkyl

substituted by halogen” refers fo the fact that one or more hydrogen atoms of a lower



wherein R1-R3 and R6-R7 are defined as in formula I. 10 In another embodiment the present invention
is directed to the compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein X 'S&é%(fﬁ'f}] EJSR6 is hydrogen as depicted below in formula 'ﬁ)dﬁ%ﬂéﬁ@%ﬂﬁq R1, R2,
R3, R4 and R5 are defined as in formulal.  In one embodiment the present invention is directed to
the compounds of formula | 5 or pharmaceutically agceptable salts or esters thereof wherein X is
C(H)(H). In one embodiment the present invention is’ directed to the compounds of formula | or
pharmaceuti€ily scepliabrblaing)ds exptasatSieonvherare alcger) Wieliesnetie embodiment the
present 'nvertmfbt%%ﬁﬁ}@@améhﬁr@m%&@&ﬁéWMM&H&W@%UQ%H%@W@% salts or

0

esters thereof wherein X'is C(H%(){OH). In one embodiment the present invention is directed to the
compounds ol FrYEIRa iy AE bRt EYED R RS IBWEL RKOWERLP WhdRIFS9s 0(0). 15 In
one embodintenidbetpaeseaivinventiondodirctedrio dhe iooraposiedscet toringlg$ defiradmaceutically
acceptable salts or es ereof rej ' ted from oup. isting of; ydrogen;
20(2) ludto; (3 by SN e b A (e s g e P by &
2010/055005PEa¢ES 2POUMHENBLE: I0Fer fkapyaaiogRy e diertiwepradaniivention is directed
to the Compofs!agﬁa%t@tm%anh&ha%m&ﬁaﬁva%mg}e@ﬁﬁ@ﬂ%@c%%%r@ﬂﬁé@psﬂvh@r@n Rlis
hydrogen. 5 In another particular embodiment the present invention is directed to the compounds of
formula | or pﬁjiﬁr}naceutically acceptable salts or esters thereof wherein R1 is fluoro. In another
particular embodiment the present invention is directed to the compounds 10 of formula | or
pharmagguticall geeeptahle folts oLiesicts iiereqf wherein Rlis il lo aneter paricular
embodiment the present invention is dirécted to the compounds of formula’l or pharmaceutically
acceptable safte sraghetwithareppivnersinvRIESsIHS] 5an badtHeApeEthtilacesasadiment the
present invenyiQa i3 disectrd R 4be caMPUAgsLiiarmeta | or pharmaceutically acceptable salts or
esters thereof wherein R1 is trifluoromethyl. 20 In another particular embodiment the present invention
is directed to the compounds of formula | or pharmaceutically acceptable salts or esters thereof
wherein R1 iTheethaxihaldgepi ectenbadimaniethePilesentanientionnsodirectizd to the compounds of
formula | 25 or pharmaceutically acceptable salts or esters thereof wherein R2 is selected from the
group consisting of: (1) hydrogen; (2) fluoro; (3) methyl; 30(4) trifluoromethyl; and (5) methoxy. WO
2010/055005PT9YE PPe0gis gt tetstherierpaitislirgesmbodivient gierpresest impiehtiolais directed
to the compoyngle ifaimmlahpsrharnaceutically acceptable salts or esters thereof wherein R2 is
hydrogen. 5 In another particular embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R2 is fluoro. In another
particular embbeliment fie/pretentitnae atiphd cdétesitdd- th Hire ccdmpatiedschfio b tarmadéa | or

pharmacgutisaly. eoeRiac S0k onESiSiS eteabWBRAIN 25 eyl i aaalaeraAg cular
embodirient tHe present invention Is directéd to the compoun of formula’T or pharmaceutically
acceptable salteydrassicld tRerebPNIaeEIR R2 is 15 trifluoromethyl. In another particular embodiment

the present invention is directed to the compounds of formula | or pharmaceutically acceptable salts or

esters thereof wherein R2 is methoxy. 20 , ,
The term "lower alkyl" refers to an alkyl moiety having 1 fo 7 carbon atoms. In

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

25 particular embodiments the lower alkyl has 1 1o 3 carbon atoms. Examples of lower
alkyls include methyl, ethyl, propyl, isopropyl, butytl, isobutyl, sec-butyl and fert-butyt.
The term "lower cycloalkyl” refers o a saturated or parily unsaturated non-aromatic
hydrocarbon ring moiety having 3 to 7 carbon atoms bonded together to form a ring
struciure. Examples of cycloalkyls include cyciopropyi, cyclobutyl, cyclopentyi,

30 cyclohexyl and cycloheptyl.



In another embodiment the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R1 and-R2 are bonded together to form
methylenedigxy, 25l another embodiment, the present invention is diregteglg@ihaogespounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein Rland R2 are as defined
previously for formula I, except that Wand R2 are not both hydrogen. In another embodiment, the

present invention is directed to th(la compounds of 30 formula | or pharmaceutically acceptable salts or
esters theredhFRiraitioREer REOENTHE aFe Be autinbaBrEvivhers b RiétiRME 2kXEDt that one of R1,

R2, or R5 is pgiavdspsailstyl Exiplee Bagicuianiempediness tReude sratitig riinoxs directed to the
compounds of formula | ocr%ﬁo armaceutlcaII@ ceptable s:%llts or ecfjg%sbthtereof wherein R3 is selected

from the groBfPRBRSISRRI BT HYHIBEE S BSPRIoPE 3 SO A5 TRV Hikyl, (5) trifluoromethyl, (6)
lower alkoxy, and 10(7) cyan. In a particular embodiment the present invention is directed to the

o SRR AL NARSRIGA N RECSD ISR, S RSSO RETEIBIES = o e o

from the group consisting o lower alkyl, optionally substituted by
halogen, andliy) eyaiefnad @isaitidsiar BxaFsURREhlane HESEHERRBAYISRAERRREHIS the compounds
of  formulgLephasmansLiisaly,asaamiablmealin suesipiaihei@of wherein R3 is 20 hydrogen or
lower alkyl. In a particular embodiment the present invention is directed to the compounds of formula |
or pharmaceutically acceptable salts or esters thereof wherein R3 is hydrogen, fluoro, or chloro. In a
particular emibedisneriidhe pabsees infeytvetiyldrgfetsdadhthenciehpelhaSED RS ovhauiin Br
pharmacegutically a | h f inswherej ' vk In a
Paricu e e B B S o i
pharmaceutigiipanassyemiensdng.or esters thereof wherein R3 is hydrogen. WO
2010/055005PCT/EP2009/064813 - 18 - In another particular embodiment the present invention is

directed to the compounds of formula | or. pharmaceutically, table salts.,ar esters _thereof wherein
R3 is fluor. Tﬁ%?ﬁffﬁePﬁ%él‘ﬁﬁ?@%ﬂBoBﬁfﬁ%‘P{ﬁé@W&% t_mﬂ/mn“fse ﬁ‘&teﬁ%‘? é%g {pounds 5 of
formula | or plsaiefiaceyiiealyuaceptablerspitscdaésters dlvgtavinthereetRBisiahloro. In another

particulalrsembodiment the present invention is directed to the compounds of formula | or
pharmaceéutically acceptable salts or esters thereof wherein R3 is methyl. 10 In another particular

embodiment The isresdiamianeisionamiane riaradaedoripmER SRS AEINR A R Eutically
acceptable sglfaphR$ieS doarel whesallRASSHypikn snotheepadicylanemiodiment the present
invention is directed to the compounds of formula | or pharmaceutically acceptable salts or esters
thereof wher8iRRY@RIfABoromethyl. 15 In another particular embodiment the present invention is
directed to the compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein

i 1 i H . . . . . h d
RS Is mafnoxy, Ingpoihesaadioy pempatinen-heatsantinsalion R isdirdi ihe compounds

pharmaceu y acceptable salts or esters thereof wherein is 20 cyano. In one

particular emiaelgie R hoprsstkyiRvasiiordParRYEY o M EBRNRD Ghad R eehliAG"

pharmaceuticatlaaeRPiaRIe saljs phestanatigseof wherein R4 is halogen.  In another particular
embodiment the present invention is directed to the compounds 25 of formula | or pharmaceutically

acceptable salts or esters thereof wherein R4 is cyano. WO 2010/055005PCT/EP2009/064813 - 19 -
In another paftieutrrethbiadiment thefgrecenitrimentioydenliatetito the compounds of formula | or

pharmacz%utically acceptable salts or esters thereof wherein R4 is heteroaryl optionally substituted by
lower alkyl. In another particular embodiment the present invention is directed to the compounds 5 of

formula | or pHagrieseclaesn aiesepralrRliedltelire SRS alRIGAM R KISRWEHR B or
benzylsulfanyrJmanother rariguareg badimery terrsesenidovegéeriscdiseetaditg the compounds

structure wherein one, two or three of the ring atoms is a hetercatom while the
remaining ring atoms are carbon atoms. Examples of lower heterocycloalkyls

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

The term "heteroaryl” 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



of formula | or pharmaceutically acceptable salts or esters thereof wherein R4 is methyl. 10 In another
particular embodiment the present invention is directed to the compounds of formula | or
pharmaceutl%%g ﬁ bIe salts or esters thereof wherein R4 is tnfluorq;ee WI{?;QTcher
particular embodiment the present invention is directed to the compounds  of formula
pharmaceutically acceptable salts or esters thereof wherein R4 is 15 methoxycarbonyl. In another
particular embodiment the present invention is diréctéd to the compounds of formula | or
pharmaceuticabyaéoe frablesanstiomestis ttciebRning SoRAOE D Ben pERbre AN Said phenyl is
optionally substifutee by mathanssuliende danahenrRaisylapgaRedimentihepiesenyinvention is
directed to the compounds 20 of formula | or pharmaceutically acceptable salts or esters thereof
wherein R4 is lower alkanesulfonylmethyl. In one particular embodiment the present invention is
directed to therteynpoundsefifaicaia | e phantmceuicalhdascaptableusalis os estapstingredf wherein
R4 is S(0)2- R7and.R7 is selecte up g CQnSIStln of 2 ower I optlonally substituted
by haloge%n {\é an"%no (§3’ W?Hyémln%%?geﬂq& m|no (nga glime 3§m%aor% %ﬂylarﬁflno (5)
morpholin-4- 9QmW®Q@Q%55@@EP®$/meG@W8QBM§@S @fipgrebdine f9un(® piperazin-1-y1; (8)
4-methyl- p'p‘ﬁFf'é;m:IJrgya"n;ﬂ%hérFﬁéEQb‘Ii@éNg?%ﬁ%BYétﬂ@@é%P esteh o%‘r%z) such compound if not
4-methoxycarbonyl-piperazin-1-y1 or 4-ethoxycarbonyl-piperazin-1-y1; (

4-(2-fluoropHERG WIBRIRPEAM-1-y1; (12) acetylamino or N-acetyl-N- methylamlno (13) benzyl; and (14)
phenyl optionally substituted by halogen or trifluoromethyl. 10 In another particular embodiment the
present vention is dl cted to the ¢ oun f fo muI I Qr.gharmac tlc lly ac e table salts or
esters thgreo wﬁerelnpeaa ISB§ 3 "%eﬁg?lf se?ecte fom tn oseosd% coﬁs%@tmg % Iower alkyl,
(2) tnﬂuorom@msyglq@(@)‘et;éweylesea)amémymmertemfymmaee&(@”tﬂ‘meamdanwh@mame‘thg/lamino (6)
phenyl. In a pay [P ERRGERREL heuREGSBIY. HINEIUAR I @IIE?EF@Q&Q II?@e%‘IIB?Pﬁ’IeIQR%Of 20 formula |

or pharmaceutic acceptable salts or esters thereof wherein R4 is S(0)2-R7 and R7 is lower alkyl
optionally suMﬁ@%ﬁyﬁp‘hﬁ%@f‘ i BRsURBICrAEARICRABBRI AR ﬁﬁ’edﬁi%@gﬂ‘t}ﬁﬂ?eﬂftl@ﬁ is directed to

the compoundesennhtwmula Baitphbarveteuvticalyiracepiablessatisiosebetatbersdimieerain R4 is 25
S(0)2- stanq R7 % .meth %%faﬁ anotng_‘r articular embodlpnent the present |n ntlon,ihe q&ected to the

compounds of Forauia armaceu calﬁl acce&%%asa Tor'a Peerss"fﬁereo &rein RY is S(0)2-R7

and R7 is trifé@teodrsingd @m@th@mlmﬁﬂ@mmﬁm{mtpﬁe@ﬂﬁﬁ@ém g1y directed to the

compounds %feféUﬁBléI? |l piBatRaeavtically assaRablomads i&%@%ﬁﬁ% BRSISIRGR is 8(0)2 R7
and R7 is phen%i?t ptionally substituted by halogen. WO 2010/055005PCT/E 2009/064813 -21 -

another partiEHREEASERITHIGR W&iffr@%ﬂ?ﬁﬁéﬁ?@ﬁ%‘%ﬂr@&é@?@‘?H@%‘Bﬁ’nﬁ%ﬂ% of formula | or
pharmaceuti@d&myﬂep@bt&ﬁaﬁﬂﬂmﬁsﬁbﬁﬁammm%mxﬁéO)ﬂprbﬁﬁng is benzyl. In

h h ff I
NSO o e T Bty S

another partiigdikembodiment the present invention is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R4 is S(0)2-R7 and R7 is amino. In
another particular embodiment the present invention is directed to the compounds 15 of formula | or

pharmaceuticalf/ SHERPHRHRUARE Brassi SYFEHOS RSB IR RSP §(BR IR @d R7 is methylamlno

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 | (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



In another particular embodiment the present invention is directed to the compounds  of formula | or
pharmaceutically acceptable salts or esters thereof wherein R4 is 20 S(0)2-R7 and R7 is ethylamino.
In another paglicsaRBodiment the present invention is directed to the ¢RppewRdRQkiormula | or
pharmaceutically acceptable salts or esters thereof wherein R4 is S(0)2-R7 and R7 is dimethylamino.
25 In another particular embodiment the present inygqtion is directed to the compounds of formula | or
pharmaceutically acceptable salts or esters thereof wherein R4 is %%R? and R7 is diethylamino. 30
In another paRTEIREr BRIBBEMETRTRESpEHIaR HiR ATS HheERY [CHRIPDThERSSEBIfhula | or

pharmaceuti¢giyRCeapiabiayprlts ormatessdhere v eeabbRAreS(WRrBRRARNRT is morpholin-4-yl.
WO 2010/0550085PCT/EP2[009/064813 - 22 - |r§§%&% articula embidiment the present invention is

directed to thePESAMSRIRHE R ARTIRT SBREY R HECEDEBREEHRE S esters thereof wherein
R4 is S(0)2-FStaracRthepipenidin 4yl obrmanatenpdriiocsatasibet arentthe present invention is

directed 19 thg FomARNOASAHIRINWALAL BhassaseIlicAlnARRaPihis AElt Q eoifisypereof wherein

R4 is S(0)2-R 7 Is piperazin-1-yl.  In another particular embodiment the present invention is

directed to thePEHRAPBYIAGE 20 BPBRRIIE ICEPalPh SXalRia | AcEEpRAOTAIsbONE.EEIR thereof
whereirt1 R4 i%(%ﬁz@n?@%ﬁ%{? %ﬁ%@hﬂﬁ@ﬁiﬁiéﬁéﬁmb@éﬁméﬁéﬁﬁﬁﬁiﬁf @éﬂbt%iifgfl?nt ﬂ:te
present invention is directed to the compounds of formula | or pharmaceutically acceptable salts or
Cotors thored RSN AENCE 15 SRS HIP GG TE P I S ER B e LA AT 2N S
4-ethoxycarbde@¢+’?hip¢ﬂ@zﬁh&-ﬁ1mm&wﬂnmq@agomm-p‘iﬁammﬂwﬁ amarﬁmam,gam:m@ embodiment
e presept Ierian 13 igrtad moég(%gé)%%%% A ﬂB@{%aQQ@% geptable salts

or esters thereof wherein R4 1s 20 R7 and R7'is 4-(2-fluorophenyl)-piperazi . In‘another

particular emBS¥iRTERIeNE YreyeReialRey fich. T fo QB &P tHEcE TS BaRHEHD fofvitiiERl or

pharmaceuticajiyresrptallessis QiBstars e rRPENAIRTSHIERY: issS MhdiBré anstEdT. igacetylamino or
N-acetyI-N-methP/Iamino. 251n anot]her garticular bodin%ent the,%)r%ﬁ%get invention is directed to the
e

compounds JP%HWU?QT%%%%%&W 8ﬁ§}°5.‘éc%fp il QAo &S ?ed?ﬁﬁ%%[ﬁ'ﬁﬂ@s‘S(O)Z-R?

and R7 is phenyl. 30 In another particular embodiment the present invention is directed to the

compounds of{gragia %&f%ﬂg&%ﬁg%@%i%%%Péﬁm%?%téo% RERereol WhereinR¢ is S(0)2-R7

and R7 is phenyl substitutec . or. WO 2010/055005PCT/EP2009/064813 - 23 - In
another partiGEPeHISdaFh SR TRlMESopieYRRINAIPVIaaIRE @BY Torate RERRSeTSH BERARSIA | or

phgrmacegtéqa&}ﬁagqaata%lﬂl\faglg @re@j@f@pmlﬁnagftwagr@.ind%éﬁiﬁﬁ(:ﬁ)@n%_?@ﬂ%ﬁzéatgjwyld )
substitute Yy N1 uoromet . n.on partl ular empo ent the present invention Is directed to the
poentes PR s Aot te R s ikl o s
hydrogen. Idcaagthefrq?ammm;lndmmmm@qummmvanm&dtiﬁeo@étME armhpounds. 10 of
formula Lgr pﬁ%%v;&a%&gﬁ%%@ﬁﬁ%?ﬂ%é@ﬁﬁ&wﬂ% thereofwheteinRais geihdida gne particular

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

acceptable salte HAdER PRYEBFBREES RE BB oREh NRIUSiKtB SBRAHRar embodiment the

present inveniignds Hicesteditg thensarpesnds ofdoteviadainphatbaceidicalyimsceptaple salts or
esters thereo{ wherein R%{ﬂ's mg'ﬁhyl. 0 I?ﬁﬁsjtions of the Fe and FIM oieties o the|0$henyl ring in
formula | are 1l ﬂe%sﬁff/ haaf o E&‘f‘n B‘@rgg%ggltigh%e&e, r§,’2ﬂ ’eaﬁ%sg)o §iRdilated below: R4
6Q --*".4 3 '2bald@dalvitintirestradierstarsding hereinsthaigheith epR@noaRy isbidgdadadyQ when Q is
N. 25 dosage of about C.1 mg 1o about 5,000 mg, 1 mg to about 1,000 mg, or 1 mg to 100
mg may be appropriate, although the lower and upper limits may be exceeded when
indicated. The daily dosage can be administered as a single dose or in divided

doses, or for 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 agenis, and other materials and compounds compatible with



WO 2010/055005PCT/EP2009/064813 - 24 - In one particular embodiment the present invention is
directed to the compounds of formula | or pharmaceutically acceptable salts or esters thereof wherein

the R3 moie 0 positions 2, 3, 5, or 6 and the R4 moiety is bo ' 4 on the
RIS e

~ phenylring in In another more particular embodiment, R3 is bo lons 2 or 6 and
R4 is bonded to position 4 on the phenyl ring in formula l.  In another specific embodiment, R3 is
bonded to positions 3 or 5 and R4 is bonded to 10 'pZ):'sition 4 on the phenyl ring in formula I. In more
specific emboéirmeats Ui mdsansimisnt dnxisadir esteidteaanspovertionfmedia cselgent s from the
groun conSig i s PSS R0 A MBI I 2SR A e
15[6-Fluoro-4-(4-sulfamoyl-benzo ix‘lszq-napht alen-2-yl1-acetic acid;
[4_(4_Su|famm%%§$ﬂmﬁ}% -@%&1&?@%‘@6.’6%@9“‘/6 compounds can also be
[4-(2-Chloro-theihanesidipny tteeogepd<iiinero-naphthalen-2-y1]-acetic acid;
{4-14-(3-Chloro-benzenesulfonyl)-benzoyl11-6-fluoro-naPhthalen-2-yll-acetic acid;
113[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-y1]-acetic acid;
[4-(4-Methanbsefidrpyidmmazeyiyt qastbedphiysredersion i -heetiorapigitions hereof, can be
[4-(4-Methanespliopdhenzoylnanhihaen-2anlachiin a6, take the form of tablets, pills,

[7-Fluoro-4-(4-methanesulfonyl-benzoy1)-naphthalen-2-A-acetic acid; _
[6-Fluoro-4-(43HE4En S50RBHA iSSnRAWHCHR PUSIICA RERSRSHRD SN el duRiesintigrmulations
%&Z-Diflu?]rofe.@t;medln@rmb wmsy&iﬂﬂiy@h yééhﬂfmgai@g:agwhmgmnm@iﬂ' ('j;vesicles),
8-(4-Methanesulfonyl-benzoyl)-naphtho[2,3-d[1,3]dioxol-6-0]-acetic.acid; ,
4.2 Chiflo 3BT S oA P05 AR AT 2 A e gagls: and th le
[4-(4-Methanﬁmlmbbmbylwmmmﬁapwm‘aiea@lgmcacéftig_ma; of petroieum,
30[6'F'“°ro'%%@Pg}%é%g%ﬂ;}E\%ﬂ}’&%‘gﬂ&%‘%‘.?t?é?a@u%ﬂ:;@&%'&éi‘%li mineral ol

[4-(3-Methanesulfonyl-benzoy1)-riaphthalen-2-y1]-acetic acid;
[8-(3-Methan§§ﬁﬁ6’ﬁ3ﬂﬂbé‘ﬁ96g?)hh%~p‘f¥tﬁfﬁr2,@W&,@%ﬁ@%l‘j@-’?@f—%\c@?& guppls are preferred

[4-(4-Ethanesigfiany bRz @y #eravhanhibader 24t lracelie @cigi iNéGtable solutions. For
2010/053805PCT/ P OOBQéEGt%le . BB storile aQUEOLS
[4-(4-DimethyTSaTRo B S T8 B RS SR RSN S\ A RA SHEPLES: d
[6-Fluoro4-(4swietiyyls uif dime@dive nzosetiarifsh twhien e/ preparsdcoyciis solving solid active
{6-FIuoro-4-H@%@Ha@?ﬁfﬂv-étémmmswlaﬁm%@&%ﬂ%@?@ﬁ&@ﬂ&:the solution

[6-Fluoro-4-(2-fluoro-4-methanesulfonyl-benzoyl -naphthalen-é-yl]-acetlc acid;
[6-Fluoro-4-(&isidthSiistiroplaranaubralssanicnsnrs) teriprihaeiinsa el alcgst:
[4-(3-Ethy1-4pmesbanesifenrhensoy =0 filipretnaphibeiemagylpsicatie daitte, sodium
[4-(4-Ethanesulfony1-2-methyl-benzpy1)-6-fluoro-naphthalen-2-yll-acetic.acid;

Lo Erord s ST A P R S AR U L RRPHER Hcorol

10[4-(4-Diethprogiféane ghtseh 205t 6 fhane raphitiealka- Zytpeostositidns may be subjected to
{6-Fluoro-4[2-mathydf{ 9599%&;&%&%&%@-3@5&%%@@&k}%}ws@,@a&&&ﬁk@%@%@:

I
[4-(4-Dimethylsulfamoy1-2-methyl-benzoy1)-6-fluoro-naphthalen-2-y1Facetic acid;
15[6-Fluoro-44eHinediyamkisivnRgisaram oybei GAySIagpRaRE: Py st Ui eiiigsRand the
(6-Fluoro-4-{4#4- @ditpromhremnylipiparazine:t-adtfonyi foemzatigrnaphibeteiba«yih)-acetic acid;
[6-ChlorqQ-4-(4;methanesulfonyl-benzoyl):naphthalen-=2-yij-gcetic acid.; ” .
2008 (4t T e P A P o e B ggmoositons wil, i
[4-(4-|v|ethan@m(mwlt,b@mama):ﬁeffﬁmwmammnémqﬁamgéymogadtt@@&imﬁr with a
[6-Chloro-4-(methapssiiuaytdeng E%@tB?ABEr%’&QQ?%CB% i roper administration to
[6-Fluoro-4-(4-tfluoro-3-methanesulfonyl-benzoy1)-naphthalen-211]-acetic acid; {6-Fluoro-4-(4
methanesulfolifi-IF&H8Y1 )-3-methyl-naphthalen-2-yl}-acetic 25acid;
[6-Chloro-4-(4-methanesulfonyl-benzoy1)-3-methyl-naphthalen-2-y9-acetic acid;
[4-(4-Ethanesulfonyl-bepzoy1)-6-flugro-3-methyl-naphthalen-2-y1l-acetic acid.

246 P04 () S T BB 1 e A T Mg A B Shnourt of any
30[4-(4-Methmuﬂfzbﬁwdmrztms@frtbmmmarehczrytpéa@@m ra‘owzy of_ the compounds of
[4-(4-Methaneguligoyliisnay 1)Erdeomeliy seanhinalan ol kaeeticaeilt is administered

[4-(4-Methanesulfonyl-benzy1)-7-trifluoromethyl-naphthalen-2-A-acetic acid; .
[6-Fluorod-(4-YifetmREdDfroRyRbang PR ARishiR NG 047 BRefid g, allyGither singly or in
2010/055005PCT/EP2009/064813 - 26 - _
[6-Fluoro-4-(4-methanesulfony1-2-methyl-benzyl)-naphthaien-2-0]-acetic acid;
[6-Fluoro-4-(4-methanesulfony1-3-trifluoromethyl-benzyl)-naphthalen-211]- acetic acid;
[4-(4-Ethanesulfony1-2-methyl-benzy1)-6-fluoro-naphthalen-2-y11-acetic acid;
5[4-(4-Dimethylsulfamoyi-benzy1)-6-fluoro-naphthalen-2-y1]-acetic acid,;
[4-(4-Ethanesulfonyl-benzy1)-6-fluoro-naphthalen-2-y1]-acetic acid;
[6-Fluoro-4-(4-methylsulfamoyi-benzyl)-naphthalen-2-yl]-acetic acid;

TG_Ehiaoro-A-(A-maoathancaciilfonvi-hen7vv1\-2-meaethvil-nanhthalan-2-vll-acetic acid-



{4-[Hydroxy-(4-methanesulfonyl-pheny1)-methylj-6-methyl-naphthalen-2111- 20acetic acid;
{6-Chloro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methylpnaphthalen-2-yllacetic acid; {6-F
luoro-4-[hydgaxydimsianesulfony1-2-methyl-phenyl)-methylInaphthalgsrdryidraseiiesacid;
25{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-naphthalen-2-yll- acetic acid,;
{4-[Hydroxy-(4-methanesulfonyl-pheny1)-methyll-ngphthalen-2-y11-acetic acid;
{4-[(4-Ethanesuifonyl- phenyl) hydroxy-methy9-6-fluoro-naphthalen-2-yil-acetic acid:

30{4-[(4-Eth&RBEINRIRTE -POM BRI Q) IRBRGRILANSt A %“fﬁj@f*‘oaﬁab'ﬁ'ﬂ%‘ér@ﬁ-oﬁw {&eBtic acid:

{4-[(2-Chlorgsdcmgtamos QMMbQEWMMW(@thYHh@rﬁhU@ﬁOﬂaﬂphﬁhﬁea%Méﬂya@etlc acid; WO
2010/055005PCT/EP200

27 - .
ity e i A e T e PR o AN
{4-[(4- Ethanekmifela;ztrpberra;ﬂ:)mcfhh}rmhmnyﬂ G?rf!l,loba«m%rphﬂiblerndztylhaé@mm aﬁ:mrhd liquid
5{6-Fluorp- %A@&é g%%%%ﬁ%@yln%ﬂony?%&%@%% YnahtaletueAneheands

{6- Fluoro 4-[hydroxy-(4-methanesu phenyl)-methyl]-3-methylnaphthalen-2-yll-acetic acid;

(6-Fluoro.-4-SRPEHSKG IR GritinISoniE SRR AT PHENGRNTELRYA- HABR-8-S1t9H-IR%Sic acid;

{6-Fluoro-4- [{Hé#égméflhm@myls%léammbebﬁmébnmﬂﬂwmaﬁmaalsmawe}f@aebcactd
{6-Fluoro-4-| Qg era2| -1-sulfon %benz Ien etlc acid; id. orin
4-[4-(3- -Carb§ ﬁigécﬂﬂﬂ- SRESFER ?r%'@ﬁ : -gé ffﬁ) ne u onyﬁamOEC acid, o
15p|pera2|ndhl‘-}éamina)fﬁlbaadmabyb&mtaﬁeqmmthMWbCU’CaneOUS or
ro-naphthale; %] I fonylp piperazine-1-carboxylic acid tert-butyl ester;
{6- Fluorio%4 [@ﬁé@ét B%Yp%pﬁﬁgﬁw%%?ﬂulfonyl) -benzoyl]-naphthalen-2-yIP acetic acid; 20
[4-(2-Benzenesulfonyl-benzy1)-6-fluoro-3-methyl-naphthalen-2-ylpacetic acid,
[4-(4-Benzengsidtanyhbenaydnttrleatemraeiky haritbaliepcddsl baketitadid;
[6-Fluoro-3-methyl-4-(4-pyrazol-1-yl-benzyl)-naphthalen-2-y11-acetic acid; {6-F
luoro-3-methy1-4-[3-(1 -meth y1-11-1-tetrazol-5-y1)-benzyl] -na phthalen-2-yllacetic acid;
25[4-(3-Cyano-benzy1)-6-Fluoro-3-methyl-naphthalen-2-yl]-agetic acid;
[4-(4-Cyano-benzy1)-6-Fluoro-3-methyl- naphthalen 2-yil- Ic acid;
[6-Fluoro-3-methyl-4-(4-methyl-benzyl)-naphthalen-2-yi-acetic aci%zl;
[4-(4-Benzyloxy-benzyl)-6-fluoro-3-methyl-naphthale ]-acetidracid;
[4-(4-Bromo-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl]-acetic acid;
30[4-(3-Chloro-benzy1)-6-fluoro-3-methyl- naphthal n-2-y1Racetic acid;
[6-Fluoro-4-(4-fluoro-benzy1)-3-methyl-na S\ E%tlc acid;
[6-Fluoro-3-methy1-4-(4- trlfluoromethoxy- thaleﬁsZ ylpacetic acid; WO
2010/055005PCT/EP2009/064813 R®
3-(3-Carboxymethyl1-7-fluoro-2-methyl-naphthalen-1- ylme hyl)-benzoic acid methyl ester;
{6-Fluoro-3-methyl-4-[4-(1 -methyl-1 H-tetrazol-5-y0-bhen y -paphthalen-2-yllacetic acid;
5[6-Fluoro-3-methy1-4-(4-pyrimidin-5-yl-benzyl)-naphthalen-2-y1Facetic acid;
[6-Fluord-4-(4.-methanesulfonyl-bipheny1-4-ylmethyl)-3-methyl-naphthalen-2- yl]-acetic acid;
[4-(4-BenzylsytapibResaiictifiuaiosgtanaindiraphiiaien 2-e e atieanid;
[6-Chloro-4-(4-methanesulfonyl-benzyl1)-3-methyl-naphthalen-2-y11-acetic acid;
10[6-Chloro-4-(4-methanesulfonylmethyl-benzy1)-3-methyl-naphthalen-2-y11- acetic acid;
[4-(4-Methané&sialfoftyl-dweidzoy1)-7-trifluoromethyl-naphthalen-2-A-acetic acid; and any
pharmaceutically acceptable salt or ester thereof. 15 In more specific embodiments, the present
invention is directed to [6-fluoro-4-(4- methanesulfonyl-benzoy1)-3-methyl-naphthalen-2-y1]-acetic
acid. In Afbre’sFeesirateAlBU R &rowR St Riention is directed to [4-(3-ethy1-4-
methanesulfonyl- be(a @y b;6-fluoro-naphthalen-2-yl]-acetic acid.  In more specific embodiments, the
present invention is g %o [4-(4- 20 dimethylsulfamoyl-benzoyl)-6-fluoro-naphthalen-2-y1]-acetic
acid. In more spemﬂ &‘ﬁ ents the present invention is directed to [6-fluoro-4-(4-
methanesulfonyl- Z{ﬁjéﬂmyﬂ){lﬁﬁtﬁ)zoyl) -naphthalen-2-y1}-acetic acid. In more specific embodiments, the
present invention i |s ﬁ: o [6-fluoro-4-(4-

methanesuifonyl- b methyl naphthalen-2-y1)-acetic acid. 25 In more specific embodiments,
the preséft mvenho@w:’ g@e@ﬁ@ [85fLioro-4-(4-
methanesulfonyl-2-methyl-benzyl)-naphthalen-2-y1]-acetic acid. In more specific embodiments, the
present invention is directed to [4-(4-
ethanesulfonyl-benzoy1)-6-fluoro-3-methyl-naphthalen-2-y1]-acetic acid. WO
2010/055005PCT/EP2009/064813




- 29 - In more specific embodiments, the present invention is directed to [6-fluoro-4-(4- _
methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid. In more specific embodiments, the present
invention is q;@rz‘&fﬁgggg({&-chloro-4-(4- methanesulfonyl-benzoy1)-3-methyl-haRhihsig e s ylpacetic
acid, 5 In more specific embodiments, the present invention is directed to [6-fluoro-4-(4-
methanesuIfonyI-benzyl)-naphthalen-Z'—yl]-acetic_a&i_d. In more specific embodiments, the present
invention is directed to {6-fluoro-4- “
[hydroxy-(4-methaf@sukgH{AEpHeny1)-methyll-3-methyl-naPhthalen-2-y1}-acetic acid.  In more
specific embodiments, the present invention is directed to [4-(4- 10

th Ifonyl-benzy1)-6-fluorg-3-methyl-naPhthalen-2-y1]-acetic acid. Th unds of th t
venton caR b T ChelbAPBy A1y R, BRI A€ A LE EN RS T RNA B hese.

compounds are pr@vidediingée examples. Generally, compounds of formula | can be prepared
according to the sc mes 'Ig];]strated below. Unless otherwise indicated, the variables X and R1-R7 15
are defined in the same manner as defined previously for the genus of formula I. Scheme 1 WO
2010/055005PCT/ER J0007GH4a8 03tiogelly cHbsiBiRd BRIt #8¢an be prepared according to
Scheme 1. Starting awvithwsr BiRER9;benzaldehydes ha and trimethylsilylacetylene (I1l), Sonogashira
coupling generates 2-trimethylsilanyjethynyl benzaldehydes, IV. Removal %e_ trimethylsilanyl group
in compound®¥ RIGRBL/FE fg i ﬁi@&ﬁﬁ&gﬂkﬁ%ﬁ&%é&?ﬁ%@ﬁ@g{{w Xhe aryl bromides or
iodides VI under Sonogashira coupling conditions to give intermediates VII. Benzannulation reactions
of o- alkynyl I ?ue [ .with 4-0x0-hutvr id esters VIII catalyzed by gold(lll) bromide forms
the nap%@aﬁ%%gﬁ\/@g |Vi%§%§ﬁ%@ggg é@tqé)?'s IXa produces compounds of interest la. 10 In the
first step of this seddehydaBenintermediates IV can be produced by coupling reactions between the
appropriately subst{gtﬁgggggpgmo-benzaldehydes ha and trimethylsilylacetylene (1) in the presence of

a palladium catalyst such as tetrakis(triphenyl tﬂo? dh'ne lladium(0) or
bis(triphenylphospﬁﬁéwfa@m’rlrﬂﬂs' iﬁ@ég Hg)c%%é%ﬁﬁe&talyst such as copper(l) iodide. The
reactions can be 134dovwest elubiy thegresence of a base such as triethylamine or
diisoprogylethylami&j, é;n aaﬂnc'inert solvent such as tetrahydrofuran (THF), acetonitrile, N,N-
dimethylformamide, hexane, ethyl acetate, toluene, dichloromethane, or mixtures thereof, at a
temperature between room temperature and 80 C (or the reflux temperature) for several hours.
Altematively,fghes reastionsitsn e erslipeantiaing®b80 C to 150C for shorter reaction times under
microwave irradiation. Removal of the trimethylsilanyl group of compounds IV to give the terminal
acetylenes V can bE! Egﬁ{%‘ﬁgntly achieved using potassium fluoride or tetrabutylammonium fluoride in
a suitable solvent s{iHaeswalel, dpticatafigrefbsdinid\byimethgiformamide, dimethyl sulfoxide,
methano,lﬂor mixturfs% FH&%‘?%&&M&%W 25 temperature for several hours. Alternatively, a base such as
potassium carbonate’or potassium hydroxide, can be used. The reactions can be carried out in a
suitable solvent sudf)d&wee@ilmer, Tt ot RARY NB9aBRures thereof, at room temperature for
several hours. Intermsedigtesai,grabembtained by Sonogashira coupling reactions between the 30
terminal acetylenes V and aryl bromides or i di\ﬁes VI, in similar fashion to the first step described
above. Typically, thE 5L %Pé'r%gﬂ%ﬁ%ﬁrﬁ 'the presence of a WO

20101055005PCT/ER 2208106484 ioRdlly patiativtecdatabystseishlas

tetrakis( 5ohenylph j:yiagz]oalladium(O) or bis(triphenylphosphine)palladium(ll) chloride, and a
copper(l)catalyst such as copper(l) iodide, as well as a base such as triethylamine or
diisopropylethylamifi®. AfeeveaRtiei v sHRale RO MeAPaResHEdVEent such as tetrahydrofuran,

acetonitrile, 5 N,N-diraeiByiiormamidairbexarengthyiacetate, toluene, dichloromethane or mixtures
thereof, at a temperatur éjgt n room erature.and 80 C %or the reflux temperature) for several
hours. Alternativelyﬁlﬁ% %%&Eﬁ??'ﬁﬁﬁ?&%&ﬁﬁr%‘ o %ﬁ?é%?%h%té?‘ reaction times under
microwave irradiation. Theajdpitndigetiptaciellgstebs iXéecapy helfegenee wiachghzannulation reactions
10 betw%n o-alkynylbenz@dgml%as VII and 4-oxo-butyric acid methyl ester (or ethyl ester) (VIII) in the
presence of a gold catalyst such as gold(lll) bromide in a suitable inert solvent such as
tetrahydrofuran, 1,4-dioxaffe, QEurRiEBERane, or mixtures thereof, at a temperature between 60 C
~and 100 C (or reflux tempegatbid- fgmsguaradours (Asao, N., Aikawa, H., Yamamoto, Y., J. Am.
Chem. Soc. 126 (2004) 15 74582. ’n some examples, the compounds of interest la could be isolated
as a significant side produ@}iﬁct té(arcﬁ'&?ﬂl) catalyzed benzannulation reactions between VIl and VIII.
Presumably, ester compounds 1Xa formed in the benzannulation reactions undergo hydrolysis in the
presence of the gold (lll) bromide catalyst and trace amounts of 20 water in the reaction mixture.
Hydrolysis of esters 1Xa to give the compounds of interest la 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 25 tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature

between room temperature and reflux temperature for several hours. Alternatively, the key
intarmediatac \/ll deceribed above fcan bhe evvntheci7zed acenrdina 1o {|echeme 2 illnictrated below and



Scheme 2 In this process, trimethylsilylacetylene (ll1) is first coupled onto the aryl rings bearing 5 R3
via Sonogashira reactions with aryl bromides or iodides VI. Removal of the trimethylsilanyl group of
compounds X%.gi | ediates XIl, which are further coupled with subsjj ?’ Iciehydes ha-c
(X=1Br, lor C?yl%yt@%@r%%eﬁgte intermediates VII. Subsequently, intermedia?lte)é% aﬁ@ﬂ%@r%?ormed into
compounds of interest la via benzannulation reactions, followed by hydrolysis of the resulting 10
esters. Sonogashira coupling reactions between a‘r;}l%‘romides or iodides VI and trimethylsilylacetylene
(1) to give compounds X ¢hiY-eesiyHielnyeirathgardsence of a palladium catalyst such as
tetrakis(triphenylphosphin 61@%14@&5@5%%%%&%89&3@%'89wgﬁﬂetﬁhlﬁ{éde’ and a
copper(l) catalyst such as 15 copper(l) iodide. The reactions can be carded out In the presence of a
base such as triethylaminéeéﬁ“iﬁ‘ﬁgopropylethylamine, in an inert solvent such as tetrahydrofuran,
acetonitrile, N,N-dimethylformamigie, frexprenetssnqeetate, toluene, dichloromethane, or mixtures
thereof, a§ a temperature between(iw '{;qu%rature and 80 C (or the reflux temperature) for several
hours. Alternatively, the reactions 507 6/055005PCT/EP2009/064813 -33 - can be carried out at
80 C to 150 C for shorter reaction {iesuyidetinietnsabstiruetidtioha Reenoratof the trimethylsilanyl

group of compounds X to give the(ﬁgrmmlég@;y@é}gg%y\;%be conveniently carried out using
potassium fluoride or 5 tetrabutylammonium fluoride in a solvent such as water, tetrahydrofuran,
N,Ndimethylformamide, dimfErRISTM KRB RIEIWARET O BithRDRSY tRERSHAIT GBHPREperature for
several hoursubligtitatively, a base such as potassium carbonate or potassium hydroxide can be
used. The reactions can be ca(;'crielglla%uteirr‘l a Ld’iltuaobrloe rr§otvei_nt sgch as methanol, tetrahydrofuran, water,
or mixtures thereof, at room 1 f’empeqrature for several Nodrs: Intermediates VII can be obtained by
Sonogashira coupling reactions between the terminal acetylenes Xl and substituted benzaldehydes
ha-c, in a mappghgirilar dalbediish SieR SlescHRe ARV RrJyRicH diig reactions are carried out in
the presence of a palladium catalyst such as tetrakis(triphenylphosphine)pallathum(0) or 15
bis(triphenylphosphine)palladium(ll) chloride, and a copper(l) catalyst such as copper(l) iodide, as well

as a base suthiasdrietiodtrioeemnlis tpeoRY letayRimines BB girtepiansgubeArnstiraninert
solvent such as tetrahydrofuran, acetonitrile, N, N-dimethyfformamide, hexane, ethyl acetate, toluene,
or mixtu?;és tr?gpe((?)ef?ag?yg ?8%%%%@% it v?/gebrl%\é r@grﬂ%r% %Pﬁﬂ:@ngn(?gge'&%%zaﬁem?ﬂ@riﬁperature)
for 20 severalovouis. Ninereasvely iiéregactiasdhatheouit idteouisat 80 NoidG o Chdr shorter reaction
times under rRiFrRWaYS- EAdiaNAT Y SUBSHIARELY! RaTs: e pMANAIOIMERILR GOMPIHBAIHE interest la

as previously desctibed in, Scheme 1, via benzannulation reactions to produce esters |Xa, followed by
ester hydroly&i8! EofAsFERiNet SIEW RRERE$¥7RS B G s AR ERb R SR MAANE tlrPuisde 5
synthesis mayditaarsetiras ROtnendeSehemeén Sukatylatiemefiii(iaithuexyereedyl)-piperazine
X1l with sulfonyl chlorides Xl affords the corresponding sulfonamides of structure XIV. .

Trimethy silylé%(}:éeet?ﬂégnéé! IF (gié{ra} 56 (g:%ﬁop e %WLI'[?I )%%uwgqegg%ggi%rﬂ?}]aaré)a%ﬁoyﬁg% i{feca@étylenes XV.
Removal of tHlgriraiyRitaagajronmisie eifgounels s folldwed s sitdecolamihydrigesubstituted
benzaldehydggA0dasguit B Wath RT5: @@nﬁraa%%ieit%rﬁmiaﬁs%e%\ékoﬁ@mova' of the
tertbutoxycarbonyl group in XVI provides intermediates XVII. Subsequently, intermediates XVII
undergo benzannulation reactions giving intermediates XVIII. To facilitate purification of compounds
where R7 is aJpipesazifcityd atinsetisshthenatie eRiess i lhrmayhteaabyetied o thmtert-butyl
carbamajes r .a reaction 15 with dicarbon R' = tert-hutyl). Removal of tert-butyl
carbamag g%%c%?&%@é%%ﬁ %ietresrt%ytg F%%%a%%r%ﬁ%ﬁ?oéﬁém%ﬁ%% ¥n%’e?8§ﬂé?18#§r?§lation of
N-(tert-butoxpear Boraa Fprieied rioxtl| with sulfonyl chlorides XII 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 WO 20101055005PCT/EP2009/064813 -35 - base such as
diisopropylethylamine, triethylamine, or pyridine in a suitable inert solvent such as dichloromethane,
acetonitrile, 1,4-dioxane, tetrahydrofuran, or mixtures thereof, at 0 C to room temperature for several
hours. Sonogashira coupling reactions between aryl bromides XIV and 5 trimethylsilylacetylene (Ill) to
give compounds XV can be achieved in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0) or bis(triphenylphosphine)palladium(ll) chloride, and a
copper(l) catalyst such as copper(l) iodide. The reactions can be carried out in the presence of a base
such as triethylamine or diisopropylethylamine, in an inert solvent such as tetrahydrofuran, 10
acetonitrile, N,N-dimethylformamide, hexane, ethyl acetate, toluene, dichloromethane, or mixtures
thereof, at a temperature between room temperature and 80 C (or the reflux temperature) for several
hours. Removal of the trimethylsilanyl group of compounds XV and subsequent Sonogashira coupling
with the substituted benzaldehydes lla-c can occur in the 15 presence of potassium fluoride, a
palladium catalyst such as tetrakis(triphenylphosphine)-palladium(0) or
bis(triphenylphosphine)palladium(ll) chloride, a copper(l) catalyst such as copper(l) iodide, as well as a
base such as triethylamine or diisopropylethylamine. The reactions can be performed neat (without

solvent) or in an inert solvent such as tetrahydrofuran, acetonitrile, N,N- 20 dimethylformamide,
havane athvl acaetate tnliiene or miviiirece thereanf at a temnaratiire hethween room temneratiirea and



30 described in Scheme 1, via gold (lIl) catalyzed benzannulation reactions with VIII. WO
2010/055005PCT/EP2009/064813 36 - Carbamates XX can be obtained through a reaction of
compound Xy/HhwithaXle& (R' = tert-butyl) in the presence of an amine basg-$453@8us4513
diisopropylethylamine, triethylamine or pyridine in a suitable inert solvent such as dichloromethane,
acetonitrile, 1,4-dioxane, N,N,-dimethylformamide, tl trahydrofuran, or mixtures 5 thereof, at 0 C to
room temperature for several hours. Removal of the tert- butoxycarbonyl group in )O( can be readily
achieved in the presence of an acid such as trlfluoroacetlc acit'or hydrochloric acid in a solvent such
as dichloromethane, dioxane, methanol, acetonitrile, or y
C and room temperature for several hours. Subsequen pster hydroly5|s to give the compounds
of interest la can be easily accomplished using methgodsthatare Well known to someone skilled in the
art. For example, the reactions can be carried out imthe presence of an aqueous solution of base such
as sodium hydroxide or lithium hydroxide, in ap inerf solvggit such as tetrahydrofuran, 1,4-dioxane,
water, or mixtures thereof, at a temperature : y0m temperature 15 and reflux temperature for
several hours. Scheme 4 rm,0 la K2<laff 0
4-(lower aIkoxycarbonyl)-piperazin-1-y@ 20 substitire
outlined in Scheme 4. Starting with intermediates XVIII, which can be synthesized according to
Scheme 3, carbamate formation affords intermediate bXX. Sublsequently compounds of interest la are
obtained from XX through ester hydrglysis reactiops. Th a) mat mterm diates XX can be
obtained readily by reacting &Sﬁfﬁy i?gf §2§W§§ %gll?y‘f’ Or6fofh O(rf&'f)a such as ethyl
chloroformat&dessetinjt aielh cofemmiste, e G204 00B500ER GRERBOD9/0648 83h&Esfin the presence
of an amine {riet |d e inert solvent
such as dlch%)%%gnn? gsnagﬁl %E%ﬁ%%%@dﬂga%n ée wwﬁgﬁﬁmaﬁéﬂﬁgm%mfuran or
mixtures $he @Bt EOTTSE ) rdd MiabATHERITE ﬁiﬂ%@ﬁﬂ'ﬁéﬂ‘?@uﬂ%ﬁ%ﬁ%ly, intermediates XX can be
obtained 5 through a reaction of XVIII with a lower alkyl dicarbonate (XIX), such as di-tert-butyl
dicarbonate, jin ¢he amﬁe@ﬁft@e gr@mhasermeh@ss@ﬁeem@&nﬂmﬂaﬁsttﬂeﬁrﬁmme or pyridine

in a suitable mer%solvent as d|c l I%haneé ?cet%nltnl 4-dio e%gd\l nﬁ C}/Iformamide,
tetrahydrofur%\r P ?FHJB& e(:s% Yoo eerrﬁpera (e for several tolysis of
esters )O( to gn@ﬁh@cﬁ@heﬁhas @ﬁm@emgvmnfbme@w accomplished using methods that are well
known to someone skilled in the art. For example, the reactions ¢an be carried out in the presence of
an aqueous solution of base such as sodium hydroxide or I&hlu ydroxide, in an inert solvent such as
tetrahydrofuran, 1,4-dioxane, water, or mlxturelih thereof, at atemperature between 15 room
temperature and reflux temperature for several hours. Scherfe 5~ kMUN=0,1) For the specific case
where R7 is a 4-methyl-piperazin-1-ylsubstituent, an 20 |g ative synthesis can be utilized according
. ) VIurnishes the
(4-methyl-piperazin-1-yl)sulfonyl compounds XXII. Subsequently, compounds of interest la are
obtained through hydrolysis of the estesigroup_in X dll. The_¢4-methyl-piperazin-1-yl)sulfonyl
intermediates XXII can be readily obtained PN s nds XVIII in the presence of formaldehyde
and an approprlate reducmg agent such a oborfghydrlde or sodium

olvents such as acetonitrile, methanol,

10 HO

wherein R'-R® and R°-R" are defined as in formuia 1.

in another embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein X is C(H)(H),
15 Qis C(H), and R* is 3(0)-R’ as depicted beiow in formula IB:



WO 2010/055005PCT/EP2009/064813 - 38 - tetrahydrofuran, or methylene chloride at temperatures
between 0 C and room temperature for several hours. Hydrolysis of intermediates XXII to give the
compounds %Wﬁﬁs@s‘saﬂ be easily accomplished using methods that g@)ﬁ/ﬂh@&\gﬂgo someone
skilled in the art. For 5 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 th“e}éc‘)f, at a temperature between room temperature
and reflux temperature for several hours. Scheme 6 Compoundspgf interest Ib, bearing a methyl
substituent at the 3 position of the naphthalene ring, can b@gyrrfhesized according to Scheme 6, which
differs from Scheme 1 and Scheme 2 only in tig& carbonyl compdgnds used in the 15 benzannulation
step. The 3-substituted naphthalenyl derivatives 1Xb can
benzannulations between oalkynylbenzaldehydes VIl a

alkynylbenzaldehydes VIl and esters XXIIl in the presence of a gold catalyst such as gold(lll) bromide
in a suitable inert solvent such as tetraRyg
he reflux temperature) for several hours. WO
2010/055005PCT/EP2009/064813 - 3% - Hydrolysis gfeste ESmpounds IXb to give the compounds of
interest Ib 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 ptesence of an aqueous solution of base such
as sodium hydroxide or lithium hydroxide, in an inert 86lventSuch as 5 tetrahydrofuran, 1,4-dioxane,
water, or mixtures thereof, af,adempaRratars,bateen ey ieReratuse.ad reflux temperature for
several hours. Scheme 7 IXa (n =0, 1)XXV (n = 0, 1)ic Compounds of interest Ic, with a methyl
substitution on the acetic acid chain, can be 10 prepared according to Scheme?, by methylation
reactions of dorapebadsrh¥adintiehétaylredidieirdedidhus déebisl actrditonsoimgivefintermediates
A %%édﬁ&ﬁgpg&ﬁﬁ%mg%sﬁ@&fe% dRoHnda A (pieppted as outined in
Schemes’1 or 2) can be achieved using methods that are well knowi 10 one skilledin the art. For
example, 15 fHE KRS GHeangrRedsiGr-Riwe desjrtatbeleveibyoiirstiddbrotonating the benzylic
methylene using a strong base such as lithium diisopropylamide &hDA) to generate an enolate, then
alkylating the enolate with methyl iodide. The reactions ca e performed in an aprotic solvent such as
tetrahydrofuran, toluene, dimethoxyethane (D%E), hexane, heXamethylphosphoramide (HMPA), or
mixtures 20 thereof, under an inert atmosphere at a low fem derafdre such as -78 C. Hydrolysis of

as 25 tetrahydrofuran, 1,4-dioxane, water, or 2 f, at a temperature between room
20101055005PCT/EP2009/064813 - 40 -
Scheme 8 IGIH Compounds of interest IB he generategé#rom IA by palladium catalyzed 5
hydrogenation as shown in Scheme §YA ; be obtained by hydrogenation of the keto
esters 10 to the intermediates IH followed by ester hydrolysis. Conversion of the ketones IA to
compounds IB, or the keto esters IG to the intermedi&t@s IH,©@an be achieved by exhaustive
hydrogenation reactions in the 10 presence of 10% palladium on carbon u ier an atmospheric or
higher pressure of hydrogenVY%%[ﬁ'%I%o' |%r(]ﬁ\/g§{él.%ﬁ %@%‘tﬁ‘iﬁél'g ?ﬁ@'ﬂ"[% ol at about room
temperature or mildly elevated temperatures for several hours. The reactions can be carried out in an

atmosphgyic W%gg@g%@mg&@%@ %ggﬁﬁpj%%%gﬂ lgg;%%%;glgﬁgg%%g@?h rogenator, or in

a continuous-flow hydrogenation reactor (e.g. /EP2009/064813
-41 - exampl @ TR L RIRPIRV LRl eacsitan et ariersithsrerfusbersisonis o base such as
sodium hydraxidecor}ithrRhyslgideRheaiRstzpbasl st ebragiigtiahydrofuran, 1,4-dioxane, water,
or mixtures thereof, at a temperature between room temperature and reflux temperature for several
hours.



Scheme 9 Id 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 WO
2010/055005RCH{ER209/064813 -42 - according to Scheme 9. Starting pyitpbspsaldelydes XXV
and succinate esters XXVII, a Stobbe condensation reaction affords
3-carboalkoxy-4-phenyl-3-butenoic acids XXVIIl. B gz_annulation of compounds XXVIII gives
4-acetoxy-naphthalene carboxylic acid esters XXIXa or, alternatively, 4-trifluoroacetoxy-naphthalene 5
carboxylic acid esters XXIXb. Hydrolysis of the acetate ester in chTmpounds XXIXa or removal of the
trifluoroacetate ester in XXIXb generates the 4-hydroxynaghthalene carboxylic acid esters XXX.
Protection of the hydroxyl group in XXX as a bBnzyl ether giveS4sbenzyloxy-naphthalene carboxylic
acid esters XXXI. Reduction of the ester group in XXXI gif ivi. naphthalen-2-ylmethanol compounds
10 XXXII', which can be transformed to chloromethyl s cted-paphthalenes XXXIII. A carbonylation
reaction of XXXII! in the presence of methanol o
esters XXXIV. Deprotection of the benz1yl ether in X
XXXV which can undergo sulfonylatioR tq_affexd_tri
e

XtV affords 4-hydroxy-naphthylacetic acid esters
nrthanesulfonates XXXVI. A Negishi coupling
and thﬁe generated benzylic zinc chlorides
drokgsis of XXXVIII produces the compounds

15 reaction between trifluoromethanesulfo
XXXVII yields the naphthylacetic aci v
of interest 1d. Stobbe condensation reactions of XXVI wit
XXVIII can be carried out using a base such as sodil,gngP 3 8xide, 20 sodium ethoxide, potassium
tert-butoxide, or sodium hydride in a suitable solvent'stich as“methanol, ethanol, tert-butanol, toluene,
benzene, or mixtures thereqfRi-tamerdturrRsieRTees deandeaperatteiand 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 achievedrioimeratrabeticrenhkideessividnadrdion sudhestesoditim aestrersispdtassium acetate

at tempe@%g@%wgmﬁ%&s&%@%;% (ounfeli JeameratiEp puFRIGHRINIO WA (RbADDady, A

M.; El-Assal, ). For the case where R2 is not hydrogen, it is possible to
obtain a mixtGHsbQisphihiand FRgivREMeR pstHeRIGRL RESNBdeBNEIolving XXVIII. 30 These
regioisomers can be separated by conventional chromatographyﬁnethods, affording the desired
intermediates of structure XXIXa (Castellano, S.; Milite, C.;&ampiglia, P.; Sbardella, G. Tetrahedron
Lett. 48 (2007) 4653). WO 2010/055005PCT/P2009/064813>x43 - Selective hydrolysis of the
acetate group in XXlIXa to give the 4-hydroxy-naphthalenestatboxylic acid esters XXX can be
accomplished in the presence of a base such as _potassi arbonate, sodium carbonate, sodium
bicarbonate, sodium methoxide or potassium tert-bytoxideuin-a suftable solvent such as methanol,

tetrahydrofuran or dichloromethane at rpom: s
carboxylic acid esters XXIXb can 10 tFansfor Int6 compounds )00( by a reduction reaction with
sodium borohydride in an alcoholic solvent such as methgRgl at a temperature between 0 C and room
temperature (Fuganti, C.; Serra, S. J. Chem. ReseardtdS) (1998) 638). Preparation of intermediates
XXXI can be accomplis_hed W@é‘?g}ﬂw- )é A/vit@ggnz% 8hlfpﬂr(ig%ea%rhp?&;¥llj§r9mide 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

temperatye hetuaen oo AMRGIAHY ¢ AR B CelPExeIRbfRHR fRedialionL Ak ester group in
XXX with lithium aluminum hydride gives the naphthalen-2-ylmethanol comguounds, XXXII, This

reaction can FRTBHIRiCATRAGAEC eIt BrgaRiRe MR QUERSS (ORBR JYBRIFIR ettt dter,
toluene, or maddreS heyeaigah aserepetatibelbatweemi@and 80 C for several hours. The
chloromethyl naphthalene intermediates XXXIII 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 0O
C and 80 C (or the reflux temperature) for several hours. 30 Conversion of chlorides XXXII! to the
naphthylacetic acid esters )OOCIV can be accomplished by a palladium catalyzed carbonylation
reaction under one atmosphere of carbon monoxide in the presence of a base such as potassium WO
2010/055005PCDEP2009/064813 - 44 - 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

tatralkkicel(trinhenvinhoenhinalnalladirim/(O) or trieldibenzviideneacreatone)- dinalladinim/O) in the nreacance



The benzyl-substituted naphthylacetic acid esters XXXVIII can be synthesized by 30 Negishi coupling
reactions between the trtfluoromethanesulfonate esters WV! and benzylic zinc chlorides )(XXVII.

These reactﬁ%szg{&,ﬂgﬁgged out in the presence of a palladium catalyst syeia$RAYREIM(I1) acetate

and a phosphine ligand such as 2- dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-Phos) in

tetrahydrofuran at WO 2010/055005PCT/EP2009/ 94813 -45 - temperatures between 60 C and 70 C

for several hours (Metzger, A.; Schade, M. A.; Knoche!, P. Org. Lett. 10 (2008) 1107). Hydrolysis of

esters XXXVIII to give the compounds of intergst Id can be eﬁéily accomplished using methods that

are well known to someone skilled in the art. For 5 example the reactions can be carried out in the
roxidg or lithium hydroxide, in an inert

“-i" ¢

presence of an aqueous solution of base such as sodi
solvent such as tetrahydrofuran, 1,4-dioxane, water, or s es fRereof, at a temperature between
room temperature and reflux temperature for several hours. The benzylic zinc chlorides XXXVII
employed in the Negishi coupling rea&tions 10 involving igtermediate X)CXVI can be readily prepared
according to Scheme 10. Reaction of benhz Horidesy XX XIX with activated zinc metal in the presence
of 1,2- dibromoethane, chlorotrimethylsilane m chloride in anhydrous tetrahydrofuran at
temperatures between 0 C and 40 C frSevef S gives the intermediate benzylic zinc chlorides
XXXVII (Krasovskiy, A.; Malakhov, V.; 15 Gavryushin, A.;JKnochel, P. Angew. Chem. mt. Ed. 45
(2006) 6040). Scheme 10 For the specific case wirgbé R4ds S02R7 and R7 is limited to lower alkyl,
20 trifluoromethyl, benzyl, phenyl or phenyl substituted. by halpgen, the Negishi coupling reactions with
trifluoromethanesuIfonat@’ﬁ‘ﬁf@i’?‘n@d%?e@%&i\ﬁiﬁﬁ?Bdé §rﬂgﬁggﬂtﬁiﬂ&§8‘| Yl-substituted benzylic
zinc chlorides XL according to Scheme 11. The resulting sulfanyl-benzyl substituted naphthylacetic
acid esters XLI can be oxidized.to sulfonyl- j t [ i XXVII
where R4 is Eﬁ%%bgﬁanﬁﬂéﬁrﬁwgéj %% 'B)%:/éﬁ J?ilﬁi%l)a ##&%%omet %%E’%@ﬁ%ﬁ%@ﬁo@p enyl
substituted byriEiateacauidailyarsep XK GRID dRies thereemywmiaiis’ofsiferedtid. WO
2010/055005PCT/EP2009/064813 XLIn =0, 1 R7 = lower alkyl, CF3, benzyl, phenyl, or phenyl
substituted by halogen R20 OH RIR5 10 S-R7 R3 n =0, 1ld R7 = lower alkyl, C%F,, benzyl, R7 =
jower alkyl, ARSTECHEPEIRRILS: BRSRYE BHERR O/ R R G R R HEM R e ted by
halogen The dtegishhaosytiyeactotsblesalesortbsiért trenenfethans st 8 ¥Blers XXXVI and
benzylic zinc chlorides XL to provide XU are performed in the presence of a 5 palladium catalyst such
as palladium(ll) acetate and a phosphine ligand such as 2-

dicycloh&fylghosphimobzdireith s exgpash ema TP kodsatastiariyaermanace Al peranitds between

60 C and 70 G farseyerakhouis0detesss itSehaserMndrsdtnmeieh R iOHatHLO (2008) 1107).
Oxidation of intermediates XLI to the naphthylacetic acid methyl esters )(XXVIII can 10 be

accomplished using an oxidation agent such as m-chloroperoxybenzoic acid (mCPBA) or hydrogen
peroxide in aisuliablerialvienisubb psdisiilononttindaeioraiechiotbetbamedondmadorsowis solution if

hydrogen pergs s bestl 3t ARTREIRERONESNO C.A00 RIS for soveral fours

. o] : .
Alternatively, po"%assmm peroxym may be employed as an oxidant in 15
mixturesléf water with an organic solvent such as tetrahydrofuran at temperatures between 0 C and

room tempergiuRdUngRyERMMAHES Y ErRlYvie-0bastelpatiel il tHe shredbeneemprisndaf interest Id
can be easily accomplished using methods that are well g“m% to someg@e Skj%lﬁc ?lg he art. For

example, the FeREABRESEH B ArRERBRIEIS R PrES R LG WHRRILE s ik

2010/055005fPe Hidip 2009054313 -47 - base such as sodium hydroxide or lithium hydroxide, in an

inert solvent such a 15%5%%% furan, 1,4-dioxane, water, or mixtures thereof, at a temperature
ature an

between room temp "reflux temperature for several hours.
20 (2} fluoro;

(3) methyl;

{4) chioro;

(5) triflucromethyl and
(6) methoxy.

25



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 activate 6?&'576?%%@ the presence of 1,2- dibromoethane, chlorotrigefhylsilangand 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). Schem 12 XLIIXL R7 = lower alkyl, CF,, benzyl,R7 =
lower alkyl, OF 2 berieyapeethgdingol e supsemiiavphanis irged substrareaouieaytbhenyl For the
specific caseryheg R} [t iadagrasian anbRAiis bmitad-oneiiaer Apdieisreay!, optionally
substituted by lower alkyl, or phenyl, optionally substituted by methanesulfonyl, compounds of interest
of type Id md%/yg@ﬁ?é‘pared from the trifluoromethanesulfonate esters XXXVI according to Scheme 13.
In this sequence, Negishi coupling reactions between XXXVI and benzyloxy-substituted benzylic zinc
chlorides XL provide the.naph cefic acid e | jates X benzyl
ether groég) ihn)?ER\ghgegRgré @g g{%@%éaﬁg‘?ﬁg?@toﬁ%ﬁ%%;ﬂ ﬁﬁ%ﬂ%@c@# B{Ee?e%rg?\éaéﬁé% ation reaction
to give interneédeamdadLy I BumEdastGelingreskirtie TisveersiaryiharebuipiRiRBAE XLVI yield the
naphthylacetig,ggid ester compounds XXXVIII where R4 is limited to either heteroaryl, optionally
substituted by lower alkyl, or phenyl, optionally substituted by methanesulfonyl. Ester hydrolysis 25
furnishes the compounds of interest Id. XXXVIII (n = 0, 1) R4 = heteroaryl, optionally substituted by
lower alkyl, oinpdrenibr grtitmnady substivied bye 3G ddatTreNizgishidbesso tpréectionsdetugeen the
trifluoromethanesulfonate esters XXX, e N ' ic zing. chlerides XLIII to
provide RLIV S L S G TR L e e e o daigy e A e ) acetate
and a phosphirghiigand such as 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-Phos) in
tetrahyrofur AagRISIRNIES IRBUBRLAD AN s RvPRLaME (Y ereasirpaBgbade, M. A
nochel, P. rg

. Lett. 10 (2008) 1107@. 10 Removal of the benz%/l rotecti roup i, XLIV through
catalytic hydrdgerBais ArRSRISBRENHEE W AP CoRiRYE KRB PEAR 85&%??%#%’3?&%5? dhe atmosphere
of WO 2010£55Q05PCT/EP21 09/064813 - 49 - 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 témperature for several hours. Phenol compounds XLV can be converted to the
trifluoromethan&@salitr-nerbeuasm RO BN th aeittioMaRiip tiF dibeetae teanetrtarfeRithydride in
the presence @fgmaBing- PRS- SAL ARy RS, isthydpeine s dilserionyieihylarting and in the
presence or absence of an inert solvent such as dichloromethane for several hours. Alternatively, the
trifluoromethdERIRGHE esters XLVI can be obtained by reacting compounds XLV with
N-phenylbis(trifluoromethanesulfonimide) in the presence of a 10 base such as triethylamine,
diisopropylethylami i B’%‘? , ' in.an.J

diohloron B e TR vera
hours. The n&@piferyrdedtis abriresaauisx Prraptriie RESSHmrEEERRIDYBATBRIRBis limited to
either hetero%hgggpnally substituted by lower alkyl, or phenyl, optionally 15 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 presencelafanpaiiaichuiment #hespssentasetiakisériveetadpbdsplomejmaitadi ontdinula |

bis(triphenylpho gﬁq’%@ﬁ ium( %l ' ' gfgIJ), 2

[1,11-bis?%iph%r§ﬁp osp %lg%%g%c%rge 8 Eég? é‘.’&ﬁ%ﬁ%m a!it%%%ﬁ@legéénbgsg ggé%c’gsdggas%m
carbonate, sdBRIB@ 4 sORBREINSRESSsium carbonate, or triethylamine. The coupling reactions may be
performed in a solveg wg'a&;oluene, 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 eég?lf)%oéccomplished using methods that are well known to someone skilled in the
art. For example, thé&jeaetighs can be carried out in the presence of an aqueous solution of base such
as sodiurjrbhydroxidsdr(i%ii[]&g}n@ﬁ;p)ggg, in an inert solvent such as tetrahydrofuran, 1,4-dioxane,
water, or mixtures thereof, at'a tenfperature between room temperature and the reflux temperature for
several hours. 30 TI@) egtPgioxy-substituted benzylic zinc chlorides XLIII 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 WO 2010/055005PCT/EP2009/064813
- 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 benzyfic zinc chlorides XLIII (Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Knochel,
P. Angew. Chem. Int. Ed. 45 5 (2006) 6040). Scheme 14 CI



CI XLIII The 4-hydroxy-naphthalene carboxylic acid ester intermediates XXX shown in Scheme Scan
alternatively be prepared according to Scheme 15 starting from the 3- 10
carboalkoxysgphigpyk=aRutenoic acid compounds XXVIII. Hydrolysis of ijetmediates XXVIII
generates the dicarboxylic acids XLIX which can be cyclized to 4-hydroxynaphthalene carboxylic acids
L. An esterification reaction of L affords the 4-hyd r(i y-naphthalene carboxylic acid ester intermediates
XXX. Intermediates XXX thus prepared can be transformed into the compounds of interest Id using the
15 methods BufiiRadisyiscaErrIonEinbmeaseIXIXiIon 6 dRFiptcmiBelRREPUOFRIOIvhich can be
synthesized gsAgecrieshaRaxedinesnemeshsal radib urdawndrdralysiele gffRrd the dicarboxylic
acid intermégia%es XLIX. 20 This reaction can be carried out in the presence of an aqueous solution of
base such as'53J4RithH-hydroxide or lithium hydroxide, in an inert solvent such as tetrahydrofuran, WO
2010/055005PCT/EP20091064813 -51 -1,4-dioxane, water, or mixtures thereof, at a temperature
between foo 3 . r f I clizati the, dicarboxylic
acids X1 o A DA S e LB e
trifluoromethahstmicoa sideamassmisalbnassararioviseverigRdneseeiomeren R isim, H. N.; Park,
H. W.; Lee, KadrBull. 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
temperaturesrlgnbétargmrirogaT tenhpeiaknetan grd8«Dovthveveflsxitenipe tattive ctonsewedal hours.
Alternatiyely Q}S rificafi ' ied in t e thi %{@- oride and a
suitableia(lslacoﬁo sﬁﬂ/@nﬁt éﬂ%ﬁé‘gﬁ’%%%ﬁgﬁ%?%@éﬁo asft% ﬁéﬁﬁ%ﬁ%@%ﬁﬁgg %@ arnr%d 80 C (or the
reflux temperalite) for several hours. The trifluoromethanesulfonate ester intermediates )O(XVI
described in Scheme 9 15 can alternatively be synthesized according to Scheme 16 starting with the
4-acetoxy naphthalene carboxylic gcid ester intermediates XXIXa. Reduction of compounds XXIXa
provides inteVARMTESHET e SNBSS de PEAELIH X ERGHHIER IR R B B BRI Bre
chloromethylah&phtbzéne poanpacadscklly Ecrepabimsail oasdtersranstaiaeiatoR? is
trifluorom;tha,ﬁﬁ%pg%%%?lesters LIIl. A carbonylation reaction 20 of LIl 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. WO 2010/055005PCT/EP2009/064813 - 52 - Scheme 16 XXlIXa (n =

0,1)LILII  LIIN@ratMédpartulatdhbsdnasatiey apbibaioasisaraandiaactd asieninigimediates
XXIXa, which fC%? betfﬁrepared as des,crll?ed abo(\ﬁam Scheme 9, can und?r 0 a redyction reaction to
S S

form 5 alcoh8ld Y TTH Ehe P rHTRCEHICa N A6RED Eiﬁé%tﬁg%rﬁsgﬁ@nt%%r%fﬁ 8513 Bmifum hydride or
lithium alumimetindmdride in an inert organic solvent such as methylene chloride, hexane, toluene,
diethyl emer, 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 actorRhReretrtiadimaibbs masem sHEa e sriRGSIbivdssHiRERPdRrCREft organic solvent

such as tolugpenaeatenishlensieBlareme tirredbid\sdim eHadiernmansts ridairarydigdurdn at a
temperature bet\é/een 0 C an 120ﬁ:D for seﬁeial h($urs. Compounds LIl can be converted to the

trifluorometh&ite ﬁﬂgﬁgt@%% FE5P) EW@L% HEEY8%¥tion with trifluoromethanesulfonic anhydride in

the presence of an amine base such as pyridine, triethylamine, or diisopropylethylamine and in the

presence<or bSRRGROLAR JARH ,"fﬁé‘gp?é’s?gh?ﬁn%%%ﬂqg%i?@é?{bdﬁ:féﬁ%%%‘fﬁﬁ%hﬂ%”&fat temperatures

.
between 8OC and room temperature. Conversion of compounds Llll to the tri uprorﬁnethargesulfonate
ester intermd@Etda I @ ORX e s ceerRpiaMe s His PhantmuiberarhhatEEdRBRTIR o reaction

under one atggsRNgsarRiCaHABUNRENglelidhediestnee ¢tiamaRe SHChAsPAtASSIHAEANVO
2010/055005PCT/EP2009/064813
in another embodiment, the present invention is directed to the compounds of
30 formula | or pharmaceutically acceptable salts or esters thereof wherein R', R?, and
R® are as defined previously for formula |, except that one of R', R?, or R® is not
hydrogen.



-53 - 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 pallagiy3eaialyst such as bis(triphenylphosphine)dichloroPalladiggi{impaliadiym(ll) acetate,
5 tetrakis(triphenylphosphine)palladium(0), or tris(dibenzylideneacetone)- dipalladium(0), in the
presence or absence of a ligand such as tricycloh%);lwphosphine, triphenylphosphite, or
triphenylphosphine at a temperature between room temperature and 90 C for 10 minutes to several
hours (SchodhBEfgPAticEERsBRPYIMERidkerRresent eriineis. dpeleryio Bg rempourse of
4-hydroxy-naphHiylacstisrasidR @At Hpeshaise ¥ XHe\beesmiberkabaverierSicieme 9 can
alternatively be prepared gccording to Scheme, 17. Starting with the naphthalene carboxylic acid
compounds Eedg%%ﬁgé%ﬁ Fe Cf@,sg%%lﬁétion reaction affords alcohol intermediates LI which
then undergo a chi¢tirtativagemaction to provide compounds LII. A carbonylation reaction in the
presencesof methapgl Ojr% ethanol gives intermediates MOCV which can be converted to compounds

of interest Id using the methods outlined in Scheme 9. Scheme 17 R2 R1 R1 OH OH
LI LN (3) chioro,
4) lower alkyl,

- (4)
(5) trifluoromethyl,
(6) lower alkaoxy, and

10 (7) cyano.

in a particular embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptabie salts or esters thereof wherein R® is
selected from the group consisting of:
(1) hydrogen,
15 (2) halogen,
(3} lower alkyl, optionally substituted by halogen, and
{(4) cyano.

in a particular embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R® is
20  hydrogen or iower alkyl.

In a particular embodiment the present invention is directed fo the compounds of
formuia | or pharmaceutically acceptable salts or esters thereof wherein R® is
hydrogen, fluoro, or chioro.

In a particular embodiment the present invention is directed to the compounds of
25 formula | or pharmaceutically acceptable salts or esters thereof wherein wherein R
is methyl or ethyl.

In a particutar embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R® is
hydrogen,



R3)00(V (n =0, 1) Id 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, Jhis,E8@ktion can be carried out in an inert organic solvergspeb,asigighydrofuran,
diethyl ether, toluene or mixtures thereof, at a temperature between room temperature and 80 C for
several hours. WO 20101055005PCT1EP200910 488_13 - 54 - Transformation of alcohols LI into
chlorides LIl can proceed using carbon tetrachloride in the presence of triphenylphosphine. This -

reaction can'BcRtISPETHEWBRMRUORRDS RS tatanitrbBIdie AR toriiRIEO ToNRERES
N,Ndimethylfgrisanpide @ paishiemngtianac sdndemparatureSietweandh ek h?R°Gs5 for several
hours. Conversion of the chlorides Lit to the intermediates XXXV can be accomplished by a palladium
catalyzed ca 8fﬂllation 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 Hbaepbe gttty ebesoRrsiieat he PiaaeMyaYSRiieM ISTHS HaR IR RTHPOAARTe carried
out usingsa psH ek ¢JatyRirpeR e Bis(HtRkemRhosRhreskisk! aneRafadhiara R Pilladium(ll)
acetate, tetrakiF triphenylphosphine)palladium(0), or tris(dibenzylideneacetone)- dipalladium(0), in the
presence or 588 tice of a ligand such as tricyclohexylphosphine, triphenylphosphite, or
triphenylphosphine at a temperature 15 between room temperature and 90C for 10 minutes to several
hours (SchodmBERIN PBHAGREMDAJERRIRN & PIEISHY. RSHPRS HIrerigRiey MBRRARGElY,
compounds of itarest |l GHuRERENRAY a6605HREG: Oafiebemasts Blarbrarremitr’ is
4-hydroxy-nse]1%$é?@:ene carboxylic acid ester intermediates )00( which were described above in
Scheme 9. Su ation of XXX provides the 20 perfluoroalkylsulfonate esters LIV. A Negishi coupling
reaction between intermediates LIV and benzylic zinc chlorides XXXVII gives the naphthalene
carboxyli€ adil @¥Eier PertiRe@neirreinsaidbrP@tIY MvevtisRdsddrRaisstiales-R)PRIEW Nl
compounds l¥foMigh canhatrassiaanndde-eplarmmalny bsdasiisiiad sapithalanes lodthA.

carbonylation reaction in the presence of methanol or ethanol 25 gives the 4-benzyl substituted
naphthylacet; ' . \ lysi ol ' R3
VI (n B e R B L B ween
intermediate YXradia bosaryiaaenicadly scsniabssaifuorsaiemdrsafismersiafydride,
N-phenylbis(g;jﬂmﬂ&mnesulfonimide), or perfluorobutanesulfonyl fluoride in the presence of a base
such as triethylamine, diisopropylethylamine or sodium hydride in an inert solvent such as
dichloromethan f r ' mide.. ; t r several
hours. Tr}?f n?pﬁ%ﬁgrt éﬁ%ﬁ?gﬁ@%@%@lﬁ%ﬁ@gﬂ }%é;ﬁrﬂ%ﬁ%ﬁ?%@g%ﬁo %%@@%ﬁﬁo reactions
between the PeidiBedIRy BOFEHAEE distaly 2Foeniabth s PerRaetemdnaR i deesON ISThese
reactions arensgiiigg.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-dicyclohex g -2:.6'-di | )g =P in.refr t MRsaidees
between 60 é#ggn%ﬁg %@?ﬁﬁcgg%e%]aﬁ%% i’qgt%l\%l {%g?Pﬁ%%@dg%gﬁwgﬁcﬁhel B gﬁgg Lett. 10
(2008) 1107)°fReBénlpiehrieearifitadveckeniadmssle @i e ernBgrenl ®d@tiRgTelictions can be
readily prgpagggraccording to Scheme 10 as described above. WO 2010/055005PCT/EP2009/064813
- 56 - Reduction of the ester group in LV with lithium aluminum hydride gives the naphthalen-2-y1
methanol co ' ' [ n.ani rgani as
tetrahydrofurrgrﬁé?ﬁ%aﬁrg])‘jsx éédtﬁgg, f‘otﬁﬁgﬁﬂgﬂtﬁ%] turﬁ%@?&%@ g{: igr%é%%éga%?ﬂ ‘(3'-3’%)(\%51 4en%§g Cct%nd 80 C for
several hourdoBnplel &hilBreMmelRg et RERaRiaPiR FAtRaRSIeV IINSARMb & BFEYRRd By the treatment of
compounds Lh\éqd@gh_carbon tetrachloride and triphenylphosphine in an inert organic solvent such as
toluene, acetonitrile, dichloromethane, N,Ndimethylformamide, or tetrahydrofuran, at a temperature
between 0 € aneh (AR He (slus demneias redan severalauisrAlienatixely schigrination
reaction 10 can be accomplished using thionyl chloride either neat or in a suitable solvent such as
dichlorodfethah®remerbrsmhaNrRCgiHHEETYIRSIPREIARR SBEh2E REIHF (ORISAEVAIEMRRrdfures between 0
C and 80 C (eyshe.reflux temperature) for several hours. Conversion of chlorides LVII to the
naphthylacetic acid esters )(XXVIII can be accomplished by a palladium catalyzed carbonylation
reaction under one 15 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, 20
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 90C for 10 minutes to several hours (Schoenberg, A.;
Bartoletti, I.; Heck, R. F. J. Org. Chem. 39 (1974) 3318). 25 As described above, hydrolysis of esters
)(XXVIII 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 adirianiic eonlition of bace crirh ac eaditim hyvidrovide ar lithitim bhvdrovide in an inert enlvvent cirich ac



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.
Transformatign, of inteEgsdiates LV into the compounds of interest Id subﬁgg)ﬁg%%gggﬁgeds as
described in Scheme 18. Scheme 19 LV (n =0,1) 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 LVIII, a base sUtl:ﬁ ‘as potassium acetate, a palladium catalyst such
as dichloro 11 'a5e{{espRafvipRbspmpdifEoeeRI¢RaMdNYATigbis directed to the compounds
bis(triphenylphesphine) sHishisraBallarism Goaniindha i eseaea-OrRbssNyRSER &8 ghosphine ligand

such as 1,1'3%5%diphenyl byhosphino)ferrocene, The reactions can be carried out in an anhydrous
organic solvelRSRavA8 ',%akgﬁi?ét'w,tﬁ@imémo? mide, 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 20otaj.refisnie 6epodmers 08y, eseRé Iseikrcsuiiered e fioh swepmeeds boronate
esters LIX ang Rengys DEpmigesictianad dprtesXX Xl X e 9 muerhansylsroituted
naphthalene carboxylic acid WO 20 0/055005PCT/EP2009/064813 -58 - ester intermediates LV can
be accomplidtEHNIPHLprasenEd 5 W palladium catalyst such as palladium(ll) acetate,
tetrakis(triphenylphosphine)palladium(0) or palladium(ll) chloride, a base such as sodium carbonate,
potassium cdrbenEher aepswssiemPpHephEite ars Nty prése i ditcibénte shaphodghine ligand
such 5 as trim?eawmipsehgﬂ%;ﬂaaeé%i EEHIbIEaditY B BUMH 8P SONRIISSHERas
tetrahydrofuran, 1,2-dimethoxyethane, ethanol, toluene, or acetone with water at temperatures
between roofi%&Riperature 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 estéPintér@ireikaeparicprsireadyens herrpshalidy Sunnkscdgsiag ledetichrarednding to
Scheme 19 C&w&wﬁ%%ﬁﬁrﬁ%@aﬁ%%ﬂmem of IdeRSIHE LISNchingmethods described
above for the preparation of compounds Id from LV according to Scheme 18. Scheme 20 xxxvi (n 0,
1)LXI= 0, 1) FRYOrORENORE  xxXVIIl (n=0,1) Id Alternatively, compounds of interest Id can be
synthesized according to Scheme 20. Starting with the trifluoromethanesulfonate intermediates XXXVI
described in Bohirotieoparisalloame ediaydbdhpistent mveattorsfdifsistasstonba opomaengster

compounds o forf $47ukhAAHPIRG 1RARPA-RENRAD otk RdRERZM HIMiFes diX ROOr benzyl

chlorides XXXIX gives the intermediate naphthyl acetic acid esters XXXVIII Hydrolysis of the ester
group inlinterMEBREE%RKLI1I provides the compounds of interest Id. WO
2010/055005PCT/EP2009/064813 - 59 - The palladium catalyzed borylation of
trifluoromethamesatfgiaedicuiRxeme give théboress Byrntiotemiigicies Xneanbepaddrmed in

the presenceo@ffe}ﬁ(m@acaﬂaﬁmmgmﬁc\éuy 8RaBEBICRAS RORIFLHN RERIBICAdEHIAfiuR catalyst

such as dichloro 1,1'-bis(diphen IphosPhino)[ferrocene palladium(ll) 5 (dichloromethane adduct) or

bis(triphenylgEEEphiMERIRRIBASPRNSRYH @R K THESRESHRL TBPY BREEYIRRY ligand such as

1,1'-bis(diphenylphosphino)ferrocene. The reactions can be carried out in an anhydrous organic
solvent such asanbgioRaitiey i erdirmdimend irtapiesenbindenéonybslimsiriblathernparaurds between

90 C aﬂ§015Q9@oﬁ%J@%%%HFﬁ%%Q§&W§%’h@H§&M@a@é‘gr%ﬁ%lfﬁéiémm?eﬂﬂ*\/@rata’ 10M.;
Miyaura, N. J. Org. Chem. 60 (1995) 7508).
loweT alkanesulfonyimethyl.
In one particular embodiment the present invention is directed to the compounds of
formula | or pharmaceutically acceptable salts or esters thereof wherein R* is S(O),-
R”and R’ is selected from the group consisting of:
25 {1} lower alkyt optionally substifuted by haicgen;
(2} amino;
(3} methylamino or ethylamino;
{4) dimethylamino or diethylamino;
(5) morpholin-4-yi;



The Suzuki coupling reactions between boronate esters 11l and benzyl bromides LX or benzyl chlorides
XXXIX to form the benzyl substituted naphthylacetic acid ester intermediates XXXVIII can be
accomplisheg intheRegsence of a palladium catalyst such as palladium(i)-g6888060/064813
tetrakis(triphenyl-phosphine)Palladium(0) or 15 palladium(ll) chloride, a base such as sodium
carbonate, potassium carbonate, or potassium phpégbate, and in the presence or absence of a
phosphine ligand such as triphenylphosphine. The reéactions occur readily in mixtures of solvents such
as tetrahydrofuran, (&) 2iggfidhds¥ethane, ethanol, toluene, or acetone with water at temperatures
between room temperafygaand: 140 C (or the reflux temperature) for 20 30 minutes to 20 hours
(Chowdhury, S.; G rghiou, P. E., Tetrahedron Lett. 40 (1999) 7599). As described above, hydrolysis
of esters XXXVIII t %iv’%@%’@rﬁﬁ%ﬁgg 'interest 1d can be easily accomplished using methods that
are well known to s@nedaretskitted antitveyaripEazéxdrgple, the reactions can be carried out in the
presenceof an 25 ep ] f ba 1.as sodiyn ' lithi /droxide, in an inert
solvent sach as tetra ﬁ%ﬁ}ﬁw ﬁ%fﬁf&aﬁéﬁﬁ gf&n&%@?%%%%ﬂ 5{!} g5 té{er%gg?a%re between
room temperature aht) fefRilarapieearir ifsiraaletalthours. Alternatively, compounds of interest Id can
be prepared accordifg gg;é}ggﬁm@ &4 starng-fiorethgdffiseromethanesulfonate intermediate )(XXVI
described above. 31? Suyzuki cou i!ing reactions between XXXVI and the

4,4,5,5-tetramethy -‘@(Lb@ﬂ% {L?- ,3,2-dioxaborolanes LXII provide naphthylacetic acid methyl ester
intermediates XXXV} phatrglpsitoo e esténgedunshialogex dh rdffordsnteyhaphthylacetic acid
compounds of interest 1d. Id The Suzuki coupling reactions between XXXVI and the

4,4,5,5-tgjramevinér tharu)smBspibudrnent e deparespaddnibedpenss of a
palladium 5 catalyst such as palladium(ll) acetate and in the presence of a phosphing. ligand such as
b-dlicyclohexLBHBMP R B8 e BRIM FRETRIP R SR P TR TS ABRERR A B cArfed out in the
presence of &R ars R igiealaftadimsn suelyas potassiding iosphate in a suitable solvent such as
toluene at reflux te gef %}rg"f( (several hours. The :
4,4,5,5-tetramethy1- -éenzyl?—i,3,2-dioxaborolane reagents LXII 10 employed in the Suzuki coupling
reactions are comm@r&iiip@egibie, or they are prepared according to the procedures described in a)
Giroux, As Tetraheq@@é@gyLM (2003) 233 and b) Ishiyama, T.; Oohashi, Z.; Ahiko, T.; Miyaura, N.
Chem. Lett. (2002) 7%0. s%?g,cribed ab?ve, hydrolysis of esters XXXVIII to give the compounds of
interest 15 Id can b eREHY: &ﬂ&iﬁ%@éﬂ%@i‘ﬂ 'methods that are well known to someone skilled in the
art. For example, thérdmetibntcémbe dathetboitdn the presence of an aqueous solution of base such
as sodium hydroxid (ﬁgﬂ%ﬁ m hydroxide, in an inert solvent such as tetrahydrofuran, 1,4-dioxane,
water, or mixtures t g eof, at a temperature between room temperature and reflux temperature for
several hours. 20 Compounds of interest IC can be pre aredcs) a hydride reduction or partial
nydrogenatiol: G CURCSBBRAIRE RelohBERE R PR GRS IR 52 AISHENR Y, 1C can be
obtained2by Hydridie teductomareeidiiparejehstisr ok emiesttnsta] fotoweddysedtenhydrolysis of
compounds L%l I tion. responding hydroxyl derivatives IC
or keto esterf%qgsﬁlgﬁégﬁ?ﬁte i?)%é?gésn% géﬁgﬁ%%égl%%% ‘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. Theseawinas aaichr CarriRsiPHE iR RSYiahiasaebaUs RS IBH AR YREIH@sbunds
dlchloromethagf or ethanrgl, at a ten&p rature bemveer‘ho C and ro&m tergptsraturgqﬁor several hours.
Hydrolysis of®8<REF W5 SoanaET3EAHE @?i\%eaﬁ?&% SRS O HRET LARTROLHNTE Feksily
accomplishe & (BjndR haeth8dssthadtaye 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 {BrApeiRenRENEHIRSETRRFHMRM Hig MaeRh I YeRi e as &rBrsevdRasEErs. 15 In

additior\(;I paft@ﬂ'fbbfﬁ[.@&EB%%&%&S@Mﬂéﬁ%&%W@rﬂﬁé@é&ﬂ@E%EEEI‘R@SZFS 10 to rfhe
intermediate 111,can gecur ynder coptrolled conditions. The reactions can be carried out in the
RUpaiain on o

presence of HSG6AEEY an WO 20101055005PCT1EP20091064813 - 62 -
atmosphric mmslhhlerqwdni'gbtarprebsdimmthydmmmmiamatdwhisl dioteéed sutreasethanmaisor _
methanol at gpeut room te %H&%M‘Q%&b@&g LempsrauEefoy %‘FW&%‘%H%{“W?G reaction can

be carried out in an gtmospheric pressure’ hydrogenation apparatus, under a balloon of hydrogen gas,
in a Parr hydfi§beritornd by i AssiinaberailywURpdieissaibal?egetor (e.g. H-Cube). Resolution of
the racemic alcohols IC into their optically pure enantiomers can be achieved by chiral
chromatography. Scheme 23 10 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 DCIV affords compounds of interest ID. Transformation of the ketones IG to the gem-difluorides
LXIV can be accomplished 15 using nucleophilic fluorinating sources such as diethylaminosulfur
trifluoride (DAST), bis(2-methoxyethyl)aminosulfur trifluoride (CH300H2CH2)2NSF3 (Deoxo-Fluor

reanenty a a-difliinoroamineac or Nl Nl-diathvi-a a-difliinro-tm-maethvibenzvDNNamine (DEMRAY caither



tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between room temperature
and reflux temperature for several hours. Scheme 24 R6R6 0 OH R2 R5 0 g-R7 0 LXIH where n
0 or 1.whergyh5dtisdses Compounds of interest IE can be prepared accpgdingissngme 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 LXIII to the
corresponding methoxy compounds LXV can be accomplished using methods that are well known to
one 10 skilled in the art. For instance, the reactions can be readily carried out in the presence of

concentratedrsgifsifieasigiasa eatpyghiamnetbanet et ellwntompatntetedas sayetahpourngs Hydrolysis
of esters LXV tg) &i}v%tge c%ﬁ)oundﬁjof fnterest IEbr%an R}% carri?d Ot%t in the [esence, é’f an agueous
solution of b35PENHR 49BN EHFHISRIALS RIRIT 2ERyArSRIGE, THeRrOindrPLeiVént Buch as
tetrahydrofui®¢®) 1R’ diosdties Wweatewlor mixtures thereof, at a temperature between room temperature
and reflux temperature for several hours. WO 2010/055005 PCT/EP2009/064813 - 64 - Scheme 25

CO2Et Ph? LX VII DI PEA LXVIII EtO,C CO2tBu KOtBu DMA  The keg intermediate XXXVI-a
(which can b@ GeethasRefipIEcAMeREIEMEIMRASEE S NI SsHRESDINEICAEPoEShd 21 to

make the cogtgexnds Phfqrmariaalsb seBldisede pEped as dasaibridor SekesnerRbisTreatment of
(4-f|uoro-phe%- etic 'd.%L V? with oxalyl chloride generates the corresponding acid chloride in
situ, which is t)%" Iﬁ%‘gﬁnd trédted with the Wittig-type reagent LXVII in the presence of a base to
produce the allene derivative LXVIIIl. A conjugate addition reaction of 10 the allene with malonic acid

tert Dutylestpy shavl EsIBHRIAMNERD IR e AEUNALR Lk iRk OB IR and

subsequent decarboxylation generates the acid derivative LXX. Acetic anhydride-prgmoted cyclization
of LXX furnisiéerRelahphatsmenacaeicaliacrXeRim it P A1 S SIpsRe bviteeR &y i roup produces
the key intergygsiiate’ Xx¥XNas dngagnent 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 XXXVIlI-a, which upon acid-catalyzed
hydrolysis fumnisheth¢healdsined @obmtimeadt the presghtinaniasiortioé¢ed o tbpreenydpacesic acid to
its correspongi [ i Ivati e in.the art. For

PP 51*?%%2%91 g%gg%g&gcgswg%gg CALBR REoUPSd DX MEfBrR B RAL

i
example, the W SPCT/EP 4813 -65 -
S(0)-R"and R’ is methylamino.

In another particular embodiment the present invention is directed to the compounds
of farmula 1 or pharmaceutically acceptable salts or esters thereof wherein R*is
20  S(O)R-R"and R’ is ethylaminc.

in another particular embodiment the present invention is directed to the compounds
of formula | or phérmaceutica[ly acceptable salts or esters thereof wherein R* is
S(0O%-R" and R” is dimethylamino.

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 fo the compounds
of farmula | or pharmaceutically acceptable salts or esters thereof wherein R*is
S(0)-R” and R’ is morpholin-4-y.



reaction can be carried out with oxalyl chloride and a catalytic amount of NA- dimethylformamide
(DMF), in an ether solvent, at room temperature. Subsequent treatment of the in situ generated acid
chloride withabasesEsdt as N,Ndiisopropylethylamine will lead to the gepgtatipnfdiggorresponding
ketene, which 5 upon treatment with a Wittig type reagent such as LXVII in an ether solvent at a
temperature between 0-10 C produces the allene glgﬁi\_/ative LXVIII. The conjugate addition reaction
between the allene derivative LXVIII and malonic acid tert-butyl ester ethyl ester to produce the

tri-ester deriVa@@IRIvasIcHIRI b diMpRt fhesureeriiaypalendadirecerbiadorirP BPEBTESXIde, in a
solvent suchasdNMtal ot isRaimaacaicamds st e Emperdtiss Theastamaysirolysis of the two ethyl
esters in LXIé( :sln#ﬁ: acc&mglished using methods known in the art. For example, the reaction can be
conducted u Fé ah ot BuLSFHRE &N A lithium hydroxide, in the presence of a solvent such as
ethanol, at room temperature overnight. The subsequent decarboxylation reaction 15 can then be

carried oyt bbﬁ%%ﬁ{ggﬁggﬂgﬁg&g@%&%@N&éﬁéﬁm%mwﬁr@ev&;% hoUES, o prpdyice LXX.

The cyclization of t d derivative DOC to the naphthalene DOC1 can be accomplished
as previoushPU@setitd GERREP RS StkalveoFeriahls sRispiestrachereanmbariie Bn# potassium
acetate or soslig-rEetier'akpissnparatupe of 20 about 85C, for several hours. The acetate derivative
MI 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 phenolXatXiher toettieLtar srspotidiagt tfiftapecXdd \fva dam rdBdeddmijiishethbyumedthods
known Indhe b ARIEYBMer e seackin caadafeutnd gritusing dibiarpmediaresylionic

anhydride, in the presence of 21 ase sucll:wgs pyridine or DMAP, in a solvent such as dichloromethane,
at a temperaf{R)afoURER2 i d-MAtoybRIREIBBBOLSP C T/EP2009/064813 - 66 - 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-chloromethy1-4- methanesulfonyl-henzene can he carried out using a Pd
catatyst suct BEU R RSB AR AR & SO S AS BURE T 5
temperature afftnmuiB5 GrtpharodueeBC\AticapEikeastts bydsidysibefrxioatdtbia B°psoduce the
correspondi idd; e;accampli 1 ﬁ?gg KN nzg_%&t;?x E9LeX le,.the reaction
can be (c:igrri(;%(gﬁgtdgngggcggi(? c%%@%ﬂﬂ%&%ﬁg? ace%‘c ac\?él (TEA grl% Watg),%%égboﬁt 30-35 C.
10EXAMPLELY! Mt{oligih exmemPeremmngriambodiments are depicted and described herein, the
compounds of the present invention can be prepared using appropriate starting materials according to
the methods described geperally herein and/or by methods available to one of ordinary ski|l in the art.
5haterials APATACHRAE A B CERAPE IR R AL 2o SR PR LS eI by e
flash chromatddpaphiz dod rdnneseetsey sz plape stz P4 Hignged Moerzn e liguid
chromat&gragh@j)). g gﬁthgwy'%lgg dashshrematography was performed using (1) the Biotage
SP1TM systegn 4and tlﬁ'z Quad 1&/25 Crtgﬁﬂﬂd@gprﬁ(?dule (fror‘rﬁzo Biotage AB), (2) the ISCO
CombiFlash(r) chromatography instrument (from Teledyne Isco, Inc.), or (3) an Analogix(r)

InthelliFlashZ&aTéwﬁhéeW%pbmgMﬁmmﬁéfmawlma&g@mitms )aiﬁedagidt‘a%@fcvwgb@uda.@-)- Unless
otherwise noted, the silica gel brand and pore size utilized were; (1) KP-SILTM 60 Agparticle size:
20-60 rmcror IR 56 085 A5 G et CIag Fob i NEs BSRTTES IV BARILIE S 47-60 25
micron; or (3PATX-RoanQRijsl@odtdayaing Ohw sl Q¢ mettylporiesize: 200-300 mesh or 300-400
mesh. erse-phase preparative HPLC was performed using a Waters(r) Delta-Prep-Mr 3000 HPLC
system from Waters Corporation using one or more of the following columns: a Varian Pursuit(r) C-18
column (10 pih 2pethersericH)an SMOPSIERN e, RIR SR HYERIR PR HE T8¢ SR BTHRVBSDTM 20 x
100 mm) frorps 36 ¥ater iGrRaratoniana soabiedidk RtepEt&aotiBrsdbwpm B TM 30 X 100
mm) from Wﬁ@i r?grsgég‘)r ipn. WO F010/055005PCT/EP2009/064813 - 67 - Mass spectrometry (MS)
or high resol n g ctf %‘?PS/' (HRMS) was performed using a Waters(r) ZQTM 4000 (from
Waters Corporation), a Waters(r) Quattro microTm API (from Waters Corporation), a Micromass(r)

Platforms|f Ufﬂ%%%%;eaﬁwaﬁiymmméwﬂ%%@mﬁﬂvgmoa@w@%ﬁ@a APRRYFIGRwith a 4.7

5 Tesla magnet (from Bruker Corporation), a Waters(r) Alliance(r) 2795-2ZQTm2000 (from Waters
Corporation) CHFER NP SR MACARIo BRI PGS IPSiRRe JravradisseRSddta generally
only indicatestlog,PRfentigrissuniessi ciennisesiiedidMopiidRMS data is provided for a particular
intermediate or compound where indicated. Nuclear magnetic resonance spectroscopy (NMR) was
performed using a Varian(r) 10 Mercury300 NMR spectrometer (for the '"H NMR spectra acquired at
300 MHz) and a Varian(r) Inova400 NMR spectrometer (for the 1H N MR 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 InitiatorTM Sixty (or 15
early models) (from Biotage AB) or by a CEM Discover(r) model (with gas addition accessory) (from
CEM Corporation). Continuous flow hydrogenation reactions were performed using an H-CubeO
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
invvolvzina air-cancitivie reaanente were nerformed 1inder an inart atmoenhaeare Reanante weaere 11cead ac



Preparation of 4-oxo-butyric acid ethyl ester O 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 03/02
was bubbled“;lézt[t}i{) g&) he reaction mixture. After 4 hours at ca. -60 C, tﬁt@grﬁg% I ixture had a
slight blue tint, an ?#_C %1:9 ethyl acetate:hexane, stained in phosphomolybdic amgd ?%’H A)) showed
no starting material remaining. The reaction mixtur%yvas then flushed with 02 for 10 minutes. To the
above reaction mixture was added slowly dimethyl ﬂﬁ“igie (26 mL, 345 mmol) while maintaining the
reaction temperagifebedsicar- g dnnenttithe arieohines tomplerecthd iedticnmusunds was
allowed to waFm, RN B MRPRIALIRENY stEei-pre tghbAKIeR Wasdberiibhied through for 2

hours. The reaction mixture was then concentrated in vacua. Low pressure fractional distillation
afforded 4-oxSBlri@HER dERPeRLF RIS IF R0 ANRMRY small amount of dimethyl sulfoxide)

as a clear, colorless oil. Alternatively, 25 purification can be accomplished using silica gel

chromatography (100% hexanes20% ethyl acetate in hexane). 1H NMR (300 MHz, CDCI3) 6 ppm
081 (s, 2y e U B e R iy S e s e 3 -
7.2 Hz, 3 H).faoriegarapiorobpert@naiseriabm smilg @g@tewctha@mmmﬁi‘r‘przoog/oms13 -
69 - Pent-3-ynjgasid OH 0 Jones reagent (0r03-H2S04) (105 mL of freshly made solution, prepared
by combining ice cold H2SO4 (35 mL) with chromium (V1) oxide (35.0 g, 350 mmol) and 5 100 mL of
ice cold water) was added slowly drop-wise to 3-pentyn-1-01 (10 g, 118 mmol) in acetone (800 mL) in
a 3-neck round:zpotienpdfitaskradridGdiftent taciiorsmixinventian alldinedeto twarecariponn demperature
and stirred for.2 hours, After completion of the reaction, the mixture was cooled at £, and methanol
(45 L s SO L R e e R R R Y e 10 was
filtered througteylad 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?%ﬂ?%@ﬁ&@&%ﬁ%@@ﬁé}ﬁ&@%@ﬁ@%%%@f & RieBrBaREH s used in the
next step witheiuldiforthiesmaificaidany Berdrlaproiageish mathyltastesMoremutidr of pent-3-ynoic
acid (111%6 %4, 1d}"§'%r§nm0|) in methanol (60 mL), was added 2,2-dimethoxypropane (8 mL, 6.51 mmol),
followed by &rop% 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 eihyl argiasnRNGMGahEG MR HYbRdnhhisaihoRAE SO IR AriefRyengedium

sulfate, filtered, and concentrated in vacuo to give a light yellow oil. Distillation under,reduced pressure

gave pent-3-FhBIE4R! NRRFrEGRFBERE @S TR0k SR S SIEsNaLa s eébRriss oil. 1H NMR
(300 MHz, CBetd)l.6 ppm 3.73 (s, 3 H), 3.24 (d, J = 2.4 Hz, 2 H), 1.83 (t, J = 2.4 Hz, 3 H). MS (El+)
cald. for.G6H802 [Mt] 112, obsd. 112. Preparation of 2-bromo-4,5-difluoro-benzaldehyde WO
2010/055005PCT/EP2009/064813 - 70 - 2-Bromo-4,5-difluoro-benzoic acid methyl ester 0 To a
solution of 2-Brsitiena St dipudTeuie R aToisties (8 he ey in ratknbra 00isatpevhy added

concentratedusélWr&w%@ﬂgg%p&&%mr@lhgg,%gaﬂ'dwg)%gqﬁg%@%w@: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 satyra 8d sodium bicarbonate, then brine, dried
over sodium sulfate, filtered, and concentrated to affor ude product 2-bromo4,5-difluoro-benzoic
acid methyl ester (1.48 g, 28%) as a clear oil, which was u '
purification. (2-Bromo-4,5-difluoro-phenyl)-methano

Diisobutylaluminum hydride (1 M in tolgé
minutes. The reaction mixture was stirred
temperature overnight. The reaction mixture wa n-éqolegkfo 0 C and quenched with ethyl acetate,
followed by addition of saturated Rochelle's saft 20 Zolutioh. The biphasic slurry was then allowed to
warm to room temperature and stirred for 2 hours. The ogganic layer was collected, dried over sodium
sulfate, filtered, and concentrated to afford crude (2-6?’6?no-495-diquoro-phenyI)-methanoI (2.55¢q,

go%), which was psash i tbRnext HeRWitheut durber PHEIRatoR. AdBEOer v Reri By ararbenzaldehyde
25



25 WO 2010/055005PCT/EP2009/064813 -71 - dichloromethane (25 mL) was cooled to O C. Then,
sulfur trioxide-pyridine (1.32 g, 8.25 mmol). was added portionwise. After one hour stirring at 0 C, a

second batgh obrieikadamine (1.39 g, 13.75 mmol), dimethyl sulfoxide (pé4/rdsf0481810l) 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 sulfdfeonterticdntasthedmeanciaPrerent. maaHoenoRTERI§FAITH t RIS Blash column,
230-400 meghmiR3Qainhacaiatalin Sexpnsielandest dduampetsaiaiffiepser the Bénzaldehyde (0.47

g, 39%). 1H NMR (300 MHz, CDCI3) 5 10.23.(s, L H), 7. 77 (m, 1. H), 7.52 H). Preparation of
2-bromo-4-cHIgfRYHR ?Q%%i%@oﬁ“ %]?238%08{(#2?—%%&%%@&% SRidE H)J;Pégs%se'%'%lsclBr
Concentrateorstidupteagidifs mifyrwateddded drop-wise to an ice-cold mixture of 2-

bromo-4-,ichloro-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 regction mixture was cooled to room temperature, and

then poured menRiBeE NPT RBTICLIRT 20RAY MerdalhdsLRMIBAGRIIENSES. Zriifstipension was

extracted witl¥ eihyd aeet mk)or B OFgYIGRBaseonasiwvashed with saturated aqueous
NaHCO3(100 mL), followed by saturated aqueous NaCl (100 mL). The organic layer was dried over

Na2S04, filtered, and concentrated to afford 2-bromo-4-chloro-benzoic acid methyl ester (10.57 g,
98% yield) a anidiazraib2Hi2eBinrdbrérthRt & photgt imetreaiimis\Wor 5 and R*is bonded to

2010/0 OO%@&E %2&9%@%@%]@ r“r?g in fed M solution of diisobutylaluminum hydride in toluene
.043'm (ﬁ ded slow ise to

(43 mL, ol) was ad y 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 ah-#@e {pkdife RpMEsaMitRItihindiRes envhiternRlidib adqrecipiatedasteiseiution. The
reaction mixture wa enchefd at -78 C with eth I.acet{s_\te (100 mL). Saturated aqueous sodium

" potassium taﬂ%ﬁgﬁ%&&&%ﬁﬁﬂtﬁe@%%ﬁgﬂ SRgr% was warmed to room temperature. The

organic phase was[«erpdD'at@mﬂs@&m@—bﬁ%i?@;ﬁﬂ@é‘@im@-@bmiua@d; to a clear oil. TLC (30%

10 ethyl geetate/exangs) And 4 MR yeveals At LINLEagted grbromo-4- chioro-benzoic

acid methyl ester a the major component. The crude material ‘Wasldissolved in toluene (300 mL), and
the resulting solutidfrifatudaaney teerrp)-pephthplessikdeetifissiftitylaluminum hydride in toluene

(55 mLa 0.055 mol)[&vegsd@ﬁteﬁ%ﬂ@%%éé@ndﬁi&%éaifbﬁ)Leafmmn&mmlérmgnpqaamm Bt rth\ias
warmed to - 15 45C and stirred at this temperat or 35 minutes. At this time, TI.C (10% ethy
acetate/hexanes) i ‘%ﬂ%é@béﬂchim&)@gﬁ%\%?@ﬁ@cwlgg?ﬁﬁﬁ?)ﬁ]g%’&ueog?ér}ﬁﬂté}rﬁaetghéi .lkf%%]}lgaction mixture

was quenched at -45i€ with ethyl acetate. Saturated aqueous sodium potassium tartrate was added,

and the feaction m@—lﬁﬁo\’r\@i— @m&%@amgh%gm%rg}g_%lﬂg@;gﬁ@g_@}_%g%ngﬂperature for 1 hour.

The organic phase was 20 separated, dried over Na 4, and concentrated to a yellow oil. A solution

of this crude produl4-éYaterissriemanezadifirpaaoyAFRabRsIsAreIGEFidnd the dry silica
gel-supported productiugstoased Bsriolad2d @ siigmgelaeluyinabighaehromatography was carried

out using an ISCO purification system (95:5_hexanes- ethyl acetate ramped to 4:1. hexanes-ethyl
acetate). (2-Bromo&g€h‘l%rl%"flﬁf(1§é"ﬁ‘yﬁt% %@iﬂgﬁ%%ggﬁﬁgg%ﬁﬁ aaie %7"@?88@% ?Fei?d) of a white solid.
2-Bromo-4-chloro-ljéatde (e Be tieO=20101055008 P DA R0 DMBEBaRN-23]-Feed® C solution of

(2-brom %-chloro-gg%nyl)-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 (12667 PBuPrs-ArdymgtharesHEC By SZ i ntRR R NesHiRTPYBIBHER was stirred at
000 for 45 [8-(4-Methanesulfonyl-benzoyl)-naphthol[2, 3-d][1,3]dioxol-6-yl]-acetic acid;

[4-(2-Chloro-4-methanesulfonyl-benzoyl)-6-fluoro-naphthalen-2-yl]-acetic acid;
[4-(4-Methanesulfonyl-benzoyl)-7-methoxy-naphthalen-2-yl]-acetic acid;

30 [8-Fluoro-4-(3-methanesulfonyl-benzoy!)-naphthalen-2-yl}-acetic acid;
[4-(3-Methanesulfonyl-benzoyl)-naphthalen-2-ylj-acetic acid;
[8-(3—Methanesulfonyl—benzoyl)-naphtho[z,3-d]{’[ ,3]dioxcl-6-yl]-acetic acid;
[4-{4-Ethanesulfonyl-benzoyl}-6-fluoro-naphthalen-2-ylj-acetic acid;



5 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 (09 fMa)d@dgduce excess oxidant. The organic phase was drige-gyenddagei4, filtered and
concentrated to afford a yellow oily solid. A solution of this crude product and CH2CI2 (200 mL) was
evaporated 10 onto silica gel, and the dry silica gql-zssupported product was loaded onto a 120 g silica

gel column. Flash chromatography was carried out tising an ISCO purification system (95:5

hexanes-ethyl acetdré)-Dinedis HrRRoREER Y IdRHveR waRhE ke ¢ ad Rorfig 8106 yield) of a white
solid. 1H NMR (30@sMder R G I &R0ikead disedzbli)-Ad8ntdaib B diHcetd Beid;69 (d, J = 1.6 Hz, 1

H), 7.44 (dd, J = 8. 6 Hz, . 15 Preparation of trifluoromethanesulfonic acid .. .
240rmy1-5-methoxé&ﬁ%ﬂ&%i@&@o&%fﬁ%‘fﬁ?&’fﬁp %’#ﬁﬂ%ﬁd’r@?ﬂlm% ndx%ﬁéﬁ%g%eﬁ}%’e (30.0 g,
154 mmol) and Npk@fjdbis{iZdiummedhamnsdsanksnifoidep €78 dyg;reph ttarhAry iietidroasisthane (200
20 L) ws cooled{ord G nan s hake Jisiylamine 3 k) wes Aaed iawbisriaap additon
funnel Whg?le mainta[inlj:r?_ld the r&cﬁ%n temsperzﬁlxljre below 3 C.h&he reac ior‘?an?ixture W&?@tirl‘ed at0 C
for 20 minutes, ancBAfiA &M¥wed to warm to room temperature and stirred overnight. The solvent was

removed under reducedmrgsauraiiarhr residuendisiind-athes (Ghmblewasyadstadicanmtithe resulting
25 mixture was suhse tly washed with water, 1.0 eous sodjum hydroxide, water, and brine,
then dried over mabé @%ﬁa\éﬁﬁgﬁgnﬁt r ,\{Mf&"%8%%%%%?%%96“&9%{5?@98%8@ 8%’3’&??82.59 g) as
an oil. Flash chrom#dduapiy-{ReéniSeidiner sstifcoldnnen269i40 hieslen1DvE-60%8c Rtifbromethane in

hexane),afforded 52,¢ %0,Yi tk 18t 5 i id-2-§0 -5-methoxy-phenyl ester
2 2 GO WO 201 o TS OIS o ot o 2 B SOtz CDCI3) 6 po

10.13 (s, 1 H), 7.96(@d" wermdlRrmatiyy-47(meriinegtssiionyhibes sy inarnialaiylis H).
Preparation of 2-iodgidrfisromethyl-benzalciehyde 0 52-Amino-4-trifluoromethyl-benzonitrile N
Zinc dust (30 g) wa, di rtions to a 5 C salution of.2:nitro-4-triflugromethyl- benzonitrile (3.0 g,
14 mmol) in glacial %(?gt%g@w E?HBY}%?@ éﬁf%)enn%) Eeﬁrré]:l' Was afft v%'/%é3 {%nﬁ%wﬁ%eﬁzomom
temperature, then sigd at room temperature for 1 10 hour. The reaction mixture was filtered through
a celite g, and e pellelavey wempashetwibaRdalagels Acldothaeambjnendiarc and
washings were concentrated to afford 2-amino-4-trifluoromethyl-benzonitrile as an oily, orange solid
which was used in §68equent reactions without additional purification.
2-lodo-4-trifluoromethyihgpzomtiite 1 5udrelpissHym- inskeez (561 FrbmPobrangsadpmmairite (2.4 g,
35 mmol) were addgd "50 a s,olutio(éj of 2-amino-4-trifluoromethyl-benzonitrile (2.58 g, 14 mmol) in
acetonitrile (60 mL)<" rELGIAT mixture was cooled to 0 C in an ice-water bath with magnetic
stirring. Ice-cold cofi@€htiated -Hehétdamsuieryatidezbylbnap bitupenigey ther@th@eishiction mixture,

causing e reaction i imDESRIRR. tiohsty At espsiealar. L searlamixiure was stired

at 0 C for 30 minut hen warmed to toom temperature. Stirrlrcj) at room temperature proceeded for 3

hours. The reactionifnittiietirne pyined-haorrdid- tEHrreriermsg el GrrlieftiSeted ‘with
ethyl acetate. The qeganieiaverwastesiess(NeaB04d)-bifsreshiahdieortcpnuatad teigive a WO
2010/055005PCT/ 09/064, - 75.- purple liquid. olution, of this, crude,product.and. ..
dichloromethane (260 of%v%ﬁé@ﬁ%@rgf&e ({)Rn 0% ||Ic€31nﬁé AR ¥H"eﬂ8§/h%sqﬁ(l:%ngzé -@?ﬁg@?teag%roduct
was loaded onto a $fi€iugel-delémetihaarsaf g ehromatogreiphiynasinth senettyl-acetate in hexanes
afforded%—iodo-4-trgy8{omethyl-benzonitrile as 3.58 g (87%) of a purple, 5crystalline solid.
2-lodo-4-trifluoromethyl-benzaldehyde A 1.0 M solution of diisobutylaluminum hydride in toluene (13

mL, 13 mmol) was &rGeishivi¢ dreransauira brec s ior BESNGAsRRRRGEr SRS A iSenzonitrile 10

(3.58 g, 12 mmol) iztpduene (11 mL). The reaction mixture was stirred at 0 C for 30 minutes. The

reaction mixture w rmed to rqom temperat then, stirred, at room temperature.for 24 hours. The
reaction mixture wa 4??6%‘33%66 ORER %ci)ﬁgtgé H?é%%'r%&'gﬁréa&htgﬁi) k e ed
dropwise to the cold®+ifattimmorixtresihfioestifing-ae0zcyipnapohitiaise< -eprepistitihanikture was
concentrgged to gveAd ML HALIR TR SoRidHa AR RRRISA0 §-bodetiyiene chioride (10

mL) was added. Water (10 mL) was added slowflqu( drop-wise, then 1.0 N'aqueous HCI was added

rop .
slowly drop-wise. Affsf&staRFRE S EoRY-RONRHRESHBMEBRIRMISPRItIFE Pt Y vESeid RS ollowed by
additional methylengrqhleviste 468stonyTRemmiiurerivasrstiset /s etatchoayinatagictheriwarmed to

room temperature. SA1G 8109 20 IRBRAIESEANONES RhAS DinalsR, Lapmixure ves



funnel, and the organic phase was separated, dried over Na2S0O4, filtered, and concentrated to an
oily, yellow solid. The crude product was purified using flash chromatography (RediSep(r) Flash
column, 230:499,M3%85:9-3% ethyl acetate in hexanes) to give 1.44 g (4Q%6r@b2009/064813
2-iodo-4-trifluoromethyl-benzaldehyde as a slightly 25 yellow solid. 1H NMR (300 MHz, CDCI3) 6 ppm
10.11 (s, 1 H), 8.20 (s, 1 H), 7.97 (d, J = 8.2 Hz, 1_%%_7.73 (d, J =8.2 Hz, 1 H). Preparation of
2-chloro-1-iodo-4-methanesulfonyl-benzene WO 2010/055005PCT/EP2009/064813 - 76 - A solution
of 2-chloro-4-(metHArid4entotndanmifanes iiond 2ty ReiEtoRmriRitass wlwastiodie w o ¢,
then sodium nitrite (2090-@4 305 el @Rt pdassiuroiasite-(h A ha03Rimmplwere added.
After the reaction mixt%Jre was 5 stirred for 30 minutes at 0 C, concentrated hydrochloric acid (50 mL)
was added drop-wigEVfa?&ii addition funnel. The reaction was stirred at 0 C for an additional 45
minutes. The react[dr4¥itttaresvdfonyatwodtyirbenzybrhgenrsthiaeistrdfacet® hodgrs. The
reaction qixiure v ROKE IRITENAIEL 490 /BL) AR ekpclagh il deblprgmethane. The organic

layer was washed with water, dried over sodium 10 sulfate, filtered, and concentrated. Flash

chromatography (RédfeEp@nesatiarubiansyD Solkosrerhtneien-330k33RiF #6&ate in hexane) gave
2-chloro-1-iodo-4- paathaneuliomdthRsaRae (4B:%5. BRsEh AR08 M HZCDCI3) 6 ppm 8.11
(d,J=84Hz,1H),800(d,J=19Hz, 1 7.51 (dd, J = 8. 9O Hz, 1H),3.07(s, 3H)..
15Preparation of 1@?5%5 9ﬁﬁ4$ﬁ§%%%‘ﬁ€ﬁ’-)ﬁ3ﬁ%w?ﬁé%?@ﬁiﬂagﬁhale%"iﬁ]“a%ét'c acid;
1-Bromo-4-methangstilfanyt-23rmethd resndfons! o Fozyl sotatishybhaphdwipn-3-ernaiesaany
benzeng (209, 145@Egl v 9laG 2D ACEH BCH R AR AU DIOABINEAAR 5 k. 24398
mmol) drop-wise at 0 C. The reaction mixture was then allowed to warm up to room temperature and
stirred for 4 hours. ¥¢RiEERENt was evaporated under reduced pressure. Flash chromatography (J.T.
Baker silica gel, 60:26Q meshrdRvehexarr)gave thdnesPofyipehanesatiamglea-rgthyl benzene
(30.5 g, 97%) as a clear, calorless oil. WO 2010/055005PCT/EP2009/064813 - 77 -
1-Bromo-4-methan§§ﬁ?‘f6ﬁ§/'ﬁ£2-methyl benzene To a solution of 1-bromo-4-methanesulfanyl-2-methyl
benzene (30.5 g, 1#®Funoh3imaitlyletemhetremdntd Bt nek) iy duuey BretibtopleroXyiienzoic acid
(m-CPB@ (729,5 g@&im@) 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. TheofddricengRiRay-beparindd uniadoveinvbarphieaiene - HrdksdiCAifeoncentrated
to give a white solid4Flastrawomatesramni byl Bakeyisitioarge)- 981200 srasiro 0% eethyl acetate
in 10 hexane) fumishe’@lI 1-bromao-4-methanesulfony1-2-methyl benzene (20.34 g, 58%) as a white
crystalline solid. 1HNNMBSEEFRIHZ, cDC13) 6 ppm 7.80 (d, 3 = 1.9 Hz, 1 H), 7.74 (d, J = 8.3 Hz, 1 H),
7.61 (dd, J = 8.3, 1@ ftiydicky; (3-04e{bas4d)iRB0-toe8 W) maRNIS (st rhrbroinagrdBid 2S [M+]
247.9504, obsd. 24gc%§9§8%5Preparation of 1-bromo-2-fluoro-4-methanesulfonyl-benzene Br To a
solution of 1-bromo-2-fluoro-4-methanesulfanyl-benzene (1 g, 4.52 mmol) in dichloromethane (15 mL)
was added 3-chlordSdrbigBetEaEr R (GHEPBR§ G Y 1PBE M it RRiEh8Is Prixtiire was stirred
at room temperaturggaseraight. To the 10 reaction mixture was added a 10% aqueous solution of
sodium sulfite. The grganic layer was separated, dried over sodium sulfate, filtered, and concentrated
in vacuo. Flash chré%ﬁ%ﬁbodf)a%@yﬁﬁ%@fé%}m?@%ﬁs%sL(ij 0 \{'n _%%Mﬁg%%%rgs%h?%é % ethyl acetate in
hexane) gave 1-bromapt2Rtieor@-4rasiznesdlfonyi-benzene (1 g, 88% ) as a white solid. 1H NMR (300
MHz, COEIS) 6 PDfeTe (e £k Ha £ e d2fng et Ifdifh AapBidalin ). .08 (5, 3
H). Preparation of 1-bromo-2-chloro-4-ethanesulfonyl-benzene” WO 2010/055005PCT/En0091064813
- 78 - 1-Chloro-3-ef#&#8&9inyl-benzene A mixture of 3-chlorobenzenethiol (1.5 g, 10.37 mmol),

iodoilthamre1 (I(?-837 rpi-gHﬁ-%&ﬁ(mm@ihan&gwmymmymm%bmharﬁd—ﬂmm&em acid; \ded. and
N,N-dimethylformam); mL s stirred at.room tempera vernight. lce water.was added, an
the resulting mixturg%\t 4§%%ﬁ3€%§‘?%#§%‘.8&%¢]”e é?’ié&'}?%@%?&%%ﬁ%‘lfﬂ é}’é\%%?é ég%%?ﬁté% washed

with water and brineicittied over sodium sulfate, filtered, and concentrated to give

1-chloro-gethanesylfanyaeheenidt 14 oy P)pw&ﬁkﬂblwgaﬁow-#éﬂdpé%a@sh§%\m@hout further

purification. 1-Bromo-2-chloro-4-ethanesulfanyl-benzene Br To a solution of
1-chloro-3-ethanesfAmACEER Z8kE (1.14 g, 6.63 mmol) in acetic acid

{4-[(2-Chioro-4-methanesulfonyl-phenyl}-difluoro-methyi}-6-flucro-naphthalen-
2-yl}-acetic acid;



15 (10 mL) was added bromine (338 pL, 6.63 mmol) at O C. The mixture was then allowed to warm to
room temperature and stirred overnight. To the reaction mixture was added ethyl acetate, and the
resulting solyfionWassiybsequently washed twice with water, then saturgied seditydigarbonate,
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (RediSep(r)
Flash column, 230- 20 400 mesh, 0-12.5% ethyl ac 5ate in hexane) gave 1-bromo-2-chloro-4-
ethanesulfanyl-benzene (1.4 g, 85%). 1-Bromo-2-chiloro-4-ethanesulfonyl-benzene Br CI WO

2010/055005PCT/EPE BB 48 13 ihape std oRMBNeTHe- reatbibrd ripisreaphdnaliered-#room

temperature overnightyd Bgigolid was filtered off, and the filtrate was concentrated to afford
1-bromo-2-chloro-4- ethanesulfonyl-benzene (1.4 g, 890/%‘@3/ hite solid, which was used without
further purifcation 41 ARECSSONAPI OB 5 R 74 (e S A R A 7 A B 5 8.5 o, 1
H), 7.64 (del, J=8.8¢&;1 Hz, 1 H), 3.13 (q, J = 7.5 Hz, 2 H), 1.30 (t, J= 7.5 Hz, 3 H). Preparation of

4-bromo-2-ethy1-1 esulforwl: A mixiul i Ifit 393 mmol) and
sodium blgcarbonaté%ggg%ﬁﬁ%@%tﬁgﬁ%@@%% Fﬁ?ﬁ&%%g g&hmé %ﬁ'{fé}eg] 2’)’@1?
4-bromo-2-ethyl-bedf@igeasitfonyl chloride (5 g, 17.6 mmol) in dioxane (20 mL) drop-wise via an
addition funnel. Aftesan,Soul. HRimisiuevsasnealed 31 bR Anddirmeanetigacid (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 %ﬁ@ﬁ?@ﬂ@?@é’@l‘ﬁ% @ure was stirred 15 at 90C overnight. After cooling to room
temperature, water(@-asiaddédhpdive yésttingbuspedsautionhié spedusidiyd-nashthdractad with
dichloropaethane (éﬁgg@&é g%IdThe collected organic layers were washed with brine, dried over
sodium sulfate, filtered, and concentrated to give 4-bromo-2-ethyl-1-methanesulfonylbenzene (4.62 g,
100%), which was {FsE#piaHelAsicstefrmnebidsuraiee Yuireaibneto/l-Rarivrelsos vz, CDCI3) 6
ppm 7.89 (d, J= 8.5kkclakll; 7.56 (d, J= 1.5 Hz, 1 H), 7.51 (dd, J= 8.5, 1.5 Hz, 1 H), 3.07 (s, 3 H),

3.05(q, J= 7.4 Hz, , 1.33 (t, J= 7.4 Hz, 3 H). Preparation of o

+ bromo1-methan S NI LAt R GHBH U LRDR P F oV maphthalen-2-yl-aceti aci

254-Bromo-1-methé+jésaHaapb:2Anidihgt ety itesmtiesien$VO:2010/055e02REE(HB20P9/064813 To

a solutiqr% of 4-brogBl é.r-éy%g{%é%%%zﬁgrgﬁﬂﬁg{%}%@%&ge (5 g, 20.58 mmol) in N,N-dimethylformamide
oxide (1. , 22.5¢

(20 mL) was added sodium thiomet 4 mmol) at room temperature. The resulting

solution was heated-t#-6dCatepyyRslinytHerushieregriitrianadnsgebaniegenagnasuienyhe reaction

mixture was poureghidesepld- Natehokhf: resHItBgsuUgPession was extracted with ethyl acetate. The
organic layer was dried over sodium sulfate, filtered, ﬁangg f(:oncentrated to afford the cryde 4-
(

bromo-1-methanesfaPleA HiGTOR EH R AZ e (8B YPNFRERZRYY TRRARIHE YT step without

further purification. ddtiBaioigho-1-methanesulfony1-2-trifluoromethyl-benzene F FBr /tt O To a solution

of +orogp- methanesdBRd A OB aene (5 4. AR ndp slehjorpethane (62

mL) was added 3-chlor ggroxybenzm a (10.59,60.9 mm rtions at 0C over 30
minutes. The reactiérifmiBeizeneswWisheargibifistiuer tvarmelo YoorRttmiearatyiicacaig atifed at this

temperature for 16 fporissrd errasiion wasRedradynte L0 aqHeese sodimsditagplution. The

organic layer was separated, dried qver_sodium sulfate, filtered, apd concentrate in vacuq. Column
Chromatography (SIBTEbE S0 SOUR A B I Mhatr 25
4-bromo-1-methanesetforagii2-trifluoromethyl-benzene (4.79 g, 78% 20 over two steps). 1H NMR (300

MHz, CDCI3) 6 ppny 8.l = 1z, 8,( | dy,J.7.8.2.H H), 3.18 (s, 3 H).
HRMS ? R) cald. f@%%éé%”ré%%é E t]% 1.%%’3%41.6% Sé‘%ﬁ*?%%fzs?*vﬁcg"? %C?d’
2010/055005PCT/EfFoomsuBenzy g £-Finafistone bivanarifyi perz it fEr @8d, 0.20 mol),
iodoethane (16.1 Nk, R0 mebaNd RLARSMRARNHME HFEE 9202 AL dan@lidn
N,N-dimethylforma ig 200 mlﬁg( as si’srre at0 C ov r)go minutes. The reaction mixture was
allowed 1o 5 slowly K T5TIGHY RSRBRER L e THER AR Ge o {UAPeraRF€ overnight, The
reaction mixture wds-fotiredmtenation -sindrthé-restiliirtpsbipsasidryvasctixtestded with ethyl acetate

The orgayic phase yasesied oker sodue sfaie JoredoAnd aonssiltaten o give

1-methyl-3-ethanesulfanyl-benzene; which was used in the next step Without further purification. 10

1-Bromo-4-ethaned@fadgieEnfctivgradierzng-aasiivioreshthatetsbagptnasiddfanyl benzene (32.97
g, 0.217 mol) in glagia L eracehiteasidd 100 miorbRas Helesinon-iaMalehath; Bramingidl 4 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-ethanesulfany1-2-methyl benzene (33.41 g, 67%) as a light tan oil.
1-Bromo-4-ethanesulfony1-2-methyl benzene Br 25 To a solution of

1-bromo-4-e -2-methyl benzene (17.01 g, 73.6 mmol) in dic %; 73 mL) was
added 3-chIcf??o%r?e‘f?r%};l(éy3 b;éﬁls’;oic acid (m-CPBA) (59 g, 342 mmol) in portion%%f\%g% ?‘n%%é?es at0C. The
reaction mixture was then slowly warmed to room temperature and stirred overnight. The reaction
mixture was WO 2010/055005PCT/EP2009/06481%5-"8/ - washed with saturated aqueous NaHCO3,
followed by an aquéddsCEIexataliny stiffiteredtmieHyrhemraite ihyémeihy deecizoireagddium sulfate,
filtered, and concermgt}%ql égtg}ye an oily, yellow solid. Flash chromatography (RediSep(r) Flash
column, 230-400 mesh, 15% ethyl acetate in hexane) furnished 1-bromo-4- 5 ethanesulfony1-2-methyl

benzene (9.5 g, 49%)[:8[%0&%?&9@}%‘?&&%é’gﬁfﬁyM@@T@Z&&‘Iéﬂéﬂb@@zﬁlﬂiiﬁ?@é@r[l\ﬁt}’liﬁs, obsd.

263. Preparation ofstdioanid4-N,N-diethvibenzenesulfonamide Br 0,, >0 10 Diisopropylethylamine

(10.47 mL, 58.79 was.,added C to a stirged, solution of diethyl amine (1.7 g, 23.5 mmol) in
tetrahydrlgfuran (Sg}g%?L g??d%fﬁﬂéer%%ﬁﬁf%&ﬁﬁsamwgggéﬁ?&ﬁ ?ip ?g%r% %&%2@1%%8%%& 'minutes. A
0.1 M solution of 4-iréterbenZemesibroast tonotitpemt-4;Bshyirbinkthwtreanreferad-was added
at room temperaturﬂaggéﬁg%gﬁgction 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 WerRREFEE ROV GRea DA IRs o B ditrdeanal alerredlvate ie dueous HCl,
dried over anhydro{&-Ghiditww guifatehdiiesetbandeongeotratethimepbtittenaffgrdatdtroamadd-N,N -

diethylbepzenesuff ide, which was used in subseguent reactions without further 20 purification.
VIS cald lor CroHTABINGEE (308 Shap Y e ey e elen 251
1-(4-bromobenzenésgiioragiipiperidine Br Diisopropylethylamine (2.09 mL, 11.7 mmol) was added at 0
C to a stirred solution @f RIRRHARGHE-HRBILIMRRIBI5HE my%‘yﬁ%@f@ - a0lithgogaction

mixture was stirred at room temperature for 15 minutes. A 0.1 M solution of 4-bromobenzenesulfonyl

chloride (1.20 g, 4. PPHABY RERERARS/HICRlY AT SRRt s/t R ERlsT rrsot. .
2010/055005PCTTEP2009/064813 - 83 - temperature and the reaction mixture was stirred at room
temperagyre for 2 hours. ‘Lhe solvent was gvaporated. off under reduced pr re. The residue was
cted it S AR e R e e T YRENEE AR ol Hd 4T frate was
washed with 2ethagesdisnoOrwet-oveehinhpapditRaseniiny siitie a6idiltered, and concentrated in
vacuo to afford 1-(4-bromobenzenesulfonyl)-piPeridine, which was used in subsequent reactions
without furthén puiticatifiddmbaliimtons; 11 4BeNORZMEh 39 4irebed. 1304-(Bratparation of
1-(4-bromobenzenesulfonvl)-4-(2-fl -phenvl)-piperazine Br 10 Triethylamine (1.37 mL, 9.78 mmol)
was added at Ztgat%%i"sﬁ?r?g[dbs?o 6%‘6%?@{5%%”%5%&% baé;re{at%:lr‘ﬁag '?:).705 g, 3.91 mmol) in
tetrahydrofuran (12 mL) and the reaction mixture was stirred at room temperature for 15 minutes.
4-BromobenZ2 G RARATHRIBRYTI00S; 5190 PisRAoH NESURREAtr e léith mixture at 15 room
temperatore dinaetheselhationirbixinee Wad siitetpt teoen 2wipacativeder 5 hours. Tetrahydrofuran
was evaporated off under reduced pressure. The residue was diluted with ethyl acetate (20 mL), and

the inorganicsalisiweredifiewaaibipHenS srlitelet: Thedtate was-washes M H24 dl aqueous Ha

(8 mL), dried over anhydrous sodium sulfate-and concentrated in vacuo to provide 1.40 g (89%) of
1-(4- 20 bronfSHERZEFERHGHY TR LRGSR RBRY Bifsetarinecsiomsit solid. MS cald. for
C161-116BrFN202S [M+1 399, obsd. 399. Preparation of
4-(4-bromo-3miethyispeniferenbifdinpindighoEsenBinadiQ0E0i066605P CTIERRDH064813 - 84 -
mixture was Fufesak[ReRY ISRPSIABIAIAL Lomies A 0i LM golutign of 4-
bromo-3-methyl-benzenegglfonyi cz‘loride (55.0 g, 19 mmol)ﬁ% tetrahydrofuran was added at room
temperatyre and the reaction mixture was stirred at room temperature for 2 haurs. The solvent was
evaporated O LNHG T ot e o o B & R e St B e e
inorganic saltoatraaditiy tidroweihvaizsizg beapthalsitvatd]veastivasted with 2 N aqueous HC1, dried
over anhydrous sodium sulfate, filtered, and concentrated in vacuo to afford '

D e roconp o
urther purl Ication. cald. Or r (0] . . 1 reparatlon (0]
A bremoss e B o o L. 27,8

mmol) was added at O 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
temperaturgang,iggastion mixture was stirred at room temperature for@mnormoibgsolvent 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 .9% 94%) gf 4-bromo-3-
methyI-N,N-Hirfm‘ﬁ%ﬁ@?ﬂﬁﬂﬁﬁﬁﬁﬁl&Wﬁ?\ﬂfdg“{ﬁg@ﬂf%%g%ﬁﬂiﬂﬂ éﬂ;\% f8rTi’9vi‘thout further
purification. MSralds{tomidaRBrNGREHINVe -2 48] 2 celischc280.0. 25 Preparation of
4-bromo-3-methvl-N-methyl-benzenesulfonamide Br WO 2010/055005PCT/EP2009/064813 - 85 -

'V'ethy'am‘”‘?n(%fégéEé&ﬁé‘%ﬁ%&?&’ﬂ}%téﬁr@gﬁke%?if?\%mm&; wasasldladitco stied solution of
4-bromo-3-methyl-benzenesulfonyl chlorldeé 0g,19 mmolbln tetr?é?/drofuran at 0 C, and the

reaction mixfopEwREssHRRd-REreeH temBEE fﬁ?@%&@%’%ﬂ "REEHG G Fhixture was concentrated under
reduced pressure, diluted with 5 ethyl acetate (50 mL), washed with 2.0 N aqueous HCI (20 mL), dried
over anhydroussosizpadcidfatetadiretedhe ares anideyseidriisdibraded ie 16-Pvelnrt- '
bromo-3-methyl:N- S egg@ sulfonamider(dn 280 4%%). as a white solid. MS cald. for
C8H10BrNO@%lﬁl\é/!lEigfg‘j'?{{]}lﬂ obsd. %%g% . 10Prepa§r}a]fion of 3-(ImethanesuIfonyl)benzyl chloride ci
3-Methanesulfanyl benzqjc acid methyl ester 0 _Concentrated sulfuri id (3. was added
drop-wise to'3iTICE GHEGHRET: Oo‘@%?’r%e% éﬁ%%ﬁfgﬁ?/ﬁgﬁ?’o%%%%%%%%@%}%nhmoI) and methanol
(30 mL). Aftghjteagdditiortvasenifpigiohtny benstior] mimatevivaspivisredny toselieatiferature, then

stirred overnight. The reaction mixture was concentrated in vacuo. The resulting oil was diluted with
ethyl acetatgnandrtheposinshesbeiimuatetisllnesshbinsattivat¢d dedien tbipatbonate. The organic
phase was dried over 04, filtered, and,20 concentrated to give 5.4 g qf 3-methanesulfanyl benzoic
acid metfiyl &%ﬂgg%’%iﬁ%ﬂ?ﬁiﬁ@%}ar é%%%%ﬁﬂv%osﬁ&saé%% gﬁﬁas%eq%e%ﬁ?%teps without further
purification. (3-Methanesulfanyl-phenyl)-methanol WO 2010/055005PCT/EP2009/064813 - 86 - A 1.0
M solution of ifs6RugRAIREI AL HENYEREBLIRN (BRIKIR DD PreRprifhBY WA LRI PABIdly drop-wise to
a -78 C solutigapk3-mphaeesyiasnddrnzgicasitimethybesientodngs 30emroolia foltrene (150 mL).
The reaction mixture was stirred at -78 C for 1 hour, then warmed to_r e After stirring at
room 5 temp&FERIRSHr ‘?gwafg; W@P@gﬁ?gnoﬁxmyegﬁvgg SRR %abg gg&%ﬂ%ﬁ@%ﬁ%@oo mL) was
added carefulbhtargsahcittitetkebss dilsEsatytakmisrindisatdet Bharaikas & wad BorRbined with a
saturated.aqueo tj f.s0dj | i f e dhrana temperature
for 1.5 hgsurs%%%gﬁgga&}nﬁ%%ai%qﬁa@aggpgﬁﬁﬁgﬁégﬁ%tgymﬁﬁgﬂ and evaporated to afford
4.57 g of (3- 10 methanesuIfanyl-phenyl)-methaéébﬁglé—élear oil. Tcpis crude product was used in
subsequent steps without further purification. (3-MethanesulfonF)‘/I- f@fnethanol 015 To a 000
solution of (3-methanesulfanyl-phenyl)-methanol (4.57 g, 30 mmol}:i hloromethane (100 mL) was
added m-chloroperoxybeonzcﬁa—wid (16 g, 93 mmal), in portionsoover tg tourse of 1 hour. The
reaction mixturewas alloyved to Wwarm to rodm temperatyre, thef stirred fog24 houfls. The reaction
mixture was W%hﬁfsa’ﬂbra@é ou§ solutign of Bodjumsulfite follo @ by @ saturated
aqueous 20 solwionéf sedium bicagbona .g\\he/organi{: ph&sewas dried e 204, filtgred, and
evaporated. Flash chromatography (Analogix SdperFlashTM column, 35% - 50% ethyl @1 atesin
hexanes) gave 2.68 gi4499%6over three st¥ps) of (3-methanesilfonylgheny1)-méthang,a57a Wwhite solid.
253-(Methanesulfonyl)benzyl chloride WO 2010/055005PC DEP2009/064813 -87 -

ooy
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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-methanegiifonylrbgayl)-methanol (2.689, 14.3 mmol) in 18 mL tetrahyekghsianwag added, then
the reaction mixture was heated at 75 C 5 for 3 hours. The reaction mixture was.cooled to room
temperature, then partitioned between ethyl acetaéﬁ)and water.. The organic phase was dried over
MgSO4, filtered, and concentrated to give the crude product as an oily solid. A solution %thls crude

product and%@@%%ﬂféﬂ@%%‘%@ﬁcﬁ%@@%@? SHeryee %&?H@W@sﬂltiﬁﬁ@ﬂ%e‘("&gl upported
crude produstw&sd@aﬁe@lmamé\aa@mm&um@mimmeneoamea@@aasmaabmomag)graphy (15% -

35% ethyl acetate jn ne fford 7 nzyl chloride as a white
solid. 1H NMR" @6!??%“‘%% J@S’ % h ‘ggﬁéin a/% ‘ﬁ%ﬁ%ﬁ?ﬁ%@ﬁ&%ﬁ'lﬁ% H), 7.81 (d, J = 7.8 Hz,
1 H), 7.68 (tirimstngdsHanyl ¢1pup. goc(@nzquds quee W} BRVIS|(ETEeNgs¥r EBFOCAN2S [M+]

204.0012, OBéqrt%QéldQQ@?tﬂéaW%Fﬁ% ef ﬂ)é%‘é’@@?é%@?‘@%@@grﬁﬂ&l%ﬁ%img
20(4- Ethanesulfany -phenyl)-methanol OH ZN'S Sodium borohydride (3.2 g, 84 mmol) was added

slowly in portSHEIRN8 i GiVEdMErmaniaiest WetFSRERUNARYPESAZEHESRIL(7.0 g, 42 mmol) and
methanol (4@mynydbe@q&erd&1q/@@kimmmeomtm§mc thed eactiervitlichiatyreasbygotitio room 25

SR o Plemrapin R FSRellan M Wos SRREPOAIBIIDAGHTDE fesuiing oY

solid was dlluted Wlth gﬁ? Nce te, And H en washed with e organic phase was dried over
MgSO04, flltwemmﬁdmﬁfd@iﬁraﬁééﬁto give 7 g of (4-ethanesulfanyl-phenyl)-methanol as a clear oil.
This crude product was used in subsequent steps without further purification. WO

2010/05@0@?@Eﬁﬁ&@@@ﬁﬁﬁl&q&wcﬂt&hﬂnﬁwﬂmwp‘Memtyﬂt)mpEd:ldaneti bil ocauii@solution of
(-ethanesufany phonlaeiangl g, d2 PBinG SENmelaas (40 i ua addec

m- chloroperoxy At Y i portions overt & colrse of 1.5 hours. The reaction
mixture was fanwmstb’!ﬂmfw&oqé&ﬁméhﬁo@ﬁ%ﬁaﬁéetﬁ%ﬁ RAlASEHOICEERHELPSICNIRS reaction mixture was

washed withig 1% H@%rﬁ%ﬁ%%ﬁ@@w@%ﬁm@mw@w@ewné%@da@mpus solution of

sodium bicarbonate. The organic @ ase was dried over M fllte 10 and concg) ntrated. A

d
solution of tH&&ifife FREFLEPRRRT &ﬂﬁjﬁ?ﬁé'ﬁgr‘?@\%‘é‘)& '8 ?E?I?c? ‘Y& “Ahd°the resulting
silica gelsu mm’t&ﬂmd&tmmb&&ma&ﬁaaﬂmbm@m Awm@mmmﬁiaspmmmmlmsh
chomaioaray (499 642 e el hyaon) g3 8 ver o scps)
SO

(4- -ethanesul onylpheny )me ano as a white 154 anesu I)benzyl chloride 'c)
Tr|phenylphGﬁlpiﬁﬁhéif(il%ﬁm@%Beﬁmcﬁ}hﬂa?ﬁ%ﬁatﬁatt@éﬁfﬁﬁldécé’lgrerﬂ% A7 himBIasR

tetrahydrofurgBr (4 Bily WeisScraYRInadRRA RibretaigoemieaRestturs (fonad r@ﬂmdtes A solution of
(4-ethanesulfonyl- phenyl)wé ethan | (4.87 %524 4 mmol),in 45 ZE? mL tetrah drofuran n,was added, then
0

the reaction FARAFE WSS WESRER %’Lﬂfsf e G S RAURTRSR0RS ng 58435 room
temperatore sthed patticiizibbetweenetolibadetate 198 mloramavwwatad@BthmL). The organic phase
was dried over Mg304, filtered, and concentrated to give the crude product as an oily solid. A solution

of this crude Reachich anehdigiHupmetBanewap @V@Q@ﬁ:ﬂi@ﬂdé\w wlipregek eraingithe resulting silica
gel supported crudegroduct was loaded onto ag § %H%P&JgerFlas TML}%qumn Flash

chromatograftRP{EEs5 Y533 ReriA At st hara iy, Y% §H87%%) 0t

4- (ethanesulfemal)b@imyhﬁﬂmmdémzae/uhlaesLmtyblamdeewaizﬁE@/WOMWE@QGGQ/OG%B 89 -
solid. 1H NM @%mqg H), 4.86 (s,
2 H), 3.29 (qﬁ:((lg 8}97%%%59# t J= l%llﬁﬁz)%i m%%phﬁaégﬁa gﬂz%%ﬁgﬁér@%ﬁnzvl
chloride2&| 48(B@$i’?yl§ﬁlfﬁﬁ§w§@%f§|@§hﬁéf§f%“§%ﬁ&?ﬁ%ﬁﬂﬁﬁ@ Bt LIS CARSERREPLY 81 g, 39.33
mmol), benzym éﬁﬁrﬁtﬁw(ﬁﬂd@l@mm&i artekMeblctitineathyl s mamider (BhnalsLitatseadded 4-
quorobenzaIde[s)/de slow ?r]seveg mln ersrThe reggztloc%nmrp tluerse,E 3t|rr{ed 10 at40C
overnight THE MR e waS'e fgayt ) 700 ’tempefature ut% "With water (500 mL).
The resultlngemmmmunmﬁoasmqéeﬂ teyosl 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 MgSO4,

filtered, and ¢oRepBHAtRd VA %@WB@b@féh@@ﬁ&@dﬁl@mr@%dtﬂh@meﬁﬁmﬁ%ﬂ:&@ncentrmed

SuperFin OO A R S OU BB 0ok R L DS I CA e I anco)
afforded 7.7Gp9B%ribled-dbeveyTpitiy ] Heanzatieinalie agrasslightin M@ﬁ@nca of a



4-(Benzylsulfanyl-phenyl)-methanol 20 OH Sodium borohydride (2.7 g, 67 mmol) was added slowly in
three portions to an ice cold mixture of 4-(benzylsulfanyl)-benzaldehyde (7.70 g, 33.7 mmol) and

methanol (130, Rkdeéfisd the addition was complete, the reaction mixturepwagmasnesdio 25 room
temperature, then stirred for 1 hour. The reaction mixture was cooled again in WO

2010/055005PCT/EP2009/064813 - 90 - an ice bat}j, then 1 N aqueous HCI (80 mL) was added. The
resulting mixture was diluted with water (600 mL), then extracted with eth¥l acetate (3 x 250 mL). The

combined oRfiRRIYEYERENErSWEEsHE FASHHRECAYRROSPEIMA PSR ¥IREPRE and concentrated. Flash
chromatograp§iyripheaiashs Spres foamuikERiunoriGes arfkDach byl pestasiouexasnes) gave 6.33 g
(81%) of (4-benzylsultanyl-phenyl)-methanal as ite.solid. 4- hloride 10
TriphenylphSSBH%@y('f&{geg,aéé%prﬁ%gl aéaerggﬁﬁg%rgﬁtﬁ r%dréh%%ﬁ%ﬁ%%%%w ?ﬁ ;J18
benzylsulfaniiereso)rs ctratadis(6la33egn 2. Brathsoly cah duetr ahye ieyarp {20 mesRatdieombined

and stired 3 RilX LQDRSALIFIRYVRENGE, Eh@r@@@w PINEHE WakisrMedHa e RIRErature, then
partitioned between ethyl acetate and water (750 mL). The organic ﬁﬁaugs%vgﬁs d'r‘jed over MgS0O4,
tog

filtered, and EERRYNFLASETD 88 LR ARV BRIHOITOIRIREFLLE 800 G [RHiogix
SuperFlashdgeharors) ¥0058e hexpness 2B%e eyl g cidadndtexanss) béfomeetbb7ay (67%) of 4-
(benzylsulfagyhbenzyl chloride as an off-white.solid. \ 4 SO-d6) 6 ppm 7.16-7.44
(m, 9 H), 4. (s%e;%é@%fj g,sgq_'r%r 85?%8@@8% %%Q-(t%'}%%&r%%%l o%%ﬁﬁ%‘zvl chloride

00 4-(Benzenesulfonyl)-benzaldehyde WO 2010/055005PCT/EP2009/064813 -91 - reaction mixture
was cooled tD%BRPIEMBERNRAS HRSErR HIAGHROSSRUDEN ¥ NeLEERREI AR RAEY Fhe organic phase
was dried ouwsstMigpQdfilieyrenapdsontenyitecte-giuetayhitesdlite fhpautéoriofeimg crude product
and dichloromet as.evaporated over sili ' ii el 5.s rted crude
product Was%S?%Z%ﬁdﬁﬁzhﬁa%ﬁ%%?%?n%%{ggﬁié%%aﬁksaﬁggfy gié %@Qghé-%nﬁ?:ﬁuépn% ,%{1%%%[%40% ethyl
acetate in hememesivenyhusa 2otgiayditiabed-dasatfomd R RIBR)Ge ASTRIHAPR solid.
(4-Benzenesyliany-phe aybraeiian skth &ogiire herohydride £7 fehinaeAheranng)fyvas added slowly
in portions to a 0 C solution of 4-(benzenesulfonyl)-benzaldeh %45}?‘3?&%6 02@%
tetrahydrofu§Y$6d Wﬂ?fﬁ%%é\éﬁ&ﬁkﬁﬂﬁu%wﬁy ﬁ%%d\/to% fécrn%a{ “then stirred
at roomitempgasgyure for 4 hours. The reaction mixture was 15 then cooled over an ice-water bath,

e SHAACIRIIC hy s sael by furachab il Aogbiissadagtnaplhy on o

ammonium chignde ?f& € mixtlre was was th water (80 mL), then the organic phase was

dried over MgjSORofitstén timaiad (bl sriabaag berranpdatipneesstisnelprypah ¥l arshyil-
pheny1)-methanel-asf, While selifb JiHaPIRE s aasiarsdsRmem Sepmr0 witheys further

purification. 4-(Benzenesulfonyl)benzyl chlori riphenylphosphjne 898 22.8 ), carbon
tetrachloride VRSB HIRGH -%&n@éﬂgﬁﬂ%ﬁ@ﬁﬁ% [ -?ﬁ%q&zi&]gp ?%%?Tf.ﬂ”%r%}go and
tetrahydrofuran:é4 2 mile) r2aotienenteimigined and heated at 100 C for 4 hours. The reaction mixture was

cooled o roqgyiemRerajue 92 portinaak belsSBUW AEsiale100 Bl Lasg vater (100 mD), The

organic phase’was dried over tered, and concentrated to give the crude product as an oily
solid. A solutseaTRisherldrnsGerRibedndhat 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

25 tetrahydrofuran, 1,4-dioxane, water, or mixtures thereof, at a temperature between
room temperature and reflux temperature for several hours.
Alternatively, the key intermediates Vil described above can be synthesized
according to Scheme 2 illustrated below, and then utilized to prepare compounds of

interest la as previously outlined in Scheme 1.



WO 2010/055005PCT/EP2009/064813 - 92 - dichloromethane was evaporated over silica gel, and the
resulting silica gel supported crude product was loaded onto an Analogix SuperFlashTM column. Flash
chromatography(hr¥esn35% ethyl acetate in hexanes) afforded 3.09 g (¥Q%bahdos4s13
(benzenesulfonyl)benzyl chloride as a white, crystalline solid. 1H NMR (300 MHz, 5 DMSO-d6) 5 ppm
7.89-8.04 (m, 4 H), 7.53-7.75 (m, 5 H), 4.81 (s, 2 H)., Preparation of 2-(benzenesulfonvnbenzvl chloride
ci 2-(Benzenesulfonyl)-benzaldehyde 00H 0 \\11 10°A mixture of 2-fluorobenzaldehyde (4.67 g, 37.6
mmol), sodium benzenesulfinate (6.79 g, 41.3 ﬁﬁﬂ@@%@ld dimethylsulfoxide (30 mL) was heated at
95C for 18 hours. The reaction mixture was cooled to room tempefaiue, then partitioned between
ethyl acetate and water. The organic phase was dried over MgSOA4, filtekged, and concentrated to give
a white solid. NMR analysis of this crude mixture indicated 15 unrefctéd 2-fluorobenzaldehyde to be
the major component. The crude mixture was redissolved in dimgthys
benzenesulfinate (5.0 g, 3_@_@%01) was added. Ngief resulting mixturerwvas heated af 95C for another 16
hours. The reactiBn mixt%e wds coojed to rogga tempegature, tgen partitigned.petween ethyl acetate
and water. Thgg%}_@ﬁhase wa%gg &r MgSQ4. i @i and 20_concéintrated. A solution of this
crude producF_an oromethane Was-&vaporated oyersffica gel, and thé resulting silica gel
supported crude Cp)rodu'é% was loaded onto 3h Analogix Supe?lélasmIMmlumn. Flash c é;__qg,raphy
(5% - 35% ethyhacetaein hexanes) provided 1.96 g (239! of 2-(_%@&‘2}8%5ulf6ﬁyl)- zafdhyde as a
clear, colorless oil which partially solidified over time. 25(2-Benzenesulfonyl-phenyl)-methanol 00 70H
-0 WO 2010/05500ﬁCTlEP2009/064813 - 93 - Sodium borohydride (690 mg, 18.2 mmol) was added

to a solution A onyl}-penzaidehyde (b .04 mmo| 1and methanol (%Q‘ mL). The
reaction mixture was, stirred at room te @@ : hen vigbrous bubb o@w ded, tiie reaction
mixture was cooled in an ice-water lpath#ienarefllly quenched with 3.5-+.8"N.ggjuedtis solution of

HCI (20 mL). Thé mixtlre was concentrated torem \/i% methanol, then the residue
water and extractéd fhiee times with ethyl acetate ~TtisEdmbined organic phaSes e
MgSO4, filtered, and concentrated to afford 1.84 § (9%%) of (2-benzenesulfonyl-gher
an oil. This product was used in subsequent stgps V\{I}itzf‘tpl,{l)t further purification.
102-(Benzenesulfonyl)benzyl chloride ci Triphenylp%osbhine (4.08 g, 15.5 mmol), carbon tetrachloride
(7.0 mL, 73 mmol), (2- benzenesulfonyl-pheny1)-methanol (1.90 g, 7.65 mmol) and tetrahydrofuran
(40 mL) werdndbinmiresasmimestyis iieentuians dINdsEstieRMRE e8P INRER (IRES Q55180 15 room
temperatyre R ek RGP e denperaith afgnbeniiosssribeideadtiorRerdues ofdsediluted with
water, then extracted three times with ethyl te. The, comhined qrganic phases were washed with
e, diied SIEENY SIS TG LA TR0 DO CR DR CIE LHE ol A
solution of this apisstewittodulcs itk dichivadesthderllsas(&mpBoramd gvkiosiikregdt and the resulting

silica 20 gel I X RunerElashd s Flash
chromatograﬁ%%éo%g-t%ﬁ?éﬁglgggégﬁﬁ %ﬁﬁgggr%@)gffgoﬂg%ﬁg% (8550 Uhplms

) ? { : g (85%) of :
2-(b-enzenesﬂfﬂﬁ‘f‘@'l?éél?z\ﬂacﬁ%ﬁéérﬁ%aé‘ﬁ’bfﬁﬁmi%‘,scf%?éi‘lﬁﬁé’gﬂﬂﬂiiﬂﬁﬁI\ﬂ%&‘l’@(ﬁ%sw—@ DMSO-d6) 6
ppm 8.14;(d ek ré.8 Hz, 1 H), 7.93 (d, J = 7.2 Hz, 2 H), 7.56 - T82 (m, 6 H), 5.07 (s, 2 H). HRMS (ER-)
cald. for C131-111C1025 [Me] 266.0168, obsd. 25 266.0168. Preparation of

3-(1-methyltalgazal-Bryhihenaylehiatde s GO UAARRIRCHERZOPPIRABLS - 94 - Toa

solution of 3-(chlofomethyl)-benzoic acid (34.1 g, 200'mmol) in toluene (125 mL) was added thionyl
chloride (21.5TME IR HIG B BohFerRTIRO URAR ¥ty 2SOIGGH NAEHRERRIEE Riflux for 15
hours. The reashipmwitsepassoonles B takistriptemyphatpiasgaiadaen{tited under vacuum. The
resulting oily residue was, azeotroped, with tglue ried r tain the crude
acid chIoridei.)L?itn Léﬁ@f) EﬂgF r% G éj' %‘86"{/”8?!:‘?11%‘2‘@@% %ﬁ?oﬁt%%%%@?rﬁ%&# g’llé Igrgomethane (400

mL) wad sddszppeethytaidiee AYdrossttvioe q@aa Deg:ap0edmi d) the F e e Of BRSSErRElethylamine
(69.6 mL, 409l wasaddefdioR IR WIRE-QYE! hoasheHidRe At Qith Aflteteamplatiamof the

addition, the mixture ' was stirred for 45pm|nutes at 0 C , then warmed to room temperature. After

stirring at roGHREiRBLea - A e EIRITREE e PEXRABRSIXEFE @/as GIHRBG with water (300 mL) and
the aqueous dmyes s xtractechwitbrdicttierenieshanen(p6this) bétveceomizine b oyganatoriayers were

washed with 5’5@%@5}9 (%?i%ge%%)? Q%g%?gﬁlre) for several hours. Alternatively, the reactions



15 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 gollegigfRy,filtration and then washed with hexanes. After drygdp,aibncasis
3-(chloromethyl)-N-methyl-benzamide (80%) was isolated as a light yellow solid.
203-(1-Methyltetrazol-5-yl)benzyl chloride To a syspension of 3-(chloromethyl)-N-methyl-benzamide
(27.2 g, 148 mmol) in toluene (100 mL) was addedthionyl chloride (16.2 mL, 222 mmol) at room
temperature SFAEOPSATTHRLOs 3 ERsTE WD h @i BPTEN RGBTSR $INHRE DISHRMRN mixture was
cooled to rogaxtgsnperature 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 ( § I sk 7 m temperature and
the WO 201%%&%%%?@@%%@ 0@2%%569&%?3%3{5%%%@ééﬁg%%é}s% g\iirre %%Fgghours. The reaction
mixture was eMENSS-XboerapRI APRVEBIRR CAFIER YO Y PRI RRIBSEIWS AWRrsiFiR acetonitrile (40 mL)

was added oxembuniRrieRrihe MbddieivasshiartsianzbaweatiorGrarediemsired at room
temperature for éﬁ%ours. The rg.acti n mi>%1ur. was iIutep with.water (200 Lé and 5 extracted with
ethyi acetate BRI THET Hhe LR U SPURF e BPEs SILAHRR (P Reh BHIROhd dried over
a_nhydrou; meagmesaionesiolf stev et ration. a@rit&tmﬁaefy_tratmgaueMgbmt@eﬂmmsmrdomhtemwas
dissolved in pexpncs-AlYlAGELALEH 220,80y 1 Feliol 04 @ Codhed Bauiing spfiitjen was stored

in the refrigerator and the precgltated solids were collected by filtration and washed with hexanes. 10

After drying #PAIBMSSUCHRtHPREIRRSL IISIROERPIEEh B AR A S isBIsRe NeseRt. 81d 998 5%) of a white
amorphogs selitharibe ebLevstRM&uES+) cald. for COHICIN4 [(M+H)] 209.0589, obsd. 209.0588.
Preparation of 4-(1-methyltetrazol-5-yl)benzyl chloride 154-(Chloromethyl)-N-methyl-benzamide - To

2 solution of G iGHRIDEL)LFTAP, A5 35 PR 1A RE KO0 Wk adged thiony!

chloride (14.5 mL, 200 mmol) at room temperature. The resultinﬁésolution was heated at reflux for 15

hours. The ré2FHHA ARaIRNRRLBRTRHRS IBERT DeTERTRsRart FDACBRIRESHAROVacuum. The
resulting oilyresigkies wpsiazanisanasbvétiTipieang andrdsigboades bighesasuumite obtain the crude
acid chloride. To a suspensign of the ahove ctude acid chloride (50 mmal) in. dichloromethane (110
L) was ad 2 R T RO A b 7 B U B S e R O LB ey arine
(19.3 mL3 110istiripdizoyishadokidalpaiadisenB ovierids-20chamerisdl caiafibseenasletion of the
addition, the (e \WARHRIITEd, O 4O HAMES, a4 %&r&&%éﬂ%@%ﬂé%@%fﬁ’éﬂ%ﬁﬁﬁ@- After stirring

at room temperature for 15 minutes, the reaction mixture was diluted with water and the aqueous layer

was extractedGitRHEANS SRR AR ETR@C RRBiISRY YILSHAE B takalyegofuran, acetonitrile,
2010/055005P 8 HikRRACOERAEILS, HRGanesthwamrhwetyyitbilsing anchidtiedsovesesihytisous
magnesium sulfate. Eilalion and epcentiation aaye g srids solidhicuas dissoled in toluene at
-60-70 C. The régsul?ing SOTUTIoN was Stored i the re?rlgerato overnig and the preci?pl?ated solids
were colectagvsrailthation drigmraiyelashedasriicnecadke stwiedryir@iPairCso 150 °C for

4-(chlorometyBd- RaindrbgREaNRR AR SAIESHasRHigNt vellow sold.

4-(1-Methyltetrazol-5-yl)benzyl chloride To a suspension of 4-(chloromethyl)-N-methyl-benzamide
(50 mmol) 'ntetw%ur%ré%i%%ggo VIl are then transformed to compounds of interest la as previously
described in Scheme 1, via benzannulation reactions to produce esters BXa, followed

by ester hydrolysis.



mL) was added thionyl chloride (29.1 mL, 400 mmol) at room temperature. The 10 resulting
suspension was heated at reflux for 15 hours. The reaction mixture was cooled to room temperature
and then copgeniigtrspknder vacuum. The residue was azeotroped withgglyeasie@nsgiied 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 r'oorg&emperature and the suspension was stirred for 1.5
15 hours. The reaction mixture was cooled to -10 C and the above crude imidoy! chloride (50 mmol) in
acetonitrile (65 mL) was added over 5 minutes SEREMSxture was stirred for 2 hours at 0 C and then
stirred at room temperature fer~15 hqurs. The reaction mixture was diluted with water and extracted
with ethyl acetat® %00 Fr‘t’irl_)fNT mbined organnF ts weﬂe—washed with brine aggried over
20 anhydrous"mg ium sulfade. Filtratio gﬁ-m;__pee ion gave'a li yWﬁd ich was
dissolved in hexanes-ethytacetate (220 mt, 11:9 rati6) at 88-70°C. The r Sulting sobutidh,was stored
in the refrigerator overnrght and theopremprtated salds were coIIected by frltratlonx‘and washed with
hexanes. Afte} frying in air, #-(1=~me

-
white solid. 1H 25 R (300Q, v@ CDCI3).5 ppm 7 76 (ckzd =8.2 Hz, 2 H), 7.61 (d, J 8.2 Hz, 2 H),
4.67 (s, 2 H), 4.20 { )i—l) HRMS ( m for COHOC] +H)+] 209. O%%d/%gf\%%

Preparation of Irghigromethv1-4.-Methaw swlforwlmethyﬁ)enzene S
2010/055005PCT/I.:,,E’_,2009/064813 97 D( ethanesulfonylmetJnyl-pHepyl)-methal A 1.0 M
solution of drrsﬁtﬂagtalwﬁum hydride in t ne (44 mL, 44 mmgj) wes rdded slowdy drop-wise to a 0
C solution of metlyst 4r S (methanesuIfonylmethgll)benzoate (4.00 g, 17. éﬁmol) and toluene (220 mL).
After the addition"Wa3°Complete, the reaction ture was warmed to roont'temperature, then stirred at
room temperature for 16 hours After this time, thin-layer chromatography mdrcated some startlng

material to r mixtyre jvas,coo ddit,iq;aal 1.0M TFhinum
hydride in toly 10amL, 44 mfﬁoQ&w&s add drop wise to e eldA |>%ture The

reaction mixture Was.\W.
mixture was again co

stirred foy 20 minutes. Thewe
d'fo‘fjjowed by methanol

/_T.Q eemmerature ag t

&r’Q_g“tEthyf acetate (50 mL) D¥The

reaction mixture was@llowed to stand for 6 minutes at 0%, ddring which time the mixtur&became
cloudy and thick. A 15 saturated agueous solution of sodlur1n potassium tartrate wag addéd, the
heterogeneous mixtlie"Wid warmed to room temperx’tttrem){\(ayer and additional ethyl acet (50 mL)

were added. The organic phase was separated, dried over MgSO4, filtered, and concentrated to give

2.18 g (62%).9f {ﬁ rggrt%he cegéjs@n%lmewlg gpge@rég%tq%,ph% teaaoc“%matrve

201-Chloro e%y Rahesu ony methy nzene f‘h‘f osphine (5.71 g, 21.8 mmol),
carbon tétra@rymhdel%mrrhﬁ sethasod) EnRptEudehems drar (o ﬁl)%é?w&fﬁﬂ?ﬂned in a round bottom

flask under argon angs3) ﬁﬁ e%r‘a%btﬁm%tﬁ%ﬁof@rrJaﬂraarauée&uéﬁw&r@eemeoﬁnmuge of (4- 25
methanesulfonylmethyl-p I) -methanol (2.18 (??&Enmolé % tetra drofu qu\sl‘{; were
added to thesr‘éé?ﬁﬁm'mﬁfr TSN th Wﬁlﬁtﬁ}’t&w ARG rchllP?l hé'reaction
mixture was gedieshtgashin teamer&tmegrwddﬁererpmtxi%nétbw@méehtmmewﬁmw water. The
organic phase was gl %06’3585\" 4uo S&g:%ﬂ:ﬁ&%%&g}%g%%@&%&&%%rér%ia@ﬂta%%as an oily

solid. A 30 s&f{tin o crude pro uct orome e was concentrated over silica gel, WO

2010/058D03RET{X P B0 EAH] gerssatemiptais psiviend Klicagyersashdieétrude product was

loaded onto g m ,)er%%h qtumpﬁgaﬁéghr@ﬁﬁm@@m«%m%@ﬁw acetate in hexanes)
afforded 1.59 g (67%) of lo

romethy1-4- methanesulfo Imeth Ibe ene id. 1H NMR
(300 MHz, DIV @86?5%6%“7“&‘?‘?5?%@%@%‘2‘ B 4T) f%a&tocarg r}% %ﬁﬁsﬁ%?% 'ZH), 4.50 (s,
2 H), 2.91 (sf@:ﬁit)at@r;ﬁpﬁrmtmmm(ﬁxﬂpomn&memlRﬁrﬂ:fl&r@rpﬁﬂ&lh’aﬁtﬁ&ﬂhﬁ@ﬁ%owcmde
naphthalen- 2 S%Jﬁ!a}ﬁé%t:% Vé%r?g%% lt:lJI:e teQ%uerlc%rb%mates XX through a reaction

4-(4-Fluoro- p€f1 yﬁ met lenoic acid ethyl ester 100 To a solution of

(4-fluoro-phewiih dieathonale KX 63 g,ffzwgfmma?fﬂorébqfﬁb%f%&%w fERBMgI#RMRNd 250 pL of
DMF was adelse 0z Bk Al anobiri-axahd chiasislenat ametesiperature dropwise over 30
minutes. The resulting mixt stirred at roo tem erat for diti es (HPLC
indicated 15 CHHIE @%%m }r‘l‘(ﬂ’ﬂ’ %%neﬁ]t 8%(%?& Wavg'ta ZP T rg&jﬁgg ovgﬁ “hour to a
solution of NQWdlaﬂrmmyieﬂw)ﬁmm (Or48din ac8YPimhed Laing sraifigus Welf known fo
(t”pheny'ph058\‘%8cﬁ-l}VQQﬁ@&fﬂ%@'gﬂa@r@%‘%&wﬁ@ %@Egrﬂkﬂdéeh%@r JoLiPiHBGHRddeEE Rty ether,

while maintaining the intemal temperature between 0



the addition was complete, the reaction mixture was stirred for an additional 10 20 minutes at 0-10 C,
when HPLC indicated a completed reaction. The reaction mixture was then diluted with 100 mL of
heptane, ang, stiygoh{95,30 minutes at 0- 10 C. The resulting solid was filigreg-sidoWaghed with 2x 100
mL of 1.1 methyl tort-butyl ether:heptane. The filtrate and the washings were combined and washed
with 100 mL of water, 100 mL of 1M citric acid, 2x mL of water, then concentrated 25
azeotropically at 25 0160 mmHg to a total volume of --40 mL. The residue was WO
2010/055005PESTIEFDED Sjigsriprycbylaniffciiaitnan nee o PN i8R BUIARSBE  This solution
was then dirgstlysisaefosd brcARXs sistRarsEiherymateon il ddiald- fieatmatienydinaeth-(E)-ylidenel-

4-methyl -pentﬁr}]}?dic iC aci ﬁéﬁguwl ester 5-ethyl e§ter 5 Malonic acid tert-butyl ester ethyl ester
H
A H o B !

(30.08 g, 15T B HIRIHES TUtER Ot PotasSiuRT terebutskide (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 m>@GROGASE RSP HBEIEr afs tirIB hshRn- e RERBUgRE AN -20hethyl-buta- 10 2,3-dienoic acid
ethyl ester prepaedabRerat st asaiRdhaibeusasiondenpe it svas thaiptaseddetween
20-28 C. Aftert ddition was complete, the reaction mixture was stirred at.room temperature for 20
inutes, wherPRIBRLTHETAE SO B AL IRAC B WA RLHIG (R Sled with 100 mL of 1M
citric acid arls]Gpinebyifticepate)paiaditafl pxadded ithadoeppar(bfaaietihst sertrbesyl 15 ether. The
organic extf%&rpa%uf%@?%@%&ﬁéﬁ@@éﬂl%%@&%&%%%@@%@8@9%@@3@&%to produce
e

56.36 g of a yellow ail, which was used in the next step without further purification.

341-(4-Fluor6 B ReA)INS Rt HieoRimRIab) Briaen - BR Rt bE Y Sidch- A ARl Y TF 2™ he malonate
ester defivatiprepms el abavesthaidmendid8, mexahavamdissrived ld8AamL of absolute ethanol.
Lithium hydraxi e (1M t%olutioni, 414{.0 m%h, éi}égffoaparr,ggl "%?gt&% eq slowl o%vegelrr? @rizr_]\tut%s, and the
resulting rea 't?g firE Was SHifed &t room temperatLPre overnlgeh\fl.e'feﬁe SOllitBRRvAS then heated at
reflux for 3 hand$S25 CHPLICaedlysiemtitited) donisiessa bederboxylation). At this time, the solution
was WO 2010/055005PCT/EP2009/064813 - 100 - concentrated at 30 C130 mmHg to remove -350
mL of solverikehhiarsesidte waseoaeshio 40 enebirgatedisiV epacanisatea:blydrochloric acid (32.0
mL, 389.7 mmol) dropwise, in.order tq.adjust the pH to 2.75. The reaction mixture was then extracted
Wwith methy! SHCBITUR P OO, T Rer SR e e B TR B ARERUAT R Wi 200 mL of
water, thén tpeesedogiti pFl@ D Bhandescohaladamoreialyit 38Ehras of water, washed with an
additional Z%t@kia&v&ﬁ@{dﬂaﬂgémﬂeq- SRARS) BFeRIPRISEHYISH D AABRMBIdent)produce an oil.

Methyl tert-butyl ether (20 mlg was added, and the residue was concentrated azeotrogically at 30

00/80 mmHGRPPRSIGCePBBRSS Y 67%4IRIIBYFbRSGRRMFIVALCGE R 7P tHE RSP RBP ' Wttfiout further
purification. (4efgeionydiubid-speditvipanhthaitr-2eybtacetizadid terfdutyt ester The above
prepared 341 -(4-flyorg-phenyl)-meth-(2)-ylidene]-2-methyl-pent i0i id S-tertzbutyl ester (38.3 g,
124.2 mmol) W%%O |sss{§cil\}/%en(§3irc%/r zi%e lri‘c“?;f% %‘r\f gt CB%%?( rﬁ%y@&? mhh%c%q&c'?i %é%% ution was added
potassilth acératyigreagidsisannobiuertatee luenanpititistwas difvreef.aat852C for 10 hours,

when PLC a@!ﬁ%ﬁéﬁ@%ﬁé&ﬂ%&%ﬁ%&@ﬂw& e derrtiondpikirenyRses sapiadde room

temperature and diluted with 96 mL of heptane. To this solution, 270 mL of water was added over 1
hour, while nSSYREHIRY Fre 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), aRédrtisea!dridteuisdepuiasyath enLanpsh X8 X\ fof sivpeindevnsesitoshiefthias Bsed in the next
step without fugther RUEEEEIGNHAARZEAN BPaYee R TARREANAIRAR bAC 484 or

(6-Fluoro-4-hydrox -3-meth%l-naphthalen-Z-O)-acetic acid tert—butg,l ester OH _To a} mixture of the
ioxane, methanol,

above prépal¥d e AREHRGS MGG EMER SHIN R pIHRIBRSATe:

acetonitrile, or mixtures thereof, at a temperature between 0 °C and room

temperature for several hours.

intermediates XVl are then fransformed into compounds XVIi as previously
30 described in Scheme 1, via gold (i) catalyzed benzannuiation reactions with VIl



acetic acid tert-butyl ester (28.4 g, 85.44 mmol) in 140 mL of methanol was added 5 sodium methoxide
(25% solution in methanol, 23.44 mL, 102.5 mmol) rapidly dropwise. The resulting reaction mixture
was stirred gigopmdagaperature for 20 minutes, when HPLC analysis indiggigshassompieted 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 stirredeat 0-5 C for an additional 30 10 minutes. The resulting
solid w flltere% ék%washed |th wa 2x40 mL cf'g Right (40 C), to
produczc%fp?rﬁ %f's( L?c?r%bf ﬁy @fy ro&eqfﬂ rr%lp % - Hagcc?é%m ert Ltyl ester as a light
yellow soliei-bHWMRHSOCMiAze DN@M@?@WS%QB(SSMSBB?@Y‘GWWW 2 H), 7.26-7.35 (m, 2
H). 3-7%4&@15}1 e BRridl w,x&ééd&ﬁﬁﬁe%@r@%% meHicfotrlurignethanesulfonyloxy-

naphthalen- ggcacetlc acid tert-butyl ester A solution

(6-fluor @RI 1?Tﬁ’@ﬁﬁﬂ%a’ﬂ%ﬂ@?’?@ﬁ?’B??éﬂ@ﬁc?ﬁtf@mgmﬂ'?@ SEPBISS g, 27.52 mmol), in
48.0smlrafrgighipnieth assnnasrpestestddd-Setariibhtnisssolution was added pyridine (4.451 mL,
55.04 mmol) in one portion. Then, trifluoromethanesulfonic anhydride (5.556 mL, 33.04 mmol) was

added qrapw(Re OVRIJRIBHISRdAS WAt dae w%wagﬁaaawéwm hetween 5-15 C. The
WO 20101055005PCT/EP20 /06481 1 - resulting reaction mi @re was stirred at 10 C for an

additionReBenRfeftes "’lﬁ&?%ﬁ%ﬁ‘ﬂﬁ?@%ﬁ R6it 95 FARCHIRACSRAR B PR i dHERal 5 minutes.
HPLC ammalﬁdmﬁwt@dgpmﬂ@ﬁe disethpeallanetoofithe stamtmgj;melhekeﬁha&eactlon mixture was

then quenched with 4 The.o d with 1M citric
acid (33%@ RRLC tg,rg 35 Vrﬁerﬁg qvoweﬁ)%mﬁ%n%?gﬁm?fg v?é%%%%e resu tlng orga IC layer was then
conidenteatedhydetisisdasbit mmmw@qﬂnt@feﬁfﬁ@W@m@%ﬂaﬁé%a@hﬁ@%nd filtered through
a thin silica, gebolychiationanib kAdishiomeatiansdirgatangle efurishbkpig, dhe

(6-fluoro-3-methyl-4- trlfluoromethanesulfonyloxy n r?f‘)hthalen -211 acetlc Cld tertﬁﬁ agl ester as an off-

10 whitdSSHP BT AINIR B MAYE DRRsRIESEN S A2 aEqaHS LBy 8f ar'?? FE3,38.00 (s, 1 H), 7.60
(dd, J = ﬁ)&suﬁﬂh#&miidé)oﬁlﬁfﬂu?rﬂ@y&mﬂdbt)gr&ﬁlr(sﬁZscb’rk)eﬁt&];c(tx B K ger¢srak). PART II:
PREPARAT ON OF C MPOU

(4Dl T B 2B P A B DT SEIS Sy oo temporature

2- Tthemsﬁﬁnylﬁwg@liﬁlééh?% hROrA: 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(triphebsthghasghine)palladium(ll) chloride (Pd(PPh3)2C12) (3.79
g, 5.4 mmol) and the mixture was gegassed again for an additional 15 minutes. To the reaction
mixture were added trimethylsilarykgﬁacetylene (33.97 mL, 216.2 mmol), copper(l) iodide (1.0 g, 5.4
mmol) and WO 2010/055005&&);4&,&,’629,991064813 103 - triethylamine (29.5 mL, 216.2 mmol) and

the mlxtur A : L6 hoursrat room# e[.ta}hydrofuran WASTEMGY
is added water (1 mjﬁ % and t ingamixture was extracted-wAt
100 mL). “The cmm@d g_ganlc ars were dried gicer ntydrqus sodium sulfate, g

exed, and
concentrated ih vt@!\g_lyel aFBRickesiored crude p Nf_lasl{r chromatography @ g%f
100-200 mesh,

5% Ethyl acetate in hexane) afforded 2- ‘anethy?sﬁanylethynyl benzaldeﬂyde (18.0
g, 82%) as a brewn-celgred solid. MS (ESI+) cald. for,C12J-1140Si [(M+H)-1 202, ghsd;. 203,
2-Ethynyl-benzaldehyde 0 10 To a solution of 2-trimethyisilanylethynyl-benzaldehyde'(6'g; Z—g» ‘RO
mmol) in N, Ndimethylformamide (10 mL) was added potassium fluoride (1 g, 17.2 Mif61j:*rhe
reaction mixture was stirred at room temperature for 30 minutes. The resulting solution was poured
into waté¢iprand mn;mnmmmmrdamr@mmmmmemuhpm axgahiy layers were dried over

madnesynsyateJIsien AN consrmceted noacus oE ash uamaingrashy Gsdjsep() Flash

column acetate in hexane) gave 2-ethynyl-benzaldehyde (2.8 g, 73%) as

a white sothiinvesTeEsXM fowmgmeer[(fmmwm@ee@gﬁomg to Scheme 3,

204-(2- Fﬁ%&@t@fﬁf}ﬂmw&&d}h@1dt@}ﬁt@wﬂakwmnsau§éqn@magdazcﬁabbﬂnds oiixitesf
4-bromo-N,N-dimeth enz quo r% %(S?lcgomy%iszrgélc Orggl) bis(triphenylphosphine)palladium(11)

chloride 63%(@3%'3 12

The carbamate intermediates XX can be obtained readily by reacting XVIH# with a
25  lower alkyl chloroformate (XXI), such as ethyl chloroformate or methyi chloroformate.,



25 copper (1) 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-ethynylbenzaldehyde (300 mg, 2.31 mmol) in
acetonitrile {34k JdAgEESUIting Mixture was heated at 80 C for 3 hours sRgesalesand then cooled
to room temperature, WO 2010/055005PCT/EP2009/064813 - 104 - treated with ethyl acetate, and
then washed with water. The organic layer was dr| over anhydrous sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Re |Sep(r) Flash column, 230400 mesh, 5-40% ethyl

acetate in h&kHIf)T§EGECE- 05 ABrAYINEHERA 7h- SIQ%%&HWF@HE%@WF!%%QMM mg, 5
63%) as a bpgnieilin\S (ksHie) inate s Evdal §6dH BN OSTolOMd)hadS, akisdnBid, 1.4-dioxane,

[4-(4-Dimet gplfamgﬁ{éi en209¥ r#%ﬁo?)t%%mqur }411) ﬁgt u 'qh%%\élf( 3%{_?0@(@?85”1 penS|on of

gold(lll) bromide 8%o-bU yhc acid ethyl es mg, mol) and
4-(2-formyl- Mpyrethwm)shvamhhmﬂwlM@mﬁz@memmﬁaﬁ@@@(XMWQ%%ﬁ%l) in anhydrous
dioxane £10,ml,) Was heaied & IQAFWRRS RMER «AlietiBSing RASBEHS, KRR ASRIREFRBYG) the mixture

was treated with ethyl acetate, and then washed with water. The collected o&} Yj;\nlc: layer was dried over

anhydrous sHERIRAPREAEA(E, thREHEEeRAR BbARAMIARRARE SHEhAFHISAREARYIA grapfiy (Redisep(r)
Flash columﬁ 400:roe phidbd00a ethgblbinseatedt nhexeney davdoromethane,

[4-(4-dimeth fam I 1 h len: ¢ aci 8 %). MS (ESI+)
cald. for CZ é@ﬁggg _gz}%%j B}S (? %% ﬁ‘o%g% cae ge?rgwﬁg}&[a% oq m&ttﬁgs/

[4-(4- Dlmethmlﬂi@rﬁbglfﬁet@zmtﬁmﬁfﬁwﬁ {21 spee@ib@idisl OH 20 To a stirred solution of
[4-(4-dimethylsulfamoyl-benzoyl)-naphthalen-211]-acetic acid ethyl ester (180 g, 0.42 mmol) in

tetrahydipfuririmaias Gf: ésé@)()(\lv@@iaédﬁd Mpﬂuhysi hiiterédd Imgal 199 aasiipl) at room
temperature, and t e res uItln urg vas tha(?" ﬂ@@v% é ﬁ?n?gm I{ %ql%%rgﬁ were removed
It X

under reducga Breg re HRAEFESdte wad Washe w 5 mL), and then acidified
with WO 204040550058 GREPR9080BaGEE ed O5LIm (Y BSOS ﬁﬁlaﬁo%%l@ﬂé%%%—@emﬂﬁn (10 mL)
and extractegLwith ethylacetate (3drandalor khamaliRgistierganis iaesowere sliigdever anhydrous

sodium sulfate, filtered and concentrated in vacuo to give a crude solid, which wagf rther washed with
a hexane/etigFaRMIEREERe! RIS WAEE A m\ﬁtﬂ'rﬁ?éﬂfé?fgr@t{ﬁ yngerature between
dimethylsulfasaayldepeeilaanbthdienidnyictsetie cided3aldioLiTes) as a brown solid. 1H NMR (300
MHz, DMSO-d6) 6 ppm 12.35 (br. s, 1 H), 7.96 - 8.11 (m, 5 H), 7.91 (d, J = 8.2 Hz, 2 H), 7.52 -7.68 (m,
3 H), 3.83 (s, 2 H), 2.66 (s, 6 H); HRMS cald. fog G hidONO6S (ESI+) [(M+ H)] 398.1057, obsd.
398.1056. EXAMPLES 1-2 to 1-5 10 The followmg examples 1 2 to 1- 5 were prepared in an analogous
a ‘ bl @@::ﬂ aldehydes,
: o ehyae Aryl halide
Systematlc N&mME 111 NMI%(3OO MHz, DM§€) . pmd\/IS (M+H)* Structure4>2-2Bromo- 4-
Sk
R3 Q R3 R
XVl (n=0,1) Xli(n=0, 1) ta R7= —i-—;\;\m/;\g—

For the specific case where R7 is a 4-methyi-piperazin-1-yl substituent, an

20 aliernative synthesis can be utilized according to Scheme 5. A reductive alkylation
reaction of intermediates XVIiH furnishes the (4-methyl-piperazin-1-yl)sulfonyi
compounds XXIE. Subsequently, compounds of interest la are obtained through
hydrolysis of the ester group in XXIL.

The (4-methyl-piperazin-1-yl)suffonyl intermediates XXli can be readily obtained from
25  compounds XVIll in the presence of formaldehyde and an appropriate reducing
agent such as sodium cyanoborohydride or sodium triacetoxyborohydride. The

reactions can be carried out in solvenis such as acetonitrile, methanol,
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tetrahydrofuran, or methylene chioride at temperatures between 0 °C and room
temperature for several hours.

Hydrolysis of intermediates XXH to give the compounds of interest 1a 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 agueous 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.

Scheme 6

Compounds of interest b, bearing a methyl substituent at the 3 position of the
naphthalene ring, can be synthesized according to Scheme 6, which differs from
Scheme 1 and Scheme 2 only in the carbony! compounds used in the
benzannulation step. The 3-substituted naphthalenyl derivatives IXb can be
obtained via gold(lll) bromide catalyzed benzannulaiions between o-
alkynylbenzaldehydes VIl and esters XXIil. Basic hydrolysis of IXb yields the
compounds of interest Ib.

The esters IXb can be formed via annulation reactions between o-
alkynylbenzaidehydes VIl and esters XXIi in the presence of a gold catalyst such as
gold(lil) bromide in a suitable inert solvent such as tetrahydrofuran, 1,4-dioxane, 1,2-
dichloroethane, or mixtures thereof, at a temperature between 60 °C and 100 °C {or
the reflux temperature) for several hours.
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Hydrolysis of ester compounds iXb to give the compounds of interest Ib 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.

Scheme 7

OO

R3 O R3

Kain=0, 1) XXVin=0,1) ic
Compounds of interest ic, with a methyl substitution on the acetic acid chain, can be

prepared according to Scheme 7, by methylation reactions of compounds IXa with
methyt iodide (XXIV) under basic conditions to give intermediates XXV, foliowed by

ester hydrolysis reactions.

Methylation of compounds iXa {prepared as outiined in Schemes 1 or 2) can be
achieved using methods that are well known to one skilied in the art. For example,
the reactions can be carmied out in a two step sequence by first deprotonating the

‘penzylic methylene using a strong base such as lithium diisopropylamide (LDA) to

generate an enolate, then alkylating the enclate with methyl iodide. The reactions
can be performed in an aprotic solvent such as tetrahydrofuran, toluene,
dimethoxyethane (DME), hexane, hexamethyiphosphoramide (HMPA}, or mixtures

thereof, under an inert atmosphere at a low temperature such as -78 °C.

Hydrolysis of esters XXV to give the compounds of interest lc can be easily
accomplished usimg 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 hydrbxide, in an inert solvent such as
tetrahydrofuran, 1,4-dioxane, water, or mixiures thereof, at a temperature between

room temperature and reflux temperature for several hours.

H)

1-3,
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Scheme 8

Compounds of interest IB can be generated from IA by palladium catalyzed

5 hydrogenation as shown in Scheme 8. Alternatively, 1B can be obtained by
hydrogenation of the ketfo esters IG to the intermediates IH followed by ester
hydroiysis.'

Conversion of the ketones 1A to compounds B, or the keto esters IG to the
intermediates IH, can be achieved by exhaustive hydrogenation reactions in the

10 presence of 10% palladium on carbon under an atmospheric or higher pressure of
hydrogen in an alcohol solvent such as ethanol or methanol at about room
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 tc someone skilled in the art. For



H) WO 2010/055005PCT/EP2009/064813 - 106 - 1-4 2-Bromo- 4- fluorobenz aldehyde 1- Bromo -2-
chloro- 4- ethane sulfon YI- benze ne [4-(2- Chloro-4- ethanesulf onyl- benzoyl)- 6-fluoro- naphthale
n-2-y11- acefig agifbdzbea? (br. s, 1 H), 8.66 (dd, J = 12.1, 2.6 Hz, 1 H), 82 mrool)nsedis (dd, J = 9.0,
6.3 Hz, 1 H), 8.10 (d, J = 1.6 Hz, 1 H), 8.01 (dd, J= 8.0, 1.6 Hz, 1 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, 1 H), 375(5 2H)413‘.48(q,J=7.4Hz,2H), 1.17 (t, J=7.4 Hz, 3 H)

4570279b 0 0 Oco--\ 0 1-5 2-Bromo- L @ ,4%1%br. s,1 505, (%283 000~ **9 %L 4- bromo
Chloro- H) §’@T@ ,Jthe reactions can e ca rigd out in presence of an agueous solulion 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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Compaunds 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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according to Scheme 9. Starting with benzaldehydes XXVI and succinate esters
XXVil, a Stobbe condensation reaction affords 3-carboalkoxy-4-phenyi-3-butenoic
acids XXVIIl. Benzannulation of compounds XXVill gives 4-acetoxy-naphthalene
carboxylic acid esters XXIXa or, altematively, 4-trifluoroacetoxy-naphthalene
carboxylic acid esters XXIXk. Hydrolysis of the acetate ester in compounds XXiXa
or removai of the trifiuoroacetate ester in XXiXb generates the 4-hydroxy-
naphthalene carboxylic acid esters XXX. Protection of the hydroxy! group in XXX as
a benzyl ether gives 4-benzyloxy-naphthalene carboxylic acid esters XXXL
Reduction of the ester group in XXX1 affords naphthalen-2-yl methanol compounds
YOO, which can be transformed to chloromethyt substituted naphthalenes XXXIH,
A carbonylation reaction of XXX in the presence of methanol or ethanol gives 4-
benzyloxy-naphthylacetic acid esters XXXIV. Deprotection of the benzyl ether in
YOOV affords 4-hydroxy-naphthylacetic acid esters XXXV which can undergo
sulfonylation to afford trifluoromethanesulfonates XXXVL. A Negishi coupling
reaction between trifluoromethanesulfonates XXXV1 and the generated benzylic zinc
chiorides XXV yields the naphthylacetic acid esters XXXVHIL Hydrolysis of
YOO(VHE produces the compounds of interest id.

Stobbe condensation reactions of X3Vt with succinate esters XXVII to give
intermediates YXVIl can be carried out using a base such as sodium methoxide,
sodium ethoxide, potassium tert-butoxide, or sodium hydride in a suitable solvent
such as methanol, ethanol, tert-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 (1983) 7908).

Cyclization of compounds XXVIill to produce 4-acetoxy-naphthalene carboxylic acid
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 (E-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 regicisomers in the cyclization reactions involving XXVIiL
These regioisomers can be separated by conventional chromatography methods,
affording the desired intermediates of stfucture XXIXa (Castellano, S.; Milite, C;
Campiglia, P.; Sbardella, G. Tetrahedron Lett. 48 (2007) 4653).

benze



H), 7.88(dd,J =11524Hz, 1H)7.81- 7.86(m,1H), 7.69(s,1H), 7.70( J=7.8
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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 rﬁethoxide or
potassium tert-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
XXVIH in the presence of trifluorcacetic anhydride and tristhylamine 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
chioride 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-dimethyiformamide 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 XXXH. 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 chioromethyl naphthalene intermediates XXX can be prepared by the reaction
of compounds XXX 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 chioride either neat or in a suitable solvent such
as dichloromethane, chioroform, 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 XXXIil to the naphthylacetic acid esters XXXIV can be
accomplished by a palladium catalyzed carbonyiation reaction under one
atmosphere of carbon monoxide in the presence of a basé such as potassium



Hz, 1 H), 7.56 (td, J=8.8, 2.7 Hz, 1 H), 3.80 (s, 2H) a: HRMS (ESI+, [(M+H) ]); b: HRMS
(ESI+, [(M+Na) ]) EXAMPLE 2-1 16-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-01-acetic
acid OH 0 W3 204/¢8p3005PCT/EP2009/064813 - 107 - Bromo-4-metharaspiienylhenzene (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 bls(trlphenylphosphlne)paﬂgdlum(lI) chloride (PdC12(PPh3)2) (7.55 g, 10.6
mmol) 5 were added while purglng with argon, followed by the addition of triethylamine (200 mL) and

anhydrous df@R RS tRERY BI00%NES. d("ﬁ‘?ﬁf@mw FHUBR lBrEEEMRL U B M A WAL Kided and the

‘reaction mixpeg avias atlﬁmba&éqﬁr@ terapriaitsaves Blraoyelimnikisiteawssraenieentrated, then
partitioned betw en_eth ate and er Th ined organlc layers were washed with 1 N
hydrochlorlc a5 Ca{ é/ %‘rﬁ?lﬁé’ Vﬁ ovcesrtgn&arg%egjum sulfate, filtered, and concentrated to
afford crudeQMMEMMM@WH@H@W@WMwm@iétnﬁﬂéﬂm(@ﬁ@?tat&% mmol), which was used in

the nex! steRailaitBHIhS HRULADAT (5 ) ARl oloE L 7dehaBOABRLM+H)+] 262, obsd.

253. 151- Ets%nyl- -methanesulfonyl-benzene v To a solution of

(4-methane<SIRBIRAIIMERN RS R BRERRRBNARSEAGE B8, 195 N8 SRRl IR aMRIBRIRE (450 mL)
was added tetpmbuw;baimbmumfW&@ib&d%d@ﬁ@geﬁb@mﬂmbe%mmmﬂmte color change from

yellow to req was phsprve G0.ATIer 8 INYIES, INSLoaEioR WESComBIEE and fg sglyent was

removed in vacuo er was a ded an e resulting mlxture as then extracte rée times with

ethyl acetateg¥e Bombine@ofgiic Iﬁ/é’k@“éﬁéﬂ/@dshed with water and brine, dried over magnesium
sulfate, fiiter e AR CanReHERBA pId8: ﬁﬁéc&suw RSP RS iR, dishIoTRRdheRs: cﬁ\(&dsthe insoluble
s 2

material was filtered off, The filtrate wa concentrated to gve the crude product. Flash

chromatograBFR R EG Sy REERRISMATSISEHUD GRS AT Y5 ol AR T PREAHES afforded
1-ethynyl-4-cotathasesuifatybbemzens’ tharégsrv %%wlpf%esca yébovaisblid 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, diisopropyiethylamine, potassium carbonate, or cesium carbonate
in an inert solveni such as dichloromethane, tetrahydrofuran, or N,N-
dimethyiformamide at 0 °C 10 room temperature for several hours.
The benzyl-substituted naphthylacetic acid esters XXXVIll can be synthesized by

30 Negishi coupling reactions between the trifiuoromethanesulfonate esters XXXVI and
benzylic zinc chlorides XXXVil. These reactions are carried out in the presence of a
palladium catalyst such as palladium(li) acetate and a phosphine ligand such as 2-
dicyclohexylphosphino-2',6'-dimethoxybipheny! (S-Phos) in tetrahydrofuran at



WO 2010/055005PCT/EP2009/064813 - 108 - _
4-Fluoro-2-(4-methanesulfonyl-Phenylethyny1)-benzaldehyde 6 A degassed mixture of
1-ethynyl-4grasiharesisdonyl-benzene (2.5 g, 13.87 mmol), 5 bis(triphenydphosphins)Palladium(11)
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)_ip-dichloromethane (10 mL) was stirred at 80 C for
3.5 hours, then at room temperature oyernight. The reaction mixture was partitigned between
dichloromettBHBSRN R RF HERD oﬁaaﬁ@féfggémﬁf)&ﬁgﬁ%@?e?%%ifm? Eﬂ%té'l%ﬁ?edf%’jw and
concentrated inkacthiFRasDrohtemato geapBy (REYISep(r) Flash column, 230-400 mesh, 15-35% ethyl
acetate in hexane) gave 4-fluore<2:-{4n heqylethynyD-penzaldehyds (3.32 g, 79%).
MS (ESI+) c?@?&%ﬁ@ﬁﬂ%%&%ﬁh’ +E$§+isaé3?8g§,g§§§d8”302. el R
[6-Fluoro-4-@-easnkishesLiRing | oetheds thataaivalkno v ia csreestia eiigrisdita o P mixture of

4-fluoro-2-(45 eseifentisphenyisthyayibkerzaldehydeddsd4tad o evnobarbgeld(l)
bromide (0.15 g, 0.35 mmol) in dioxane (8 m|.) was added 4-oxo-butyric acid e{=th | ester (1.50 g, 11.53
mmol). The REE&RHF MR GRSWE Y BrRegRa" @TB@ BY RS Hritroga orﬁoﬁvc?f}rss.xmeaséolvent was
removed in \faﬁabytmﬁtfmid a,ldeﬁwm,vimﬁimiﬁta&m dheoenbtetrdphp Resdisésiyddash column,
230- 400 mesh, 25-65% et j

[6-fluoro-4-( %r%rgtﬁeﬁn%eé?ﬁ%%y?%ggﬁ%rﬂ%@l@r@‘f—?ﬂ%ﬁeggugcs;id ethyl ester (0.63 g, 26%). MS

(ESI+) cald. Thedzpayia gingshgines Ahempiayed s teidaaiel P8 dRAiREtinces, this WO

[2601}WO%E‘ZZ}P@%E&%%@@&%%&W@%Wﬁ@mﬁ 3 @{me-m-d amneeingak 10.
-Tluoro-4-(4-metnanesulironyl-nenzo - Nalen-Z- -acetic aclda.

16 Fivora. BERUERR RO SR 2e oK MR a1 2R R e meselsrRbl

[6-fluoro-4-(4tirethasitsuiéonilcbenpusth)indgiehatehidiyipaddtiddecil @hytester (0.63 g, 1.52 mmol) in

tetrahydrofutag. (6 mi-) a0 walet e%@’ééﬁ%@%'%i% hrexidemenahliatei(@She. 1.98

mmol). The reaction mixture was at reflux for 3 hours. After cooling to room temperature, more
water was adieemadiatehemgdorina s rsnoVRdiKaT eeiv et JHalgihaY The pH was 10 adjusted
to 2 with ga. 2 kN Ay erpeilerio agithelheorsylting Fahutpsobsiseas collected by filtration to
give pure [6-f|uoro-4-(4-methanesuIfonyl-benzog - naphthalen-2-y1]-acetic acid (0.53 g, 90%). 1H
NMR (300 MHz, DMSO-d6) 6 ppm 12.48 (br. s—%gf%j—-‘%—ﬁ, o615 (s, 1 H),812-8.20(m, 1 H),8.11(d,J =
8.3 Hz, 2H),8.00(d,J=8& )m7.90 (dd,J=115,24 H@’\}hm@% 1H), 7.57 (td, J = 8.8,
15 2.4 Hz, 1 H), 3.82 (s, 2H), 3. r.’s, 3 H); HRMS cald. for C20H1 S %S+) [(M+ Nark
409.0516, obsd. 409.0515. EXAMPLES 2-2 to 2-32 The following ex&hples 2-2 to 2-32 were prepared
in an analogous manner to 20 e%%{p le 2-1, starting with the appropriatg,goinmercially available or
prepared aldehydes and aryl halides and 4-oxo-butyric acid ethyl ester (or methyl ester). Exa mule
Aryl Systematic 1H NMR (300 MHz, DMSO0- MS No. Aldehyde halide Name de) 6 ppm (M+H)4

Structure W%?%@é%@%%%@ (FRAORY/ABEBIR #10 r712 iFiflpramawdhangaul onic acid

2-formy1-5- methoxy- p enf\)ll ester 1- Bromo- 4- _ L ,
20 trifluoromethyl, benzyl, phenyl or phenyl substituted by halogen, the Negishi coupling

reactions with triflucromethanesulfonate intermediates XXXVI may be carried out
using sulfanyl-substituted benzylic zinc chiorides XL according to Scheme 11. The
resulting sulfanyl-benzyl substituted naphthylacetic acid esters XLI can be oxidized
to sulfonyl-benzyl substituted naphthylacetic acid esters X3O(VHI where R4 is SOR7

25  and R7 ig limited to lower alkyl, trifluoromethyl, benzyl, phenyl or phenyl substituted
by halogen. Hydrolysis of XXXVl produces the compounds of interest id.



mgthan esulfon Y1 benzen e [4-(4- Methanes ulfonyl- benzoyl)- 6- methoxy- naphthale n-2-y11- acetic
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Scheme 11
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phenyl, or phenyl
substituted by halogen

oo n=01 Id R7 =lower aikyl, CF,, benzy,
R7 =lower alkyi, CF;, benzyl, phenyl, or phenyl

phenyl, or phenyi substituted by halogen
substituted by halogen

The Negishi coupling reactions between the'triﬂuoromethanesuifonate esters XXXVI
and benzylic zinc chiorides XL to provide XLI are 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).

Oxidation of intermediates XLI to the naphthylacetic acid methyl esters XXXVl can
be accomplished using an oxidation agent such as m-chioroperoxybenzoic acid (m-
CPBA) or hydrogen peroxide in a suitable solvent such as dichloromethane or
dichioroethane (or an aqueous solution if hydrogen peroxide is used), at a
temperature between 0 °C and room temperature for several hours. Alternatively,
potassium peroxymonosuifate (OXONE ®) may be empioyed as an oxidant in
mixtures of water with an organic solvent such as tetrahydrofuran at temperatures

between 0 °C and room temperature for several hours.

Hydrolysis of esters XXXVIil 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 soiution of



2-3 2-Bromo- 1444- 12.49 (br. s, 369 benzaideh Bromo- Methanes 1 H), 8.08 -
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base such as sodium hydroxide or lithium hydroxide, in an inert solvent such as

tefrahydrofuran, 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 benzy! 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 chiorides XL (Krasovskiy, A.; Malakhaov, V.; Gavryushin,

10 A.; Knochel, P. Angew. Chem. Int. Ed. 45 (2006) 6040).

Scheme 12
CI/\Q-S’FU Cl\Zn/\©_S,RT
R3 R3
X XL
R7 = lower alkyl, CF,, benzyl, R7 = fower alkyl, CF,, benzyi,
phenyl, haloger-substituted pheny!, haiogen-substituted
phenyl sheny!

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, optionaliy substituted by

methanesulfonyl, compounds of interest of type id may be prepared from the

triflucromethanesulfonate esters XXXV according to Scheme 13. In this sequence,

Negishi coupling reactions between XXXVI and benzyloxy-substituted benzytic zinc

chlorides XLIH 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 XLVH yield the naphthylacetic acid ester

compounds XXXVIli where R4 is limited to either heteroaryl, optionally substituted by

lower alkyl, or phenyl, optionally substituted by methanesuffonyl. Ester hydrolysis

25 furnishes the compounds of inferest Id.
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The Negishi coupling reactions between the triflucromethanesulfonate esters XXXVi
and benzyloxy-substituted benzylic zinc chlorides XLIE to provide XLIV are

5 performed in

the presence of a palladium catalyst such as palladium(il) 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 Removat of the benzyi protecting group in XLIV through catalytic hydrogenolysis
affords phenols XLV. This reaction can be carried out under one atmosphere of

(s,
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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.

Phenal compounds XLV can be converted to the triftuoromethanesuifonéte esters
5 XLVI through a reaction with triflucromethanesuffonic 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 XLV! can be obtained by reacting
compounds XLV with N-phenylbis(trifluoromethanesulfonimide) in the presence of a

10 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 naphthyiacetic acid esters XXXVill, where R3 is limited to hydrogen and R4 is
limited to either heteroaryl, optionally substituted by lower alkyl, or phenyl, optionally

15 substituted by methanesulfonyt, can be synthesized by Suzuki coupling reactions
between the trifluoromethanesulfonate esters XLVI and boronic acids XLVIl. These
reactions can be carried out in the presence of a palladium catalyst such as
tetrakis(triphenylphosphine)pailadium(0), bis(triphenylphosphine)paltadiumiil)
chloride, palladium(li) acetate, or [1,1-bis{diphenylphosphino)ferrocene]-

20 dichloropalladium{li) and a base éuch as cesium carbonate, sodium carbonate,
potassium carbonate, or triethylamine. The coupling reactions may be perfarmed in
a solvent such as toluene, dioxane, 1,2-dimethoxyethane, or N,N-dimethyiformamide
at the reflux temperature for-several hours.
Hydrolysis of esters XXXVl to give the compounds of interest Id can be easily

25 accomplished using methods that are well known to someone skilled in the art. For
example, the reactions can be caried out in the presence of an agueous sotution 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.

30 The benzyloxy-substituted benzylic zinc chiorides XLII employed in the Negishi
coupling reactions giving intermediates XLIV can be readily prepared according to
Scheme 14. Reaction of benzyloxy-substituted benzyl chiorides XLV with
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activated zinc metal in the presence of 1,2-dibromoethane, chlorotrimethylsilane, and
lithium chioride in anhydrous tetrahydrofuran at temperatures between 0 °C and
40 °C for several hours gives the intermediate benzylic zinc chiorides XLill
(Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Knochel, P. Angew. Chem. Int. Ed. 45
(2006) 6040).

Scheme 14

o — T

The 4-hydroxy-naphthalene carboxylic acid ester intermediates XXX shown in

LGl

XLt

Scheme 9 can alternatively be prepared according to Scheme 15 starting from the 3-
carboalkoxy-4-phenyi-3-butenaic acid compounds XXVIil. Hydrolysis of
intermediates XXVIii generates the dicarboxylic acids XLEX 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
methods outiined in Scheme ©.

Scheme 15
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intermediates XXV, which can be synthesized as described above in Scheme &,

can readily undergo hydrolysis to afford the dicarboxylic acid intermediates XLiX.
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 mixiures thereof, at a temperature between room temperature

and the refiux temperature for several hours.

Cyclization of the dicarboxylic acids XLIX to form 4-hydroxy-naphthalene carboxylic
acids L can be accomplished in neat triflucromethanesulfonic acid at room

5 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 converied 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 ethano! at temperaiures
10 between room temperature and 80 °C (or the reflux tefnperature) for several hours.
Alteratively, the esterification reaction can be carried out in the presence of thionyl
chioride and a suitable alcohol solvent such as methanol or ethanol at temperatures
between 85 °C and 80 °C (or the refiux temperature) for several hours.

The triflucromethanesulfonate ester intermediates XXXVI described in Scheme 9
15 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 L. Compounds LIi can
be transformed into trifluoromethanesulfonate esters LUl A carbonytation reaction
20 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 8.
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The 4-acetoxy-naphthalene carboxylic acid ester intermediates XXiXa, which can be

prepared as described above in Scheme 8, can undergo a reduction reaction to form

5 alcohols LI in the presence of a suitable reducing agent such as diisobutylaluminum
hydride or lithium aluminum hydride in an inert organic solvent such as methyien.e
chioride, hexane, toluene, diethyl ether, tetrahydrofuran, or mixiures thereof. The
reactions can occur at temperatures ranging from -78 °C to room temperature for
several hours.

10 Chiorination of aicohols Li to form intermediates LIi 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 LI can be converted to the trifluoromethanesulfonate esters Ll through

15  a reaction with trifluoromethanesulfonic anhydride in the presence of an amine base
such as pyridine, friethylamine, or diisoprapylethylamine and in the presence or
absence of an inert solvent such as methylene chioride for several hours at
temperatures between 0 °C and room temperature.

Conversion of compounds Lt {o the trifluoromethanesulfonate ester intermediates
20 XOOXVI can be accomplished by a palladium catalyzed carbonyiation 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(triphenylphasphine)dichtoropalladium(il), palladium(ll) acetate,
tetrakis(triphenylphaosphine)pailadium(0), or tris(dibenzylideneacetone)-
dipatladium{0), in the presence or absence of a figand such as
tricyciohexyiphosphine, triphenylphosphite, or triphenyiphosphine at a temperature
between room temperature and 90 °C for 10 minutes to several hours (Schoenberg,
A.: Bartoletti, 1.; Heck, R. F. J. Org. Chem. 39 (1974) 3318).

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 Lil. A carbonylation reaction in the presence of methanol or
ethanol gives intermediates XXXV which can be converted to compounds of interest
id using the methods outfined in Scheme 9.

Scheme 17
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Reduction of the carboxyl group in intermediates L, which can be synthesized
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.

WO
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Transformatién of alcohols L1 into chiorides 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-
dimethyiformamide, or dichloromethane, at a temperature between C °C and 120 °C
5 for several hours.

Conversion of the chiorides LI 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

10 co-solvent such as tetrahydrofuran. This transformation can be carried out using a
palladium catalyst such as bis(triphenylphosphine )dichioropalladium(ll), palladium(il)
acetate, tetrakis(triphenylphosphine)palladium(0), or tris(dibenzylideneacetone})-
dipalladium(0), in the presence or absence of a ligand such as
tricyclohexylphasphine, triphenylphosphite, or triphenylphosphine at a temperature

15 between room temperature and 80 °C for 10 minutes to several hours (Schoenberg,
A.; Bartoletti, 1.; Heck, R. F. J. Org. Chem. 39 {1874) 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. Suifonylation of XXX provides the

20 perﬂuoroaikyisuifonate esters LIV. A Neagishi 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 LVIL. A carbonylation reaction in the presence of methanol or ethanol

25 gives the 4-benzyl substituted naphthylacetic acid esters XXXVIIL. Ester hydrolysis
furnishes the compounds of interest Id.
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The perfluoroalkylsulfonate esters LIV can be prepared by a reaction between
intermediate XXX and a sulfohyiation reagent such as trifiucromethanesulfonic

5 anhydride, N-phenylbis(trifuoromethanesulfonimide), or perfluorobutanesulfonys
fluoride in the presence of a base such as triethylamine, diisopropylethylamine or
sodium hydride in an inert soivent such as dichloromethane, tetrahydrofuran, or N, \-

dimethylformamide at 0 °C to room temperature for several hours.

The naphthaiene carboxylic acid esters LV can be synthesized by Negishi coupling

10 reactions between the perfiuoroalkylsulfonate esters LIV and the benzyiic zinc
chlorides XXXVIil. These reactions are carried out in the presence of a palladium
catalyst such as palladium(il) acetate or tetrakis(triphenylphosphine)palladium(0)
and a phosphine ligand such as 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyt {S-
Phos) in tetrahydrofuran at temperatures between 66 °C and 70 °C for several hours

15 {Metzger, A.; Schade, M. A.; Knochel, P., Org. Lett. 10 (2008) 1107). The benzyiic
zinc chiorides XXXVl 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 LVL. This reaction can be carried out in an
inert organic solvent such as tetrahydrofuran, diethy! ether, toluene, or mixtures
thereof, at a temperature between 0 °C and 80 °C for several hours.

The chioromethyi 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 tempefature) for several hours. Alternatively, the chiorination reaction
can be accomplished using thiony! chioride either neat or in a suitable sclvent such
as dichicromethane, 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 LV1I to the naphthyiacetic acid esters XXXVIil can be
accomplished by a palladium catalyzed carbonyiation reaction under one
atmosphere of carbon monoxide in the presence of a base such as potassium
carbonate or tristhylamine in methanol or ethanot 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)dipaliadium(0)
in the presence or absence of a ligand such as tricyciohexylphosphine,
triphenylphosphite, or triphenyiphosphing 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 abave, hydrolysis of esters XXXVHI to give the compounds of interest
id can be easily accomplished using methods that are weil 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.

dioxole-5- 4-
carbaldehy methan benzoyl)- J = 8.6 Hz, 2 de esulfon naphtho[2, H), 7.97 (d,
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The compounds of interest ld can also be prepared according to Scheme 19.
Starting with the perfluoroalkyisulfonate 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. Transfarmation of intermediates LV inio the

compounds of interest id subsequently proceeds as described in Scheme 18.

Scheme 19
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10 The palladium catalyzed borylation of perfluaroalkylsulfonates LIV fo give the
boronate ester intermediates LiX can be performed in the presence of
bis(pinacolato)diboron LVIiE, a base such as potassium acetate, a palladium catalyst
such as dichlore 1,1’ -bis(diphenylphosphino)ferrocene palladium(li) or
bis(triphenylphosphine)-dichloropafladium(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 suffoxide 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(il) acetate, tetrakis{triphenylphosphine)paliadium(0) or
pafiadium(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 refiux 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.
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Alternatively, compounds of interest Id can be synthesized according to Scheme 20.
Starting with the trifluoromethanesulfonate intermediates XXXV1 described in
Scheme 9, a palladium catalyzed borylation reaction fumishes the boronate ester
compounds LX!I. A Suzuki coupling reaction between LXI and benzyl bromides LX

20 or benzyl chlorides XXXIX gives the intermediate naphthyl acetic acid esters XAV
Hydrolysis of the ester group in intermediates XXXVIli provides the compounds of
interest td. '
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The palladium catalyzed borylation of trifluoromethanesulfonates KXV {o give the
boronate ester intermediates LXI can be performed in the presence of
bis(pinacolato)diboron LVIill, a base such as potassium acetate, a palladium catalyst
such as dichloro 1,1-bis(diphenylphosphino)ferrocene paliadiumif)

5 (dichloromethane adduct) or bis(triphenylphosphine)dichloropalladium(il) 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,

10 M.; Miyaura, N. J. Org. Chem. 80 (1995) 7508).
The Suzuki coupling reactions between boronate esters LXI and benzyl bromides LX
or benzyt chiorides XXXIX to form the benzyl substituted naphthylacetic acid ester
intermediates XXXVl can be accomplished in the presence of a palladium catalyst
such as palladium(ll) acetate, tetrakis(triphenyl-phosphine)palladium(0) or

15 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

20 30 minutes to 20 hours {Chowdhury, S.; Georghiou, P. E., Tefrahedron Lett. 40
(1999) 7599).
As described above, hydrolysis of esters XXXVl 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

25 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.

30 Suzuki coupling reactions between XXXVI and the 4.4 5 5-tetramethyl-2-(benzy!)-
1,3,2-dioxaborolanes LXII provide naphthylacetic acid methyi ester intermediates
YOOKVIHL. Hydrolysis of the ester groups in XXXVIIE affords the naphthylacetic acid
compounds of interest 1d.
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The Suzuki coupling reactions between X¥XV! and the 4,4,5,5-tetramethyl-2-
(benzyl}-1,3,2-dioxaborolanes LXII can be performed in the presence of a palladium
5 catalyst such as palladium(ll) acetate and in the presence of a phosphine ligand
such as 2-dicyclohexyl-phasphino-2',6'-dimethoxybiphenyl (8-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 54etramethyl-2-(benzy!)-1 ,3,2-dioxabo'roiane reagents LXH

10 employed in the Suzuki coupling reactions are commercially available, or they are
prepared according to the procedures described in a) Giroux, A. Tefrahedron Lett. 44
(2003) 233 and b) Ishiyama, T.; Oohashi, Z.; Ahiko, T.; Mivaura, N. Chem. Lett.
(2002) 780.

As described above, hydrolysis of esters XXXVl to give the compounds of interest

15 Id can be easily accomplished using methods that are well known to someone skilied
in the art. For example, the reactions can be carried out in the presence of an
aqueous solution of base such as sedium 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.

20 Compounds of interest IC can be prepared by a hydride reduction or partial
hydrogenation of the corresponding ketones A, as illustrated in Scheme 22.
Alternatively, IC can be obtained by hydride reduction or partial hydrogenation of
keto esters IG, foliowed by ester hydrolysis of compounds LXIil.
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Selective reduction of the ketones 1A to the corresponding hydroxyl derivatives IC or
keto esters IG to the intermediates LXIH can be achieved using methods which are

well known to someone skilied in the art. For example, a miid hydride donor reagent

‘such as sodium borohydride can be used. The reactions can be carried outin a

suitabie soivent such as tetrahydrofuran, dichloromethane or methanaoi, at a
temperature between 0 °C and room temperature for several hours.

Hydrolysis of ester compounds LXIlI to givé the compounds of interest IC 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 soiution
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.

In addition, partial hydrogenation of ketones 1A to the compounds of interest IC or
keto esters IG to the intermediates LXHH 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 salvent 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,
5 orin 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

lG (n:0=1) LYV (n=0,1) ID
10 Introduction of the gem-difluoromethy! group to generate compounds 1D is shown in

Scheme 23. Conversion of the ketones IG to the corresponding gem-difiuorides
LXIV can be accomplished with nucieophilic fiuorinating sources. Hydrolysis of the
esters LXIV affords compounds of interest ID.

Transformation of the ketones IG to the gem-difluorides LXIV can be accomplished

15 using nucleophilic fluorinating sources such as diethylaminosulfur trifluoride (DAST),
bis(2-methoxyethylJaminosulfur trifluoride (CH;0CH,CH2)}NSF; (Deoxo-Fluor
reagent), a,o-difluoroamines or N, N-diethyl-a,a-difluoro-{m-methylbenzyljamine
(DFMBA), either without or with a solvent such as tetrahydrofuran, dichloromethane,
or mixtures thereof, at a temperature between room temperature and 180 °C for

20 several hours (reference: Lal, G. S.; Pez, G. P,; Pesaresi, R. 4.7 Prozonic, F. M;
Cheng, H. J. Crg. Chemn. 64 (1999) 7048).

Hydrolysis of esters LXIV to give the compounds of interest 1D 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
25 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 temperaiure and reflux temperature for several hours.
Scheme 24

LI Y IE
where n=0o0r1. wheren=0or 1.
Compounds of interest IE can be prepared according to Scheme 24. The reaction of

alcohols LXIH with methano! under acidic conditions affords the methoxy derivatives
LXV. Ester hydrolysis produces compounds lE.

Transformation of the hydroxyl intermediates LXH#I 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 tithium
hydroxide, in an inert solvent such as tetrahydrofuran, 1,4-dioxane, water or mixtures
thereof, at & temperature between rdom temperature and reflux temperature for

several hours.
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Scheme 25
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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 geherates the corresponding acid chloride in sifu,
which is not isolated, but freated with the Wittig-fype reagent LXVI in the presence
of a base to produce the allene derivative LXVHI. A conjugate addition reaction of

10 the allene with maionic acid tert-butyl ester ethyl ester produces the tri-ester
derivative LXiX, which upon hydrolysis and subsequent decarboxylation generates
the acid derivative LXO( Acetic anhydride-promoted cyclization of LXX fumishes the
naphthalene derivative LXXI, which upon hydrolysis of the acety! group produces the
key intermediate XXXV-a. Treatment of XXXV-a with frifluoromethansutfonic

15 anhydride produces the key intermediate triflate XXXVi-a. A Pd-catalyzed coupling
petween XXXVi-a and a benzylic zinc reagent {generated in situ) can produce the
ester XXXVHi-a, which upon acid-catalyzed hydrolysis furnishes the desired
compound ld-a.
The conversion of (4-fluorophenyl)-acetic acid o its corresponding acid chioride

20 derivatives can be performed by methods known in the art. For example, the
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reaction can be carried out with oxaly! 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 LXVH in an ether solvent at a
tempet'a’iure between 0-10 °C produces the allene derivative LXVIEL

The conjugate addition reaction between the allene derivative LXVIil and malonic
acid tert-butyl ester ethyl ester to produce the tri-ester derivative LXIX is conducied
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 can then be carried out by heating the solution of the resulting diacid at reflux for
several hours, fo produce LXX.

The cyclization of the unsaturated acid derivative LXX to the naphthalene LXXi can
be accompiished 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 conversicn of the phenol XX(XV-a to the corresponding triflate XXXVl-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 benzy! chloride such as 1-chloromethyl-4-
methanesulfonyl-benzene can be carried out using a Pd catalyst such as
dichlorobis(triphenyiphesphine)palladium(il), in a solvent such as DMF, ata
temperature around 65 °C to produce XXXViii-a.

The ester hydrolysis of XXXVIil-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
andfor by reversé-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 1ISCO CombiFlash®_ chromatography instrument (from Teledyne
Isco, Inc.), or (3) an Analogix® inteiiiFiashZSOfM 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 Cig column (5 ym, OBD™ 20 x 100 mm) from
Waters Corporation, or a SunFire™ Prep Cig column (5 pm, OBD™ 30 x 100 mm)
from Waters Corporation.
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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
Tesla magnet (from Bruker Corporation), a Waters® Alliance® 2795-ZQ™2000 (from
Waters Corporation), or an MDS Sciex™ API-2000™n AP (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®
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
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,

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.

PART I: PREPARATION OF STARTING MATERIALS AND INTERMEDIATES
Preparation of 4-oxo-butyric acid methyi ester
0

OV\/U\O/
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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 dichioromethane (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
concenirated 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, CDCls)} 5 9.81 (s, 1 H), 3.69 (s, 3H), 2.80 (t, 2H.J =
8.64 Hz), 2.63 (f, 2 H, J = 6.64 Hz).

Preparation of 4-oxo-butyric acid ethyl ester
O

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 -80 °C, and then G3/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 wam
to room temperature and stirred ovemight. Argon was then bubbled through for 2
hours. The reaction mixture was then concentrated in vacuo. Low pressure
fréctionat distillation afforded 4-oxo-butyric acid ethyl ester (14.3 g, 3%, contained a
small amount of dimethy! 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, CDCl) & ppm 8.81 (s, 1 H), 4.14
(. J=7.2Hz, 2 H), 2.79 (t, J= 6.6 Hz, 2 H), 2.62 (. J =6.6 Hz, 2 H), 1.26 (t, J =7 .2
Hz, 3 H).

Preparation of pent-3-ynoic acid methvl ester

0
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Pent-3-ynoic acid

/\WOH
Z 0
Jones reagent (CrO.-H»S0.) (105 mi of freshly made solution, prepared by
combining ice cold HSO4 (35 mL) with chromium (V1) oxide (35.0 g, 350 mmol) and
5 100 mL of ice cold water) was added slowly drop-wise to 3-pentyn-1-0f (10 g, 118
mmol) in acetone (800 mL) in a 3-neck round bottorned 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 fitrate was concentrated to approximately
20 mL, and then partitioned between water (50 mL) and ethyl acetate (150 mL}. The
cornbined 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
W\
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 fo give a light
yellow oil. Distiliation under reduced pressure gave pent-3-ynoic acid methyl esier
25 (5.68 g, 43% over two sieps) as a ciear, colorless oil. 'H NMR (300 MHz, CDCl3) &
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 CeHgOo [M™] 112, obsd. 112.
Preparation of 2-bromo-4.5-diflucro-benzaldehvde
O

F Br
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2-Bromo-4,5-difluorco-benzoic acid methyi ester
0

E 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
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
the next step without further purification.

(2-Bromo-4,5-difiuoro-phenyli}-methanol

body
F o

A solution of 2-bromo-4,5-difluoro-benzoic acid methyl ester (1.45 g, 5.78 mmol) in
toluene (42 mL)} was cooled at -78 °C under nitrogen. Diisobutylaluminum hydride {1
M in toiuene) (7.51 mL, 7.51 mmol) wes 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 sali
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-henzaidehyde

0O

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 bafch
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 thicsulfate. The organic phase was dried over sodium suifate,

filtered, and concentrated in vacuo. Flash chromatography (RediSep® Flash column,
230-400 mesh, 10-30% ethy! acetate in hexane) afforded 2-bromo-4,5-difiuoro-
10 benzaldehyde (0.47 g, 39%). *H NMR (300 MHz, CDCl3) & 10.23 (s, 1 H}, 7.77 (m, 1

H), 7.52 {m, 1 H).
Preparation of 2-bromo-4-chloro-benzaldehyde
0

H
Ct Br
2-Bromo-4-chloro-benzoic acid methyl ester
0O
o
15 Cl Br

Concentrated sulfuric acid (5 mL) was added drop-wise to an ice-coid mixture of 2-
bromo-4-chloro-benzoic acid (10.14 g, 0.0431 mo!) 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 Na,SO4, filtered, and concentrated to afford 2-bromo-4-chioro-benzoic acid

methyi ester (10.57 g, 98% yield) as a clear oil.
25

(2-Bromo-4-chioro-phenyl)-methanol



en-2-yl- -8.03(m, 2  acetic acid H), 7.90 (dd, J=11.5,24 Hz,1H), 7.71(d,J= 1.2

Hz, 1 H),

10

15

20

25

7.57 (td, J =
WO 2010/055605 PCT/EP2009/064813

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-chioro-benzoic acid methyl
ester (10.57 g, 0.042 mol) in toluene (50 mL) and hexanes (425 mL). The reaction
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 aqueocus sodium potassium tartrate was added, and
the reaction mixture was warmed o room temperature. The organic phase was
separated, dried over Na,SOy4, filtered, and concentrated to a clear oil. TLC (30%
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 -

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 agueous
sodium potassium tartrate was added, and the reaction mixture was warmed to room
temperature and stimed at room temperature for 1 hour. The organic phase was
separated, dried over NaSQ,, and concentrated to a yellow oil. A solution of this
crude product and dichlcromethane (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 1ISCO purification system (85:5 hexanes-
ethyl acetate ramped to 4:1 hexanes-ethyl acetate). (2-Bromo-4-chioro-phenyl)-
methanol was isolated as 5.57 g (60% vield) of a white solid.

2-Bromo-4-chioro-benzaldehyde

M“
Cl Br



ﬁ.)7,2.4Hz,1 H),3.82(s,2  H),340(q,J =72Hz,2 H), 114t J =7.2Hz3
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To a 0 °C solution of (2-bromo-4-chioro-phenyl)-methanol (5.57 g, 0.025 mol),
dichloromethane (250 mL), diisopropylethylamine (22 mL, 0.126 mof), and dimethy!
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°Cforab
5 minutes. The reaction mixture was diluted with 250 mL dichloromethane, then
washed with saturated aqueous NaHCOs (500 mL). The organic phase was washed
with saturated aqueous sodium thiosutfate (500 mL) to reduce excess oxidant. The
organic phase was dried over Na,SO, filtered and concentrated to afford a yellow
oily solid. A solution of this crude product and CH,Cl; (200 mi.) was evaporated
10 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 purffication
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)6 ppm 10.31 (s, 1
H), 7.88 (d, J = 8.2 Hz, 1 H), 7.69 (d, J= 1.6 Hz, 1 H), 7.44 (dd, /= 8.2, 1.6 Hz, 1 H).
15
Preparation of trifluoromethanesulfonic acid 2-formyl-5-methoxy-phenvl ester
O

@f“*
=0

Q
0=5=0
F/i\t:

A mixiure of 2-hydroxy-4-methoxybenzaldehyde (30.0 g, 154 mmol) and N-

phenylbis(triflucromethanesulfonimide) (78.1 g, 214 mmol)} in dichforomethane (200

20 mbL) was cooled to 0 °Cin 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 aliowed to warm to
room temperature and stirred overnight. The solvent was removed under reduced
pressure. To the residue, diethy! ether (600 mL) was added, and the resulting

25  mixture was subsequently washed with water, 1.0 N aqueocus 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 trifluaromethanesulfonic acid 2-formyl-5-methoxy-pheny! ester as a light
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yellow oil. *H NMR (300 MHz, CDCl:) & ppm 10.13 (s, 1 H), 7.96 (d, J = 8.8 Hz, 1 H),
7.04 (d, J=8.8 Hz, 1 H), 6.88 (s, 1 H), 3.93 (s, 3 H).
Preparation of 2-4odo-4-trifiucromethyi-benzaidehyde
' 0

F

F e

2-Amino-4-triflucromethyl-benzonitrile
2N
F

P NH,
Zinc dust (30 g) was added in portions to a 5 °C solution of 2-nitro-4-trifiuoromethyl-
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
hour. The reaction mixture was fittered 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-triflucromethyl-benzonitriie as an oily, orange solid
which was used in subseguent reactions without additional purification.

2-lodo-4-trifluoromethyi-benzonitrile

Z
Fx@(
1
P

Potassium iodide (5.6 g, 34 mmol) and sodium nitrite (2.4 g, 35 mmol) were added to

N

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 fo
the reaction mixiure, 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;SOs), filtered, and concentrated to give a



esulfon n-2-yl)- 7.92 (d, J = amide acetic acid 8.3 Hz, 2 H), 7.87 (dd, J = 11.7, 2.4 Hz,

H), 7.71 (s,
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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-trifiucromethyl-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 °Cfor 30
minutes. The reaction mixture was warmed o room temperature, then étirred 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
yeliow, oily liquid. The residue was cooled to 0 °C. Methylene chioride (10 mL) was
added. Water (10 mL) was added slowly drop-wise, then 1.0 N aqueous HCl was
added slowly drop-wise. After stirring at 0 °C for 10 minutes, concentrated HCIH(1
mi.) 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»SQ;, filtered, and
concentrated to an oily, yellow solid. The crude product was purified using fiash
chromatography (RediSep® Flash column, 230-400 mesh, 0-3% ethyl acetate in
hexanes) to give 1.44 g (40%) of 2-lodo-4-trifluoromethyl-benzaldehyde as a slightly
yeliow sofid. '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=82Hz, 1H).

Preparation of 2-chloro-1-iodo-4-methanesulfonyl-benzene

1
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A solution of 2-chloro-4-(methanesulfonylaniline (25 g, 122 mmol) in acetonitrile
(500 mL) was cooled to 0 °C, then sodium nitrite (20.97 g, 303.8 mmol) and
potassium iodide (50.45 g, 303.9 mmol) were added. Afier the reaction mixiure was
5 stired 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 exiracted with
dichloromethane. The organic layer was washed with water, dried over sodium

10 suffate, fitered, and concentrated. Flash chromatography (RediSep® Flash column,
230-400 mesh, 10%-35% ethyi acetate in hexane) gave 2-chloro-1-iodo-4-
methanesulfonyl-benzene (13.88 g, 36%). "H NMR (300 MHz, CDCl3) & ppm 8.11 (d,
J=8.4Hz 1H),800(d,J=19Hz 1H),7.51(dd, J=84,19Hz,1H),3.07 (s, 3
H). '

i5 Preparation of 1-bromo-4-methanesulfonyi-2-methyl benzene

Br
ON
S

Pt
@]

1-Bromo-4-methanesulfanyl-2-methy! benzene

o
~g

To a solution of 1-methyl-3-methanesulfanyt benzene (20 g, 145 mmol) in glacial

20 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, coloriess oil.



1H),7.71- 7.76(m,1H), 7.70(s,1H), 7.57(d, J= 89 25Hz, 1 H), 3.82(s,?2
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1-Bromo-4-methanesulfonyl-2-methyl benzene

Br

-~ S\\

To a solution of 1-bromo-4-methanesulfanyi-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 sofid. Flash
chromatography (J.T. Baker silica gel, 60-200 mesh, 15-20% ethyl acetate in

10 hexane) fumished 1-bromo-4-methanesuifonyl-2-methyl benzene (20.34 g, 58%) as
a white crystaliine solid. *H NMR (400 MHz, CDCl3)  ppm 7.80 (d, J = 1.8 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 (El+) cald. for CaHoBrO,S [M7] 247.9507, obsd. 247.9508.

15 Preparation of 1-bromo-2-fluoro-4-methanesulfonyl-benzene
| Br
o LI
/S\\ F
o

To a solution of 1-bromo-2-fiucro-4-methanesulfanyl-benzene (1 g, 4.52 mmol) in

dichloromethane (15 mL) was added 3-chioroperoxybenzoic acid (m-CPBA) (2 g,

11.30 mmol). The reaction mixture was stirred at room temperature overnight. To the
70 reaction mixture was added a 10% agueous 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-methanesulfonyi-benzene (1 g, 88% ) as a white

solid. "M NMR (300 MHz, CDCl) & 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, 3H).

Preparation of 1-bromo-2-chloro-4-ethanesulfonyi-benzene




H) _ 2-16 2-Bromo- 4-(4- {6-Fluoro (400 MHz) 458 4- bromo- 4 12.51 (br. s, [4- (morpholin
fluorobenz benzen 1 H), 8.12 - aldehyde esulfon e-4- 8.20 (m, 2 H),  YI)- sulfonyl)- 8.02 (d, J =

10

15

20

25

WO 2016/053005 PCT/EP2009/664813

1-Chioro-3-ethanesuifanyl-benzene

2,

A mixture of 3-chlorobenzenethiol (1.5 g, 10.37 mmoi), iodoethane (0.837 mL, 10.37
mmol) and potassium carbonate (4.1 g, 31.11 mmol) in N,N-dimethylformamide (20

\/S

mL) was stirred at room temperature ovemight. lce water was added, and the
resulting mixture was exiracted with diethyl ether (3x). The organic layers were
combined, washed with water and brine, dried over sodium sulfate, fitered, and
concentrated to give 1-chioro-3-ethanesulfanyl-benzene (1.14 g, 64%), which was

used in the next step without further purification.

1-Bromo-2-chlioro~4-ethanesulfanyl-benzene
Br

|
87 X

=

To a solution of 1-chioro-3-ethanesulfanyl-benzene (1.14 g, 6.63 mmol) in acetic acid
(10 mL) was added bromine (338 uL, 6.63 mmol) at 0 °C. The mixture was then
allowed to warm to room temperature and stirred overnight. To the reaction mixture
was added ethyl acetate, and the resulting solution was subsegquently washed twice
with water, then saturated sodium bicarbonate, dried over sodium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (RediSep® Flash column, 230~
400 mesh, 0-12.5% ethyl acetate in hexane) gave 1-bromo-2-chloro-4-
ethanesulfanyl-benzene (1.4 g, 85%).

1-Bromo-2-chicro-4-ethanesulfonyl-benzene

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,



morphol benzoylf 8.4 Hz, 2 H), ine naphthale 7.91 (d,J=  n-2-yll-8.4 Hz, 2 H), acetic acid 7.85

-7.93
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(m, 1H),7.73 (s, 1H), 7.57
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14 mmol). The reaction mixture was stirred at room temperature ovemight. The solid
was filtered off, and the filtrate was concentrated to afford 1-bromo-2-chioro-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=2.1Hz 1H)7.84

(d, J=85Hz, 1H),7.64 (dd, J=85,21Hz, 1H}, 3.13(q, J = 7.5Hz, 2 H), 1.30 (1,

J=7.5Hz 3 H).

Preparation of 4-bromo-2-ethyi-1-methanesulfonyi-benzene

—*":\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
chioride {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 80 °C, and
sodium hydroxide (2.82 g, 70.5 mmol) was added. The resulting mixture was stirred
at 90 °C ovemnight. After cooling fo room temperature, water was added to the
resulting suspension. The agueous 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-ethyi-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, 1.5 Hz, 1 H), 3.07 (5,3 H), 3.05(q, J=7.4 Hz, 2H), 1.33 {t, J = 7.4
Hz, 3 H).

Preparation of 4-bromo-1-methanesulfonyi-2-trifiuoromethyi-benzene

FF
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4-Bromo-1-methanesulfanyl-2-frituoromethyl-benzene
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To a solution of 4-bromo-1-fluoro-2-(triflucromethylbenzene (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 exiracted with ethy! 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 puritication.
4-Bromo-1-methanesulfonyi-2-trifluorometnyi-benzene
Fb Br

9]
O::S

VA
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To & solution of 4-bromo-1-methanesulfanyl-2-trifiuoromethyl-benzene (5.5 g, 20.29
mmol) in dichioromethane (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 aliowed 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-rifluoromethyl-benzene (4.79 g, 78%
over two steps). "H NMR (300 MHz, CDCl3) & ppm 8.18 (d, J = 8.5 Hz, 1 H), 8.04 (s,
1 H),7.92 (d, J =8.5Hz, 1 H), 3.18 (s, 3 H). HRMS (El+) cald. for CsHeBrF;0:3
[M™] 301.9225, obsd. 301.9223. '

Preparation of 1-bromo-4-ethanesulfonyi-2-methyt benzene
O.
N S\\ /
%

1-Methyl-3-ethanesulfanyi-benzene

2-17
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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-dimethytformamide

S~

(200 mL) was stirred at 0 °C over 30 minutes. The reaction mixture was allowed to

5 slowly warm to room tempera‘iure, and then stired at room temperature overnight.
The reaction mixture was poured into water, and the resulting suspension was
extracted with ethy! acetate The organic phase was dried over sodium sulfate,
filtered, and concentrated to give 1-methyi-3-ethanesulfanyl-benzene, which was
used in the next step without further purification.

10
1~Bromo-4-ethanesuifanyl-Z-methyl benzene

Br
O

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 (33414, 67%) as a light tan oil.

1-Bromo-~4-ethanesulfonyi-2-methyl benzene

Br
O“ /@
[ .

\/ >
O

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 stired overnight. The reaction mixture was



yl- n-2-yl]- Hz, 1 H), benzen acetic acid 7.63-7.68 e (m, 3 H), 7.59 (td, J =8.7,
3.75(s,2H), 3.72(s,3H) .
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washed with saturated agueous NaHCOs;, followed by an aqueous 10% sodium
suffite 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-
ethanesulfonyl-2-methyl benzene (8.5 g, 49%) as a white crystalline soiid. MS (El+)
cald. for CoH11BrO,S [M’] 263, obsd. 263.

Preparation of 1-bromo-4-N, N-diethvibenzenesulfonamide

Br
0, [ ]
s

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, 235 mmol} in tetrahydrofuran was added
at room temperature and the reaction mixture was stimred at room temperature for 2
hours. The solvent was evaporated off under reduced pressure. The residue was
diluted with ethy! acetate, and the inorganic salts were filtered through a celite bed.
The filtrate was washed with 2 N agueous HCI, dried over anhydrous sodium sulfate,
filtered, and concentrated in vacuo to afford 1-bromo-4-N,N,-
disthylbenzenesulfonamide, which was used in subsequent reactions without further
purification. MS cald. for C1oH14BrNO2S [M™] 292, obsd 293.

Preparation of 1<{4-bromobenzenesuifonyl}-piperidine

Diisopropylethylamine (2.09 mL, 11.7 mmol) was added at 0 °C to a stirred solution
of piperidine (0.40 g, 4.7 mmol) in tetrahydrofuran (10 mi.} and the reaction mixture
was stirred at room temperature for 15 minutes. A 0.1 M solution of 4-bromo-

benzenesulfonyl chioride (1.20 g, 4.7 mmol) in tetrahydrofuran was added at room

2.7Hz,1
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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 HC, dried over anhydrous sodium sulfate,

5 filtered, and concentrated in vacuo to afford 1-(4-bromobenzenesulionyi)-piperidine,
which was used in subsequent reactions without further purification. MS cald. for
C11HuBrNO,S [M™] 304, obsd. 304.

Preparation of 1-{4-bromobenzenesulfonyi)-4-{2-flucro-phenyl)-piperazine

Br
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Triethylamine (1.37 ml., 9.78 mmol) was added at 0 °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-
benzenssulfonyl chioride (1.00g, 3.91 mmol) was added to the reaction mixture at

15 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 ethy! acetate (20 mL), and the inorganic salts were fitered 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-

20 bromobenzenesulfonyl-4-(2-fluoro-phenyt)-piperazine as white solid. MS cald. for
CraH1aBrEN2O2S [M™] 399, obsd. 399.

Preparation of 4-(4-bromo-3-methyi-benzenesulfonyi)-morpholine

Br
s

N

O

25 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 mlL.) and the reaction



7.95(d,J= 89,56Hz,1 H),7.61(s,1 H),7.36- 7.48(m,1H), 3.85(s, 2 H),
3.26 (s, 3 H) |
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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 fitrate was washed with 2 N agueous HC|, dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo ‘o afford 4-(4-bromo-3-methyl-
benzenesulfonyl}-marpholine, which was used in subsequent reactions without
further purification. MS cald. for C41H12BrNOsS [M™] 320.2, obsd. 321.9.

10

Preparation of 4-bromo-3-methyl-N, N-dimethyl-benzenesuifonamide

Br
ON ,@
5

/\\
"o

~

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-methyi-benzenesuifonyi chioride (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, filttered, and concentrated in vacuo to afford 2.90 g (94%) of 4-bromo-3-
methyi-N, N-dimethyl-benzenesulfonamide, which was used in subsequent reactions
without further purification. MS cald. for CoH12BrNO2S [M"}278.2, obsd. 280.0.

25

Preparation of 4-bromo-3-methyl-N-methyi-benzenesulfonamide

Br
O\\ [
S

H--’\\
e
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Methylamine (2.0 M in tetrahydrofuran, 46.37 mL., 92.75 mmol) was added fo a
stired solution of 4-bromo-3-methyl-benzenesuifonyl chioride (5.0 g, 12 mmol) in
tetrahydrofuran at.0 °C, and the reaction mixture was stirred at room temperature for
3 h. The reaction mixture was concenirated under reduced pressure, diluted with
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 CgHmBFNOzS [M@] 264.1, obsd. 263.8.

Preparation of 3-{methanesulfonyl)benzyl chloride

3-Methanesulfanyl benzoic acid methyl ester
O
O/

5
Concentrated sulfuric acid (3.4 mL) was added drop-wise to an ice cold mixture of 3-
methanesuifany! benzoic acid (5.0 g, 30 mmol) and methanol (30 mL)}. After the
addition was compiete, the reaction mixture was warmed to room temperature, then
stired overnight. The reaction mixture was concentrated in vacuo. The resulting oll
was diluted with ethyl acetate, and then washed with water followed by saturated
sodium bicarbonate. The organic phase was dried over MgS80,, filtered, and
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-Methanesulifanyl-phenyl)-methanol

gOH

5

fluorobenz



Yi- naphthale 7.94 (dd, J= benzen n-2-yl]- 11.6, 2.6 Hz, e acetic add 1 H), 7.88 (d,
H),7.81 (dd, J=84,18 Hz 1H),

Hz,1
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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 agueous solution of sodium potassium
tartrate (300 ml.), then stirred at room temperature for 1.5 hours. The organic phase
was separated, dried over MgSQOy, 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}-methancl

OH

~550
O

To a 0 °C solution of (3-methanesulfanyl-phenyl}-methanol (4.57 g, 30 mmol} in
dichloromethane (100 mL) was added m-chlcroperoxybenzoic acid (16 g, 93 mmol),
in portions over the course of 1 hour. The reaction mixiure was aliowed to warm to
room temperature, then stirred for 24 hours. The reaction mixiure was washed with
a saturated aqueous solution of sodium sulfite foliowed by a saturated agueous
solution of sodium bicarbonate. The organic phase was dried over Na,SOq, 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-
phenyt)-methanct as a white solid.

3-(Methanesulfonyl)benzyi chloride

cl

550

J

1.8



7.70(s,1H), 757(td,J= 88,26Hz,1 H),3.82(s,2 H),332(s,3 H) 3.08(q,J
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Triphenylphosphine (7.5 g, 28 mmol), carben tetrachioride (11.0 mL, 114 mmol) and
tetrahydrofuran (18 mL.) were combined and stired 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

5 for 3 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 the crude product as an oily solid. A solution of this crude
product and dichloromethane was evaporated over silica gel, and the resulting sifica
gel supported crude product was loaded ontc an Analogix Superflash™ column.

10 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) 5 ppm 8.01 (s, 1H), 7.91(c, J =78 Hz, 1H),7.81(d, J=7.8Hz, 1 H),7.68(t, J
=7.8Hz, 1H), 4.90 (s, 2 H), 3.24 (s, 3 H). HRMS (El+) cald. for CgHaCIO,S [M']
204.0012, obsd. 204.0012.

i35
Preparation of 4-{ethanesulfonvl}benzvi chioride
0
T S
/AN
0 0
20 {4-Ethanesulfanyl-phenyl)-methanol

Ly
/\S

Sodium borohydride (3.2 g, 84 mmol) was added slowly in portions to an ice cold
mixture of 4-sthanesulfanyl benzaldehyde (7.0 g, 42 mmol) and methanol (400 mL).
After the addition was complete, the reaction mixture was warmed to room

25 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 MgSOs, filtered, and concentrated to give 7 g of
(4-ethanesulfanyl-phenyl)-methanol as a clear oil. This crude product was used in
subseguent steps without further purification.



=75Hz, 2 H), 1.24 (t, J =75Hz, 3 H 2-20 2-Bromo- 1- [4-(4- 12.44 (br. s, 415 10w
Bromo- Ethanesulf 1 H) 845 (dd OS fluorobenz 4- onyl1-2-J=11.9, 2.3
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{4-Ethanesulfonyl-phenyl}-methanol
L
g
oo

To a 0 °C solution of (4-ethanesulfanyl-phenyl)-methanol (7 g, 42 mmol} in

5 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 & 10% agqueous solution of sodium sulfite followed by a saturated agueous
solution of sodium bicarbonate. The organic phase was dried over MgSQ,, filtered,

10  and concentraied. 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%
sthy! acetate in hexanes) gave 4.87 g (58% over two steps) of (4-ethanesulfonyl-
phenyl)-methanol as a white solid. ‘

15 4-{Ethanesulfonyl)benzyi chioride
Qe
/\‘S
00

Triphenyiphosphine (12.77 g, 48.7 mmol), carbon tetrachloride (19.0 mk., 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
20 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 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,
25 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, crystaliine



aldehyde ethanes methyl- Hz, 1 H) 8.10 - ulfonyl- benzoyl)- - 8.22 (m, 2  2- methyl- 6-fluoro-
naphthale H) 7.91 (s, 1 H) 7.82 (d, J SO 09..._,....- benzenn-2-y11-=9.1Hz, 1 0 e acetic acid H)
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solid. *H NMR (300 MHz, DMSO-ds) 5 ppm 7.88 (d, J=8.2Hz, 2 H), 7.70(d, / =8.2

Mz, 2 H), 4.86 (s, 2 H), 3.29 (0. J=7.4 Hz, 2H), 1.07 (t, J=7.4 Hz, 3 H)
Preparation of 4-(benzylsulfanyl)benzyl chloride

@/\S /@f\m

5 4-(Benzylsuifanyl)-benzaidehyde

o

ien

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

10 at 40 °C ovemight. 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 MgSQs,, 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. Fiash chromatography (100%
hexanes - 15% ethyl acetate in hexanes) afforded 7.70 g {90%) of 4-
(benzylsulfanyl)-benzaldehyde as a slightly pink solid.

4-{Benzyisulfanyi-phenyl)-methanol

20 S/@\OH

Sodium borohydride (2.7 g, 67 mmol) was added slowly in three portions to an ice
cold mixture of 4-(benzylsulfanyl}-benzaldehyde (7.70 g, 33.7 mmol) and methano!
(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 cooied again in
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an ice bath, then 1 N agueous HCI (80 mL) was added. The ré‘su1ting 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 MgSQOsx, filtered, and
concentrated. Flash chromatography (Analogix SuperFiash™ column, 5% - 50%
ethyl acetate in hexanes) gave 6.33 g (81%) of (4-benzylsulfanyl-phenyl}-methanol
as a white solid.

4-(Benzylsulfanyl)benzyl chioride
L
o

Triphenylphosphine (14.9 g, 56.8 mmol), carbon tetrachioride (35 mL, 360 mmol), (4-
benzylsulfanyl-phenyl)-methanoi (6.33 g, 27.5 mmol), and tetrahydrofuran (120 mlL)
were combined and stirred at refiux 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 MgSOsy, 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 chioride as an off-white solid. "H NMR (300 MHz, DMSO-ds)
5 ppm 7.16-7.44 (m, 9 H), 4.72 (s, 2 H), 4.26 (s, 2 H}.

Preparation of 4-(benzenesulfonylbenzyi chioride

o e e

S/Q/\cu
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4-{Benzenesuifonyl)-benzaldehyde

H
WO
S
O

I7A\}
0

A mixture of 4-fluorobenzaldehyde (6 g, 48 m_moi), sodium benzenesulfinate (7.5 g,
4.6 mmol), and dimethylsulfoxide {30 mL.) was heated at 100 °C for 20 hours. The



ine naphthale = 8.5 Hz, 2 H), 784 (m,1 aceticacid H), 7.69(s,1 Du = H), 7.55 (td, J

5.7, 2.4 Hz,
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reaction mixture was cooled to room temperature, then partitioned between ethyl
acetate and water. The organic phase was dried over MgSQ,, filiered, 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
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

@\S oy

I7E\Y
00

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
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
MgSOu, 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
without further purification.

4-(Benzenesuifonyl)benzyl chioride

@\S o7

I\

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)
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 MgSQ,, 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 ioaded onto an Analogix SuperFlash™ column. Fiash
chromatography (15% - 35% ethyl acetate in hexanes) afforded 3.09 g (100%) of 4-
(benzenesulfonyl)benzyl chloride as a white, crystaliine solid. "H NMR (300 MHz,
DMSO-ds) d ppm 7.89-8.04 (m, 4 H), 7.53-7.75 (m, 5 H), 4.81 (s, 2 HJ.

Preparation of 2-(benzenesulfonyl)beggvl chloride

\\ //

2-(Benzenesulfonyl)-benzaidehyde

\\l/

A mixture Of 2fluorobenzaldehyde (4.67 g, 37.6 mmot), 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 MgS0s, 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 mixiure was
redissoived 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
sthyl acetate and water. The organic phase was dried over MgSOs, filtered, and
concentrated. A solution of this crude product and dichioromethane 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 oit which partially solidified over time.

(Z»BenzenesuIfonyi-phenyl)-methano!

\\/



diethyl- benzoyl)- 8.19 (m, 2 H), benzen 6-fluoro- 7.96 (s, 4 H), esulfon naphthale 7.84 (d, J=
111010 am n-2-y11-11.2 Hz, 1 S=0 ide acetic acid H), 7.69 (br. 1?1 s, 1H), 7.560,J=8.1 Hz, r
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Sodium borohydride (690 mg, 18.2 mmol) was added to a solution of 2-
(benzenesulfonyl)-benzaidehyde (1.98 g, 8.04 mmol) and methanoi (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 MgSQy, filtered, and
concentrated to afford 1.94 g (97%) of (2-benzenesulfonyl-phenyl)-methanal as an
oil. This product was used in subsequent steps without further nurification.

10 2.(Benzenesulfonyl)benzyl chioride

Cl
QL
o8

Triphenyiphosphine (4.08 g, 15.5 mmot), carbon tetrachloride (7.0 mL, 73 mmol}, {2-
benzenesulfonyl-phenyl)-methanol (1.80 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 MgSQsx, filtered, and
concentrated to give the crude product as an oity solid. A solution of this crude
product and dichioromethane was evaporated over silica gel, and the resulting silica
20 gel supported crude product was loaded onto an Analogix SuperFlash™ column.
Fiash chromatography (0% - 15% ethyl acetate in hexanes) afforded 1.73 g (85%)
of 2-(benzenesulfonylbenzyl chioride as an off-white, crystalline solid. "H NMR (300
MHz, DMSO-ds) 5 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 C13H41C102S [M*] 266.0168, obsd.
25 266.0168.
Preparation of 3-(1-methyltetrazol-5-yhbenzyi chioride

NN

N, /‘\\@\
N Cl
/

3-(Chloromethy!)-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
5 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
chioride. To a suspension of the above crude acid chloride (200 mmo) 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-

10 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

15 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 ovemight and the precipitated solids were coliected by filiration and then
washed with hexanes. After drying in air, 3-(chloromethyl)-N-methyl-benzamide
{80%) was isolated as a light yeliow solid.

20 3-{1-Methylitetrazol-5-yl)benzyl chioride

NN

N, |
N Cl
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To a suspension of 3-(chloromethyl)}-N-methyl-benzamide (27.2 g, 148 mmol) in
toluene (100 mL) was added thionyl chloride (16.2 mbL, 222 mmol) at room
temperature. The resulting suspension was heated at reflux for 15 hours. The
75 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 chiorotrimethylsilane (23.7 mL, 187 mmol) at room temperature and the



A10u_ _4- Bromo- 442- 12.29 (br. s, fluorobenz 3- methyl-4- 1 H), 8.41 (d, aldehyde methyl-
(morpholin J=11.7 Hz, benzen e4- 1 H), 8.13 - esulfon sulfonyl)- 8.20 (m, 2 H), 3/1 benzoylb
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-95 .-
suspension was stirred for 1.5 hours. The reaction mixiure was cooled to -10 °C and
the above crude imidoyl chioride (148 mmol) in acetonitrile (40 mbL) 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 coliected by filtration and washed with hexanes.

10 After drying in air, 3-(1-methyltetrazol-5-yl)benzyl chioride was isolated as 245 g
(79.5%) of a white amorphous solid, mp 83-65 °C; HRMS (ES+) cald. for CoHaCINg
[(M+H)"] 209.0589, obsd. 209.0588.

Preparation of 4-{1-methvltetrazol-5-yl)benzyl chiorid

15 4-(Chloromethyl)-N-methyl-benzamide
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To a solution of 4-(chloromethyl)-benzoic acid (8.53 g, 50 mmol) in toluene (100 mi.)
was added thionyl chioride (14,5 mL, 200 mmol) at room temperature. The resulting
solution-was heated at refiux 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 methytamine hydrochloride (3.72 g, 55 mmof)
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

agueous 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-Methyitetrazoi-5-yl)benzyl chioride

Cl
N-—N\

To a suspension of 4-(chloromethyl)-N-methyl-benzamide (50 mmol} in toluene (200
mL) was added thiony! chloride (28.1 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 b} was added chlorotrimethylsilane
(9.15 mlL, 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 imidoyi
chioride (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 exiracts 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-3-yl)benzyl chloride was isolated as 6.26 g (60%) of a white solid. 'H
NMR (300 MHz, CDCls) 8 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 CoHeCIN, [(M+H)'] 209.0589,
obsd. 209.0588.

Preparation of 1-chioromethvi-4-methanesulfonylmethyt benzene

5

(br.s, 4
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OH 4100 -2.2Hz,1H), dimethy 6-fluoro- 8.13 -8.20 15484 I 2H
cHrln@aeiifale (m, 2 H),
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(4-Methanesulfonylmethyl-phenyl)-methanot

% IP\/@\OH
P

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 mixiure was warmed to room temperature. Water and additional
ethyl acetate (50 mL) were added. The organic phase was separated, dried over
MgSO,, fitered, and concentrated to give 2.18 g (62%) of (4-methane-
sulfonylmethyl-phenyl}-methanol as a white solid.

20 i-Chloromethyl-4-methanesulfonylmethy! benzene

S8

Triphenylphosphine (5.71 g, 21.8 mmol), carbon tetrachloride (8.4 mb, 87 mmal),
and tetrahydrofuran (12 mL.) were combined in a round bottom flask under argon and
stired at room femperature for 10 minutes. A heterogeneous mixture of (4-

25  methanesulfonylimethyi-phenyl)-methanol (2.18 g, 10.9 mmol} and tetrahydroiuran
(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
MgSO;, fitered, 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,



(d,J=8.1 /N am Hz,1H), ide 7.56-7.64 (m, 3 H), 3.76 (br. s, 2 H), 2.67 (s, 6 H),
2.36 (s, 3 H) |2-25 2-Bromo- '
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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) 8 ppm 7.47 (d, J=8.2Hz, 2 H), 7.41 (d, J = 8.2 Hz, 2
5 H),4.78(s,2H), 4.50 (s, 2 H), 2.91 (s, 3 H).
Preparation of (8-fluore-3-methyl-4-trifluoromethanesulfonyloxy-

naphthalen-2-yl)-acetic acid ferf-butyl ester
F

F—Lr

0" o
o]
T
0 OJV
4-(4-Fiuoro-phenyl)-2-methyl-buta-2,3-dienoic acid ethyl ester

F
T

10 0
To a solution of (4-fluoro-phenyl)-acetic acid (22.33 g, 144.9 mmol) in 100 mL of
methyl tert-butyl ether and 250 ul. of DMF was added 13.02 mL (146.3 mmol) of
oxaty! chloride at room temperature dropwise over 30 minutes. The resulting mixture

was stirred at room temperature for an additional 20 minutes (HPLC indicated

15 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 methyi
tert-butyl ether, while maintaining the intemal temperature between 0-15 °C. After
the addition was complete, the reaction mixture was stirred for an additional 10

20 minuies 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 mbL of 1:1 methyl tert-
butyl ether:heptaﬂe.' 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

25 azeotropically at 25 °C/60 mmHg to a total volume of ~40 mL. The residue was



4- [6-Fluoro- (400 MHz) 416.2 OH 4- Bromo- 4-(2- 12.48 (br. s, 410 fluorobenz 3- methyl-4- 1 H),

8.39 0 aldehyde methyl- methylsulf (cid, J =12.0, N-amoyl-2.2 Hz, 1 H), methyl- benzoyl)- 8.13
- 8.21 0fo _benzen naphthale (m, 2 H), 7.77
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diluted with 60 mL of methy! tert-butyi ether. This solution was then directly used for
the next step.
2-Ethoxycarbonyl-3-[1-(4-fluoro-phenyl)-meth-(E)-ylidene}-
4-methyl-pentanedioic acid 1-tert-butyl ester 5-ethyl ester

O
E
O/\
G
P
QO O0—
O

: —

Malonic acid fert-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-methyi-buta-

10 2,3-dienoic acid ethyi ester prepared above, at such a rate that the reaction
ternperature was maintained between 20-28 °C. After the addition was complete,
the reaction mixture was siirred 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 methy! tert-butyl

15 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-methyi-pentanedioic acid S-tert-butyi

ester
0

50 0 o)v

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 siowly over 15 minutes, and the resulting reaction mixture was stirred at
room temperature overnight. The solution was then heated at reflux for 3 hours

25 (HPLC analysis indicated completed decarboxylation). At this time, the solution was



y=0 esulfon n-2-ylk (s, 1 H), 7.70 am acetic acid (d,J=7.8 ide Hz, 1 H), 7.55 -7.67

4 H), 3.77

10

15

20

(s, 2 H), 2.48
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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
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

‘concenirated azeotropically at 30 °C/80 mmHg to produce an oil. Methyl tert-butyl

eth_er (200 mL) was added, and the residue was concentraied azeotropically at
30 °C/80 mmHg to produce 38.3 g of a yellow oil, which was used in the next step
without further purification.

(4-Acetoxy-6-fluoro-3-methyi-naphthalen-2-yl)-acetic acid fert-butyl ester
o

%,

The above preparad 3-[1-(4-fluoro-phenyl)-meth-(Z)-ylidene}-2-methyl- pentanedicic
acid 5-tert-butyl ester (38.3 g, 124.2 mmol) was dissolved in acetic anhydride (96.00
mlL, 995.3 mmol). To this solution was added potassium acetate (18.66 g, 186.3
mmol}, and the reaction mixiure was stirred at 85+2 °C for 10 hours, when HPLC
analysis showed completed reaction. The reaction mixture was then cooled to room
temperature and diluted with 96 mL of heptane. To this soiution, 270 mL of water
was added over 1 hour, while maintaining the internal temperature at ~ 23 °C. The
mixture was then cooled to 0-5 °C, and stirred for 2 hours. The solid formed was
filtered, and then washed with water (2x40 mL), heptane (2x40 mL}, and then dried
under vacuum to fumish 28.5 g of a yeliow solid, which was used in the next step
without further purification.



(d,J :\5.1 ~~ Hz, 3H), 2.35(s, 3H) 2-26 2-Bromo- 1-(4- (6-Fluoro- (400 MHz) 551.1 0
rThz0'cn-z0\/0 4- Bromo- 4-14-[4-(2- 12.25 (br. s, fluorobenz benzen fluoro- 1 H), 8.10 -
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(6-Fiuom-4-hydroxy-3-methyi-naphthalen-z-yl)-acetic acid tert-butyl ester

T3

To a mixture of the above prepared (4-acetoxy-6-fluoro-3-methyl-naphthalen-2-yi)-
acetic acid fert-butyl ester (28.4 g, 85.44 mmol) in 140 mL of methanol was added
5 sadium methoxide (25% soiution 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 1o 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 additionaf 30

10 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-fiuoro-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, 3 H), 1.41 (s, 2 H).

i5 {6-Fluoro-3-methyl-4-trifiuoromethanesulfonylioxy-

naphthalen-2-yi)-acetic acid tert-butyl ester

F

F-{-F

/S-Z:-
0" WO
O

o
0 o’{\

A solution of {B-fluorc-4-hydroxy-3-methyl-naphthalen-2-yl}-acetic acid tert-butyl

20 ester (8.00 g, 27.52 mmol), in 48.0 mL of dichioromethane was cooled to 0-5 °C. To
this solution was added pyridine (4.451 mL, 55.04 mmol) in one portion. Then,
triflucromethanesulfonic anhydride (5.556 mi., 33.04 mmol) was added dropwise
over 5 minutes, in order to maintain the internal temperature between 5-15 °C. The



yl)-4-(2- piperazine 8.04 (d, J= fl-1- 7.8 Hz, 2 H), uoro- sulfonyl]- 7.95 (d, J = phenyl)-
benzoyl}- 7.8 Hz, 2 H), piperazi naphthale 7.88 (d,J= nen-2-yl)- 11.2 Hz,1  acetic acid
WO 2010/055005 PCT/EP2009/064813
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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-yh)-acstic acid terf-butyl ester as an off-

10 white solid. *H NMR (300 MHz, DMSO-ds) 3 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,
3H), 1.39 (s, 9 H).

PART li: PREPARATION OF COMPOUNDS OF INTEREST
EXAMPLE 1-1
15
14-{4-Dimethvisulfamovi-benzovl}-naphthalen-2-yll-acetic acid

O,'S’\T/
2-Trimethyisilanylethynyi-benzaidehyde
O

H
e

P

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
temperaiure. To the above solution was added bis{triphenylphosphine)paliadium{li)
chloride (Pd(PPh3).Cl2) (3.79 g, 5.4 mmol) and the mixture was degassed again for
an additional 15 minutes. To the reaction mixture were added trimethyisilanyl

25 acetyiene (33.97 mL, 216.2 mmol), copper(l) iodide {1.0 g, 5.4 mmol} and



H),7.74(s,1 H),756(tJ =86Hz,1 H)694- 7.16(m,4H), 3.79 (s 2 H),
3.11 (m, 8 H) WO 2010/055005PCMP2009/064813
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triethylamine (29.5 mL, 216.2 mmal), 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-
trimethylsilanyiethynyl-benzaldehyde (18.0 g, 82%) as a brown colored solid. MS
(ESt+) cald. for C1oH440Si [(M+H)"] 202, obsd. 203.
2-Ethynyi-benzaldehyde
8]
H

10 N

To a solution of 2-trimethyisilanylethynyl-benzaldehyde (6 g, 29.70 mmol) in M, 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® Fiash column, 230-400
mesh, 0-25% ethyl acetate in hexane) gave 2-ethynyl-benzaldehyde (2.8 g, 73%) as
a white solid. M3 (ESi+) cald for CoHsO [(M+H)"] 130, obsd. 131.

20 4-{2-Formyi-phenylethynyl)-N, N-dimethyl-benzenesulfonamide
o)
H
_ P
=
o\

A mixture of 4-bromo-N,N-dimethylbenzenesutfonamide {610 mg, 2.31 mmol)
bis{triphenyiphosphine)palladium(ll) chioride (Pd(PPhs).Clz) (33 mg, 0.05 mmol},

25 copper (1) iodide (5 mg, 0.03 mmal) 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 mmal) in acetonifrile (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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benzaldeh 4- methanes 1 H), 8.07 - yde methan uffonyl- 8.16 (m, 4 H),  esulfon benzoyl)- 8.01 (d,

J= vyl nappihal bz 2 H), PCT/EP2009/064813
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treated with ethyl acetate, and then washed with water. The organic iayer was dried
over anhydrous sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (RediSep® Flash column, 230-400 mesh, 5-40% ethy! acetate in
hexane) gave 4-(2-formyl-phenylethynyl)-N,N-dimethyl-benzenesulfonamide {454 mg,
5 63%) as a brown oil. MS (ESI+) cald. for C17H:sNO3S [(M+H)"] 313, obsd. 314.
[4-(4-Dimethylsulfamoyl-benzoyl}-naphthalen-2-yl]-acetic acid ethyl ester

0

O.,S\N/
|
A suspension of gold(Ilt) bromide (38 mg, 0.087 mmol), 4-oxo-butyric acid ethyl ester
(377 mg, 2.9 mmol) and 4-(2-formyl-phenylethynyl)-N,N-dimethyi-

10 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

15 acetate in hexane) gave [4-(4-dimethylsulfamoyl-benzoyl)-naphthalen-2-yl]-acetic
acid ethyl ester (180 mg, 29%). MS (ESi+) cald. for C23H23NOsS [(M+H)"] 425, obsd.
426.

[4-(4-Dimethyisulfamoy!-benzoy!)-naphthalen-2-yij-acetic acid

OH
T
O
O "/o
//S"'

o

-~

20 To a stirred solution of [4-(4-dimethyisulfamoyi-benzoyl)-naphthalen-2-yf}-acetic acid
ethyl ester (180 g, 0.42 mmol) in tetrahydrofuran:water (1:1; 4 mb) 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



benzen n-2-ylj- 7.69.(d, J=

(s, 2

10

e acetic acid 1.5 Hz, 1 H),
s, 3 H) . :

' 7.67 (dd, J=
H), 3.31 (br.
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50% aqueous hydrochloric acid solution (10 mL) and extracted with ethy! acetate (3
x 25 mL). The collected organic layers were dried over anhydrous sodium suifate,
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-
dimethylsulfamoyl-benzoyl)-naphthalien-2-yl]-acetic acid (130 g, 77%) as a brown
sofid. "H NMR (300 MHz, DMSO-ds) & ppm 12.35 (br. s, 1 H), 7.96 - 8.11 (m, 5 H),
7.91(d, J=8.2 Hz, 2 H), 7.52 - 7.68 (m, 3 H), 3.83 (s. 2 H), 2.66 (s, 6 H); HRMS
cald. for CasH1oNOsS (ESIT) [(M+ H)™] 398.1057, obsd. 398.1056.

EXAMPLES 1210 1-5

The following examples 1-2 to 1-5 were prepared in an analogous manner 10

example 1-1, starting with the appropriate commercially available or prepared

9.1,1.5Hz,1

aldehydes, ary! halides, and 4-oxo-butyric acid methy! ester (or ethyl ester).

"H NMR (300
Exampte Y Systematic | MHz, DMSO- M3
No, Aldehyde | halide | Name dg) & ppm {(M+H)" | Structure
1-2 2-Bromo- | 4- [6-Fluoro- | (400 MHz, 388
4- lodo- | 4-(4- DMSO-dg)
fluorobenz | benze | suifamoyi- | 12.51 {br. ¢, 1
aldehyge | nesulf | benzoyl- H), 8.11-8.19
onami | naphthale | {m,1H} 7.90
de n-2-yi]- -8.01{m, 4
acetic acid | H), 7.85 (dd,
=11.1,2.4 Hz,
1H),7.68(d,J
=12Hz, 1H),
761 (s, 2H)
757{d J=
8.6,24Hz2
H), 3.821(s,2
H)
1-3 2-Bromo | 4- [4-(4~ {400 MHz, 370
benzaldeh | lodo- | Sulfamoy- | DMSO-dg)
yde benze | benzoyi)- 12.50 {br.s, 1
nesulf | naphthale | H),7.86-8.17 OH
onami | n-2-yi}- {m, 7 H}, 7.51 OO
de acetic acid | - 7.68 {m, § C
H), 3.83 (5,2
! TT
f'D
$=0
N,

H), 3.83



2-28 2-Bromo- 1- [4-(4- 12.41 (br. s, 383.09472 4-methyl- Bromo- Methanes 1 H), 8.08 (d,

benzaldeh 4- ulfonyl- J = 8.2 Hz, 2

Y1 napihalgossaes (4, J=

H),

yde methan benzoyl)- H), 7.95 -

esulfon 6-methyl- 8.01 (m, 3
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1-4 | 2-Bromo- | 1- [4-(2- 12.27 {br.s, 1 | 457.0279°
4~ Bromo | Chioro-4- | H), 8.66 (dd, J
fiuorobenz | -2- ethanesulf | =12.1, 2.6 Hz,
aldehyde | chioro- | onyl- 1H),8.21 (s, 1

4- henzoyi)- | H), 8:17.(dd, J

athane | 6-fluorp- =9.0,6.3 Hz,

suifon | naphthale | 1H) 810, J

yi- n-2-yi}- =1.6Hz, 1 H),

benze | acetic acid | 8.01 (dd, J=

ne 80,16Hz1
H), 7.90 (d.J =
8.0 Hz, 1 Hj,
7.6 {br. s, 1
H), 7.63.(tg, J
=9.0,2.6Hz,
1H),375(s,2
H), 348 (g,J =
74 Hz, 2H),
11474, J=74
Hz, 3 H)

1-5 2-Bromo- | 1- {4-[4-(3 12.42 (br.s, 1 | 505.0283"
4- bromo | Chlaro- H),8.18 (. J=
fluorobenz | -4-[(3- | benzenesu | 8.5 Hz, 2 H),
aldehyde | chloro | Honyl)- 8.11-8.16(m,

phenyl | benzowl] | 2H) 8.08(J
Jsulfon | G-fluoro- =1.8Hz, 1H),
i} naphthale | 7.97 (d,J=85
benze | n-2-yi}- Hz, 2 H),7.93
ne acetic acid | - 8.03 (m, 1
H), 7.88 {dd, J
=11.5,2.4 Hz,
1H), 7.81-
7.86 (m, 1 Hj,
7.89 (s, 1 Hj,
7.70(t, J=78
Hz, 1 H), 7.56
{td, /=8.8,27
Hz, 1 H), 3.80
{s, 2 H)

a: HRMS (ESI+, [(M+H)]); b: HRMS (ESH+, [(M+Na)'])

EXAMPLE 241
[6-Fluoro-4-{4-methanesulfonyi-benzovl)-naphthaien-2-yli-acetic acid

XY
E O

o]
0
8

TN

(4-Methanesulifonyl-phenylethynyl)-trimethyl-silane



benzen n-2-yl11- 8.4 Hz, 1 H), e acetic acid 7.82 (s, 1 H), 752 (d,J= 1.2 Hz, 1 H),

(d, J=

10

15

20

25

84Hz,1H), 3.77(s,2H),
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Bromo-4-methanesuifonyl 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 (PdCI(PPha),) (7.55 g, 10.6 mmol)
were added while purging with argon, followed by the addition of triethylamine (200
mL) and anhydrous dichloromethane (200 mL). (Trimethylsilyhacetylene (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,
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.

1-Ethynyl-4-methanesulfonyl-benzene

S\\
Jor
==

To a solution of {4-methanesuifonyl-phenylethynyl)-trimethyi-silane (20.7 g , 82.0
mmol) in tetrahydrofuran (450 mL) was added tetrabutylammonium fiuoride hydrate
(8.80 g, 27.3 mmol). An immediate color change from yellow to red was observed.
After 5 minutes, the reaction was complete, and the solvent was removed in vacuo.
Water was added, and the resulting mixiure was then extracied 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 filirate was
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% vield) as a yeliow solid.

7.45



3.28 (br. s, 3 H), 2.42 (s, 3 H) 2-29 2-lodo-4- 1- [4-(4- 12.55 (br. s, 437.06632 trifluorome .
Bromo- Methanes 1 H), 8.57 (s, thyl- 4- ulfonyi- 1 H), 8.30 (d, benzaldeh

WO 2010/035005 PCT/EP2009/064813

- 108 -

4-Fluoro-2-{4-methanesulfonyl-phenylethynyl)-benzaldehyde

;e

@]
H
AN

Cle

3

[P el

A degassed mixture of 1-ethynyi-4-methanesulfonyl-benzene (2.5 g, 13.87 mmol),

5 big(triphenylphosphine)paliadium(il} chioride (0.49 g, 0.69 mmol), copper(l) iodide
(0.13 g, 0.69 mmot), 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® Fiash 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 C1sH14FOsS
[(M+H)"] 302, obsd. 302.

{GwFiuoro-4-(4nmethanesulfonyi-benzoyl)-naphthaien-z-yl]-acetic acid ethyl

15 ester

.v,S ~

To a mixture of 4-fluoro-2-{(4-methanesulfonyi-phenylethynyl)-benzaldehyde (1.74 g,
5,77 mmol) and gold(lil) bromide (0.15 g, 0.35 mmol) in dioxane (8 mL) was added
4-oxo-butyric acid ethy! 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® Fiash 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
CaoHioFOsS [(M+H)] 414, obsd. 415. Itis noted that in some instances, this



methan benzoyl)- J=8.8 Hz, 1 0,/'cn,0 LLLL y esulfon 6-H), 8.25(s,1 de YI trifluorome H), 8.12
(d,J benzen thyl- = 85 Hz,2 e naphthale H), 8.04 (d,J n-2-yl]-=85Hz,2 acetic acid H),

7.89 (d, J

16

15

20
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reaction also produced some amount of [6-fluoro-4-(4-methanesulfonyl-benzoyl)-
naphthalen-2-yl]-acetic acid.
[6-Fluoro-4-(4-methanesulfonyi-benzoyi)-naphthaien-2-yf]-acetic acid

To a solution of [6-fluore-4-{4-methanesuffonyl-benzoyl)-naphthaien-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
adjusted to 2 with ca. 2 mL of 4 N hydrochioric acid. The resulting light tan solid was
collected by filtration to give pure [6-fluoro-4-(4-methanesulfonyl-benzoyl)-
naphthaien-2-yl]-acetic acid (0.53 g, 90%). 'H NMR (300 MHz, DMSO-ds) 5 ppm
12.48 (br. s, 1 H), 8.15 (s, 1 M), 8.12-8.20 (m, 1 H), 8.11 (d, J = 8.3 Hz, 2 H), 8.00
(d, J=83Hz 2H),7.80(dd, J=115,24 Hz, 1 H),7.70 (s, 1 M}, 7.57 (td, J= 8.8,
2.4 Hz, 1 H), 3.82 (s, 2H), 3.32 (br. s, 3 H); HRMS cald. for CzoH1sF0sS (ES+) [(M+
Na)"l. 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
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




=88Hz 1

H), 7.80 (s, 1 H), 3.89 (s, 2 H), 3.30 (br. s, 3H) 2-30 2-Bromo- 1-
[6-Chloro- (400 MHz) 403.0 OH 4-chloro- Bromo- 4-(3-
o WO 2610/055005 PCT/EP2009/064813
- 110 -
2-2 Trifluorom 1§ 1- [4-(4- 12.43 {br. s, 389.0897°
ethanesulf | Bromo- | Mathanes H) 8.10 (d, OH
onic acid | 4 ulfonyt- J=B5Hz 2 CO
2-formyl-5- | methan | benzoyl)}- | H),7.94 - ~0 0
methoxy- | esulfon | &- B.03 (m, 4 H),
phenyl yl methoxy- 7.58{d,J= o
aster henzen | naphthale ; 1.5Hz, 1H), O 0
e n-2-yil 755(d,J= % o
acetic acid | 2.5 Hz, 1 H), |
7.26(dd, J=
8.9,2.5Hz, 1
H), 3.77 (5,3
H), 3.76 (s, 2
B, 3.33 (br
s, 3H)
2-3 | 2-Bromo- | 1- [4-(4- 12.49 (br. s, 369
benzaideh | Bromo- ; Methanes H), 8.08 -
yde 4~ ulfonyt- 8.13{m,J=
methan | benzoyl- | 8.4 Hz, 2 H),
esulfon | naphthale | 8.08 (s, 1H),
i n-2-yl}- 8.00-8.07
benzen | aceticacid | (m, 2 H), 8.00
@ {d,/=84
Hz, 2 H),
7.53-7.66
{m, 3 H),3.83
(s,2H), 3.3
(s,3H)
2-4 2-Bromo- | 1- [7-Fluoro- | 1249 {br. s, 387.0697°
5- Bromo- | 4-{4- 1 H), 8.12 (m, F OH
fluorobenz | 4- methanes H), 8.10 (¢, OO
aldehyde | methan | ulfonyi- J 85Hz 2 O
esulfon | benzoyl} | H), 8.06 (br.
v naphthale | s, 1H) 8.00 o
benzen | n-Z2-yl}- (d,J=85 O 0
e acetic acid | Hz, 2 H), S’:;_‘O
7.86 (dd, J = i
10.0, 2.8 Hz,
H), 7.58 (d,
J=1.56Hz, 1
H}, 7.49 (id, J
= 8.1, 28 Hz,
H), 3.82 (s,
H), 3.29 (s,
3H)
2-5 2-Bromo- | 1~ [6-Fluoro- | (CDCls) 8.58 | 401.0852°
4- Bromo- | 4-{(4- (dd, J=11.8, OH
fluorobenz i 4~ methanes | 2.5 Hz, 1 H), OO
aldehyde | methan | ulfonyl-2- | 7.98 (s, 1 H), E G
esuifon | methyi- 7.90 (s, 1 H},
yi-2- benzoyl- | 7.89-7.96 O
methyl naphthale | (m, 1H},7.80 O 0
benzen | n-2-yi] -7.88 (m, 1 s% o
e acefic acid | H), 7.54 (d, J |
=7.8Hz,1
H), 7.49 (s, 1
H), 7.41 (td, J
=85, 2.5 Hz,




12.54 (br. s, 4140 0 benzaldeh 3- methanes 1 H), 8.29 (s, CO yde methan ulfonyl-
esulfon benzoyl)- J=7.8 Hz, 1 S"\ 40 yl naphthale H), 8.19 (d, J

acetic acid (), 8Qd/5ss005

3H)

PCT/EP2009/064813
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1H), 3.78 (s,
2 Hj}, 3.13 (s,
3 H), 2.45 (s,
3H)
2-6 2-bromo- | 1- [6,7- (CDCls) 8.16 | 405.0603°
4.5- Bromo- | Difluoro-4- | (dd, J =12.1,
difluoro- A (4- 8.2 Hz, 1 H),
benzaldeh | methan | methanes | 8.08(d,J=
yde esulfon | ulfonyl- 8.2 Hz, 2 H},
yl benzoyly 1 8.02(d, J=
benzen | naphthale | 8.2 Hz, 2H),
e n-2-yl} 7.90 (s, 1T H),
acetic acid | 7.66 (dd, J =
10.4,8.0Hz, ;
1H), 755 (s, ?-‘-o
1 H), 3.84 (s,
2 H}, 3.13 (s,
3H)
2-7 6-Bromo- | 1- i8-(4- {400 MHz) 413
benzo[1,3] | Bromo- | Methanes | 12.44 (br.s, HO. .0
dioxole-5- | 4- ulfonyi- 1 H),8.09 (d,
carbaldehy | methan | benzoyl)- | J+=8.6Hz,2 0
de esulfon | naphthol2, | H), 7.97 (d, J < OO
vi 3- =8.6 Hz, 2 s}
benzen | df1,3}diox | H), 7.89 (br.
e ol-6-yi}- s, 1H), 745 0
acetic acid | (8, 2 H), 7.40 O 0
(d,J=17 S;
Hz, 1 H), / 0
6.17 (s, Z H},
3.73 (s, 2 H),
3.32(s,3H)
2-8 2-Bromo- | 2- [-(2- 1243 {br. g, 4430125
4- chioro- | Chioro-4- | 1M}, 8.65
fluorobenz | 1-iodo- | methanes | {dd, J=11.9,
aldehyde | 4- ulfonyl- 2.5z, 1H),
methan | benzoyl}- | 8.21 {br. s, 1
esulfon | 6-fluoro- H), 8.16 -
Vi~ naphthale | 8.22 (m, 1 H},
benzen | n-2-yl}- 814 (d,J=
e acefic acid | 1.4 Hz, 1 H),
B8.03(dd,J=
7.9, 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, 2.5 Hz,
1H),3.75 (s,
2 H), 3.37 {s,

1 H), 826 (d,
benzen n-2-A-=1.8Hz, 1

e



8.15 (m, 3 H),

7.85 (t, J=

7.8Hz, 1 H), WO 2010/055005PCT/EP200.9/O64813 -119 -

(d,J=1.2 Hz, 1 H), 7.67 (dd, J= 8.8,1.8Hz, 1 H), 3.83 (s, 2 .
WO 2010/035005 PCT/EP2009/064813
-112 -
2-g 2-bromo- 1= [4-(4- (400 MHz) 399
5« Bromo- | Methanes | 12.46 (s, 1
methoxy- | 4- uifonyl- H), 8.10(d, J
benzaldeh | methan | benzoyl} | =86Hz.2
yde esulfon | 7- H), 7.98{d, J
i methoxy- =86Hz2
benzen | naphthale | H}, 7.95-
e n-2-yl} 7.98 (m, 1H),
aceficacid | 7.95(d, J =
9.4 Hz, 1 H),
745(d, J=
2.7 Hz, 1H),
742(d,J=
1.5 Hz, 1 H),
7.22 (dd, J =
9.4,2.7 Hz, 1
H), 3.90 (s, 3
H),3.78(s. 2
H), 3.31 (s, 3
H)
2-10 i 2-Bromo- | 1- [6-Fluoro- | 12.52 (br. s, 387
4- Bromo- | 4-(3- 1 H), 8.27 - OH
fluorabenz | 3- methanes | 8.28 (m, 1 H), CO
aldehyde methan | ulfonyi- 8.23-8.27 = O
esulfon | benzoyl)- | (m, 1 H}, 813 i,o
yi naphthate | -8.19 (m, 2 o EN
benzen | n-2-yl- H), 8.08 (dt, J O QO
e acetic acid | =7.8, 1.4 Hz,
1H),7.87 -
7.91 {m, 1 H),
782-7.87
(m, 1H),7.71
{d,J=10
Hz, 1 H),
757 (id, J=
8.7,2.5Hz, 1
H), 3.82(s,2
H), 3.30(s, 3
H)
2-11 | 2-Bromo- | 1- 14-(3- {400 MHz) 369
benzaldeh | Bromo- | Methanes | 12.49(br. 5, OH
yde 3- ulfonyl- 1H), 829 (s, OO
methan | benzoyl} | 1H} 8.26(d, 0
esulfon | naphthale | J=83Hz, 1 i -0
yl n-2-yi}- H), 7.99 - o ST
benzen | aceficacid | 8.12 (m, 4 H), O 0
e 784 (t J=
7.8 Hz, 1H),
7.62{d,J=
1.2 Hz, 1 H),
7.52-7.67
{m,2H}3.83
(s.2 H), 3.30
(5,3 H)

7.71



H), 3.30 (s, 3

H) 2-31 2-Bromo- 2- [6-Fluoro- (400 MHz) 405.3 4- Fluoro- 4-(4- 12.50 (br. s,

fluorobenz 5- fluoro-3- 1 H), 8.25 aldehyde bromop methanes (dd, J=6.8, - henylm ulf
' WO 2010/055005 PCEERP2009/064813
-113 -
Z-12 | 6-Bromo- | 14- [B-(3- {400 MHz) 413
benzo[1,3] | Bromo- | Methanes | 12.43 (br. s,
dioxole-5- | 3- ulfonyi- 1H),8.21-
carbaldehy | methan | benzoyl}- 8.27 {m, 2 H),
de esulfon | naphtho[2, | 8.01 - 8.07
yl 3- {m, 1 H), 7.89 o} OH
benzen | dj13iiox | {s, 1H),7.83 { OO
e ol-6yil | {4 J=7.8Hz, o) o |
acetic acid | 1 H}, 743 - g=0
7.48 (m, 2 H3}, 0 )
7421{d,J= O
2.0 Hz, 1H),
6.17 {s, 2 H),
3.73({s,2H},
3.30 (s, 3H)
2-13 | 2-Bromo- | 1- [4-(4- {400 MHz) 401
4- Bromo- | Ethanesulf | 12.51 {br. s,
fluorobenz | 4- onyk- 1 H), 813 -
aldehyde ethanes | benzoyl} | 8.19 (m, 2 H},
ulfonyt- | 6-fluoro- 8.04 -8.09
benzen | naphthale | {m, 2H),7.89
e n-2-yl}- -8.03(m, 2
acetic acid | H), 7.90 {dd,
J=11524
Hz, 1 Hj,
T.71(d,J=
1.2 Mz, 1 H),
757 (6, J =
8.7, 24 Hz, 1
H), 3.82(s,2
H), 340 (g, J
=7.2Hz,2
HY, 1.14 (4 J
=724z, 3
H)
2-14 | 2-Bromo- | 4- [4-(4- (400 MHz) 416
4- Bromo- | Dimethyls | 12.50 {br. s,
fluorobenz | NN- ulfamoyl- | 1H), 8.12- OH
aldehyde | dimethy | benzoyl)- | 8.20(m,2H), OO
- g-fluoro- | 8.00(d, J = - 0
henzen | naphthale | 8.3 Hz, 2H},
esulforr | n-2-yl}- 7.92(d, J= ')
amide acetic acid | 8.3 Hz, 2 H), O
7.87 (dd, J = Sy
11.7,2.4 Hz, 0
1H), 7.71 (s,
1 H), 7.57 (id,
J=8824
Hz, 1 HJ,
3.82 (s, 2 H),
2.68(s, 6 H)




2.1 H;, 1H), ethylsulfonyl-8.11-8.19 one benzoy0O- (m, 3H), 7.83 naphthale (dd, J=11.5,
n-2-yli- 2.1 Hz, 1 H), acet7.67-7.75 icacid(m,2H), 7.51

WO 2010/055005 : PCT/EPZO09/064813
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2-15 | 2-Bromo- | 4- [6-Fluoro- | (400 MHz) 402 OH
4- Bromo- 1 4-(4- 12.52 (br. s, OO
fluorobenz | N- methylsutf | 1 H), 8.11 - E 0
aidehyde | methyl- | amoyi- 8.20 {m, 2 H),

henzen | benzoyll | 7.98{d, J= o
esulfon | naphthale | 8.7 Hz, 2H), O 0
amide | n2-yl}- 7.93 (¢, J= s
acefic acid : 8.7 Mz, 2 H), 5 hli
7.86 (dd,J = H
11.5,2.5 Hz,
1H),7.71-
7.76 (m, 1 H),
7.70 (s, 1 H},
7.57(d,J=
8.9, 25Hz1
Hj, 382 (s, 2
H), 2.47 (d, 3
H)

2-16 | 2-Bromo- | 4-(4- {6-Fluoro- | (400 MHz) 458
4- bromo- i 4-[4~ 12.51 (br. s,
fiuorobenz | benzen | {morpholin | 1H), 8.12-
aldehyde | esuffon | e-4- 8.20 {m, 2 H),

yi)- sulfonyl)- 8.02(d,J=
morphol | benzoyl}- 8.4 Hz, 2 H},
ine naphthale | 7.91(d,J=
n-2-yl}- 8.4 Hz, 2 H+),
acetic acid | 7.85-7.93
(m, 1H),7.73 0
(s,1H),7.57
{d, J = 8.8,
2.4 Mz, 1H),
3.83 (s, 2 H),
361-3.70
(m, 4 H),2.94
(m, 4 H)

2-17 | 2-Bromo- 1- [6-Fiuoro- | 12.46 (br. s, 405
4- Bromo- | 4-(2- 1 H), 854
fluorobenz | 2- fluoro-4- (dd, J =121,
aidshyde | fiuoro- methanes | 2.7 Hz, 1 H),

4 ulfonyl- 8.10-8.18 OH

methan | benzoyl} | {m, 2H),7.71

esulfon | naphthale | {d,J=85 OO 0

yl- n-2-yl} Hz, 1 H), F

benzen | acetic acid | 7.63 - 7.68

e (m, 3H),7.59 o O
{td, J =87, ’
2.7 Hz, 1 H), F S
3.75(s, 2 H), O
3.72(s,3H)




-7.61(m, 1

H), 3.82 (s, 2 H), 3.40 (s, 2
437.0666a 5- Bromo- Methanes (d, J= 94

H) 2-32 2-Bromo- 1- [4-(4- (CDCI3) 8.30
trifluorome 4- ulfonyl- Hz, 1 H),

WO 2610/055005 PCT/EP2009/064813
-115-

548 [ 2-Bromo- | 4- [6-Fluoro- | (CDCl3) 845 | 477.0386°
4- Bromo- | 4-(4- {d,J=82
fluorobenz § 1- methanes | Hz, 1 H),
aldehyde methan | ulfony-3- | 8.42(d,J= E

esulfon | ttiflucrome | 1.6 Hz, 1H),
yl-2- thyl- 8.7 {dd,J =
triffuoro | benzoyl) 8.2 16Hz 1
methyl- | naphthale | H), 8.02-
benzen | n-2-yl}- 8.11 {(m, 1),
e acefic acid | 8.01 {s, 1 H),
7.95{dd, J=
8.9, 56Hz 1
H), 7.81(s, 1
H), 7.36 -
7.48 (m,1H),
3.85(s,2H),
3.26 (s, 3 H)

2-19 | 2-Bromo- | 4- f4-(3- 12.58 (br. s, 4370827
4- Bromo- | Ethyi-4- 1H), 815 (s,
fluorobenz | 2-ethyl- | methanes | 1 H), 811 -
aldehyde 1- ulfonyl- 8.2t {m,1Hj}

methan | benzoyl)- | 8.07(d. J=

esulfon | 6-fluoro- 84 Hz, 1H),

yi- naphthale | 7.94 (dd,J =

benzen | n-2-yi}- 116,26 Hz,

e acetic acid | 1 H), 7.88 {¢,
J=18Hz1
H), 7.81 {dd,
J=84,18
Hz, 1 Hj,
7.70 (s, 1 H),
7.57{(td, J=
8.8,286Hz 1
H), 3.82(s, 2
H),3.32{5,3
H), 3.08 (g, J
=7.5Hz,2
H), 1.24 (t, J
=75Hz 3
H)

2-20 | 2-Bromo- | 1- [4-(4- 12.44 (br. s, 415.1011°
4- Bromo- | Ethanesulf | 1 H) 845 {dd,
fluorobenz | 4- onyl-2- J=118,23
aldehyde ethanes | methyl- Hz, 1 H)8.10

uifonyl- | benzoyl} | -8.22(m,2

2- g-fluoro- H}7.91 (5,1

methyl- | naphthate | H}7.82(d, J

benzen | n-2-yi}- =9.1Hz, 1

e acetic acid | H) 7.55-7.68
{m, 3H}3.76
(s,2H)3.34 -
342 (m,2H)
2.35(s,3H)
1.05-123
(m, 3 H}




thylbenzal methan benzoyl)- 8.23 (s, 1 H),

trifluorome 8.06 (m, 4 H),

H)

benzen thyl- 7.72 (d, J =

dehyde esulfon 7- 8.07 (s, 1 H), 0./'co,'00 YI
e naphthale 8.2 Hz, 1 H), n-2-y1)-7.66(s,1 -

WO 20106/053005 PCT/EP2009/064813
-116-
2-21 | 2-Bromo- | 1-(4- {6-Fluoro- | 8.15(d, J= 4561
4- Bromo- | 4-[4- 6.3 Hz, 2H),
fiuorabenz | benzen | (piperidine | 8.11 (br. s, 1
aldehyde | esuifon | -1- H),7.97 (d.J
vl sulfonyt}- =82Hz 2
piperid | benzovl}- H), 7.87(d,J
ine naphthale | =85Hz, 2 OH
n-2-yi}- H), 7.84 (m, 1 OO
acetic acid | M), 7.69 (s, 1 e O
H), 7.55 {td, J
=57, 24 Hz, o
1H),3.78 (s, O ,0
2 H),2.93 (m, §’=o
4 H), 1.53 (m, N
4 H),1.36 {m
¢
2-22 | 2-Brotmo- | 4- [4-(4- {400 MHz, ) 444 .2 OH
4~ Bromo- | Diethyitsulf | 12.48 (br. s, CO
fluorobenz | N,N- amoyt- 11}, 8.10- e o
aldehyde | diethyl- | benzoyl} | 8.19(m,2H),
benzen : G-fluoro- 7.96 (5, 4 H}, o
esulfon | naphthale | 7.84{d,J~ O JO
am n-2-yi}- 11.2 Hz, 1 &
ide acetic acid | H), 7.69 (br. iil
s, 1H),7.56 r j
{t, J=8.1Hz, '
1 H), 3.82
(br.s, 2 H},
3.22(g,J=
6.7 Hz, 4 H},
1.07(t, 4=
6.7 Hz, 6 H)
223 | 2-Bromo- | 4-(4- {6-Fiuoro- | (400 MHz) 472.3
4- Bromo- | 4-[2- 12,29 (br. s,
fiuorobenz | 3- methyl-4- 1 H}, B.41 (d,
aldehyde methyl- | (morpholin | J=11.7 Mz,
benzen i e-4- 1Hj) 813 -
esulfon | sulfonyl}- 8.20 {m, 2 H},
y benzoyi} 7.75(s, 1 H),
) naphthate | 7.56-7.70
morphol | n-2-yl3 (m, 4 H),3.77
ine acetic acid | (5,2 H), 3.66
(br. s, 4 H},
2.95 {br.s, 4
H} 2.36(s,3
H)




acetic acid 3.90 (s, 2 H),
EXAMPLE 3-1 5{6-Fluoro-444-(piperazine-1-sulfonvp-benzovil-naphthalen-2-vil-acetic acid OH WO

2010/05500@%93’1/@3%99/064813 120 - 4-(4-Bromo-benzenesulfonyl)ppipgiasingsksearboxylic acid
tert-butyl ester O rTh 0 0 \---/ Triethylamine (0.94 mL, 6.71 mmol) was added to a stirred reaction

mixture of N-tort butoxycarbonyl piperazine (0.50 g
then the reaction mixture was stlrred at room te npraturp far 15 minutes. A solution.of

3.12 (s, 3H) a: HRMS (ES+, [(M+H) ]); b: HRMS (ES+, [(M+Na)i).

.68 mmol) in tetrahydrofuran (6 mL) at0 C, 5

4-bromo-benz@fesgifsafPch

reaction mix
reduced pre
materials we

mL), dried over anhydrous s

(4-bromo-benzenegsulfonyl)- mg@glr
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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(PPh3)2C12
(0.681 g, 0.%70%]@%@@ (4.100 g, 0.97 mmol), 2- bromo-4-fluoro benzgldehyde.thd@9;9. 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 h Ingrs. Water (60 mL) was added, then the reaction
mixture was extracted with ethyl acetate (3 x 30 miL). The combined organic layers were washed with

brine (2 x 2043¥), cﬂ"i@?fﬁf*{rer aﬁnggxd_rodﬁf%ﬁ'i%rm %ﬁlﬁgﬁgﬁd safédntiated in @ cts-getaPlack
colored crude prodggﬁz\g{/g&qh \Ef o |ﬁé@%§@g qllfé?gg,eljloo-zoo me:@‘ Qlum atography
444-(5-fluorp-2-fotmyl-phenyletwiey 1) Hsermine s &80 /ibiperazine-1-cdrboxylic aédNe utyéester as

J

(10% ethyl acetate yahexangshédak0 [furaish 2.0 gd4¢3.9%) pf

a yellow soljd. MS|cald. for G241-125FK vl []\&f?@l"ﬁl@_%go, obsd. 490.4. WO v
2010/055005PCT/EP2009/0648 13 - 182etc acic | 4.5 Hz. 1 H) 7
4-Fluoro-2-[4-(piperazine-1-sulfonyl)iphenylethyiiyil-enizaldehyde ' NM NH Trifluoroacetic acid (1.18

mL, 15.87 mmol) was addedito a stirred solution§ TJB%"@;

fIuoro-2-forr{nyl-phenylethyny1)-benze nesulfonyli é@a&;’.e-l-carboxyl c acid tort- 5 butyl ester (0.500
g, 1.06 mmol) in djchloromethane (10 mL) at O Cs, & reactipn mixture jwas stirred at room
temperature for 4 hours, then concentrated under reduced pressure The viscous liguid-was washed

with ether ( ?(%gm@'%) tain 0,310 g lifed:200) of 241 (br-s, 383.0947" OH

. -metiyi- {e) ethaneg’ 11 H) 8.08 (d,
4-fluoro-2{4 (plperaggagé%égu f@ngﬁ-p h%yjp%hynwg-@@pz&dehyde as ajye @a g+ MSaald. for
C19H17FN203S [(MdH)+] 373natsd. 3édJd)- | H), 7.95-
10(6-Fluoro44-[4-(piperazine-128¢#Hn Iﬁ%é“ﬁ%oyL ﬁé@tﬁgﬁ’lén-z-yl}-acetic acid@ Rer To a stirred
solution of -quoro-2-[4-(piper%zli\ggﬁl-:=th]1§_E;ﬁi‘?/I )-p :gwﬁ%ﬁxnylibenzaidehyde (0.500 g, 28 'ﬂ1mol) in
anhydrous 1,4 dioxane (10 mL9 was ddded 4cid 5 nsphutywic acid ethyl gster (0.200 g, 1.54'mmol) at
room tempefature junder an argon atmosphere. Go¥d @iy bromide (0.135 g, 0.31 mmol) was added,
and the reagtion mjixture wasistirred gt 110 C for $‘_iﬁ@r§ﬂﬁ\ftar cooling to room temperature, the
reaction mixture was concentrated under reduced;pressuse and then diluted with ethyl acetate (2D
mL). The organic phase was washed Wwith water|(2% &), dried 20 over anhydrous sodium sulfate
and concentrated under reduced pressure to ob ?(.4 6?? (65%) of crude
16-fluoro-4-[4-(piperazine-1-qulfonyl)tbenzoyfnaphtha ehl - yll-acetic ai?id ethyl ester as a light brown
oil. Triethyl amine (0.35 mL, 2.51 mmol) WO 2010/055005PCT/EP2009/064813 - 123 - was added to
a stirred mixtaresof thedrdee product fridrt-above 18- Sidoromefae 10 mL) ereaetion
mixture was|stirreo tgf;*i??fﬁﬁr LE_@?&T 0 b(%ﬁ!_‘-‘fértbfgﬂ)’-@i%@onate (0.23ImE, 1, @@ added
drop-wise to the relaciipnaiureal 07 Getbign.th > reagfion fMixture was stirréd at rooin temperature for
14 hours. The 5 mixgure was fisiieet With dichlorometire (15 mL), washed With acgatyeatad solution
of sodium bicarbonate (5 mL) fbllowed Hi-arams i'lgﬂ_}f ﬁ“%’ué organic phase was dried ayegankydrous
sodium sulfgte and concentraté‘(?inﬁpﬁ‘derf1 !'gyggd pﬁg%ﬁgﬁf@ﬁg obtain the ¢rude product, whicigﬁras
purified by silica gel (100-200; mesh) dalwwp chromatography (ethyl acetate-hexane = 1:19). The
resulting purified tgrt-butyl 10|catamate2(etit 209y) Was-MsSolved in dichlpromethane, then the mixture
was cooled to 0 C with stirring. Excess trifluoroa @fc?e?gzl 1vs,'as added tojthe cold reaction mixture
under nitrogen, then the reaction mixture was sti rr@@lg‘:@g (g}murs. The repction mixture was
concentrated undef reduced pressurejto obtain a Hisé@aasroil, which on triturating with diethyl ether
gave pure {6-fluorg-4-{4-(pipgrazine-1-sulfonyl)- f53l5'8nzoylj-naphthale -2-y1}-acetic acid ethyl ester
as a yellow sefighMSeald for-C25H25EN20GS st 485 olisslg 7852 OH
(6-Fluoro4-[4\-%piperazdm&—d.-sulf;mya,)- benzoyl]..napbthalen-211}-acetic acid D a g
solution of {6-fluorg-defdalgsiperazine- 11 suifesngd )-beHz&2E|haphthalen-2+ yasetic-aid effiybester
(0.100 g, 0.17 mmoB9h tetrahy ol an‘g@.’}f\ wa}‘ﬁp@éé(% solution of lithium hydzaxide mart
(0.035 g, 0.83 mmol) in water (j. mL ﬁé]jit g reagti@mmixture was stirred for 48hou :
temperature] The reaction mixteezevas cendentrated &inddr reduced pressure, diluted water (B
mL) and 25 washeg with ethyl &cetate| @S g&%ﬁ% Pus layer was acidified with an aqueous
solution of hy drocr;:oric acid (1 N), thep extracted w, (@‘f,hﬁé:etate (3 x{20 mL). The combined
organic extracts were dried over anhydrous sodiumsstidfate)and concenttated under reduced pressure
to give 0.050 g (52%) of (6-fluoro-4-[4- WO 2010/055005PCT/EP2009/064813 -
124 - (piperazine-1-sulfonyl)-benzoylFinaphthalen-2-y1)-acetic acid as an off-white solid. 1H NMR
(400 MHz, DMSO-d6) 6 ppm 8.13- 8.17 (m, 1 H), 8.12 (s, 1 H), 7.99 (d, J = 8.0 Hz, 2 H), 7.93-7.98 (m,
1 H), 7.89 (d, J = 8.0 Hz, 2 H), 7.67 (s. 1 H), 7.57 (td, J = 8.6, 2.0 Hz, 1 H), 3.76 (s, 2 H), 2.89 (br. s, 4
H), 2.76 (br. s, 4 H). MS cald. for 5 C23H2iFN205S [Mil 456, obsd. 456.9. EXAMPLE 4-1
444-(3-Carboxymethyl-7-fluoro-naphthalene-1-carbonyll-benzenesulfonyli- piperazine-1-carboxylic
acid ethyl ester 10 414-(3-Ethoxycarbonylmethy1-7-fluoro-naphthalene-I-carbonyl)-
benzenesulfonyll-piperazine-1-carboxylic acid ethyl ester




15 Triethylamine (0.19 mL, 1.34 mmol) was added slowly at O C to a stirred reaction mixture of
{6-fluoro-4-[4-(piperazine-1-sulfonYI)-benzoyl]-naphthalen-2-y1}-acetic acid ethyl ester (0.200 g, 0.33
mmol, prepa;&%q@ggagribed above) in dichloromethane (7 mL). The reggtiarpspbsisisziyas stirred at
room temperature for 15 minutes. Ethyl 20 chloroformate (0.07 mL, 0.73 mmol) was added slowly to
the reaction mixture and WO 20101055005PCT_/I§F92_009/064813 - 125 - stirring was continued for an
additional 3 hours at room temperature. The mixture was. diluted with dichloromethane (10-mbL)-then

7 = : {i
washed with a saturated solution of godium bic 1ﬁb§d§tél_7}? L) and water (5 mL). The organic IJyer

was collected, dried over anhydrous sodium

crude prodyct was purified by silica gel (100-200smesthizdlumn chromatography (1:3 ethyl acetate
-hexane) tolgive 0.077g (41.4%) of 444-(3-ethox é}é‘f%fﬁyﬁnethyl-
7-fluoro-naphthalene-1-carbonyl)-benzenesulfo X
viscous yellow solid. MS cald. for C28H29FN20
10414-(3-Carboxymethy1-7-fluoro-ngPhthalene
acid ethyl ester OH 0 Ht. To @ stirredsolution of

sulfalg and. concentrated under reduced pressure. The 5

IZFpE

razine-1-carbaxylic acid ethyl ester as a
7S ([M+Hr) 856, obsd. 557.2.

-1-carbonyl)ibenzenesulfonyll- piperazine-1-carboxylic
4-[4-(3-ethoxycarbonylmethyl1-7-fluoro-naphthalene-1-

15 carbonyl)-benzenesuitenylkpiperazitiebrearp@eglid-atid ethytddster (0.119-9 Q-mpePin
tetrahydrofuran (%Fi?mL) was| ddHhEd o %dﬁ]tion o[fﬁﬁﬂg‘g’ drloxide mon 1@@ % 0.99 mmol)
| R IEEctidh it aS strgd 1o
mixture was concentratéd undenygducgd press
acetate (2 20 x 5 mL). The agebgest Izgeﬁ-was 3
nzgﬁ%ﬁgn L%j‘ﬁﬁégé@ﬁwbined organic layers were driéd ove
anhydrous sodium sulfate and concentatgd und@nr’aguqe)d pressure to afford 0.058 (56%) of
414-(3-carboxymethy1-7-flugro-naphthadene-1- c&ﬁj’oﬁ}ig
acid ethyl ester as{yellow sol|d. 25 1H KRR (40 D(R;:gﬁ M
A .E('J,T'i,
12643, 3.408s72 2.2 Hz, 1 H), 3.99 (g, J = 6.9 Hz, 2 H), 3.82

3 (1,19 =6.9 Hz,|3 H). MS ¢ald. for C26H25FN207S
([M+|-|r) 529.0bsdl 5203 EXAMPLE 42 5 The

in water (3 mL) a WS

(1 N), then extracted with ethyl"&cetat

(m, 2 H), 8.00 (d, J = 8.3 Hz,12 H), 7.90 (d, J

(td, WO 2010/055005PCT/EP2009/064813 -

(s, 2 H), 346 (by. 9,4 H), 2.96 (br. s, 4 H). 1.1

=8

ig4t faiglg hours at roomFtemperal J,§J1action
1cel dilutelgl with water (6 mL) angAvastreg-with ethyl
didifie®\WWith an agueous solution of hchloriclacid

behzenesulfonyll-piperazine-1-carboxylic
80-c16) ppm 12.51 (br. s, 1 H), 8.10- 8.20
7.82-7.88/(m, 1 H), 7.72 (s, 1 H), 7,57

VIT 7[4:(4{- T

-OBsc-520-3-EXAMP
manner to ex%r%}fpleg}gfnjﬁart NGOWBD | Methanes | (d, /=94

{6-fluoro-4-[4-(piperaginertesutfonyl)-behaoyl]-n
dicarbonate, Examphepeezasy ststidtia g,{Pé‘ﬁﬁ’é*)
Structure  4-2 444--@b5€%rb_oy§§m?/’l‘-7-tﬂmg;gmge
piperazine -1- carhoxylic acid tasm-dautythester 12

aphthialen-24yll-acetic gci
1H N (z} 'MHz, DM50
8, ;
aihéhsleng:1- carbonyl
BrKlor. sz 1 H),8.11 -8.

he f“\(@"g&@j’gsﬁwn‘;gﬁ)g@ '\\i?:a preparedimamanatogous

-butyl

.8 Hz,

2 H), 7.82 - 7.93 (I, 3 H), 7.9 (br. s, [I#yRIS7 (@,—62;16%71.%))Hz, 1 H), 3.8 H),
2.94 (br. 5,4 H), 1.85 (s, 9 H) e acic | 5.90 (s, 2 H),
3.12 (s, 3 H)

a: HRMS (ES+, [(M+H)]); bt HRMS (ES+, [(M+Na)']).

EXAMPLE 3+1
5 {6-Fluaro-4-[4-(piperazine-1 -sulfonyl)-benzoyii-naphthaien-2-vi}-acetic acid
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555.2 OH 0 SO "ON a Ox 10 EXAMPLE 5-1 _
{6-Fluoro-4-14-(4-methvi-niperazine-1-sulfonvl)-benzovil-narahthalen-2- yll-acetic acid OH WO
2010/055000BG I iRR2009/064813 - 127 - PCT/EP2009/064813 '
{6-Fluoro-4-[4-(4-methyl-piperazine-1-sulfonyl)-benzoyl]-naPhthalen-2- y1}-acetic acid ethyl ester 5
Triethylamine (0.04 mL, 0.27 mmol) was added to. g stirred mixture of {6-fluoro-444-
(piperazine-l-suIfonyl)-benzoylI-naphthalen-2‘-yll'-ac'efic acid ethyl ester (0.10 g, 0.17 mmol) in
acetonitrile (4 rt($&roreoshenrenesitfenviiRiBrsaz e iratPoRis Afie d U &8ty de (0.02 mL,
0.83 mmol) and sodium cyanoborohydride£0 018 109..0.27 mol) were added to the reaction mixture
at 0 C, then the mixture was stirred fo?rminu he reaction mixture was neutralized to pH
-7 by gradual addition of acetic acid. The réactiofi mixtdire wa ncentrated, and the residue was
made alkaline by the addition of a 2.0 N aqueous solution of KOH. The resulting mixture was extracted

wilh diethy! Slghishe [Biols e dé%gém 12:07ganig lByeLwel edise-ovpi R ydkowssodium

sulfate and conce nder reduce sure to obtain the crude product. Silica gel (100-200

mesh) coluniutenrsaibesytaneFaanedih Pt &8 merihbdrHRBYaLRl 35§ @evs) Of t6-fluoro-444-
(4-methyd-piperazieedasusio mikhenzey inrphthademlempatbaeceticraddrathid e stes aistam off-white
sticky solid. MS cald. for C26H27EN205S 20 ([M+Hr) 4 bsd. 499.3.
{6-Fluoro-4191-il4@ﬁ9@?ﬂ%-eﬂﬁ%?8§ %’!l!ﬁﬂﬁ%%‘%)@ é%?(%/?lzgriaagpﬁrﬁgf h%%t{/aﬁygg%%agc% rBH WO
2010/055005RE FERR 0000 6d81B R MERUIT@BdSsHiranusetntionast for ancther 2 hours.

{6-fluoro-4-[4-(g- F&ft%ﬂ%ageeé b?‘é'tfé%i‘(éj%gLR%@??&HWB?_@L@&T%M%—M@%aei%ﬁthyl ester (0.059,

0.10 mmol) intetrahydrofuran (6 mL) was added a solution of lithium hydroxide monghydrate (0.021 g,
0.50 mmol) iMinEFeMESTEShWAER R rE ACEEHSRRURL Wad SHRUERIAB B TRS A s oS perature. 5
The solygnigweiedistiiednl begleTreducatt pressushddenithe resigleounsiCil(Ged ithigdater (4 mL)

and washed with ethyl acetate (2 x 3 to remove un e (o8 e ous layer
was separatgﬁeéﬁarga’aﬂgg ?8 goill -Sél-i%l[\;vi%ng i{.)mﬁnaﬁqa&%e%r&}é sac%{%on%g @%ﬁ?l%& ggnghe
resulting mixtHranas EdeacesLitioty e thipeaestid (Carbosyit pcrhiedombirmsies afai¢ Hifases were

dried over 1%&!&?%%%9%@8 sylfale andseanernialashHaABLARELESH RUESSHKE toryield 0.020 g
(42%) of {6-fluoro-444- 4-methy§§{§)+erazme-1-suIfonyl)-benzoyl)—naphthalen-2-y1).- acetic acid as

white solid. THsNnRENZ8e\Y NBlabbAd8) 8555808 - 8.19 (m, 2 H), 7.84 - 8.05 (m, 5 H), 7.71 (s, 1
H), 7.48;<7.61 @qalrtipnskiSidHan bt/ Ay (bermehds) Pod |ipimerbtine?i ia(boX ¥l MEicald. for
C24H23FN205S ([M+Fir) 471, obsd. 471.3. ]gf%é PL%@-l
[6-Fluoro-4-(4-methanesulforwl-benzoy1)-3-met yHr}élgﬁt alen-211]-acetic acid OH -
[6-Fluoro-444-methanesulfonyl-benzqgy1)-3-metk -nﬁph}ha{en-zg)ll-acetic acid 20methyl ester 0 To a
mixture of 4-f|uoro-2-(4-methanesu11’cii =phe @ yiyi-bengakiehyde (example 2-1, 3rd step) (2.02
g, 6.68 mmol) and pent-3-ynoic acid methyl ester (3.03 6‘72/6.8 §4] in 1,2-dichloroethane (40 mL),
was added gold(lll) bromide (0.264 g,

Trimethylsilylacetylene {0.70 mL, 4.94 mmol) and triethylamine (2.80 mL, 18.74

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 dichioromethane (12
mL), then the reaction mixture was degassed with argon for 30 minutes at room
temperature. To the reaction mixture were added Pd(PPh3).Cl> (0.173 g, C.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 fo 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



25 1.18 mmol). The resulting mixture was heated at 80 C for 2 hours before additional WO
2010/055005PCT/EP2009/064813 - 129 - gold(lIl) bromide (0.125 g, 0.59 mmol) was added. Another
portion of g%q)(g&(%%ge (0.125 g, 0.59 mmol) was added after 2 morephqius:odigssg total of 6 hours
of heating, the reaction mixture was cooled to room temperature, and the solvent was removed to
afford a brown oil. Flash chromatography (Aspire_FEaishReadyTM, 50 5 pm, 30% ethyl acetate in

hexane) gave [6-fluoro-4-(4-methanesulfon I-benz%%)-& methyl-naphthalen-2-yl]-acetic acid methyl

ester (87 m@; BIEWe) apmarsiEsKaneaidorBiais? i 288 oM ih e HyEgeBHed ANy 0827,
[6-Fluoro-4-(4smethaneskiionibhanzeydcarmaiitashhithaianyPastdacetic acid OH 10 Starting with
[6-fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-nal. len;:2zy17l- aceti id methyl ester (182
mg, 0.44 mfidIF, YRY r&§f?'!t§ 'a%ﬁ?f% i#ﬁﬁ&ﬂs %@%‘@L@&ér?@hﬁfo&%ﬁaﬁp ig']z-l, final step,
[6-fluoro-4-(4-methpingsBlicog-Bdonmyl phemdetiynapbakenesylfoneticodearaaise-firg, 75%) was

obtained.as a solid. 1H NMR 15 (30%&4%&&4%&@@,@&& ‘ekdepo (br.s, 1 H), 7.98 - 8.14 (m, 4 H),
7.93(d,J=8.5Hz,2H),7.38-7.51(m,1H),6.99 (dd, J =10.7, 2.3 Hz, 1 H), 3.88 (s, 2 H), 3.29 (s, 3

H), 2.14 (s, 3 H); HRMS (ESI+) cald. for C20RI17F058 [(M+ Na)] 423.0672, obsd. 423.0673.

halides and pent-3-ynoic acid methyl ester. E> e Aryl Systematic 1H NMR (300 HRMS (M+H) No.
2010/055005PCT/EP2009/064813 - 130 - 6-2
2-Bromo 4-chloro- benz- aldehyde 1 Bromo metha onyl benze ne [6-Chloro- 4-(4- methanes
ulfonyl- benzoyl)- 3-methyl- naphthale n-2-y1)- acetic gci @MSO-dG) 12.56 (br. s, 1 H), 8.11 (d, J=
8.4 Hz, 2 H), 8.04 (d, J=9.0 Hz, 1 H), 8.02 (s, 1 H), 7.94 < Hz, 2 H), 7.55 (dd, J= 9.0, 1.4 Hz,
1 H), 7.29 (br. s, 1 H), 3.89 (s, 2 H), 3.30 (br. s,3H),2.14 (s, 3 7.05 56

a1

X
A solution of 4~(4»tr§methy!siianylethynyl—benzenesuifony})—péperazine-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 isclated. Pd{PPha),Cl, (0.681 g, 0.7 mmaol), Cul (4.100 g, 0.97 mmol), 2-
bromo-4-fluoro benzaldehyde (1.780 g, 8.73 mmol) and tristhylamine (2.00 mL,
14.55 mmol) were added simultaneously to the above reaction mixture and siirring

15 was continued for an additional 2 hours. Water (60 ml) wes 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 sqdium 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
CaabizsFN205S [(M+NH4)'] 490, obsd. 480.4.



00.11 0 6-3 2-Bromo- [4-(4- (CDCI3) 7.99 415.10 4- Bromo Ethanesulf (s, 4 H), 7.80 07 fluorobenz
-4- onyl- -7.91 (m, 2 aldehyde ethane benzoyl)- H), 7.20 -  sulfon 6-fluoro-3- 7.29 (m, 1 H), 00.11

0 Yimethyzg 2010ms5005 PCT/EP2009/064813

-122 -

4-Fluoro-2-[4-(piperazine-1-sulfonyl)}-phenylethynyll-benzaidehyde
'

6N
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-

5 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-flucro-2-[4-(piperazine-1-sulfonyl)-phenylethynyl]-benzaidehyde
as a vellow solid. MS. cald. for C4gH47FN2035 [(M+H)"]1 373, obsd. 373.3.

10 {6-Fluoro-4-[4-(piperazine-1-sulfonyl)-benzoyl}-naphthalen-2-yl}-acetic acid
ethy! ester

Ty
- 0

o L 7°
N\
ok
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 mlL.) was added 4-
15 oxobutyric acid ethyl ester (0.200 g, 1.54 mmol) at room temperature under an argon
atmosphere. Gold (IlI) 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
20 over anhydrous sodium sulfate and concentrated under reduced pressure o obtain
0.466 g, (65%) of crude {6-fluaro-4-{4-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-
yil-acetic acid ethyl ester as a light brown oil. Triethyl amine (0.35 mL., 2.51 mmol)



7.00 (dd, J= benze naphthale 10.3, 2.1 Hz, ne n-2-yl)- 1 H), 3.89 (s, acetic acid 2 H), 3.15 (q,
J=7.4Hz, 2 H), 224 (s, 3 H), 1.31 (t, J

10

15

20

25
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was added to a stirred mixture of the crude produé’t 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 mk,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) foliowed 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 o,
which on triturating with diethyl ether gave pure {6-fluoro-4-{4-(piperazine-1-sutfonyl)-
benzoyl]-naphthalen-2-yl}-acetic acid ethyl ester as a yellow solid. MS cald. for
CosHasFN20sS [(M+ H)'1 485, obsd. 485.2.

{6-Fluoro-4-{4-(piperazine-1 sulfonyl)-benzoyil-naphthalen-2-yl}-acetic acid

O
. o

QL °
oL
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 monchydrate (0.035 g, 0.83 mmol) in water (1.5 ml.)
and the reaciion mixiure 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 agueous layer was acidified with an
aqueous solution of hydrochioric acid (1 N}, then extracted with ethyl acetate {(3x10
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-



=7.4Hz, 3 H) EXAMPLE 7-1
2-16-Fluoro-4-(4-methanesulfonvl-benzovh-nanhthalen-2-yll-Propionic acid 56
216-Fluoro-444meibapesulfonyl-benzoyl)-naPhthalen-2111-proPionic aeigupgifysaster WO
2010/055005PCT/EP2009/064813 - 131 - To in situ generated lithium diisopropylamide (LDA) (0.33
mmol) [from diisopropylamine (0.33 mmol) and n- lfl)%ylllthlum (0.36 mmol)] in tetrahydrofuran (1.5 5
mL) at -78 C under nitrogen was added a solution 0

[6-fluoro-4- (@W%%%FRHEQW?Y‘%QBHWZZ Yiraeelifc A ARSI RAEs &24%0 g, 0.30
mmol, prepawwmmgom&omwa@rawheaomaﬁsm ehexain@e 246, acenrdiog td.Scheme 2) in

tetrahydrofuran (1.0 mL) drop ise. Th n. mixtuge 7 C. Methyl
iodide (0. 05%: 8 '%‘3% ’Fﬁn%% g)@él‘ﬁ‘eivﬁp o@p%l’ém%g\,\ﬁﬁ/%ﬂ ?0%0{2%1 WWas ehgadded
drop-wise. The.eeaultiFg, mibiiutAsds, Sittp@.80-18. G, fbi-0 it dess thdmh wiliirealdoo80 C and stirred.
for an additi I 2 S reacti nched with an aqueous solution of saturated

m b BRI g T e s

ammoniam ¢ e resulting mixture was extracted with ethyl acetate (3 x 5 mL). The
combined organic layers were dried over anhydrous sodium sulfate, filtered, and 15 concentrated

under reduced pressure. Flash chromatographyagjBcaget 100-200 mesh, 20% ethyl acetate in

hexane) gave 246 fluoro 4-(4-methanesulfonyl-benzoy1)- naphthalen-2-y1 r%plowc acid methyl ester
(0.070 g, 56.4%}% rhoxprmethyi: Tk e ornaphthaiene Jecarbonyllaenzenest '-‘_‘ 50
216-Fluoro-4-(4- methanesuIfon)@permma}maﬂp_atémaﬁ:ﬂ-g pi@sieacid WO

2010/055005PCT/EP2009/064813 - 132 - Starting with
2[6- fluofS-4- (4-methanesulfonyl-benzoyl)- naphthalen -2-y1]-propionic acid methyl ester (0.070 g, 0.17
mmol) and usmg a method analogous g-he-On 'Bed for example 1 1, final step,

8.11(d,J=8.7Hz,2H),8.00 (d,J=8.7HzxpZt I ; 7 (dd, J=11.4, 2.3 Hz, 1 H), 7.70 (d, J= 1.7 Hz,
1 H), 7.58 (td, J = 8.9, 2.6 Hz, 1 H), 3.88 - 3.98 (f,.2H);8.57 (s, 3 H), 1.46 (d, J = 7.1 Hz, 3 H); MS
cald. for C21 H1 7F055 [(M+H)T] 401, obsd. 401. 10%5 8-1
ret-(4-Methanesulfonvi-benzy1)-6-methyl-naphthalen-2-1A1-acetio acid OH A solution of
[6-methyl-4-(4-methanesulfonyl-benzoyl)-naPhthalen-24]-aceti¢ acid (example 2-28) (70 mg, 0.183
mmol) in methanol (8 mL) was hydrogenated using a 15 H-cube Rydrogenation reactor with a flow rate
of 1 mL/min and a 10% palladium on carbon catalyst cartridge at 30C 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 pé%%( arative HPL? wst%a Watelss(r) Delta-PrepTM
3000 with a Varian ﬁ]%tﬁ(ﬁt@fﬁlﬁmlﬂﬁtﬂm o[ 8 IR FeEVe
[4-(4-methanesulfonyl-henaydndeoizthyliqriphthzise-P-gdfboei catid BAYIegier1%) as a white solid.
1H NMR (300 MHz, CDCI3) 6 ppm: 7.83 (d, J = 8.4 Hz2 \/) 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), - =87 Hz, 1 H), 7.22 (s, 1 H), 4.48 (s, 2 H), 3.78 (s, 2
H), 3.02 (s, 3 H), 2.46 (s, 3 H); HRMScald.for.€ 1HQOO4S (ESIT) [(M+ Nan 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 coffesp® g k@tone derivatives.

’,NK/YO

O

l

Triethylamine (0.19 mL, 1.34 mmol) was added slowly at 0 °C to a stirred reaction
mixture of {8-fiuoro-4-[4-(piperazine-1 -sulfonyl)-benzoyl]-naphthalen-2-yi}-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

15



WO 2010/055005PCT/EP2009/064813 - 133 - Example No Systematic Name 1H NMR (300 MHz,
CDCI3) 6 ppm HRMS (ESI+, (M+Na)) Structure 8-2 [4-(4- 8.19 (s, 1 H), 7.97 377.0829

Methanesulfpgyl, (dsshiz 8.5 Hz, 1 benzyl)-6- H), 7.87 (d, J = trifluoroppeiybo@tigs2 H), 7.78 OH
naphthalen-2-y11- (s, 1 H), 7.66 (dd, lel aceticacidJ=8.5,1.5Hz,1 0 H),7.39(d,J= 82Hz 2
H), 7.35 F o 125 -

stiring 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 suifate and concentrated under reduced pressure. The

5 crude product was purified by sitica gel (100-200 mesh) column chromatography

(1:3 ethyl acetate -hexane) to give 0.077g (41.4%) of 4-[4-(3-ethoxycarbonyimethyl-

7-fluoro-naphthalene-1-carbonyl)-benzenesulfonyll-piperazine-1-carboxylic acid ethyl

ester as a viscous yellow solid. MS cald. for CagMH2oFN2075 (IM+H]") 5586, obsd.

557.2.

10 4-]4-(3-Carboxymethyi-7-fluoro-naphthalene-1 ~carbonyl)-benzenesulfonyif}-

piperazine-1-carboxylic acid ethyl ester

To a stired solution of 4-[4-(3-ethoxycarbonylmethyl-7-fluoro-naphthalene-1-

15 carbonyl)-benzenesulfonyil-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 agueous solution of hydrochioric
acid (1 N), then exiracted 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, 2 H),7.82-7.88 (m, 1 H),7.72(s. 1 H), 7.57 (td,



(s,1H),4.56(s,2H),3.85(s,2H), SO 3.04 (s, 3 H) 8-3[4-(4- (CD30D) 8.22 (s, 445.069
Methanesulfonyl- 1 H), 8.11 (d, J = benzyl)-7- 8.8 Hz, 1 H), 7.87

OH naphthglgnzgaylkm82 Hz, 2 H), OS acetic acid 7.54 - 7.63 (m, 2 Opctsdodbiobasid =

H), 4.61

5

16

-126 -

J=87,2.2 Hz, 1 H), 3.99 (q, J = 6.9 Hz, 2 H), 3.82 (s, 2 H), 3.46 (br. 5, 4 H), 2.96

(br. s, 4 H), 1.13 (£, J = 6.9 Hz, 3 H). MS cald. for CasHasFN2075 ([M+H]") 529, obsd.

529.3.

EXAMPLE 4-2

The following example 4-2 was prepared in an analogous manner to example 4-1,

starting with {6-fluoro-4-[4-(piperazine-1 -sulfonyl}-benzoyil-naphthalen-2-yl}-acetic

acid ethyl ester and di-tert-butyl dicarbonate.

trifluoromethyl- (s, 1 H), 7.83 (d, J

8.2 Hz, 2

"H NMR (400

Example | Systematic | MHz, DMSO-dg)
No. Name 5 ppm MS (M-H)" | Structure
4-2 4-{4-{3- 1251 (br.s, 1 555.2

Carboxym | H), 811 -8.19

ethyl-7- {m, 2 H), 8.00

fluoro- - {d,J=78Hz, 2

haph H),7.82-7.93

thalene-1- | (m,3H), 7.72

carbonyl} | (br.s, 1 H),7.57

benzenesu ; (t, J=7.8Hz, 1

lfonyl H),3.82 (bt.s, 2

F H), 3.40 (br.s, 4

piperazine | H),2.94 {br.s, 4

-~ H}, 1.35 (s, 9 H)

carboxylic

acid tert

-hutyl

aster 1

EXAMPLE 541

{6-Fluoro-4-[4-(4-methvi-piperazine-1-suifonyl-benzoyll-naphthaien-2-
vi}-acetic acid '




(s,2H),3.81(s, 2 109 H), 3.06 (s, 3H) 01,s" 8 16-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, naptithalen-2-yll- 1 H), 7.37 (d, J =

OH acetic %512%1%/6-5@0[% H), 7.28 4110 -7.34(m,2H), 0 4.49 (s, 2 BxBr3009/064813

-127-
{6-Fluoro-4-[4-(4-methyl-piperazine-1-sulfonyl)-benzoyl]l-naphthalen-2-
yl}-acetic acid ethyl ester

Triethylamine (0.04 mL, 0.27 mmol) was added to a stirred mixture of {6-fluoro-4-[4-
(piperazine-1-sulfonyl)-benzoyll-naphthalen-2-yll-acetic acid 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 neutraiized 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 agueous solution of KOH. The
resulting mixture was extracted with diethy! 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-sulfonyt)-benzoyll-naphthalen-2-
yll-acetic acid ethyl ester as an off-white sticky solid. MS cald. for CosHz7FN20sS

20 ([M+H]") 499, cbsd. 499.3.

{6-Fluoro-4-{4-(4-methyl-piperazine-1-sulfonyl)-benzoylij-naphthalen-2-
yi}-acetic acid

OY
. 0



(s, 2 H), 3.04 (s, 3

H) 1110" .... 8-5-Fluoro-4-(4- 7.87 (dd, J = 8.6, 409.088 methanesulfonyl- 62

Hz, 1 H),.7.82 2-methyl-benzyl)- (s, 1 H), 7.71 (s, 1 naphthalen-2-A)- H), 7.59 -7.67 (m, OH
acetic acid %5)2920%5-03546 elf. (m,1H),7.31(dd, O | J =10.6, 2.1 HadypibheofofR (S, 1 H), *--...

128 -
To a stirred solution of {8-fluoro-4-[4-(4-methyl-piperazine-1-sulfonyl)-benzoyl]-
naphthalen-2-yl}-acetic acid ethy! ester (0.05 g, 0.10 mmol} in tetrahydrofuran (6 mik.)
was added a solution of lithium hydroxide monchydrate (0.021 g, 0.50 mmol) in
water (1.5 mL) and the reaction mixture was stirred for 48 hours at room temperature.

5 The solvenis were distilled off under reduced pressure, then the residue was diluted

with water (4 mL) and washed with ethyl acetate (2 x 3 mL) to remove unwanted
organic products. The aqueous layer was separated and acidified to pH ~3-4 with a
1.0 N aqueous solution of hydrochioric acid. The resulting mixture was extracted
with ethyi acetate (2 x 10 mL). The combined organic phases were dried over

10 anhydrous sodium sulfate and concentrated under reduced pressure to yield 0.020 g
(42%) of {B-fluoro-4-[4-(4-methyl-piperazine-1 -sulfonyl)-benzoyl}-naphthalen-2-yi}-
acetic acid as white sofid. 'H NMR (400 MHz, DMSO-ds) & ppm 8.09 - 8.19 (m, 2 H),
7.84 -8.05(m, 5H), 7.71 (s, 1 H), 7.48 - 7.61 (m, 1 H), 3.81 (s, 2 H), 2.97 (br. s, 4 H),
2.38 (br. s, 4 H), 2.15 (s, 3 H). MS cald. for CasHasFN20sS ([M+H]") 471, obsd. 471.3.

15

EXAMPLE 6-1

[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-naphthalen-2-ylj-acetic acid

OH
Y
o
0

r,S .

16-Fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-naphthalen-2-yl]-acetic acid
20 methyl esier

J,S\

To a mixture of 4wﬂuoro—2—(4-methanesulfc)ny!-phenylethynyi)—benzaldehyde

(example 2-1, 3" step) (2.02 g, 6.68 mmol) and pent-3-ynoic acid methyl ester (3.03

g, 26.8 mmol) in 1,2-dichloroethane (40 ml.), was added gold(llf) bromide (0.264 g,
25 1.18 mmol). The resulting mixture was heated at 80 °C for 2 hours before additional



7.01(d,J=82 Hz,1H),437(s, 2H),3.77(s,2 0'.s.! H),3.06(s,3H), 245(s,3H) WO
2010/055005PCT/EP2009/064813 - 134 - 8-6 [6-Fluoro-4-(4- methanesulfonyl- benzyl)-

naphthalen;vg Llias&ligsacid Hz, 1 H), 7.82 -3-trifluoromethyl-7.92 (m, lpthyihdddddsadsy .8 7.75 (br.
s,2H), 7.49 (d, J= 7.5 Hz, 1 H), 7.39 (d, J=10.3 Hz,1 H), 728 - 7.34 (m, 2 H), 4.51 (s, 2 H), 3.84 (s, 2
H), 3.17 (s, 3 H) 463.0597 8-7[4-(4- (DMSO-d6) 12,35 401.1215 Ethanesulfonyl-2- (br. s, 1 H) 8.01

methyl-benzyl)-6- (dd, J= 9,1,6.0 fluoro-naphthalén- Hz, 1 H) 7.75 (d, J
gold(llf) bromide (0.125 g, 0.5 mmol) was added. Another éortian of goid(iil)

bromide (0.125 g, 0.59 mmol) was added after 2 more hours. After a total of & hours
of heating, the reaction mixture was cooled to room temperature, and the solvent
was removed to afford a brown oil. Flash chromatography (Aspire FlashReady™, 50

5 um, 30% ethyl acetate in hexane) gave [6-ﬂuoro—4—(4'~méthanesuifonyi~benzoyl)—3—
methyl-naphthalen-2-yl}-acetic acid methyl ester (87 mg, 3.1%). HRMS (ESI+) cald.
for CosH1oFO5S [(M+ Na)'] 437.0829, obsd. 437.0827.

[G-Fluor0-4-(4-methanesulfony%-benzoy[)si?»-methyi-naphthalen~2-y!]-acetic acid

OO O
E
o
Q

S
10
Starting with [6-fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-naphthalen-2-yl}-
acetic acid methy! ester (182 mg, 0.44 mmol), and using a method analogous to the
one described for example 2-1, final step, [6-fluoro-4-(4-methanesulfonyl-benzoyl)-3-
methyl-naphthalen-2-yl]-acetic acid (131 mg, 75%) was obtained as a solid. TH NMR
15 (300 MHz, DMSO-ds) & ppm: 12.55 (br. s, 1 H), 7.98 - 8.14 (m, 4 H), 7.93 (d, J =8.5
Hz, 2 H), 7.38 - 7.51 (m, 1 H), 6.99 (dd, J =10.7, 2.3 Hz, 1 H), 3.88 (s, 2 H), 3.29 (s,
3 H), 2.14 (s, 3 H); HRMS (ESI+) cald. for CooH17FOsS [(M+ Na)'] 423.0672, obsd.
423.0673.
EXAMPLES 6-2 to 6-3
20 The following examples 6-2 to 6-3 were prepared in an analogous manner {0
example 6-1, starting with the appropriate commercially available or prepared

aldehydes and aryl halides and pent-3-ynoic acid methyl ester.

HRMS
Exampie Anyl Systematic | 'H NMR (300 | {M+H)
No. Aldehyde | halide | Name MHZ) S ppm | Struciure




- 2-yl]-acetic acid = 3.3 Hz, 2H) 7.63(dd, J=11.5, 2.1Hz, 1H)7.54 (dd,J=8.1,14 Hz 1H)

H) 3.65 (s, 2

742 (td, J=8.8,21Hz1 H)7.09(s,1H) 6.96(d,J=81 Hz,1H)4.44(s,?2
H) WO 2010/655005 ' PCT/EP2009/064813
. - 130 -

6-2 | 2-Bromo- | 1- [6-Chioro- | (DMSO-d) 417.05
4-chioro- | Bromo | 4-(4- 12.56 (br. s, 56
henz- -4- methanes | 1 H), 811 (d,
aldehyde | metha | ulfonyi- J=84Hz 2

nesulf | benzoyl)- H),8.04 (¢, J

onyt 3-methyl- | =9.0Hz, 1

benze | naphthale | H}, 8.02 (s, 1

ne 1=2-yl]- HY, 7.94 (d, J

acetic acid | =8.4Hz, 2

H), 7.55 {dd,
J=9.0,14
Hz, 1 H),
7.29{br.s,1
H),389(s,2
H), 3.30 (br.
s, 3H),2.14
(s, 3H)

5-3 2-Bromo- | 1- [4-(4- (CDCl;) 7.99 | 41510 OH
4~ Bromo | Ethanesulf | (s, 4 H), 7.80 07 OO
fiuorobenz | -4- onyl- -7.81{m,. 2 O
aldehyde | ethane | benzowi} | H), 7.20

sulfon | 6-fluoro-3- | 7.20 (m, 1 H) o
vl methyi- 700 (dd, J= O /0
benze | naphthale 10.3, 2.1 Hz S:‘:
ne n-2-yl}- 1 H), 3.89 (s,
acetic acid | 2 H), 3.15 (g,
J=T4Hz 2
H),2.24 (s, 3
H), 1314t J
=7.4Hz, 3
H)
EXAMPLE 71
2-[6-Fluoro-4-{4-methanesulfonyi-benzov)-naphthalen-2-yi]-propionic acid
:,S“'\
5

2-[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl}-propionic acid

methy! ester



3.23(u,J=74 Hz 2H)241(s,3 H)1.06(t J=7.4 Hz, 3H) 8-84-(4- (DMSO-cl16) 7.99
402.116gb OH Dimethylsulfamoyl (dd, J= 9.1, 6.0 010 benzyl)-6-fluoro- Hz, 1 H) 7.76 (s, 1 O

?g‘pjhtga'g”v@d’ﬂ&w&%&;iz (dd, J= acetic acid 11.5, 2.1 Hz, 1 H) 7.66{dvem0& 864844z, 2 H) 7.49

- -131-

To in situ generated lithium diisopropylamide (LDA) (C.33 mmol) [from
diisopropylamine (0.33 mmol) and n-butyllithium (0.36 mmolj] in tetrahydrofuran (1.5
5 mL)at-78 °C under nitrogen was added a solution of [6-fluoro-4-(4-methanesulfonyl-

benzoyl)-naphthalen-2-yl]-acetic acid methyl ester (0.120 g, 0.30 mmol, prepared in
an analogous manner fo the precursor of example 2-1 according to Scheme 2) in
tetrahydrofuran (1.0 mL.) drop-wise. The reaction mixture was stirred for 30 minutes
at -78 °C. Methy! iodide (0.051 g, 0.36 mmol) in hexamethylphosphoramide (HMPA)

10 (2.4 mL)was then added drop-wise. The resulting mixture was stirred at -78 °C for
20 minutes, then warmed to -30 °C and stirred for an additional 2 hours. The
reaction was quenched with an agueous solution of saturated ammonium chioride (2
mL), and the resulting mixture was extracted with ethyl acetate (3x5mbL). The
combined organic layers were dried over anhydrous sodium sulfate, filtered, and

15 concentrated under reduced pressure. Flash chromatography (silica gel, 100-200
mesh, 20% ethy! acetate in hexane) gave 2-[8-fluoro-4-(4-methanesulfonyi-benzoyl}-
naphthalen-2-yil-propionic acid methyl ester (0.070 g, 56.4%) as an off-white solid.
MS cald. for CpHieFOsS [(M+H)'1 415, obsd. 415, '

20 2-{6-Fluoro-4-(4-methanesulfony!-benzeyi)-naphthalen-z-yl]-propionic acid




=83Hz,2H)7.36-745(m,2 i,.\.N H)451(s,2H) 3.72(s,2H)256 (s,6H) 8-9[4-(4-
(DM50-d6) 12.41 409.0880 Ethanesulfonyl- (br. s, 1 H) 7.98 benzyl)-6-fluoro- (dd, J=9.0, 6.2
naphthalenzyldmliedsH) 7.74-7.81 acetic acid (m, 3 H) 7.71 (dd, r&yidrend/deidzs 1

10

13

20

25

. -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 anaiogous to the one

described for example 1-1, fina! é‘i‘ep, 2-[6-fluoro-4-(4-methanesulfonyl-benzoyl)-
naphthalen-2-yi]-propionic acid (0.040 g, 59.7%) was obtained as a semi-solid. H
NMR (400 MHz, DMSO-ds) & ppm 12.58 (s, 1 H), 8.17 - 823 (m, 2 H), 8.11(d, J =
8.7 Hz, 2 H), 8.00 (d, J =87 Hz, 2 H), 7.87 (dd, J=11.4,2.3 Hz, 1 H), 7.70 (d, J =
1.7 Hz, 1 H), 7.58 (id, 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,

EXAMPLE 841
[4-{4-Methanesulfonyl-benzyl)-6-methyl-naphthalen-2-yll-acetic acid

SoAN
(s

1,8 ~

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
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% methano! in dichioromethane), 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
mm]} gave [4-(4-methanesulfonyl-benzyl)-8-methyl-naphthalen-2-yl]-acetic acid (14.4
mg, 21%) as a white solid. "H NMR (300 MHz, CDCls) 8 pprm: 7.83 (d, J = 8.4 Hz, 2
H), 7.74 (d, J = 8.7 Hz, 1 H), 7.86 {s, 1H), 7.60 (s, 1 H}, 7.38 (d, J = 8.4 Mz, 2 H),
7.32(d, J=87 Hz, 1 H),7.22 (s, 1 H), 448 (s,2H),3.78 (s, 2 H), 3.02 (s, 3 H), 2.48
(s, 3 H); HRMS cald. for Ca1H2004S (ESI™) [(M+ Na)'] 391.0874, obsd. 391.0976.

EXAMPLES 8-2 to 88
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) 749 (d, J= ,.c_w,50s 82, Hz, 2 H) 7.42
3.71(s,2H)3.21 (q,J=7.3Hz,2 H)1.03(tJ=7.3 Hz,3H) WO

2010/0550058 G {FR29P9/064813 - 135 -

(s, 1 H) 7.37 (dd,

J=

PCT/EP2009/064813
- 133 -
'H NMR {300 HRMS
Exampie MHz, CDClg} & {ESH+,
No Systematic Name | ppm (M+Na)") | Structure
8-2 [4-(4- 8.19 (s, 1 H), 7.97 | 377.0829°
Methanesuifonyl- : {d, J=85Hz, 1
benzyl}-6- H), 7.87(d, J =
rifluoromethyi- B2Hz 2H) 7.78
naphthalen-2-yi}- (s, 1H), 7.66 (dd,
acefic acid J=8.5 15Hz,1
H}, 7.384{d, J =
8.2 Hz, 2 H), 7.35
{s,1H),4.56(s,2
H), 3.85 (s, 2 H),
3.04 {s, 3 H)
8-3 [4-(4- {CD,0D) 8.22 (s, 445 0691
Methanesulfonyl- 1H), 811(d, J=
benzyl)-7- 88 Hz, 1H), 7.87
irifluoromethyl- (s, 1H), 783, J
naphthalien-2-yl}- =82 Hz, 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 [B-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-vil- 1H),7.37(d, J= OH
acetic acid 7.8Hz, 2H),7.28 OO
-7.34 (m, 2 H), O
4.49 (s, 2 H), 3.79 F
{s,2H),3.04(s,3
i (Lo
S
O
8-5 [6-Fluoro-4-(4- 7.87 {dd, J = 8.6, 400 0881
methanesulfonyl- | 6.2 Hz, 1 H), 7.82
2-methyl-benzyl}- | (s, 1 H), 7.71 (8.1
naphthaten-2-yi}- H), 7.59 - 7.67 (m, OH
acetic acid 1H),7.37 - 7.46 OO -
{m,1H),7.31 {dd, o]
J=10.6,2.1 Hz, 1 F
H}, 7.05 (s, 1 H), o
7.01(d, /=82 1 o
Hz, 1 H), 4.37 (s, ANg
2H), 377 (s, 2 o =~
H), 3.08 (s, 3 H},
245(s,3H)

9.0,24 Hz,1 H)4.50 (s, 2 H)




a: HRMS reported as [(M-COOH)]; b: HRMS (ES+), [(M Hn. EXAMPLE 9-1

16-Fluoro-4-(4-methvisulfamovl-benzvl)-naehthalen-2-y11-acetic acid 5

[6-Fluoro-4-

using a H-c

sifamoyl-benzyl)-naPhthalen-2-y1Facetic acid meifyhestas B4 A solution of
[6-fluoro-4-(4-methylsulfamoyl-benzoyl)-naphthalen-2-y11-acetic acid methyl ester (prepared in an
analogous manner to the ethyl ester precursor to“(? Qr_nple 2-1) in methanol (20 mL) was hydrogenated
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WO 2010/055005PCT/EP2009/064813 - 138 - To a solution of crude o :
2-(4-fluoro-benzylidene)-3-methyl-succinic acid 1-methyl ester (approximately 49g, 0.196 mop in acetic
anhydride (429 #)o¥¢assadded sodium 5 acetate (32.159, 0.392 mol) in eeergrakionsibhe reaction
mixture was stirred at 150 C for 3 hours. After this time, the reaction mixture was cooled to room
temperature, then stirred ovemight. Acetic anhydridg was removed in vacuo, providing a viscous
brown oil. Thi ] in-ethyl-acetate—The-resulting-selution-was-washee-with a
saturated, aqueous ammonium chloride solution. The organic 10 phase was dried over Na2S04
filtered, and concentrated. Flash chramatography (Analogix SuperFlashTM 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 pil. 6-Flupro-4-hydroxy-3-methyl-naphthalene-2-carbhoxylic acid methyl ester 0 150H A
heterogenepus 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 methyljester (18.4 g, 0.066 mol) in 20 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 pily
suspension was diluted with ethyl acgtate and washed with 1 N jaqueous HCI. The organic phase was
dried (Mg304) RS de phreeeOnCRNPa R0y iB[HREEJES2% | (6f-a-flioro-4- 25
hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester as a yellowish tan solid. HRMS (ES-)
cald. for C13H11F03 [(M-HI] 233.0619, obsd. 233.0619. WO 2010/055005PCIAP2009/064813 - 139 -
4-Benzyloxy-6-fluoro-3-methyl-naPhthalene-Z8&MB%cHi8-4cid methyl ester 0 Benzyl bromide (10 mL,

82.51 mmol) was ?-@W&ﬂb%{-@’%ﬂ&‘i&ﬂﬁmeﬁ -ﬁﬁlﬁig?)ln&m@ﬁmhmﬂ@&ma%@rboch acid
methyl ester (15.567Q, 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 resyltingmixiure wWas extracted three times with ethyl acetate.
The combined organic phases were washé tried over MgSO4, filtered, and concentrated.
A concentrated solution of the crude pro&8uct™0 I25% ethyl acetate in hexanes was loaded onto a
Analogix SuperFlashTM column. Flash chromatography, (25-50% ethyl acetate in hexanes) provided
14.27 g (66% yield) of 4-benzyloxy-6-fluoro-3-meth phtlnalene-2-carboxYlic acid methyl ester as a
slightly yellow solid. 1H NMR (300 MHz, DMSO-d6) 6 ppn$8,34 (s, 1 H), 8.19 (dd, J=8.9, 5.9 Hz, 1
H), 7.64 (dd, J = 10.7, 2.3 Hz, 1 H), 7.57 (d, J = 6.6 Hz, 2H),|157.36 -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 A round-bottom
flask was chard@diwendithidnreitinisutizmayidnenzd)ahihsien-avt-aretisacid@eiarkd in an
brine/ice bath. Tetrahydrofuran (100 mL) was addggkg® slowly. The resulting solution was maintained
at -4 C with stirring. A solution of 4- benzyloxy-6-f|uoro-3-r%ethyl-naPhthaIene-Z-carboxyIic acid methyl
ester (14.27 g, 44.00 mmol) in tetrahydrofuran™ @0 L) was slowly added to the cold lithium aluminum

temperature did not exceed 6 C. After the drop-wise
to room temperature. The reaction mixture was stirrec temperature for 1 hour. After this time,
the reaction mixture was cooled to 4 C in an ice bath. Wager (8’5 mL) was 5 added slowly, keeping the
reaction temperature below 4 C. A 15% aqueous NaOH solution (3.5 mL) was next added, followed by
an addit'&%nal 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-fursriotRemsti flueisrindrsnethvisuifrstrarseaswy AR BRI A RFBIE AR was used in
the next Ste)PrHléi (Lét 'B%@anﬁ@t%@@)ﬁm&@@wm SMSSAte6)©aREDBH0 (dd, J(: 8.9,)
59Hz,1H),7.77 (s, 1 H), 7.54 -7.63 (m, 3 H), 7.31 -7.51 4 H),5.26 -5.35 (m,.1 H)..4.94 (s, 2 H),
4.64 (d, J = PO HY) ?S‘Ee(@aﬁ‘%ég-@%ﬂ%%g&y%@&%%ﬁ%ﬁ&ﬁ?-ﬁd%%?%gggﬂ%ﬂﬁg thalene 15
A three-neckreaignsH-haticeni daskieas tharged witharifhiemaibsphinec2B83cgtadB:84 mmol),
tetrahydygiuran (0, Ml B GaRON S EREosE Al Ao e hodnds gavardafalRosphere. The

resulting mixture was stirred at room temperature for 20 minutes. A solution o
(4-benzyloxyl&flmrdtnepivisalRharnensy)-verhibalens £ eRg asie MMeiim &5t and
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 grganicphases were washed 25 twice with water, and the geauitingoagseaus layers were
extracted with ethyl acetate. The combined organic extracts were washed with brine, dried over
Mg804, filtered, and concentrated. The crude prodygt was purified using flash chromatography
(Analogix SuperFlashTM column, 10-25% dichloromethane in h n)» a]fchdln 10 \(VO
2010/05500bp caErERIsEIgEieansl Paluor driagsroxy-(4-methy TRdlamoy-p vl

1- benzyIoxmgp@lﬂl@@m@lﬂy—bﬂeﬁwQ%%ﬁtﬁﬂh?ﬁi‘tﬂ&ﬁtmatmmmaewdmﬁeiscﬁm1 1IRVEIREE300 MHz.

DMSOC16)6 m802 9,59 Ha 1 HL T 1 H 65, & 7.50 (M, 4
H), 4.97 (s, 9, f@f"?&a él%%l( z%l%xy ?F o?%e? -metIEyI r?fé%’?r?n‘g’éleﬁ g‘ayr%hla}ge{ﬁmd methyl

ester A 2 L@ettdchotiond Hask. élﬁhta’iﬁﬁ@&ﬂbé@?ﬂ@ﬁ&ii}l@rﬁ@%ﬁ%tﬁ?imfmﬁz%’é@ﬁ%aphthalene

(10.84 g4 B%gﬂgrgt@@),r@g%% BRI $ K%m% 10860 RAC-RGtRs Yur ¢arponate (5.04 g,
36.50 mmol, 1.06 eq) was evacuated and en h.c k%on mgnmde gas. A balloon of
@P g

carbon mon@ﬁb@sﬁagm‘@rﬁ%&edﬂl%@atﬁef%g@tﬁﬁlﬁg 3% éSétvoir of CO gas.
Tetrahydrofuran (}8%mbyovaspaeayis i eagtibermykiurap futkalead2yl acttimat@8 mL). The

reaction mixture was stirred at room temperature for 3 hous, and then diluted with water (600 mL).

acetate in hexane) was used to |solate 11.7 g (qua ve yield) of

crystalllzed upon standlng at 20 room temperature 1H N:f\/IF?‘(SOO MHz, DMSO-d6) 6 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-Fluoro4-hydroxy-3-methyl- naphthalen 2 yI) -acetic acid methyl ester
WO 2010/055005PCT/EP2009/064813 - 142 - A rou d bottom fI tf gf{d wtp
(4-benzifloxR B ryis. it H9r%ﬁ;{ﬁfﬁaq§w*§“‘{afj‘%>é fea¢ rfﬂ@ 3§ter T 39%8 mmol) in
ethanol (350vslhyiSeme bﬁa@mmm&@umm@mmmén&mdesdemméaﬂmsmmé fd¥etial in ethanol.
A full spatula SC efé)f?f 10% at}lqaa |ur!guc?fré[%g %&3(%?@ %%ﬂ gtedgaggg%g@s& 8”?\% reaction 5

mixture was glePf droge gasata mos rc pressure oveg;lﬁ?ht at room tem erature. After

this time, it a&ﬁdéhvwmamﬂ@ﬁumaeélweﬁb thNN}Br Mg HeldPedhrishduitdddadd TLe (1:3
ethyl acetatey hexangs) ndicated thay the. §teelrtgumaxeﬁuﬁ4§1ad4qeem@mswmed SThe relaio:tlon mixture
was filtered through a bed of celite. The flltr onc a a ( 2_/ )

(6-fluord-4- h{/tﬁ%&}»—é =& Mdthyl ‘ﬁth%ﬁaﬁ% ? & e(t?c Eegtlh@ﬁ ggfgr Wa]%c(% v%as usecF in the next
step WlthoutjuﬂmeimefmdofmrM§t(iﬁ)&)&?ﬁtdﬂdlaﬁjmmm fidad-¥ 0HB38bsd. 247.1.
(6-Fluoro-3-methy1-4-trifluoromethanesulfonyloxy-naphthalen-2-y1)-acetic acid methyl ester 15
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- yﬁ%? ¢Bcl8- f‘nethyl ester (400 mg, 1.61 mmol) and
pyridine (0.195 mL, 2.42 mmol) in dichloromethane 20 (12.0 mL). The reaction mlxture was stirred at 0
C for 30 minutes. The reactlon mlxture as w rmed {Q rog tempe d,stir hours. The
reaction2fixtURsFABered A 4-0aais St IS v' hep ?{1 3 4dxtracted
three times with 50 mL portlons of dlchloromethane The combined organlc layers were dried over
Na2S04, filtered, and evaporated to yield a yellgw oil, 25 A sejution of this crude product in
dichloromethane was evaporated over silica gé ulting silica gel-supported product was
subjected to flash chromatography (RediSep nth, 230-400 mesh, 28% ethyl acetate in
hexane) to give 514 mg (84%) of
(6-fluoro-3-methyl-4-trifluoromethanesulforyloXy-naPhthalen-2-y1)-acetic acid methyl ester as a white,
crystalline solid. 1H NMR (300 MHz, CD®@IS}5 | WO 2010/055005PCT/EP2009/064813 - 143 -
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 C15H12F405S [(M+Nar] 403.0234, obsd.
403.0233. 5[6-Fluoro-4-(4- methanesulfon/vl benzyl) 3 methyl naPhthaIen 2-yl]-acetic acid methyl
ester Step 1. Preparation of the EégtMiethiod arglied®ineck 250 mL round-bottom
flask was charged with zinc dust (13. 08 g, 200 mmol) and prewously 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 trimethylsilyi chloride
NO7661 Ml A& 0O mMmmoll and the ciriecnencinn wac otirred for 15 min at room 20 temneratiire The reaction

L)




WO 2010/055005PCT/EP2009/064813 - 144 - Step 2. Negishi Coupling Reaction: In a separate
reaction flask, palladium (IlI) acetate (643 mg, 2.86 mmol) and S-Phos (2-dicyclohexylphosphino-2',6'-
dimethoxybiphen)eEes3d 9, 5.73 mmol) were combined with freshly distiled/betrabpedeefsran (80 mL) at
room temperature under nitrogen. The resulting mixture 5 was stirred at room temperature for 10
minutes. A solution of (6-fluoro-3-methy1-4- trifluojgmethanesulfonyloxy-naphthalen-2-y1)-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 {b(dgeiduoeh Jiney ekt hg-dwethplravacibisclotibh-methtybasidrat 60 C for 1 hour.
During this time, the initial dark brown solution turned tg,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 ofjgar ympBund was extracted into ethyl acetate (2 x
150 mL) and the combined organic extracts-w heeVith 15 brine (200 mL). The organic layers
were dried over anhydrous magnesium sulfate, filtered,@nd concentrated to give the crude product
which was first purified on a 1 kg silica gel plug [eluting with hexanes (500 mLig, 20% ethyl acetate in
hexanes (1.@%%%%8%%3@%%@%@ PRV SRR IE) BRFHR RO RIS Gave 9.33 g
of the desireguBaRatenahi®B shis(pUBicabO Bk Mt gdriieni®iné sosmeosiod. i@Orireeampure
product was again purified by flash chromatqgra ' 12&30-400 mesh,
eluting with 8%-285%? %iﬁy?%%%’él 5 ffex ﬁ%’s) oeﬁéﬁﬁnﬁ&%ggéggé t%g %&%%ﬁdﬁ% The
combined yielt péigfisofd:axahernsthanes ufibngy 108y Degiamesh P HaRRIAAEIRDIPIER MR acid

methyl esteryas, 113349 (33%)einqlaterhar adidiHerclionoraliditl RMENEIIGald) fondwiti21 FO4S
25 [M+] 400.1145, obsd. 400.1144. WO 2010/055005PCT/EP (3%9/064813 45 -

[6-Fluoro-4- @) 68 aMES AN H2s 1128ShG Ry Thabfrth 1EIR -y 1 TAXRER 8tH oH Starting with
[6-fluorq¢i-(4ripeibanesidionyd-tenmil, ) edtotethyly aal kithaliy 2idinisetidraaci@/nedthyl ester (11.33 g,
28.3 mmol), using a method analo t ri - 2=1, fipal step.
[6-f|uoro-4-(ﬁ%%%%ﬂzegﬁ?o%%-%ﬁﬁg )- eﬂ%ﬁ%ﬁ%%ﬁﬁ%%ﬂ%ﬁ%%%ﬁg%c? v@s%%ained. Further
purification vedsiiceoeplise dloyieeygsthififntitn Froh thetlonitprs is yioeRseativEl §FotRict in two crops
as 10.07 g (Y2akafa whitl, sQlich ki NV RABOGM B 6d2(r2ktappmdady, miflidrdk (@e3 H), 7.72 (s,
1H),7.39 (d, J = 11.8 Hz, 1 H), 7.16 -7.26 (m, 3.H). 4%4 % H), 3.91 (s, 2 H), 3.03 (5, 3 H), 2.38 (s,
3 H); HRMS%@%%QWHP?M%??QT@M@ W HRE B BEDBET S 885 d Method Of
Preparing Examgle T te d&[6rHhiniaelvidsmetico esalfiredazea Zgdt3-roetmaniarit i#lén-2-y 11-acetic
acid tert-butyl ester .To a mixture .of (14 , )y s added
Moo ® &i%?é%%‘?%ﬁ‘gﬁ%ﬁﬁw‘% LAl 3 LAlAD RN 4200, 0k

trimethylchlorosilan via syringe, and the reaction mixture 20 was stirred at

room temperditlnetfekaBeatLites. Walsiution o1l-vhpreRREngId I BIPRARS SR BESzZene (19.28 g,

92.33 mmol) jp 350RE%: SEIRMEWasTREN ardedqre RyBiwvieswisassagmane axinge was rinsed
with an additional 5 mL of DMF%; When the rea%éon t?m rature ele\c/&?ted to 45 C %Rfold water bath

was used to MR th M RIEBHSBRIBRSMITY EURENRER SBAECEPLIRY B FEXE R Rio Yere
2010/055005RRTUEPRONRAEAIS 2 M6 constateteds-Qirtiarehatashpevaiseseangiofor an

éﬁ?ﬁ%@ﬁ%@éﬁ{%f R L, AT LTS ere thom

additional 20 minutes. ifl
Wae %ﬁ%% Elé@etﬁ%ﬁ 4.3 mg, 0.355 mmol) were then

71.02 mmol) and orobis

added, and theSREELRINGGFEAMRR FRRELPESH Mg R asclitatask esl ey arpralRd d9s &P R ifffiate the reaction.

The externalfigating sStesuRs thenyeseved and thedrigreatdempanaitegatseaties7 C and slowly
dropped to 64 C. The reaction mix ur?%v%%&itirred a{ 643 C for 3.hourst en HPLC ua}ll%sis indicated

when |
99.7% convetSANPHETEETT SR SHET RSB A TS CT R RIS Witk A6 T of ethyl
acetate znd phatrlenhwatities hEesurlithg proguressasistiredize reohresntperatineul ifhep0o-30
minutes, and %ﬁ%&é@i@{?d through a thin cake of celite. The celite cake was washed with ethyl acetate
(3x30 mL), aﬁ the combined organic phases were washed with water (2x150 mL), and then
concentrated (25 0/60 mmHg) to furnish 35.1 g of crude
[6-fluoro-4-(4-methaaaesiosf isazy hheumetuphapiichalancarbargtic acid tacthyitpktester, which was
directly used in the next step without further 15purification. '
[6-Fluoro-4-(4-methanesulfonyl-benzy1)-3-methyl-naphthalen-2-A-acetic acid OH 0 The tert-butyl ester
above (43.00 g, 97.16 mmol) was dissolved in freshly prepared 20 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 25 ovemight, to furnish
35.7 g of [6-fluoro-4-(4-methanesulfonyl-benzy1)-3-methylnaphthalen-2-yl]-acetic acid as a white solid.
1H NMR (300 MHz, DMSO-d6) 6 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),768(d,J=12.0Hz, 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, 2H),3.15(s, 3H), 2.32 (s, 3H). WO 20101055005PCT/EP2009/0648 3 --147 - EXAMPLES
102 tA 10.1°



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
methylsuccigale ahgssig the indicated benzyl chloride as a precursor tpdhg Rk zNC reagent in
the Negishi coupling step. Example No Systematic Name Benzalde hyde Benzyl Chloride 1H NMR
(300 MHz, DMSO0- d5) 5 ppm HRMS (ES-, (M+Na)]) ?tructure 10-2 [6-Fluoro- 4- 3- 12.42 (br. s,
409.0882 OH 4-(3- Fluorobe (Methane 1 H), 7.85- 4140 methanes nzaidehy -sulfonyl) 7.98 (m, 1 H),
0 O ulfonyl- de benzyl 7.77 (s, 1 H), 1l benzyl)-3- methjyl- chlorlde 7.64-7.75(m,3 H), 7.48 IS

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
5 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 ovemight. 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 chioride solution. The organic

10 phase was dried over Na S0, filtered, and concentrated. Flash chromatography
(Analogix SuperFlash™ 10% ethyl acetate in hexane) gave 18.4 g (34%) of 4-

acetoxy-6-fluoro-3-methyi-naphthalene-2-carboxylic acid methyl ester as a yellow oil

6-Fiuoro-4-hydroxy-3-methyl-naphthaiene-2-carboxylic acid methyl ester
0

Ao

15 OH

A heterogeneous mixture of potassium carbonate (46 g, 0.33 mol), water (260 mL),
and acetone (260 mlL) was added in three portions fo a 0 °C solution of 4-acetoxy-6-
fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester (18.4 g, 0.066 mol) i

20 methanol (1 L). The resulting mixture was stirred at 0 °C for 15 minutes, then
warmed to room temperature and stired 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 HCL. The organic phase
was dried (MgSQy4), filtered, and concentrated to yield 9.64 g (62%) of 8-fluoro-4~

25  hydroxy-3-methyl-naphthalene-2-carboxylic acid methyl ester as a yellowish tan solid.
HRMS (ES-) cald. for Cq3Hq4FO3 [(M-H)] 233.0619, obsd. 233.0819.



naphthale (t, J=8.0 Hz, n-2-y11l- 1 H), 7.34 (t, aceticacid J=86Hz,1 = H),7.23(d,J

7.5Hz, 1

10

15

20

H), 459 (s,2 H), 3.82(s, 2
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4-Benzyloxy-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methy! ester
o ,
e
=
O

Benzyl bromide (10 mL, 82.51 mmol) was added to a mixture of B-fluoro-4-hydroxy-
3-methyl-naphthalene-2-carboxylic acid methyl ester (15.56 g, 66.43 mmol) and
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 exiracted three times
with ethyl acetate. The combined organic phases were washed with brine, dried
over MgSO, filtered, and concentrated. A concentrated solution of the crude product
in 25% ethyl acetate in hexanes was ioaded onto a Analogix SuperFiash™ 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 methy! ester
as a slightly yellow solid. "H NMR (300 MHz, DMSO-ds) 5 ppm 8.34 (s, 1 H), 8.19
(dd, J = 8.9, 5.9 Hz, 1 H), 7.64 (dd, J = 10.7, 23 Hz, 1 H), 7.57 (d, /= 6.6 Hz, Z H),
7.36 - 7.54 (m, 4 H), 4.98 (s, 2 H), 3.89 (s, 3 M), 2.56 (s, 3 H).
(4-Benzyloxy-6-fluoro-3-methyl-naphthalen-2-yi)-methanoi

o

A round-bottom flagk was charged with fithium aluminum hydride (3.5 g. 88 mmol),
and the flask was placed in an brinefice bath. Tetrahydrofuran (100 mL) was added
slowly. The resuilting 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 siowly added to the cold lithium
aluminum hydride suspension drop-wise via an addition funnel. The rate of drop-



H), 3.15 (s, 3 H), 2.30 (s, 3 H) 10-3 [4-(4- 4- 4- 12.44 (br. s, 471 10380,*0'00 Benzenes
Fluorobe (Benzene 1 H), 7.88 - ulfonyl- nzaldehy sulfonyl) 7.97 (m, 3 H),

WO 2010/055005 PCT/EP2009/064813
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wise addition was monitored so that the reaction termperature 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

5 added siowly, keeping the reaction temperature below 4 °C. A 15% agueous 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}-methancl as a white solid. This

10 product was used in the next step without additional purification. "H NMR (300 MHz,
DMSO-ds) & ppm 8.00 (dd, J = 8.9, 5.9 Hz, 1 H), 7.77 (s, 1 H), 7.54 - 7.63 (m, 3 H),
7.31-7.51 (m, 4 H), 5.26-5.35 (M, 1 H), 4.94 (s, 2 H), 4.64 (d, /= 5.1 Hz, 2 H),
2.34 (s, 3 H).

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

F c.

O

15
A three-neck round-bottom flask was charged with triphenylphosphine (23.33 g,

88.34 mmal), 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-8-flucro-3-methyl-naphthalen-2-yl}-

20 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 refiux for
1 hour. The reaction mixture was cooled to room temperaiure, and the solvents
were removead in vacuo. The residue was diluted with water, and the resulting
mixture was extracted twice with ethyl acetate. The organic phases were washed

25 twice with water, and the resulting aqueous layers were extracted with ethyl acetate.
The combined organic extracts were washed with brine, dried over MgSQs, filttered,
and concentrated. The crude product was purified using flash chromatography
(Analogix SuperFlash™ column, 10-25% dichloromethane in hexane), affording 10.8



benzyl)-6- de benzyl 7.84(d, J= fluoro-3- chloride 8.4 Hz, 2 H), methyl- 7.77 (s, 1 H),
754 -771 n-2-yl}- (m, 4 H), 7.34 acetic acid (td, J= 8.8, 2.1 Hz, 1 H),

WO 2010/055003 PCT/EP2009/064833
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g (77%) 1-benzyloxy-3-chloromethyl-7-flucro-2-methyl-naphthalene as a white solid.
"H NMR (300 MHz, DMSO-ds) & 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).

5 (4-Benzyloxy-6-fluoro-3-methyl-naphthalen-2-yl)-acetic acid methyl ester
O\
09
F
0

A 2 L round bottom flask containing 1-benzyloxy-3-chloromethyl-7-fluoro-2-methyl-
naphthalene (10.84 g, 34.44 mmol), PdClPPhs)2 (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

10 backfilled with carbon monoxide gas. A balloon of carbon monoxide was connected
into the reaction fiask to provide an exira 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 ethy!

15 acetate. The combined organic layers were washed with water and brine, dried over
MgSO.,, 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-methyi-naphthalen-2-
yl)-acetic acid methyl ester as a clear, colorless oil that crystallized upon standing at

20 room temperature. 'H NMR (300 MHz, DMSO-ts) & 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\
F

25 OH

naphthale |



7.25(d, J= 8.4 Hz, 2 H), 4.55 (s, 2 H), 3.81 (s; 2 H), 2.26 (s,3H) WO
2010/055005PCT/EP2009/064813 - 148 - 10-4 [4-(4- Bromo- benzyl)-6- fluoro-3- methyl- naphthale
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A round-bottom flask was charged with (4-benzyloxy-6-fluoro-3-methyl-naphthaten-2-
yl)-acetic acid methy! ester (11.7 g, 34.58 mmol) in ethanol (350 mL.). Some heating
was required in order to dissalve all of the starting material in ethanol. A full spatula
scoop of 10% palladium on carbon was added into the reaction flask. The reaction

5 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-

10  methyl-naphthalen-2-yl)-acetic acid methyl ester, which was used in the next step

without further purification. MS (ES-) cald. for Ci4H13FO3 [(M-H)1 247, obsd. 247.1.

(6-Fluoro-3-methyl-4-trifiucromethanesuifonyloxy-naphthalen-2-yi)-acetic

acid methyl ester

Joogh

Q.0

=5
s

Trifluoromethanesulfonic anhydride (0.35 mL, 2.1 mmol) was added drop-wise to a

15

0 °C solution of (8-fluoro-4-hydroxy-3-methyl-naphthalen-2-yl)-acetic acid methy!
ester (400 mg, 1.61 mmol) and pyridine (0.195 mL, 2.42 mmol) in dichloromethane
20 (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.SO, filtered, and evaporated to yield a yellow oil.
25 A solution of this crude product in dichioromethane was evaporated over silica gel,
and the resulting silica gel-supported product was subjected fo flash chromatography
(RediSep® Flash column, 230-400 mesh, 28% ethyl acetate in hexane) to give 514
mg (84%) of (S-fluoro-3-methyl»4-triﬂuoromethanesuifonyloxy—naphthalén-2~yl)-ac:etic
acid methy! ester as a white, crystalline solid. "H NMR {300 MHz, CDCls) 3 ppm



chloride 12.44 (s, 1 H), 7.93 (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=8.4Hz,2 H),7.34(td,J =88,22Hz, 1H), 6.99(d,

2 H), 4.48(SeR 055005 PCT/EP2009/064813
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7.82(dd, J=8.9,56 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
CisHeoF 4058 [(M+Na)'] 403.0234, obsd. 403.0233.

[G-Fluoro-4-{4»methanesulfonyi-benzyi)-S-methylwnaphthalen-z-yii»acetic acid
methy! ester

>00%
- o
e

J,E;\

Step 1. Preparation of the Benzylic Zinc Chigride: An oven dried 3-neck 250 mL

round-bottom flask was charged with zinc dust (13.08 g, 200 mmol} and previously
dried fithium chioride (8.47 g, 200 mmol) under nitrogen. The mixture was heated to
174 °C and stirred for 1.5 hours under high vacuum. The mixiure was cooled to
room temperature. The reaction flask was bacidilled 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 (¢.52 mL, 8.0
mmol) was added. The zinc suspension was then heated gently with a heat gun to
ebuliition. 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 freated with trimethylsily! chloride
(0.761 mL, 6.0 mmol), and the suspension was stirred for 15 min at room
temperature. The reaction mixture was then treated drop-wise with a solution of 4-
methanesulfonylbenzy! 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
aliguot from the reaction mixture which was guenched with a saturated solution of
NH.C! and then diluted with ethyl acetate). The reaction Mixture was diluted with
freshly distilled tetrahydrofuran (25 mL), and the stirring was stopped to aliow the

excess zine dust to settle over 15 hours.

J=8.4 Hz,



H), 3.82 (s, 2 H), 2.31 (s, 3 H) 0-514-(4- 4- 4- 12.44 (s, 1 356.1057 Cyano- Fluorobe
cyanobe H), 7.92 (dd, benzyl)-6- nzaldehy nzyl J= 8.9, 6.3 fluoro-3- de chloride

10

15

20
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Step 2. Negishi Coupling Reaction: in a separate reaction flask, palladium (i)

acetate (643 mg, 2.86 mmol) and S-Phos (2-dicyclohexylphosphino-2',6'
dimethoxybiphenyl) (2.35 g, 5.73 mmot) were combined with freshty 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-yi)-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 tured to a cloudy light brown and then slowly to a dark brown solution. The
reaction mixture wag cooled to room temperature and then diluted with saturated
ammonium chioride 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,
fitered, and concentrated o give the crude product which was first purified on a 1 kg
silica gel plug [eluting with hexanes (500 mi.), 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 (1ISCO RediSep®
Fiash 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 CoH21FO4S
[M’] 400.1145, obsd. 400.1144.



Hz, 1 H), methyl- 7.76 (s, 1 H), naphthale 7.70 (d,J= n-2-ylk 8.2Hz,2H), aceticacid 7.65
(dd,J=  12.1,2.2Hz, 1H),7.34 (td,
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{6-Fiuoro-4-(4-methanesulfonyi-benzyi)-3-methy!maphthalen-zwyi]-acetic acid

OH
FOO 0

O O

S

[N

Starting with [G-ﬂuoro-4-(4~methanesuIfonyl-benzyl}-3-methyi—naphtha|en-2~y|}»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-methanesuifonyl-benzyl}-3-
methyl-naphthalen-2-yll-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, CDCl:} 5 ppm 7.77 -

10 7.85(m, 3H),7.72(s, 1 H),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 Ca1H:s0sSF
[(M+Na)'] 409.0880, obsd. 409.0880.

Second Method OFf Preparing Example 10-1

15 {B-Fiuoro%-(émethanesuifonyl-benzyi)-?:—methyi-naphthalenaz-yi]-acetic acid
tert-buty! ester

OOy

To a mixture of Zn dust (14.21 g, 213.1 mmol) in DMF (45.00 mlL) was added
trimethylchiorosilane (310.5 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-
methanesulfonyi-benzene (19.28 ¢, 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 o maintain the reaction temperature beiween 35-45 °C, and the reaction



J.=8.8,2.2

(s,3H)

10

I3

20

25

Hz,1H), 7.21(d,J= 8.2Hz,2H), 456(s,2H), 3.81(s,2H),
WO 2010/655005 PCT/EP2009/664813
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mixture was stirred at that temperature range for an additional 20 minutes. The
triflate XXXVl-a (prepared as described above in scheme 25, 30.00 g, 71.02 mmol)
and dichiorobis(triphenylphosphine)palladium(ll) (254.3 mg, 0.355 mmol) were then
added, and the resuiting 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 84+3 °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 sfirred 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 concenirated (25 C/60 mmHg) to fumish
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-Fluorc-4-(4-methanesulfonyl-benzyl)-3-methyl-naphthalen-2-yl}-acetic acid

008
= Q
oF

"S\

O
The tert-butyl ester above (43.00 g, 97.16 mmol}) was dissoived 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% triflucroacetic 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-methyt-
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, /= 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 (id, J = 8.8, 2.3 Hz, 1 H), 7.29 (d, /= 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).

2.29



0-6 16-Fluoro- 4- 1-(4- 12.15 (br, S, 375.1503iC) 0 0z op * 3-methyl- Fluorobe Chlorom 1 H), 8.38 (s,
4-(4- nzaldehy ethyl- 1 H), 7.94 (t, pyrazol-1- de phenyl)- J=7.2 Hz, 1 yl-benzyl)- 1H-H), 7.77 (s, 1
naphthale pyrazole,Byed.59-7.73 PCT/EP2009/064813
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EXAMPLES 10-2 fo 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 methyisuccinate and using the indicated benzyi chioride

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 Chioride | di) © ppm (M+Na)) | Structure
10-2 [6-Fluoro- | 4- 3- 12.42 (br.s, | 409.0882
4-(3- Fluorobhe | (Methane | 1H), 7.85-
methanes | nzaldehy | -sulfonyl) | 7.98 (m, 1 H),
ulfonyi- de benzyl 7.77 (s, 1 H),
benzyt)-3- chioride | 7.64-7.75
methyl- {m, 3H), 7.48
naphthale {t, J =8.0Hz,
n-2-yl}- 1 H), 7.34 {t,
acetic acid J=86Hz1
H), 7.23 {d, J
=75Hz, 1
H) 459 (s, 2
H), 3.82(s 2
H), 3.15(s,3
H),2.301{s,3
H)

10-3 [4-(4- 4- 4 12.44 (br.s, | 471.1038 OH
Benzenes | Fluorobe | {Benzene | 1 H), 7.88 - OO
ulforyyl- nzaldehy | sulfonyl) | 7.97 {(m,3H}, c - 0]
benzyl)-6- | de benzyl 7.84(d, J=
fluoro-3- chloride 8.4 Hz, 2 H},
methyl- 7.77 (s, 1 H}, O o
naphthale 7.54 - 7.71 S’f
n-2-yi}- {m, 4 H),7.34 o
acetic acid {td, J = 8.8, D
2.1 Hz, 1H), '
7.25{d,J=
8.4 Hz, 2 H),
4.55 (s, 2 H},
3.81 (s, 2 H),

2.26 (s, 3 H)




n-2-yll- (m, 4 H), 7.35 acetic acid (t, J= 8.8 Hz,

J

: 1H),7.15(d, J=75Hz,2 H), 6.49(d,
=15Hz1 H), 4.50 (s, 2
WO 2010/055005 PCT/EP2009/664813
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10-4 {4-(4- 4~ 4- 1244 (s, 1 385.0244° OH
Bromo- Fluorobe | bromobe | HJ}, 7.93 {dd, OO |
benzyl}-6- | nzaldehy | nzyl J=88,63 F 0
fluoro-3- de chloride Hz, 1 H},
methyl- 7.76(s, 1 H),
naphthale 765 {dd,J= O
n-2-yl}- 12.1,2.2 Hz, Br
acetfic acit 1 H), 743 (d,
J=84Hz, 2
H), 7.34 {1d, J
=8.8, 2.2 Hz,
1 H), 6.99 (¢,
J=84Hz, 2
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- Fluorcbe | cyanobe | H), 7.92 (dd, OO
benzyl6- | nzaidehy | nzyl J=896.3 E 0
fiuoro-3- de chioride | Hz, 1 H},
methyl- 7.76 (s, 1 H),
naphthale 7.70(d, J =
n-2-yl}- B.2Hz 2H), S
acetic acid 7.65 (dd, J = N
12.1,2.2 Hz,
1 H), 7.34 {td,
J=88,22
Hz, 1 H),
7.21(d,J=
8.2 Hz, 2 H),
456 (s, 2 H),
3.81 (s, 2 H),
2.29 (s, 3 H)
10-6 [6-Fluoro- | 4- 1-(4- 12,15 (br,s, | 375.1503° OH
3-methyi- Fiuorohe | Chlorom | 1 H), 8.38 (s, OO
4-(4- nzaidehy | ethyl- 1 H),7.94 (t, . O
pyrazol-i- | de phenyl)- | J=7.2Hz, 1
vi-benzyl)- 1H- Hy, 7.77 (8,1
naphthale pyrazole | H),7.58-7.73 N
n-2-yt- {m, 4 H), 7.35 NT R
acetic acid {t, J=8.8Hz, \§>
1H),7.15 (d,
J=75Hz,?2
H}, 649 (d, J
=15Hz,1
H), 4.50 (5,2
H) 3.84 (s, 2
H),2.35(s,3
H)




H), 3.84 (s, 2

3-(1- 12.44 (s, 1 391.1564"' 3-methyl- Fluorobe methyl- H), 7.92 (dd,

8.8, 6.3

H), 2.35 (s, 3

H)

WO 2010/055005PCT/EP2009/064813 - 149 - 0-7 {6-Fluoro- 4

4-[3-(1- nzaldehy tetrazol- J=

WO 2010/055605 PCT/EP2009/064813
- 149 -

10-7 {6-Fluoro- | 4- 3-(1- 12.44 (s, 1 391.1564°

3-methyi- | Fluorobe | methyl- H), 7.92 (dd,
4-13-(1- nzaldehy | tetrazol- | J=8.8,6.3
methyl-1H- | de 5 Hz, 1 H),
tetrazol-5- yiibenzyl | 7.76:(s, 1 H),
yi»-benzyl}- chloride | 7.64 {m, 2 H),
naphthale 7.56(s, 1 H),
n-2-ytl- 7.43-7.53
acetic acid {m, 1H),7.33

{td, J = 8.8,

2.4 Hz, 1 H),
727(d, J=

7.5 Hz, 1H),
4.58 (s, 2 H),
4.06 (s, 3 H),
3.83(s, 2 H),
2.36(s, 3 H)

10-8 [4-(4- 4- 4- 12.38 (br.s, | 437.1521
Benzyloxy- | Fluorobe | (Benzylo | 1 M), 7.91
benzyi}6- | nzatdehy | xy) (dd, J=9.1,
fluoro-3- de benzyl 6.3 Hz, 1 H),
methyi- chloride | 7.74 (s, 1 H},
naphthale 764{d, J=
n-2-yl}- 121 Hz, 1
acefic acid H), 7.27 -

7.44 (m, 6 H),
8.96(d,J=
8.8 Hz, 2 H),
5.88(d, J =
8.8 Hz, 2 H),
501 (s, 2 H),
4.38 (s, 2 H),
3.82 (s, 2 H).
233(s,3H)

10-9 [4-(3- 4- 3 12.45 (br.s, | 332.1000° OH
Cyano- Fluorobe | cyancbe | 1H), 7.93 OO
benzy)-6- | nzatdehy | nzyl (c¢d, J = 8.9, e O
fluore-3- de chioride | 6.2Hz, 1 H}, =N
methyl- 7.77 {s, 1 H), =
naphthale 7.59-7.71 (m, O
n-2-yi}- 2 H),7.49 (s,
acetic acid 1H),7.43 {1,

J=7.7Hz, 1
H), 7.27-7.38
{m, 2 H}, 453
(s,2H),3.82
(5.2H),2.30
{s, 3 H}




methyl-1H- de 5- Hz, 1 H), tetrazol-5- yl)benzyl 7.76 (s, 1 H), yl)-benzyli- chloride 7.64 (m, 2 'H),

naphthale 7.56 (s, 1 H), n-?-yll- 7.43-7.53 aceticacid (m,1H),7.33 \z (td, J=8.8,
WO 2010/055005 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- 1TH), 7.85 OO
4-14-(1- nzaldehy | tetrazol- | (dd,J=8.38, £ 0
methyl-1H- | de 5- 6.2 Hz, 1 H), _
tetrazol-5- yl)benzyl | 7.68 - 7.81
yviFbenzyll- chloride | (m, 4 H), 7.36 O I
naphthale {td, J =8.8, N'N
n-2-yf- 2.3 Hz, 1 H), 1\11 p)
acetic acid 7.28(d,J= N
8.2 Hz, 2 H},
4.58 (s, 2 M),
412 (s, 3 H},
3.84 (s, 2 H),
2.36(s,3H)

10-11 14-{4- & {4- 789 (dd, J= | 431.1475° OH
Benzyisulf | Fluorobe | benzyl- 8.6,.65Hz, 1 OO
anyl- nzaldehy | sulfanyi) | H),7.70 {s, 1 £ O
benzy)-6- | de enzyl H), 781 (d, J
fluoro-3- chioride ={18Hz, 1
methiyl- H), 7.21 - O
naphthale 7.38(m, 6 H), S
n-2-yl}- 7.19{d,J =
acetic acid 8.2 Hz, 2 M},

696 (d, J=

8.2 Hz, 2 Hy,
4.39 (s, 2 H),
4.14 (5,2 H),
3.74 (s, 2 H),
2.31(s,3H)

10-12 [6-Chloro- | 4- 4- 12.43 (br.s, | 425.0587
4-(4- Chiorobe | {(Methane | 1 H),7.98 (s,
methanes | nzaicehy | -sulfonyd) | 1H),7.91 (¢,
ukonyl- de benzyi J=88Hz, 1
benzyi}-3- chioride | H),7.77-7.8B4
methyl- {m, 3 H), 746
naphthale (dd, J= 8.8,
n-2-yil- 1.4 Hz, 1 H),
acetic acid 7.28(d,J~=

8.2 Hz, 2 H),
4.63 (s, 2 H),
3.84 (s, 2 H),
315 (s, 3 M),
2.31 (s, 3 H)

10-13 [6-Chloro- | 4- 1- 1270 (br.s, | 439.0741 OH
4-{4- Chiorobe | chiorome | 1 H),7.96 (s, OO
methanes | nzaldehy | thyl-4- 1 H),7.89 (d, cl 0
ulfonyimet | de methane | J=87Hz, 1
hy sulfonylm | H), 7.76 (s, 1
-benzyi)- athyl H),7.44 (d, J O
3-methyl- benzene | =8.7Hz, 1
paphthale H), 727 (d, J g
n-2-yl] =8.0Hz,2 o}yl
-acetic H), 7.05 (d, J
acid =8.0Hz, 2

H), 4.50 (s, 2
H),4.39 (s, 2
M), 3.83(s, 2
H), 2.87 {3, 3




24Hz,1H), 7.27(d,J= 75Hz,1H), 458(s, 2H), 4.06(s 3H), 3.83(s,2H),
WO 2010/055005 - PCT/EP2009/064813
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HJ, 233 (5,3

a: HRMS (ES+), [(M+H)']; br HRMS (ES-), {(M-H)].

EXAMPLE 1141
[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfonyi-benzyl)-

3 naphthalen-2-vil-acetic acid

OH
90Q!
Lo
y F
.8
O F7<F

[6-Fluoro-3-methyi-4-(4-trifluoromethanesulfanyl-benzyl)-naphthalen-2-yi}-

F

acetic acid methyl ester

O
LY

Step 1. Preparation of the Benzylic Zinc Chloride: To an oven-dried 3-neck 50 mL

F
F
F
X

- 10

round boftom flask eguipped with a rubber septum and an L-shaped adapter was
added zinc dust (1.3 g, 20 mmol) and previously dried lithium chioride (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 backfitied
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



2.36 (s, 3 H) 0-8 [4-(4- 4- 4- 12.38 (br. s, 437.1521 Benzyloxy Fluorobe (Benzylo 1 H), 7.91
benzyl)-6- nzaldehy xy) (dd, J=9.1, fluoro-3- de benzyl 6.3 Hz, 1 H), methyl- chloride 7.74 (s,1 H),

naphthale  84@odsoes PCT/EP2009/064813

-152 -
three times to make sure the zinc dust was activated completely. The activated zinc

dust was then treated with trimethyisilyi chioride {0.254 mL, 2.0 mmol}, and the
suspension was stirred for 15 minutes at room temperature. The reaction mixiure
was then treated drop-wise with a solution of (4-triflucromethanesulfanyl)benzyi

5 chioride (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 mb). Stirming was halted to allow the excess zinc dust te settle over about 3 hours.

Step 2. Negishi Coupling Reaction: in a separate reaction flask, palladium(il) 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-flugro-3-methyl-4-
trifluocromethanesuffonyloxy-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 sclution tumed to a cloudy light brown coior and then slowly to a
dark brown solution. The reaction mixture was cooled to room temperature and
diluted with saturated ammonium chioride 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-methyi-4-{4-
trifiuoromethanesulfanyl-benzyi)-naphthalen-2-yil-acetic acid methyl ester (480 mg,
30 80%) as a light brown solid: HRMS (ESI+) cald. for CaoH1aF4028 [(M+H)'1 423.1037,
obsd. 423.1038.



n-2-yl1l- 12.1 Hz,1 aceticacid 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), ‘

WO 2010/055005 PCT/EP2009/664813
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[6-Fluoro-3-methyl~4-(4-trifluoromethanesulfonyl-benzyl)-naphthaien-2-yl}-
acetic acid methyl ester

LOCCe

5 To a solution of [6-fluoro-3-methyl-4-(4-triflucromethanesulfanyl-benzyl}-naphthalen-
2-yil-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 °Cand 0 °C
and then it was allowed to warm to room temperature. The resulting ¢clear solution

10 was stirred for 15 hours, by which fime a white solid had formed. Then, the reaction
mixture was diluted with water (20 mL) and the déchloromethané 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 mt.).
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 cﬁrornatography using an ISCO RediSep® Flash
column, 230-400 mesh, eluting with 0-30% ethyl acetate in hexanes io afford [6-
fluoro-3-methyl-4-(4-trifluoromethanesulfonyi-benzyl)-naphthalen-2-yl]-acetic acid
methyl ester (404 mg, 96%) as a white solid. HRMS (ES-) calcd for Coatl1sF 4045

20 [(M-H)] 453.0789, obsd. 453.0790.

[6-Fluoro-3-methyl-4-(4-trifiuoromethanesulfonyl-benzyl)-naphthalen-2-yl]-
acetic acid

OO OOH
L5

f, /S\\ Ei’

25



5.01 (s, 2 H), 4.38 (s, 2 H), 3.82 (s, 2 H), 2.33 (s, 3H) 10-9 [4-(3- 4- 12.45 (br. s,
332.1090' 0 0 Cyano- Fluorobe cyanobe 1 H), 7.93 benzyl)-6 nzaldehy

WO 2016/055005 PCT/EFP2609/064813
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To a solution of [G«ﬂuoro-3—methy[~4-(4-triﬂuo-romethanesuifonyi—benzyl)»naphthalen—
2-yl]-acetic acid methyl ester (395 mg, 0.87 mmol) in tetrahydrofuran (15 mL) was
added a solution of lithium hydroxide monchydrate (208 mg, 8.7 mmol) in water (3
5 mi) 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 agueous 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

10 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~
trifiuoromethanesutfonyl-benzyl-naphthaten-2-yll-acetic acid as a white solid. mp =
200-201 °C: *H NMR {300 MHz, DMSO-de) & ppm 12.45 (br. 5, 1 H), 8.04 (d, J =84
Hz, 2 H), 7.96 (dd, J = 9.1, 6.0 Hz, 1 H), 7.81 (s, 1 H), 7.69-7.80 (m, 1 H), 7.48 (d, J

15 =84Hz 2H),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 Ca1HisF204S [(M+Na)’] 463.0597, obsd. 463.0598.

EXAMPLES 11-2t0 11-3
The following examples 11-2 to 11-3 were prepared in an analogous manner to
20 example 14-1, starting with (6-fluoro-3-methyl-4-trifiluoromethanesulfonyioxy-
naphthalen-2-yl)-acetic acid methyl ester and the appropriate benzyl chioride as a
precursor to the benzylic zinc reagent.

Exa 'H NMR (300
mple | Systematic Benzyl MHz, DMS0-d)
No Name Chloride | & ppm MS Siructure
112 | [6-Fluoro-3- (3- 12.85 (br. s, 1 463.0508° OH
methyl-4-(3- trifiuoro- | H), 7.85-7.97 OO '
trifluoroms methane | {m, 3 H), 7.63- F O o F
thanesulfonyi- | sulfanyb)b | 7.79 {m, 3 Hj, ii
benzyl)- enzyl 7.51-7.61 (m, 1 §+F
naphthalen-2- | chioride | H),7.34 {id, J = O QO F
yil-acetic acid 8.7,2.0Hz, 1
H), 4.68 (s, 2
H), 3.79 (s, 2
H}, 2.30 (5,3 H)




nzyl (dd, J= 8.9, uoro-3- de chloride 6.2Hz, 1 H), methyl- 7.77 (s, 1 H), naphthale 7.59-7.71
(m, n-2-yl)- 2H),7.49 (s, aceticacid 1H),7.43(t, J=7.7Hz, 1

WO 2010/055005 PCT/EP2609/064813
-155-

11-3 | [6-Fluoro-3- {4- 12.46 {br. s, 1 461.1226" 0
methyl-4-{4- benzyl- H), 785(cd,J= OO
phenylmetha sulfanyl}b | 8.9, 6.3 Hz, 13 e G
nesulfonyk- enzyl H), 7.79 (s, 1
benzyl}- chloride | H),7.65(dd,J =
naphthalen-2- 12.1, 1.9 Hz, 1 O
¥l _ H), 7.57 (d, J = g
-acetic acid 8.5 Hz, 2H), O’i \bf\©

7.37 (id,J = 8.9, :
1.9 Hz, 1H),

7.16-7.31(m, 5

H), 7.06 (d, J =

7.2 Hz, 2H),

4.58 (s, 4 H),

3.84 (s, 2 H),

231 (s, 3H)

a HRMS (ES+), [(M+Na)']; b: HRMS (ES-), [(M-H)T.

EXAMPLE 12-1
[6-Fluoro-4-{4'-methanesulfonyi-biphenyi-4-yimethyl)-3-methvi-naphthaien-2-
5 yij-acetic acid

[4-(4-Benzyloxy-benzyl)-8-fluoro-3-methyl-naphthalen-2-yl]-acetic acid
miethyi ester

JCr
e

Step 1. Preparation of the Benzylic Zinc Chioride: To an oven-dried 3-neck 100 mL

F

10

round bottom flask equipped with a rubber septum and an argon iniet was added
zinc dust (4.82 g, 73.6 mmol) and previously dried lithium chioride (3.12 g, 73.6



H), 7.27-7.38 (m,2H),453 (s,2H),3.82 (s,2H),230 (s,3H) WO
2010/055005PCT/EP2009/064813 150 - 10-10 {6-Fluoro- 3-methyl- 444-(1- methyl-1H- tetrazol-5-
yl1)-benzylls, ale,n-2-y1}- acetic acid 4- Fluorobe nzaldehy de 4-(3-mefyloiRlaz0!- 5-

yhbenzyl Ch|0|’|3 12.26 (br. s, 1 H), 7.95 (dd, J= 8.8, 6.2 Hz, 1 H), 7.68 - 7.81 (m, 4 H), 7.36 (td, J=
8.8, 2.3 Hz, 1 H), 7.28 (d, J = 8.2 Hz, 2 H), 156-
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
5 and then allowed to cool {(~50 °C), and heated again to reflux. This process was
repeated three times to make sure the zine dust was activated completely. The
activated zinc dust was then treated with trimethyisilyt chloride (0.28 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-
10 benzyloxy)benzyl chloride (4.29 g, 18.4 mmol) in dry tetrahydrofuran (14 mL.) over 5-
10 minutes. After the addition was compiete, the reaction mixture was allowed 1o
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, stiring was halted to allow the excess zinc

15  dustto settle over several hours.

Step 2. Negishi Coupiing Reaction; in a separate reaction flask, palladium(il) acetate

(236 mg, 1.05 mmol) and 2-dicyclohexylphosphino-2’,6'-dimethoxybipheny! (5-Phos)
(891 mg, 2.1 fnmol) were combined with dry tetrahydrofuran (20 mL) under argon.

20  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 organczine
compound in tetrahydrofuran was added at room temperature. The resulting orange

25 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 exiracts were washed with
brine solution. The organic layers were dried over anhydrous magnesium sulfate,

30 filtered, and concentrated to give the crude product. A silica gel plug (eluting with
dichioromethane) was used o give 4.23 g (84%) of [4-(4-Benzyloxy-benzyl)-6-flucro-
3-methyl-naphthalen-2-yl]-acetic acid methyl ester (460 mg, 80%) as a solid with
90% purity. This product was used in the subseguent reaction without further



389.14176  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=43475a Benzylsulf Fluorobe benzyl- 8.6, 6.5 Hz, 1 anyl- nzaldehy
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purification. "H NMR (300 MHz, DMSO-ds) & ppm 7.92 (dd, J = 8.9, 6.2 Hz, 1 H),

7.75 (s, 1 H), 7.65 (dd, J = 12.2, 2.0 Hz, 1 H), 7.25 - 7.47 (m, 6 H), 6.95 (d, J = 8.7
Hz, 2 H), 6.88 (d, J = 8.7 Hz, 2 H), 5.01 (s, 2 H), 4.38 (s, 2 H), 3.93 (s, 2 H), 3.64 (s,
3 H), 2.31 (s, 3H).

[6-Fluoro-4-{4-hydroxy-benzyl}-3-methyl-naphthalen-2-yl]-acetic acid
methyl ester

9008
. O
I OH

10 A round-bottom flask was charged with [4-(4-benzyloxy-benzyl)-6-fluoro-3-methyl-
naphthalen-2-yll-acetic acid methyl ester (4.17 g, 9.73 mmol) in ethanot (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 aimospheric 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-yll-acetic acid methyl ester, which was used
in the next step without further purification. "H NMR {300 MHz, DMSO-ds) & ppm
917 (or.s,1TH), 7.91(dd, J=8.7,6.2 Hz, 1 H), 7.74 (s, 1 H), 7.64 (dd, /=122, 1.9
Hz, 1 H), 7.33 (td, J=8.7, 1.9 Hz, 1 H), 6.83 (d, /=8.5Hz, 2H), 6.62(d, J=85Hz

20 2 H),4.32 (s, 2 H), 3.93 (s, 2 H), 3.64 (s, 3 H}, 2.30 {5, 3 H).

[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfonyloxy-benzyl)-naphthalen-2-yi]-

acetic acid methyl ester




sulfanyl)b H), 7.70 (s, 1 benzy1)-6- de enzyl H),7.61 (d, J fluoro-3- chloride =11.8 Hz, 1 methyl-
H), 7.21 - naphthale 7.38 (m, 6 H), n-2-yl11l- 7.19 (d,J= -J acetic acid 8.2 Hz, 2 H),
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Trifluoromethanesulfonic anhydride (2.6 mL, 15.0 mmol) was added drop-wise to a -
6 °C solution of [6-fiucro-4-(4-hydroxy-benzyl)-3-methyl-naphthalen-2-yi]-acetic acid
methyl ester (3.9 g, 11.5 mmol) and pyridine (1.4 mL, 17.4 mmol) in dichloromethane
5 (100 mL). The reaction mixture was warmed to room temperature, and stirred for 1

hour. The reaction mixture was then cooled to 4 °C. Water (20 mL) was added, and
the organic layer was dried over MgSQ, filtered, and concentrated. A solution of this
crude product in dichloromethane was concentrated over silica gel, and the resulting
silica gel-supported product was subjected to flash chromatography (Analogix

10 SuperFlash™ column, 5%-20% ethyl acetate in hexane) to give 3.8 g {70%]) of [6-
fluoro-3-methyl-4-(4-trifluoromethanesulfonyloxy-benzyl)}-naphthalen-2-yll-acetic acid
methyl ester
as a white sofid. "H NMR (300 MHz, DMSO-ds) & ppm 7.94 (dd, J = 8.9, 6.2 Hz, 1
M), 7.79 (s, 1 H), 7.70 (dd, J = 12.1, 1.8 Hz, 1 H), 7.37 (d, J = 8.8 Hz, 2 H), 7.29-7.38

15 (m 1 H),ﬁ 7.20 (d, J = 8.8 Hz, 2 H), 4.53 (s, 2 H), 3.94 (s, 2 H), 3.64 (s, 3 H}, 2.29 (s,
3 H).

[6-Fluoro-4-(4'-methanesulfonyl-biphenyl-4-yimethyl}-3-methyl-naphthalen-2-
yil-acetic acid methyl ester

20

To a mixture of [6-fluoro-3-methyl-4-(4-trifluoromethanesulfonyloxy-benzyl)-
naphthalen-2-ylj}-acetic acid methyi ester (117 mg, 0.25 mmol), 4-
methanesulfonylphenylboronic acid (150 mg, 0.75 mmet), {1,1"-

25  bis(diphenylphosphino)ferroceneldichloropalladium(ll) (18 mg, 0.025 mmol), and
cesium carbonate (244 mg, 0.75 mmol) was added dimethoxyethane (5 ml.) at room
temperature under a nitrogen atmosphere. The resulting brown reaction mixture was

heated to 95 °C and stirred for 15 hours. The reaction mixture was cooled io room



- 6.96(d,J= 8.2 Hz, 2 H), 4.39 (s, 2 H), 4.14 (s, 2 H), 3.74(s,2H), 2.31(s,3H)
10-12 [6-Chloro- 4- 4- 12.43 (br. s, 425.0587
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temperature and diluted with water (50 mL}) and ethyl acetate (50 mL). The two
layers were separated and the aqueous layer was extracted with ethy! acetate (25
mL) and the combined organic extracts were washed with brine (100 mi). 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'-methanesulionyl-
biphenyl-4-yimethyl)-3-methyl naphthalen-2-yl]-acetic acid methyl ester as an
amorphous white solid. HRMS (ES+) caled for CagHasFOaS [(M+ Na)™] 499.1350,

10 found 499.1350.

[6-Fiu oro-4-{4'-methanesulfonyl-biphenyl-4-ylmethyl)-3-methyl-naphthalen-2-
yi}-acetic acid

oy
- o

- %’zo

15
Starting with [6-fiuoro-4-(4'-methanesulfonyl-biphenyl-4-yimethyl)-3-methyl-
naphthalen-2-yi]-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-
yimethyl)-3-methyi-naphthalen-2-yi]-acetic acid was obtained as 39 mg (83%) of a

20 white solid. "H NMR (300 MHz, DMSO-ds) 8 ppm 12.52 (br. s, 1 H), 7.94 (d, J = 8.0
Hz, 2 H), 7.87 -7.97 (m, 1 H),7.86 (d, J=8.0Hz, 2 H), 7.75 (s, 1 H), 7.69 (d, J =
11.8 Hz, 1 H), 7.62(d, J=8.0Hz, 2 H), 7.33 (td, / = 8.5, 1.8 Hz, 1 H), 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 CorHasF Q48 [(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-yi]-acetic acid methyl ester and pyrimidine-5-boronic acid.



4-(4- Chlorobe (Methane 1 H), 7.98 (s, methanes nzaldehy -sulfonyl) 1 H), 7.91 (d, ulfonyl- de
benzyl J=8.8 Hz, 1 Dbenzy0-3- chloride H), 7.77-7.84 methyl- (m, 3 H), 7.46 naphthale (dd, J=

86, n-2 y% 2010/055008 PCT/EP2009/064813
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HNMR (300 | HRMS
Example | Systematic | MHz, DMSO- | (ES-), (M-
No Name dg) & ppm H) Structure
12-2 [6-Fluoro- | 12.44 (br. s, 385.1359 OH
Somethug. | 1 H), 915 (5, OO
4o{4- 1 H), 9.08 (5, E O
pyrimidin- | 2 H), 7.94
5-yl- (dd, J = 8.8,
benzyt)- { 8.3 Hz, 1 H}, O
naphthale | 7.78 (s, 1 H), =N
noll | 768-7.73 L
acetic acid | (M, 1H), 7.69 N
{d,J=82
Hz, 2 H),
7.35{td, J =
B.5,2.0Hz, 1
H),7.20(d. J
=82Hz 2
H), 4.54 (s, 2
H), 3.85 (s, 2
H), 2.36 {s,3
H)

EXAMPLE 131
[4-(4-Ethanesulfonyi-benzyl)-6-fluorg-3-methyi-naphthalen-2-yil-acetic acid

OoH
F Oe O
g E

)

5 00

6-Fluoro-3-methyl-4-trifluoromethanesulfonyloxy-naphthalene-2-carboxyl

ic acid methyl ester
0

o ”

O.. ’fo

S
£,
O ¢F

F

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-filuoro-4-hydroxy-3-methyl-
naphthaiene*z-carboxylié acid methyl ester (3.75 g, 16.0 mmol) in dichloromethane



1.4Hz,1H), aceticacid 7.28 (d,J= 8.2 Hz, 2 H), 4.63 (s, 2 H), 3.84 (s, 2 H),

(s, 3 H),

16

15

20

25

2.31 (s, 3H) 10-13 [6-Chloro-
WO 2010/055005 n PCT/EP2609/064813
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(120 mL) and pyridine {1.85 mL, 24.2 mmol}. The resulting mixture was aliowed 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
organic phase was dried over Na,SO., filtered, and concentrated to afford a brown
solid. Fiash chromatography (Aspire FlashReady™, 50 um, 10% - 18% ethyl
acétate in hexane) gave 6-fluoro-3-methyi-4-trifluoromethane-
sulfonyloxynaphthalene-2-carboxylic acid methyl ester as 4.52 g (77%) of a yeliow,
crystalling solid. HRMS (El+) cald. for Ci4H10F40sS [M'] 366.0185, obsd. 366.0186.

4-(4-Ethanesulfonyl-benzyl}-6fluoro-3-methyl-naphthalene-2-carboxylic acid
methyl ester
0

core
F
G

7\

c O

Step 1: Preparation of the Benzvlic 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 chlaride (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 mixiure was
cooled to room temperature. The reaction flask was backfilled with argon and
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 mixiure was heated again. This process was repeated two
times o 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 mi,

1.72 mmol}, and the mixture was stirred for 10 minutes at room temperature. The

3.16



4-1-12.70 (br. s, 439.0741 0co=0 %.' 0 4-(4- Chlorobe chlorome 1 H), 7.96 (s,

methanes nzaldehy

thyl-4- 1 H), 7.89 (d, ulfonylmet de methane J=8.7 Hz, 1 hy sulfonylm H), 7.76 (s, 1  1-benzyl)-

ethyl H), 7.4¢{dy thrsptgethyl- benzene = 8.7 Hz, 1 PCT/EP2069/064813

10

15

20

23
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reaction mixture was cooled in an ice-water bath and then treated drop-wise with a
solution of 4-ethanesulfonylbenzyl chiloride (3.00 g, 13.7 mmol) in dry tetrahydrofuran
(9 mL). After the addition, the reaction mixiure was stirred at 4 °C for 3 minutes,
then it was allowed to warm to room temperature in an ambient temperature water
bath. After 2.5 hours stirring in the ambient temperature water bath, the reaction
mixture was briefly stirred at 40 °C for 2.5 minutes. The reaction mixiure was
aliowed to cool to room temperature, then it was diluted with freshly distilled
tetrahydrofuran (7 mL). The stiming was halted, and the reaction mixture was
allowed to stand at room temperature for 30 hours under argon so that the zinc dust
completely settied. The benzylic zinc chloride thus prepared was subsequently used
in the Negishi coupling step.

Step 2: Negishi Coupling Reaction. in a separate reaction flask, palladium (If}

acetate (135 mg, 0.601 mmel) and 8-Phos (2-dicyclohexyiphosphino-2',8'-
dimethoxybiphenyl) (483 mg, 1.20 mmol) were combined with freshly distilied
tetrahydrofuran (8 mL) at room temperature under argon. A solution of 8-fluoro-3-
methyl-4-trifluoromethanesulfonyloxy-naphthalene-2-carboxylic acid methyl ester
(2.2 g, 8.0 mmol) in freshly distilled tetrahydrofuran (24 mlL) was added to the light
hrown reaction mixture. The benzylic zinc reagent in tetrahydrofuran (prepared
above) was then added at room temperature. The resulting dark brown solution was
stirred at 80 °C for 1.25 hours. The reaction mixture was cooled to room
temperature and then diluted with a saturated aqueous solution of ammonium
chioride. The resulting mixture was extracted with ethyl acetate. The organic phase
was dried over MgSO;, filtered, and evaporated. A solution of the crude product in
dichloromethane was evaporated over silica gel, and the resulting silica gel
supported crude product was loaded onto an Analogix SuperFiash™ column. Flash
chromatography (25% - 35% ethyl acetate in hexanes) afforded 2.09 g (87%) of 4-
(4-ethanesulfonyl-benzyl)-6-flucro-3-methyl-naphthaiene-2-carboxylic acid methyi
ester as a light yellow solid. "H NMR (300 MHz, DMSO-as) 8 ppm 8.37 (s, 1 H), 8.16
(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), 745 (td, J =
8.6,2.1Hz, 1H),7.28(d, J=82Hz,2H), 463 (s,2H),3.88(s, 3H),3.20 (g, J=
7.3 Hz, 2 H), 2.48 (br. 5, 3 H), 1.04 (t, = 7.3 Hz, 3 H). HRMS (ES+) caid. for
CooH2FO4S [(M+Na)'] 423.1037, obsd. 423.1036.



naphthale H), 727 (d,J n-2-yl] =8.0Hz,2 -acetic H),7.05(d,J acid =8.0Hz, 2
(s, 2 H), 4.39 (s, 2
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[4-{4-Ethanesulfonyi-benzyli)-6-fluoro-3-methyl-naphthaien-2-yl}-methanol

OO o
2

IZE\N

00

A suspension of lithium atuminum hydride (399 mg, 10.5 mmol) in tetrahydrofuran
5 {25 mL)was cooled to 0 °C under a stream of argon. A soiution of 4-(4-
ethanesulfonyl-benzyl)-6-fluoro-3-methyi-naphthalene-2-carboxylic acid methyl ester
(870 mg, 2.18 mmot) in tetrahydrofuran { 30 mL) was added slowly drop-wise to the
0 °C suspension. The reaction mixture was stired at 0 °C for 15 minutes. The
reaction mixture was warmed to room temperature and it was stirred at room
10 temperature for 15 minutes. The reaction mixture was cooled again to 0 °C. Ethyl
acetate was added drop-wise to quench the unreacted lithium aluminum hydride. A
saturated aqueous solution of potassium sodium tartrate was added. The organic
phase was separated, dried over MgSO;, filtered, and concentrated to afford 780 mg
(96%) of [4-(4-ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yil-methanol
15 as an oily white solid. This product was used in subsequent reactions without further
purification. "H NMR (300 MHz, DMSO-ds) & ppm 7.98 (dd, J = 8.8, 6.2 Hz, 1 H),
7.90 (5,1 H), 773 (d, J=82Hz, 2 H), 7.67 (d, J=124 Hz, 1 H), 7.34 (dd, /= 8.9,
241 Hz, 1H),7.20(d, J=82Hz, 2H), 527 (t, J=5.1Hz, 1 H), 466 (d, J=5.1Hz, 2
H), 4.58 (s, 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  HRMS (ES+) cald. for Cz4HzFO5S [(M+Na)'] 395.1087, obsd. 395.1088.
1-{4-Ethanesuifonyl-benzyl)-3-chioromethyl-7-fluoro-2-methyl-naphthalene

e
F

®
/\ g
3
ZA\]

C o0

H), 4.50



H), 3.83 (s, 2 H), 2.87 (s, 3 WO 2010/055005PCT/EP2009/064813 - 151 - H), 2.33 (s, 3 H) a:
FIRMS (ES+), [(M+H)1; b: HRMS (ES-), [(M-H)]. EXAMPLE 11-1
16-FIuoro-BWwy(ﬂﬁgs-&As-triﬂuoromethanesuIfonyl-benzyll- Snaphthalernsqvidsaeriigsasid
[6-Fluoro-3-methyl-4-(4-trifluoromethanesulfanyl-benzyl)-naPhthalen-2-yli- acetic acid methyl ester
10 Step 1. Preparation of the Benzylic Zinc Chloride; To an oven-dried 3-neck 50 mL round bottom
flask equipped with a rubber septum and an L-shaped adapter was added zinc dust (1.3 g, 20 mmol)

and previoudlyrereee|RhitrRentines 1B5E Mg 20, trhdI)Tivde CARYEIraaHeridek Wek Reated to 171 C
and stirred fgg B Srheuiy aAP 1RSI MINHATH WAL TR BliXs @wasHempentestdddoom temperature and

backfilled with nit . To thi ixt dd h f 2 d it .
Then. the reBURR A TR A WEE O R ORI L RS TR o G T suapension
was heated ggntithveitiold 788aingup. 88 ebutiliontemahydmiatow@dbtontbwies 50 a3 antiteated again to
reflux. This F?%’a%ﬁéﬁ W&%Jr%ﬂﬁﬁé%%rrr%]\é&e? YRR PREG/ 5‘%@9%&&9&4%%&%%@&@@&&%5 to make

sure the zinc dust was activated co tely. The activated zinc dust was then treated with

trimethylsily ream feERe 2iaexandtoem Al hnitRNy 3peRfon \NaSEHHES fBPIY$iRftes at room
temperaturey kBB aaHoR=RE IR WagaH € pHERR oche RSBSOS il Oénd

(4-trifluoromethanesulfapyl)benzyl 5 chloride (1.13 g, 5.0 mmol).in dry tetrahydrofuran, (5 mL) at 5-10 C

(ice with Wat%‘?rﬁ;gfﬁfq : %? %%?e%?lihﬁgﬁ g ag(ﬁﬁgnl%g;%h(?%}%nﬁ%{féaﬂﬁgv ra()eéaec %O%Fé?jure was

allowed to waver siicaqel tenptatiiien 4&l aumipiere teenyia arodiolaves (radedentesad as necessary to

keep thedempeRLeslipmHacRacian, o Crlle cRRsHanaaihia 1ias SIRcatjoRmraperalure for 2
n diluted with dry tetrah

hours, the e ydrofuran (5 10 mL). Stirring was halted to allow the excess zinc dust

to settle ovePEXHIRSS ﬂ&fé@dﬁéﬁ poNegiehPChibREReS IR PP aRb RO BEH M flask,
palladium(ll figepsatentathyngabhifamneals andrislisyrio Hexyipirogating-2, OBy Sybipheny!

(S-Phos) (123 mg, 0 ined, with dry tetrahydrof ' .15 and
the mixtune SR SirbHTof ShCECT ool oM O A e iy [ -8 iy ifooen, 19 ar
trifluoromethardgidfonyl8:5-haphhalen-Z-00-ételic cidnathy). &sdr (G20t dt- 85 smbl) in dry
tetfahyd@fu@Qgg@;‘%&wwg%q)r@w? @088 lighjstyown salutiony Afteqd-arminige, fae above

freshly prepare clear o’rgangzinc compound in tetrahydrofuran was added at room temperature.
The resultin&@l‘éﬁf%@%@ﬁﬁcg red 26%210687: was-heated to 61 C (oil bath temperature) for 1 hour.

During this 1 hour, the initial dark brown solution tumed to a cloudy light brown color and then slowly to
a dark brown splutjon,, The reaction. mixtu S C00 raom temperatyre,and di ith
saturated amnﬂfﬁt‘l{ﬁ#{gﬁf&%s S&Yj%%enn@é?ﬁ%%%%%é%qg Egﬁég'ct)ﬂ%%%v'ggy &%egt%]c%ﬁégethyl
acetate (2 x 50 mL) and the combined organideedfytesiesre 25 washed with brine solution (100 mL).
The organic layers were dried over anhydrous ium sutkate, filtered, and concentrated to give
the crude product which was purified by flash graphy using an ISCO RediSep0 Flash column,
230-400 mesh, eluting with 0-15% ethyl acegte esto obtain [6-fluoro-3-methyl-4-(4-
trifluoromethanesulfanyl-benzyp-naphthalen-211}-acetic acid methyl ester (460 mg, 30 80%) as a light
brown solid: HRMS (ESI+) cald. for C22H18F4D2S|[(M+H)+] 423.1037, obsd. 423.1038. WO
2010/055005PCT/EP2009/064813 - 153/-\19>
[6-FIuor?(-)B-methyI-4-(4-trifIuoromethaneSLdfc\i]ﬂyI-benzyl)-naPhthaIen-Z-Ol- acetic acid methyl ester 5
To a solution of [6-fluoro-3-methyl-4-(4-trifluoromethanesulfanyl-benzy1)-naphthalen2-ylpacetic acid
methyl ester (392 mg, 0.93 mmol) in dichloromethane (10 mL) was added m-chloroperoxybenzoic acid
(480 mg, 2.78 B0Do} abu@-Gofitre fleskltioniaisag Soldtethanas sitmydoRr30-milieseracth temperature
between '107C-ﬂﬁ990929n%9%tjﬁ?aﬂﬂ{ﬁ/¥6%%@u@ thip WRETIRJUBARTIRRTAMERNERS (R iRY clear

solution 10 was stirred for I5 hours, by which time a white solid had formed. Then, the reaction

mixture was HiRREAIAth SSEI(TOTARISKIRIEAS RRATNBREIE DRI RSUDAY (8 P GrdePTRbum. The
organic eompaiyshuasexrasied e eibyliacelateigrxpiihilgcanintberoiganisriayide was washed with
saturated sodjum bicarbonate solytign (3 x.5 . Then, the ethyl t W ashed with
brine soluti Oﬁ/taag?ﬁﬁ%rﬁe&}aﬂr&ur&n )6369 nquj)and anhyd?ous X’:e"%ﬁgn%ﬁe({?é/%“) Pl

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 turmed

red in color. The carbon monoxide balloon was removed, then the reaction mixture



15 over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The crude residue was
purified by flash chromatography using an ISCO RediSep(r) Flash column, 230-400 mesh, eluting with
0-30% ethy, g&?&&% xanes to afford [6- PCT/EP2009/064813
fluoro-3-methyl-4-(4-trifluoromethanesulfonyl-benzyl)-naphthalen-2-ylpacetic acid methyl ester (404
mg, 96%) as a white solid. HRMS (ES-) calcd for 6252H18F4048 20 [(M-H)1 453.0789, obsd.

453.0790. [6-FIuqro-3-methyl-4-(4-trifluoromethe{nesu]fonyl-benz%/lc?-n,aphthalen-Z- 1]- acetic acid 25
WO 2010/086608REY Btk 0GurI6 JBETestEing T NEs S gracted with ethyl acetate, and

[6-fluoro-3-mpthyd ahré4-ilupserastemasstionyibeng shdnainbiimiena- il 4 aestic greig oitgthy| ester
(395 mg, 0.87 mmol) in tetra%rofu[\%%é%S dded a solution

mL) was of lithi i
monohydra®{Sog g 86 Akah P%‘%lf M Cé‘[?%%rrr'r? empera u%%%%grge{éﬂ%r?g)}é g%ar solution
was stirred fprl. 15 howesullihe siliteedetmippdrifd emdeay vdnnd vers lertsderigunRadbeie residue was
diluted with r el ' AS agielif] | N RydEeehiosesagis and the
organicvgom%%%%ﬁﬁxﬁ%ﬁeﬁ%ﬁﬁ%&ﬁﬂggﬁz 3%% J?'nﬁﬁ}/?N‘éli't(:%beélac{:l;mbined Orglgéniﬁ extracts were

washed witH Bineod8Rito e Bofes anaiieavbberadinfaiso romeieani i Yriltration of the
drying agenjagk GRRCARiNRicR ©f thesaivept ivdebiacidNpRideNE43 Dig$anes) dippm

6-fluoro-3-methyl-4-(4- trif t - -naphthalen-2111;acetic aci hite solid.
0 = 5002006 s ATAREDE Nty VIS, ) B A0k o T G B v, 2
7.96 (dd, J 4924, 504z 11-H)7 B8Lids,/ F B)3, 260FZ80 th 71284748 ¥t blax +13 4-P8 (R B1), 7.29-7.43
ey T 281 Bt DA SRk s g i

463.05 598. EXA 011-3 The following exampl_?s 11-2 to 11-3 were
prepared in BA anlod¥as Rt ekt 114V thiih g AfiRbsd. 437-
(6-fluoro-3-methysdeifimenmphanesiansannarbimnity Ranbhticalte 2oidjmetitid esidr and the
appropriate benzyl chloride as a precursor to the benzylic zingfeagent. Exa mple No Systematic
Name Benzyl Chloride 1H NMR (300 MHz, DMSGyde)™8 ppih MS Structure 11-2 [6-Fluoro-3-
methyl-4-(3- trifluorome thanesulfonyl- benz¥ aphtralen=2- yikacetic acid (3- Irifluoro- methane
sulfanyl)b enzyl chloride 12.85 (br. s, 1 H), 7.85-7.97 ({m, 3 H), 7.63- 7.79 (m, 3 H), 7.51-7.61 (m, 1 H),
7.34 (td, J =8.7, 2.0 Hz, 1 H), 4.68 (s, 2 H), 3.79 (8 2 H), 2.30 (s, 3 H) 463.05988 OHOS 09 F Sil
(3 F WO 2010/055005PCT/EP2009/0648%3, 155~ 11-3 6-Fluoro-3- methyl-4-(4- phenylmetha
nesulfonyl- benzyl)- o

15 Starting with [4-(4-ethanesulfonyl-benzyl)-8-fluoro-3-methyl-naphthalen-2-yl}-acetic
 acid methyl ester, using a method analogous to the one described for example 2-1,

final step, [4-(4-ethanesulfonyl-benzyl}-8-fluoro-3-methyl-naphthalen-2-yll-acetic acid
(388mg, 95%) was obtained as a yellow oil. "H NMR (300 MMz, DMSO-ds) d ppm
12.45 (br.s, 1 H), 7.92 (dd, J=9.1, 8.3 Hz, 1H), 7.76 (s, 1 H), 7.73 (d, J= 8.2 Hz, 2

20 H),7.67(d,J=11.8Hz, 1H),7.30-7.40(m, 1H), 7.28 (d, J=8.2 Hz, 2 H), 4.58 (s,
2 H),3.81(s, 2 H), 320 (g, J=7.4Hz, 2H), 229 (s, 3H), 1.04 ({ J=T7.4 Hz, 3H).
MS (ES-) cald. for CapHa:FO.S
[(M-H)] 399, obsd. 399.

25 EXAMPLE 14-1
[4-{2-Benzenesulfonyl-benzyi)-6-flucro-3-methyi-naphthalen-2-ylj-acetic acid




naphthalen-2 Yil -acetic acid (4- benzyl- sulfanyl)b enzyl chloride 12.46 (br. 5,1 H), 7.95 (dd, J= 8.9,
6.3 Hz, 1 H), 7.79 (s, 1 H), 7.65 (dd, J=12.1, 1.9 Hz, 1 H), L57 (d, J= 8.5 Hz, 2 H), 7.37 (td, J=8.9, 1.9
Hz, 1 H), 7%%;01’1&/0@%(% H), 7.06 (d, J= 7.2 Hz, 2 H), 4.58 (s, 4 H), 3.84¢sr4#ihd0ads(s. 3 H)
461.1226'- 000 0 * a: HRMS (ES+), [(M+Na) ]; b: HRMS (ES-), [(M-H)]. EXAMPLE 12-1
16-Fluoro-4-(4.-methanesuIfonvl-bipherwl-4-v|mqt{w )-3-methvl-naphthalen-2- Sv11-acetic acid 1l S=0
[4-(4-Benzyloxy-benzy1)-6-fluoro-3-methyl-naphthalen-2-y1Facetic acid methyl ester 0,, 10 Step 1.
Preparation of the Benzvlic Zinc Chloride: Te-ane®ena<dried?8ineck 100 mL round bottom flask
equipped with a rubber septum and an a;’% aed zinc dust (4.82 g, 73.6 mmol) and
previously dried lithium chloride (3.12 g, 73.6 WO 2010/055005PCT/EP2009/064813 - 156 - mmol)
under nitrogen. The flask was heated at 170-C¥gr"1.5 hours under high vacuum. The mixture was then
cooled to 50 C and backfilled with argon. Totthjglgrayymixture was added dry tetrahydrofuran (5 mL)
and 1,2-dibromoethane (0.20 mL, 2.3 mmol). The ﬁé‘ﬁjlting suspension was heated gently with a heat

gun to ebullition 5 and then allowed to cool (--50 nd heated again to reflux. This process was
repeated three times to make sure the zinc dust 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 temperatufé-Frerre3emethyldtfetdas-ettimetb -0 . 2aldiscabrralan drgb-wise with a
solution of (4- 10 benzyloxy)be%ﬂﬁm%&ez%;?,ggegg.gcli’am%\mpég-@trahydrofuran (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 tempergttre gars. An ambient temperature water bath
was used as necessary to keep the tempera ‘@ omexceeding 50 C. After 3 hours, stirring was
halted to allow the excess zinc 15 dust to Settle ovel several hours. Step 2. Negishi Coupling Reaction:

-
ei

In a separate reaction flask, palladium(ll) acetategZ236 mg, 1.05 mmol) and
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl 0s) (891 mg, 2.1 mmol) were combined with
dry tetrahydrofuran (20 mL) under argon. 20 The mixture was stirred at room temperature for 5
minutes. éA solution of (6-fluoro-3- methy1-4-trifluoromethanesulfonyloxy-naphthalen-2-y1)-acetic acid

methyl ester (4.0 g, 1.5 mmol) in dry tetrahydrofuran (10 mL) was added to the above light brown
solution. Aftérrpegemittirdyottedditantiaskypiepmias dntiitiéal Grigarorfietdmpound in

tetrahydrofuian Was-adderk LireRNLIGIARBHINIEN Dhe)rasstinscrr andey2etelqrettselatien was heated
to 61 C (oil bath temperature) for 30 minutes. The re ct%igi%gnixttir%fwas cooled to room temperature

and diluted WHAZARPRSH AR tHI8ride-< o JL): The organic compound was
extracted intpigyhaagisies@ninb@ermtyen fdaiteicombin@s S rognic Id4draotevéré washed with brine
solution, The_ organic layers were dri r %o &) JUR, ”’?at@olgﬁn iteredy and
concentlrgte(eg)%gé?\}/}g rtﬁlé cru mé”ﬁr&%ﬂ%%%%if%}g;ge ’pﬁljg e?ﬁﬁr%gﬂ Wr;btqﬁ?ic.hlorométhane) was used to
give 4.23 g (8488) HH25MBehzostyL Yedigyans fb orb 3 Hhadsauishinixiers »93 feriet@hcid methyl
ester (460 Mg, BAYLa%@RAlId WitheQ%e MK xS Wi deelauas usedl teripRsiubeequent reaction
without further WO 20101055005PCT/EPZO({?/OGr 813 - 157 - . . .
stirred at room temperature overnight. e reaciion mixture was diluted with ethyt
acetate, then washed with brine. The organic phase was dried over MgSOq, filtered,
15 and concentrated to afford a dark cil. 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 SF40 Super Flash column.
Flash chromatography {0%-10% ethy! acetate in hexane) fumished [6-fluoro-3-
methyl-4-(4,4,5,54etramethyl-{1,3,2]dioxaborolan-2-yl-naphthalen-2-yij-acetic acid
20 methy! ester as 290 mg (31%) of a clear oil. "H NMR (300 MHz, CDCl;) & ppm 7.64
-7.78(m, 3 H), 7.17 (t, J=8.6 Hz, 1 H), 3.79 (s, 2 H), 3.69 (5, 3 H), 2.56 (s, 3 H),
1.50 {s, 12 H). MS (ES+) cald. for CaoHasBFO4 [(M+H)"] 359, obsd. 359.



purification. 1H NMR (300 MHz, DMSO-c16) 6 ppm 7.92 (dd, J=8.9,6.2 Hz, 1 H), 7.75 (s, 1 H), 7.65
(dd, J =12.2, 2.0 Hz, 1 H), 7.25 -7.47 (m, 6 H), 6.95 (d, J = 8.7 Hz, 2 H), 6.88 (d, J = 8.7 Hz, 2 H), 5.01
(S, 2 H), 4. 6%’0%))6@50%593 (S, 2 H), 3.64 (S. 3 H), 2.31 (S, 3 H). 5 PCT/EP2009/664813
[6-Fluoro-4-(4-hydroxy-benzy1)-3-methyl-naphthalen-2-y1]-acetic acid methyl ester C) OH 10 A
round-bottom flask was charged with 167 -
[4-(4-benzyloxy-benzyl)-6-fluoro-3-methylnaphthalen-2-y1)-acetic acid methyl ester (4.17 g, 9.73
mmol) in ethanol (250 mL).‘k(a:ﬁgpaﬁma%&awbhfa%*génﬂam-ﬁmr%h was added into the
reaction flask. The reaction mixigghwaseHirgd Medas RisiogrRalgas sleatmospheric pressure overnight
at room temperature. The reaction mixture was then filteregthrough a bed 15 of celite. The filtrate was
concentrated to afford 3.96 g (100% ) of [6-f] ™~
hydroxy-benzyl)-3-methyl-naphthalen-2-¥ ' 5
without further purification. 1H NMR (300 MHz, DMSO-c16) 6 ppm 9.17 (br. s, 1 H), 7.91 (dd, J = 8.7,
6.2 Hz, 1 H), 7.74 (s, 1 H), 7.64 (dd, J =12.¢Z, ®P 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=8.5Hz, 20 2 H), 4.32 ,ggﬂ), 3.93 (s, 2 H), 3.64 (s, 3H), 2.30 (s, 3 H).
[6-FIuoro-3-methyl-4-(4-trif|uoromethanesuIfonyloii-genzyl)-naphthalen-z-yl] acetic acid methyl ester

WO 2010/055005PCT/EP2009/064813 - 158 - promethanesulfonic anhydride (2.6 mL, 15.0
mmol) was added drop-wise to a - 6 C solution O
[6-fluoro-4-(4-hydroxy-benzy1)-3-methyl-naPhthalen-2-Y11-acetic acid methyl ester (3.9 g, 11.5 mmol)
and pyridine (1.4 mL, 17.4 mmol) in dichloromethane 5 (100 mL). The reaction mixture was warmed to
room tergperatup@uidnst fiflecfoB-inbent - 4 Satiemamistiuy el Va2 itionatmotdentd-4 €. Water (20 mL)
was added, a0 fhe OO0l RYR! a3 AR PuMESOnJller apbhoprplzalRi Axglution of this

crude produCfii'dié ane was concentrated over Silica gel, and the resulting silica
gel-supporteteprytitidonides(Edluste 10 ﬂ@@ﬁ%ﬁﬁﬁ@‘ﬁ%@\%ﬁﬂ#&%@@jﬁ@i@?%@mﬁ&ﬁ%M column,
5%-20% ethy| acetate indipraneh i G¥ecs &3 61U of ddlliotadonatbyd-9ti-tdfbieromigtha nes
ulfonyloxy-be nz Iz-naphtha len-2- !]@-acetic acid H;g;g e tFr ?;ja whiéehsolid. %HnNMI{Q'(éSOO MHz,
DMSO-d6) £ %@Md(&&f@%(é:éf Ly yigs §Hper %361 B2 79 ad, TR P S HET 1 Y, 7.37
(d, J = 8.8 Haza? Hoid22 o3 1eriperattte, Tr20 (dwas-di8adavithteihal Begkate (39 Bla4 ($1e2 H), 3.64
(5, 3 H). 2290y 3 K (SRR LA BenIRRNoR HI ey brdap el raacifvb rahthalen-2-
yl]-acetic aci me&h%/ln’és er 152 mixture o _ o
[6-fluoro-3-méesP4-fietatusrsheuantiatadiofyieikiaeAtANe chudshRsamkis N ADIgRNEa_ME methy!
ester (117 mya0 2p50medl dvdpstiangsyiipavinh enylivamsicagel G oo mewnetudt, 1'- 25

5
bis(diphenylphosphino)ferrocene]dichlor ladium 8 0.025 mmp| ium carbonate
(244 mg, 0.7%3HIRB e\?gé’gtgo%ﬂeg }ﬂ%gg%%déﬁeei(g‘)?n%cﬁ‘?@é‘m %e%nﬁ’gé;r%%ni&%ﬁ%ﬁear nitrogen
atmosphere.(T58% re3aMinthravataedotivexanias) rffordeth éafethod 45%6) aid-¢tirred for 15 hours. The
eacton L AS. AR A0 A WO AR NORS 0P RHIER 200RRAE L Tt igpperature and

diluted with wa nd ethyl acetate . The two layers were separate Qi?%the agueous
r

layer was exBa8teeatith ethl NAR A0 M F BRI RPRBHIEE of gahit Bzrhdts & #5hed with
brine (100 mk)z Fhe-0pganie Kyer wasrigtipvesaniyssqns magrrsiuit sifats fiteted) and 5

concentrated to gjve a cqlored resid ich w rifi y fl q C raphy, usi n ISCO
RediSep(r) L mr%u%e%%%%’rﬁ%e utfn%%v@?th%qgg%éﬁfy SJ%@?? i%qh%?’(rgn@s’ &5 Siford 49 mg
(41%) of §6-fligoBoH); (49t ethandsulfoHy iR eRGHA salt ionD:3-mEMy® nkrin kit phsstetic acid
methyl ester gs,an amorphous white solid. HRMS (ES+) calcd for C28H25F04S RM+Nan 499.1350,
10 found 499.1350. [6-Fluoro-4-(41-methanesulfonyl-biPhenyl-411methyl)-3-methyl-naphthalen-2-
yl]-acetic acid OH 0 15 Starting with
[6-fluoro-4-(4'-methanesulfonyl-biPhenyl-4-ylmethyl)-3-methylnaphthalen-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- yimethyl)-3-methyl-naphthalen-2111-acetic acid was
obtained as 39 mg (83%) of a 20 white solid. 1H NMR (300 MHz, DM50-d6) 8 ppm 12.52 (br. s, 1 H),
7.94(d,J=8.0Hz,2H),7.87-797(m,1H),7.86(d,J=8.0Hz,2H),7.75(s,1H), 7.69 (d,J=11.8
Hz, 1 H), 7.62 (d, J=8.0 Hz, 2 H), 7.33 (td, J = 8.5, 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 C27H23F04S [(M-H)1 461.1228,
obsd. 461.1226. 25EXAMPLE 12-2 The following example 12-2 was prepared in an analogous manner
to example 12-1, starting with
[6-fluoro-3-methy1-4-(4-trifluoromethanesulfonyloxy-benzyl)-naphthalen2-ylpacetic acid methyl ester
and pyrimidine-5-boronic acid.



WO 2010/055005PCDEP2009/064813 - 160 - Example No Systematic Name 1H NMR (300 MHz,
DMSO0- cl6) 6 PPm HRMS (ES-), (M- Hy Structure 12-2 [6-Fluoro- 3-methyl- 4-(4- pyrimidin- 12.44 (br.

s, 1 _H), 9..1 2\%.,6—/%}@98 (s, 2H), 7.94385.1359 zTh /2 0 op 5-yl- bengyhrpapbiiag;n-2-y11-
acetic acid (d 6.3Hz,1H),7.78(s,1H),7.68-7.73(m,1H), 769 (d,J=82 Hz, 2 H),

7.35(td, J= 8.5,2.0Hz, 1
- 168 -

4-(2-Benzenesulfonyl-benzyl)-6-fiuoro-3-methyl-naphthaien-2-ylj-acetic acid

Gl
e

5 Starting with 4-(2-benzenesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-ylj-acetic

Y

TN

acid methyl ester, using a method analogous to the one described for example 2-1,
final step, 4-(2-benzenesulfonyl-benzyi)-6-fluoro-3-methyl-naphthalen-2-yi}-acetic
acid (17.6 mg, 31%) was obtained as a yellow oil. "H NMR (300 MHz, DMSO-ds) 3
ppm 12.23 (br. s, 1 H), 8.30 (d, J=7.5Hz, 1 H), 8.05(d, J=7.5 Hz, 2 H), 7.91 (dd, J

10 =87,683Hz, 1H),766-7.86(m,4H),7.56( J=74Hz, 1H),746( J=7.4Hz,
1 H),7.28 (td, J=8.7,20Hz, 1H),6.58(d, J=11.8 Hz, 1H),6.43 (d, /= 7.5 Hz, 1
M), 4.42 (br. s, 2 H), 3.80 (br. 5,2 H), 2.07 (s, 3 H). MS (ES+) cald. for CaeHaiFO.S
[(M+H)"] 449, obsd. 449.0.

15. EXAMPLE 15-1
[6-Fluoro-3-methyi-4-{4-methyi-benzvl)-naphthaien-2-yii-acetic acid

Joogs
C

[6-Fiuoro-3-methyl-4-(4-methyl-benzyl)-naphthalen-2-ylj-acetic acid methyl

ester

20



H),7.20(d,J =82Hz,2 H),454(s,2 H),385(s,2 H)236(,3 H) EXAMPLE 13-1
14-(4-Ethanesulfonyl-benzy1)-6-fluoro-3-methvl-naphthalen-2-yll-acetic acid OH 50"0 o
6-Fluoro-3-methyl-d-trifluioromethanesulfonYloxy-naphthalene-2-carboxylig mecighimrigys ester 0 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-mgthylnaphthalene-2-carboxyliC acid methyl ester
(3.75g, 16.0 mmol) in dichloromethane WO 2010/055005PCT/EP2009/064813 - 161 - (120 mL) and
pyridine (1.95 miktupad (BriverotheedadiingiHrme haresiiradrs warhtERIsN2w 185 temperature
with stirring, el Hae-ke astianamixige avsrestie) ot 1ers terepesaiyre-larddnhbuszpliter this time, the

Separated. T SRR RS AL ridd o P S BIE HEIH R ok B affor a brown
solid. Flash simoih&taticapbycpdipioes phashR Edlmthegypinhangd 53 8% ifyPavatate in hexane) gave
OREN e e s e
366.0186. 10eated af 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 MgSO,, filtered and concentrated. Silica gel chromatography

(93:7 hexanes-ethyl acetate) gave 145.7 mg (74.9%) of [6-fluoro-3-methyl-4-(4-

10 methyl-benzyl)-naphthaien-2-yil-acetic acid methyl ester as a colorless oil which

solidified on standing. "H NMR (300 MHz, DMSO-d;) & ppm 7.92 (dd, J = 8.8, 6.2 Hz,

1H),7.75(s, 1 H), 7.63 (dd, = 12.4, 2.1 Hz, 1 H), 7.33 (td, /= 8.8, 2.1 Hz, 1 H),

7.03(d, J=7.8Hz 2H),6.92(d, J=7.8Hz, 2 H), 440 (s, 2 H), 3.93 (s, 2 H), 3.64 (s,

3 H), 2.30 (s, 3H), 2.21 (s, 3 H).

15 [6-Fluoro-3-methyl-4-(4-methyi-benzyl)-naphthalen-2-yl]-acetic acid

_OH
L

A soiution of [B-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
20  warm solution of lithium hydroxide monohydrate (175.8 mg, 4.19 mmol) in water (3.5

F

mL). The reaction mixture was stirred at room temperature for 20 hours, diluted with
water, acidified with agueous 3.0 N HC! and extracted with ethyl acetate. The ethyl
acetate layers were combined, washed with brine, dried (MgSQa), filtered and
concentrated. Purification by reverse phase HPLC gave 81.7 mg (60%) of [6-fluoro-

25 3-methyl-4-(4-methyl-benzyl)-naphthalen-2-yll-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=12.1,1.8 Hz, 1 H), 7.33 (td, J=8.7, 1.8 Hz, 1 H), 7.03 (d, J =
7.8 Hz, 2 H), 6.92(d, J=7.8 Hz, 2 H), 4.40 (s, 2 H), 3.82 (s, 2 H), 2.32 (s, 3 H), 2.21
(s, 3 H). HRMS (ES-) cald. for CaiHoFO: [(M-H)] 321.1296, obsd. 321.1294.



4-(4-Ethanesulfonyl-benzyl)-6-fluoro-3-methyl-naphthalene-2-carboxylic acid methyl ester 0 6'0 15
Step 1: Preparation of the Benzylic Zinc Chloride. An oven dried 3-neck 250 mL round-bottom flask
was charge&lg\/%}ﬁgﬁo@st (1.80 g, 27.5 mmol) and previously dried lithiprg,gbiaigdesddid 7 9, 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 tempe[%%g. 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 sgisragivipe®ysly ad sigated gently with a heat gun to
ebullition. After being allowed to co%[ %c: 50§ the mixture was heatgdl aé;?adn. Thi%g[r%;ess was
repeated twh 5 BIRRNE RERETH Y thiS 7 ?dﬁ%&eﬁégpfé‘ﬁvé?e@caor%& &y TRier the third time
heating to ebwditipr, 18elreastion mitkt(@euas-Caviet 1bR5Tevitmethairesulfheyvietirated zinc dust

suspensjon wa ntrea [ i [ . N/ _Aixture was
stirred foér 16‘?1‘%’??1%5 23“& %2%"“%%@?3@%@? eyé%%@égo%%%%%cﬁﬁ%%%ﬁﬁ%a 8% - 162 -
reaction mixteeanis codteiiakMdEaSERIBUth and then treated drop-wise with a solution of
4-ethanesulfonylbenzyl chloride (3.00 g, 13.7 mmol) in dry tetrahydrofuran (9 mL). After the addition,
the reaction mixture was. stirred-at- 4 C for 3-minut to-warmdg rppm-temperature

in an ambie n?@jﬂf’b@erm%m\ﬁ%ter 5 tj‘ﬁiﬁﬁt et 2.5 hgﬁ%%grrﬁgigﬁg ihe ambient temperature water path,

han-itanace allovwed

the reaction mixture was briefly stirragat#0 C2for 2BatRitesHThe reaction mixture was allowed to
cool to room temperature, then it wagosilbaeskRgith fieRly distilled tetrahydrofuran (Z.mbL). The-stirr
was halted, latePthe réér&%’rﬁﬁ‘?fﬂxtur hasallo %d t%ﬁféﬁa'at roorhYeihperature for 30 hours unde
.| benzyige etrametnyl-2-(3- 1 5, ; . . .
argon so that the zin :@Hﬁrﬁg&om f&,‘@@&%&tﬁ . Thedoengylic zinc chloride thus prepared was
subsequently used in tyenb{@giski-coupling step. Steép.2:Hlegishi Coupling Reaction. In a separate
reaction flask, palladiuinikiyedeetiste {e3HHRANS.60 ]ﬂﬁffﬂ‘@gl} and S-Phos|(2-d - .
: . ) : .

15 dimethoxybiphenyl) (493 mg, 1.20 mmol) were |cgriined with freshly dis
mL) at room temperature under argon. A solution of 84flioro-3- F
methyl-4-trifluoromethanesulfonylo <y-naphthalene—?ﬂgéﬁﬁoxylic acid methyl ester
freshly distilled tetrahydrofuran (24 /mL) was added § _ ’I?’grt brown refaction mixturg
zinc reagent in tetrahydrofuran (prepared 20 above)avas)then added atfroom temperature. The
resulting dark brown solution was stirred at 60 C for6E28 Hours. The reaction mixture was cooled to
room temperfature and then diluted with a saturated> ??Spds solution ot ammonium chloride. The
resulting mixture wag extracted with ethyl acetate. T, & prganic phase was dried over Mg304, filtered,

ing

=

o
=
c
=
Q
>
—~
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and evaporated. A solution of the crude product in|2&dislhtoromethane was evaporated over silica gel,

and the resulting silica gel supporte

d crude produc

t WesIbad

ed onto anl Analogix SuperFlashTM

column. FIaJ}ié:gromJgﬂ{a?.h_.Z" (25 %4%55‘}{, ethy %gé%p hexanrggiatforded2:69g(8796) of 4=
(4-ethanesu fonyl-beré@;ﬁﬁh@%-é -dethvpanhthalene;2-carboxylic acid methyl ester as a light

yellow solid./1H NMR @@ MHz, DI

BQed8)dylppn] BBAUS /1

H), 8.16 30 (dd, J = 9.1, 6.3 Hz, 1 H

7.74 -7.81 (m, 1 H), 7.\pd-raptgnaeg2 2,2 H) 7.45 (@8- 8386, 2.1 Hz, 1H), 7.28 (d, J = 8.2 Hz, 2 H),
4.63 (s, 2 H), 3.88 (s, é'ﬂg?%?%“(‘ﬁ, FEIPES 48 or ) s, 3 H), 1.04 (1,2 381). HRMS
(ES+) cald. for C22H21F04S [(M+Na)+] 423,1037,|obstie423]1036. WO
20101055005PCT/EP2009/064813 - 163 - (d.J= F

nol on of lithium

(4-(4-Ethan sulfonyl-benzyl)-6-f|uoro-3-methyl-na35}[189% 1EZ-ylFmeth
aluminum hydride (399 mg, 10.5 mmol) in tetrahydyofugesrz, (125 mL) was cooled to O
stream of argon. A salution of 4-(4- 1H),7.05
ethanesulfo yI-benzyl)-6-f|uoro-3-methyl-naphthaleﬁe‘{?— Ak oxylic acid methyl ester (870 mg, 2.18
mmol) in tetrahydrofuran ( 30 mL) was added slow y4(i’rp@;@\/ise to the O € suspension. The reaction
mixture was stirred at 0 C for 15 minutes. The reactish sixture was warined to room temperature and
it was stirred at room [10 temperature for 15 minutes{SThE reaction mixture was cooled again to 0 C.
Ethyl acetat% was added drop-wise to quench the er—:'ja fted ljthium alurhinum hydride. A saturated
agueous solutionof potassium sodium tartrate' was added. The organic phase was separated, dried
over MgSO04, filtered, and concentrated to afford 780 mg (96%) of
[4-(4-ethanesulfonyl-benzy1)-6-fluoro-3-methyl-naphthalen-2-A-methanol 15 as an oily white solid.
This product was used in subsequent reactions without further purification. 1H NMR (300 MHz,
DMSO-d6) 6 ppm 7.98 (dd, J =8.9, 6.2 Hz, 1 H), 7.90 (s, 1 H), 7.73 (d, J =8.2 Hz, 2 H), 7.67 (d, J =
12,4 Hz, 1 H), 7.34 (dd, J = 8.9, 2.1 Hz, 1 H), 7.29 (d, J ---- 8.2 Hz, 2 H), 5.27 (t, J = 5.1 Hz, 1 H), 4.66
(d,J=5.1Hz,2H),4.58 (s, 2 H),3.20(q, J=7.2Hz, 2 H), 2.31 (s, 3H), 1.04 (t, I =7.2 Hz, 3 H). 20
HRMS (ES+) cald. for C211-121F033 [(M+Na)] 395.1087, obsd. 395.1088.
-(4-Ethanesulfonyl-benzy1)-3-chloromethy1-7-fluoro-2-methyl-naphthalene WO
2010/055005PCT/EP2009/064813 - 164 - 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
miniitace A mivtiire of [I41-(A-athaneaciilfonvi-henv1)-A-fliioro-2R-methvi-nanhthalen-2- vlil-methannl (720




[4-(4-Ethanesulfonyl-benzy1)-6-fluoro-3-methyl-naPhthalen-2-y1]-acetic acid methyl ester 0. A 500 mL
round-bottom flask containing 1-(4-ethanesulfonyl-benzy1)-3-chloromethy1-

7-fluoro-2-methys ,? Hgale.ne (450 mg, 1.15 mmol), potassium carbonaj-gln figeshedd mmol), and
dichlorobis(triphenylphosphine)palladium(ll) (40 mg, 0.057 mmol) 25 was evacuated under high
vacuum, and then backfilled with carbon monoxid fas via a balloon. Tetrahydrofuran (3.6 mL) and
anhydrous methanol (1.8 mL) were added and tﬁz resulting mixture was stirred at room temperature

under a ballobn?of cdﬁﬁt‘fﬂ%ﬁomdﬁ 8.5 18%5 ﬁﬁiﬁﬁrth's tihePpribd, the reaction mixture tutned

red in color. The carbﬁﬁ%ﬁ&?id mqéqéﬁ then the reaction mixture WO
2010/055005PCT1EPROQVELHBLS bekof)-1\was dilutedwith Water. The g rrxturew8s extracted
with ethyl acetate, andabisheigyemic |ajpsrba@@itiied (;IWI $®4) filtered, a edtga
brown-grey pily solldLﬂ g btlon of this crude prodqqf 6§|ICh oromethane~was evapora ed over silica
gel. The resulting silica ge supported crude productiwvas: loaded onto a h column
Flash chromatography (20% - 35% ethyl acetate inaexanes) afforded 4 F
[4-(4-ethane squonyI-benzyl)-G-qucro-3-methyl-naﬁj§g§§@’ -2-y1]- acetic acid methyl eSter %§i?a‘ﬁght
yellow solidj 1H NMR (300 MHz, DMSO-d6) 6 ppm=/g! ,z(gd, J=8.8,62Hz, 1H),7.78 (s, 1 A), 7.74

(d,J=8.4H
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7.28 (d,J =
7.4 Hz, 3 H)
f4-(2-Benzel
2010/05500
[6-Fluoro-3-k
methyl ester,
trifluorometh
acetate (1.3
0.394 mmol

819-Riz, 2

bPCDEP

00)f/

MS (ES-¥ &
nesulfony

nethyl-4-

4 5%558?
ITIMWZVIEPS 1qu
2 13 -
(g{,ag Stetran
Al yeR-ekied

anesulfonyloxy-naphth
g, 13.2 mmol), dichloro
, 1,1'- to bis(diphenylphosphino)ferroc

F?i‘r@?fh%a\ig xd%
orerdAirietidyl-n
fgrrhoeipye

nethy111,3,2]di
round-bottom f

i')ﬁéggq,
M-H)34389.0

hplathdén-2
z,1H),

?83

askewasac

alen-2-y1)-ace
1,1- bis(diphe

hfne1
&g ino)ferroce

ez(QfZO n

13891790,
pbsd. 399. ]
P-vil-acetic

% %qu lan-2-y1)- na h

harged wit
hyl ester (

2 HY, 2.29 (s, 3 H), 1.04 (t, J
25EXAMPLE 14-1

1.00 g, 2.63 ™
e palladium (1) (288 mg,
19, 0.390 mmol), bis(pinacolato)diboron

51), potass

(1.33 g, 5.25 mmol), and 1,4-dioxane (36 mL). The Fe¥URidg mixture wap heated at 120C for 10 hours.
The reaction mixture was cooled to room temperaty stirred at room temperature overnight.; The
reaction mixture was diluted with ethyl acetate, then wast>1ed with brine.|The organic phase was dried

over MgSO4, filtered,% 15 and concentrated to afford a dark oil. A solution of the crude product and

dichloromethmnERMS ¢kaporetddNsiEr silica gel, and the resulting silica gel supported crude product

was loaded onto an Analogix SF40 Super Flash column. Flash chromatography (0%-

acetate in hexane) furnished [6-fluoro-3-
methy1-4-(4,4,5,5-tetramethyl-[1,3 2)d|oxabo%$§mf 'y%)ﬁabhthalen 2111-acetic acid 20 methyl ester
as 290 mg (31%) of a ctqqtmmurbm&éamﬂuﬂ-dﬂ{@g@g yiphydrogy#riedHutl-3 H), 7.17 (t, J = 8.6

Hz, 1 H), 3.79 (s, 2 H), 3.69 (s, 3

[(WH)] 359, obsd. 359. WO 2010855581

4-(2-Benzenesulfonyl-benzy1)-6-fluoro-3-mega9

(72 mg, 0.270 mmol), tetrakis(triphenylphosphing)patat
solution of sodium carbonate (0.5 mL, 0.6 mmol), and
2 hours. The reaction mixture 10 was cooled to room tem

ahy

10% ethyl

EéES+) cald. for C20H24SF04

(0) (12 mg, 0.010 mmol), a 1.2 M aqueous
rofuran (1.5 mL) was stirred at 75 C for
ature, then it was diluted with ethyl

acetate (30 mL). The resulting mixture was washed with water (30 mL). The organic phase was dried
over MgSO4, filtered, and evaporated. A solution of the crude product in dichloromethane was
evaporated over silica gel, and the resulting silica gel supported crude product was loaded onto an
Analogix SF40 Super Flash column. Flash chromatography 15 (15% - 35% ethyl acetate in hexanes)
afforded 180 mg (46%) of 4-(2- benzenesulfonyl-benzyl)-6-fluoro-3-methyl-naPhthalen-2-y11-acetic
acid methyl ester as a clear oil. 1H NMR (300 MHz, CDCI3) 6 ppm 8.38 (d, J =7.8 Hz, 1 H), 8.01 (d, J
=75Hz,2H),755-7.76 (m, 5H), 7.37-7.48 (m, 1 H), 7.31 (d, J=7.8 Hz, 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). MS
(ES+) cald. for C27H23F04S [(M+H)1 463, obsd. 463.



WO 2010/055005PCT/EP2009/064813 - 168 - ‘ _
4-(2-Benzenesulfonyl-benzy1)-6-fluoro-3-nnethyl-naPhthalen-2-y11-acetic acid OH Starting with
4-(2-benze -henzyl)-6-fluoro-3-methyl-naPhthalen-2-yli-acetic agid. 0 , using a
method an%%%ﬂ%&%#%one described for example 2-1, final step, PR
4-(2-benzenesulfonyl-benzy1)-6-fluoro-3-methyl-naPhthalen-2,11j-acetic acid (17.6 mg, 31%) was
obtained as a yellow oil. 1H NMR (300 MHz, DMS50<16) 6 ppm 12.23 (br. s, 1 H), 8.30 (d, J = 7.5 Hz,
1 H), 8.05 (d, J= 7.5 Hz, 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 = 7.4
Hz, 1 H), 7.48,(4 shitifoft biZa kdRnibrRatetha R A/ Harzb) & 3B deb-dapahddiz 4iH), 6.43 (d, J =
7.5Hz, 1 H), 4.42 (br. s, 2 H), 3.80 (Fr. S,2 H)2 % 07 (s, 3.H). Mﬁ’S E§+ caH for ngH(gIFMS [(M+H)+]
449, obsd. 1 T8 GFIBPIR 491(920 mg, 2.8 mrmol)in fethanol (20 mL) was adde
16-Fluoro-3-eitivvib4rdidyaniek Vide nry Kl S8anhibia B2 1 Trecebicuaeid @ttirred at 0 °C for
[6-Fluoro:3-methyl-4-(4- - - - -aGa]] ' O
201010550080 H RS 5B R eI Y ko Sy e 26l 2GBUREHRY A
(6-fluoro-3-neeteyagainitreiesrirethincantiadgitayahapiivmibrrotytiide iie3ma thathpiester (220 mg,
e e et
palladium(ll) acetate mg, 0. mmol), 2-dicyclohex osphino-2'.6'-dimethoxybiPherw mg,
0159 mmolf & FHTSTHT DHER BHEE D5 HG STIER NAR SR IR s e AR 5 mL) was
heated at 1110 fes@ieouss Theaieadtioetinikassaimsrcboleshtsroots veigebdiive, diluted with ethyl
acetate (10 ) ith bring ( ). Qraagi [ . 4, filtered
and conlc((}en(t%r1 teé.ggﬁl‘;ﬁ%gﬁgfe qﬁ%ﬁﬁto@%&%g@%;% exanes-ﬁﬁ%fe%?%%ﬁggﬁgi%%gm.9%) of
[6-fluoro-3-nfswgenegatraigdie e n2o1Rse Rt TR alivaid Beid (Hidthy €58 18s a colorless oil
which solidifiggiarpsiandisgod HiNMR 4380 MinkiBMS@-ediGid promuih 920(dd 53 mhB.daeeHz, 1 H),

7.75 (s, 1 H), 7,63 (dd, J = 12.4, 2.1 Hz, 7. J=8, 1 H). 7.03 (d. ] =.7.8 Hz, 2 H),
6.92 EZ J =)%8(%£%F?)”fi4’.‘2ﬁf}l§f‘%sﬁ 5@%%?@%}?%%‘1’@%’Pﬁf%?é’é?r&f‘)ﬁ‘ﬂ%i'%ﬂ?% H). 21
15[6-FIuoro-BeﬂtEil&yﬂMS@@mgﬂﬁA—%&azmmmmmwwéeyl]i_ﬁdéﬁiﬁa(ﬁ@mﬁu dohutionxgfre
[6-fluora-$ ety GrtaMmeryheRayda naphibalen 2 yaceis aricimplubestpr iR 8 mg. 0.419

mmol) intetrahydrofuran (14 ML) was treated with 4 20 warm solution of lithium hydroxide
monohydratd (75782%§n42 i) (i Whlted @5 ne) Rl &b R iR e W Stifdd: &room
temperature fQs2QchPws qilutediwithwimisrs acabisiednsiozgieous 3.0 N HCI and extracted with ethyl
acetate. The ethyl acetate layers were c%@ggggafgsgfw E_Qrine, dried (Mg504), filtered and
concentrated. Purification by reverse ph [Cgave 81.7 mg (60%) of [6-fluoro- 25
3-methyl-4-(Fadtiighktiienzyainpigshtheldn-26y8 eceticendtdsraanHnaloand s FiauR {800 MHz,
DMSO-dg) 6&9%1@%631(?&3%9@%% Bt (ol ofiding (bldpelabllvdivdds, L H), 762 (dd, J=12.1, 1.8
Hz,1H),7.33(d, J=8.7,18H7 1H) 703(d, =7 z,2H) 692 (d J=78Hz 2H) 440 (s, 2
H), 3.82 (s, 2 H), 2.32 (s, 3 H), 2.21 (s, 3 H). HRMS (ES-) €&iSfor C211-119F02 [(M-H)1 321.1296,
obsd. 321.128X™WO PrIars5005PC S G08/8a813 - {EPL- EXAMBLES 15-2 to 155 The
following examples-15 240t vere 3 rEtar ArETa WAtk raTITeT 10 example 15-1; Starting with
9 THRS IOTL I a2 (N ETE PEEHATEYgH g2 2alOgeFas 23 _ mp ' 9 g
(6-fluoro-3-methy1-4-tefitiresethanesylforstoxy+ Synaphthalen-2:yl)-acetic acid methyl ester and the
appropriate 4,4,5,5-teteasnetnetbal (hehA )13 8 ddlokaborolane reagent. Example No Systematic
Name 4,45,5-tetra meﬁ@@ﬁ?ﬁi@a : 49/1)';153:g -ﬁj%?_@,t@rglare H NMR (3¢6™™ 2048) 5/ppm
HRMS (ES-,| (MHy) Stﬂé@ﬁtﬂ%@:i@%}%'(31@}1"@@%48415-&5-
7.31(d,J=86Hz, 1
H), 654 (s, 1 H), 3.78

{br.s, 2H),2.98(s,3
H), 246 {5, 3 H}




2.44 (br. 341.0747 benzyl)-6- tetramethyl-2-(3-'s, 1 H), fluoro-3-met chloro-benzyl)- 7.88 - 8.02

hyl-naphthalen- 1,3,2- (m, 1 H), 2-yl13-acetic acid dioxaborolane 7.77 (s,1  H),7.68 411.
0 12.1Hzed niblsshil®- PCT/EP2009/064813
- 173 -
16-3 {6-Chloro-4- (CD;0D) 8.08 (s, 1 H), | 427.0376
[hydroxy-(4- 7.90(c, J=84Hz?2
methanesulfonyl- | H), 7.82 (d, J =8.5 Hz, OH
phenyl-methyll- | 1 H), 7.75 {br. s, 1 H), OO
naphthalen-2-yik- 1 7.69(d, J=84 Hz, 2 ol o
acetic acid H), 7.63 (br. s, 1 H),
7.33-742(m, 1 H), HO
6.43 (s, 1 H),3.70 (s, 2 O o
H),3.09 (s, 3F) ST
0
16-4 {6-Fluoro-4- 774 (dd, J=91,5.7 4250827
[hydroxy-(4- Hz, 1 H),7.69 (s, 1 H),
methanesulfonyi- | 7.60 {(d,J=7.5 Hz, 1
2-methyl- H}, 7.39 - 7.54 (m, 3 H), OH
phenyi}-methyll | 7.15-7.25 (m, 2 H), OO
naphthalen-2-yi}- | 6.48 (s, 1 H), 3.47 (br. E O
acetic acid g, 2 H),3.01(s,3H),
2.26(s,3 H} HO O
‘ 2
S
o
165 {6-Fluoro-4- (DMSO-dg) 1244 (br.s, | 411.067
[hydroxy-{4- 1H), 798 {dd, J=9.0,
methanesulfonyl- | 6.0 Hz, 1 H), 7.86 -
phenyl)-methyl}- | 7.90 (m, TH),7.85(d, J OH
naphthaien-2-yi}- | = 8.4 Hz, 2 H), 7.78 (br. OO
acetic acid s, 1H),7.89 (br. s, 1 E 0
H), 7.66 (¢, J =84 Hz,
2H), 738 (id, J =90, HO
27 Hz, 1H), 645 (d, J Q o
= 4.0 Hz, 1 H), 6.40 (d, v
J=40Hz, 1H), 376 o
(s, 2H),3.16(s, 3 H)
16-6 [ [Hydroxy-(4- | 7.97 (0, J =8.2Hz, 1 | 393.0767
methanesulfonyl- | H), 7.79 - 7.8% (m, 3 H},
phenyl}-methyll- | 7.73 (s, 1 H), 7.52 -
naphthalen-2-yi}- | 7.66 {m, 3H), 7.36 - OH
acetic acid 7.52(m,2H) 6.54 (5,1 OO !
H), 3.83 (s, 2 H}), 2.97 0
(s, 3H)
HO O
2
J,S\.
O

d, J=



Cl.0 7.40(m,3

H),7.09 (s,1H), 6.99(d,J =6.6Hz,1 H),4.49 (s, 2H),
WO 2010/055005 PCT/EP2009/064813
-174 -

16-7 {4-[(4- (DMSO-dg) 1248 (br.s, | 401° OH
Ethanesulfonyl- 1H)7.96 (dd, J=9.1, OO
phenylj-hydroxy- | 6.3 Hz, 1 H)7.72-7.88 E O
methyll-6-fluoro- | {m, 4 H)7.56-7.71 {m,
naphthalen-2-yl}- | 3H)7.36 (td,J=8.7, HO
acetic acid 23Hz, 1H)8.34-6.47 O o

(m, 2 H)3.73 (s, 2 H) g
3.22(q,J=74Hz,2 o
H)1.03¢, J=74Hz,3

H)

16-8 {4-H4- 7.87{dd,J=8.9,58 439.0983 OH
Ethanesulfonyl- Hz, 1H),7.87-7.78 OO '
2-methyi- {m,3H) 7.57-766 = 0
phenyl)-hydroxy- | {(m, 2H), 7.28-7.35
methyl]-6-fluoro- | (m, TH), 7.24 -7 .26 HO
naphthaien-2-yl}~ | (m, 1H), 6.61 (s, 1 H), O 0
acetic acid 376(d,J=16.0 Mz, 1 g

H), 3.75(d,J=160 o
Hz, 1H),3.12(g,J=
73Hz, 2H),2.33(s,3
H), 128 ({t J=7.3 Hz,
3H)
a: MS reported as [{(M-H)}.
EXAMPLE 17-1

{4-][(2-Chioro-4-methanesuifonyi-phenyl)-difluoro-methyl]-6-fluoro-naphthalen-

10

{4J(2-Chloro-4-methanesulfonyl-phenyl)-difluoro-methyii-

6-fluoro-naphthalen-2-yl}-acetic acid

2-yii-acetic acid ethyl ester

I,S\

3.84 (s, 2



H), 2.32 (s, 3H) 15-3[6-Fluoro-4-(4- 4,4,5,5- 12.46 (br. 325 1045 Ou_ 0 a fluoro-benzy1l)-
tetramethyl-2-(4- s, 1H), 3-met fluoro-benzyl)- 7.91 (dd, J hyl-naphthalen- 1,3,2- = 8.6, 6.5

2-y13-acetiqacid dioxghorolane Hz, 1 H),  7.74(s,1  H),7.64  (d, $Trmpa0o9scasts

_ -175 -
A mixture of [4-(2-chloro-4-methanesulfonyl-benzoyl}-6-flucro-naphthalen-2-yl}-acetic
acid ethyi ester (precursor of example 2-8 prepared according to Scheme 2) (90 mg,
0.20 mmol) and bis(2-methoxyethyl)aminosulfur triflucride (709 mg, 3.21 mmol) was
heated at 85 °C for two days in a high- pressure sealed tube. The crude mixture was
5 directly loadedonio a RediSep® Flash column for purification. Flash
chromatography (RediSep® Flash column, 230-400 mesh, 0-50% ethyl acetate in
| hexané) gave slightly impure {4-{(2-chloro-4-methanesulfonyl-phenyl)-difluoro-
methyi]-8-fluoro-naphthalen-2-yl}-acetic acid ethyl ester (22.4 mg, 24%). Additional
purification was achieved using reverse phase preparative HPLC (using a Waters®
10 Delta-Prep™ 3000 with a Varian Pursuit® C-18 column [10 ym, 20 x 150 mm}). MS
(ESI+) cald. for CzH1sCIF204S [(M+H)'] 470, obsd. 471.

{4-[(2-Chioro-4-methanesulfonyl-phenyi}-difiuoro-methyl]-8-fluoro-naphthalen-

2-yl}-acetic acid

15
Starting with {4-][(2-chloro-4-methanesulfonyl-phenyl)-difluoro-methyf}-6-fluoro-
naphthalen-2-yl}-acetic acid ethy! ester using the method analogous to the one
described for exampie 2-1 final step, {4-{(2~ch!oro-4-methanesu1fony1~phenyl)—
difiuoro-methyl}-8-flucro-naphthalen-2-yl}-acetic acid (17.2 mg, 82%) was obtained

20 as a white crystalline solid. "H NMR (300 MHz, CDClz) & ppm: 8.05 (br. s, 1 H), 7.98
(br.s, 2 H),7.85-7.94 (m, 2 H), 7.72-7.80 (m, 1 H), 7.54 (br. s, 1H), 7.29 - 7.38 (m,
1 H), 3.83 (s, 2 H), 3.14 (s, 3 H); HRMS (ESI+) cald. for CaoH14CIF:048 [(M+ Na)']
465.0145, obsd. 465.0144.

25 EXAMPLES 17-2 t0 17-3
The following examples 17-2 to 17-3 were prepared in an analogous manner {0

example 17-1, starting with the corresponding ketone ester.



H),3.80

11.8Hz,1 H),7.32(t, J=86Hz, 1H), 705 (d,J=6.9 Hz,4H), 4.43(s,?2
(s, 2 H),
WO 2010/085005 PCT/EP2009/064813
-176 -
HRMS
Example | Systematic 'H NMR (300 MHz, | (ESH,
No Name CDCl3) & ppm {M+Na)") | Structure
17-2 {4-[Difluoro-(4- 8.02({d,J=85Hz, | 4310535
methanesulfonyl- | 2H), 7.91 (s, 1 H},
phenyl}-methyl}- | 7.85-7.90 (m, 1
§-fiuoro- H),7.70-7.80{m,
naphthalen-2-yt}- | 3H), 7.51(d, J =
acetic acid 11.2Hz, 1 H), 7.28
- 7.35 (m, 1 H},
3.88 (g, 2 H), 3.09
(s, 3H)
17-3 {4-{(a- 797(d,J =85Hz, | 4450692
Ethanesuffonyl- | 2H)7.90 (s, T H)
phenyl)-difiuoro- | 7.83 - 7.89 (m, 1
methyl}-6-fluoro- § H) 7.66 - 7.78 (m,
naphthalen-2-yi}- | 4 H}7.49 (d, J =1
acetic acid 09Kz 1H)7.27 -
7.33(m, 1 H)3.87
{s,2H}3.14(q.J=
74Hz, 2H)1.29
(t,J=74Hz, 3H)
EXAMPLE 181
{6-Fluoro-4-[(4-methanesulfonyi-phenyl}-methoxy-methyli-
naphthalen-2-yl}-acetic acid
S
5

{6-Fluoro-4-Jhydroxy-(4-methanesulfonyi-phenyl}-methyl}-naphthalen-2 -yi}-

acetic acid methyl ester




231(s,3 H) WO 2010/055005PCT/EP2009/064813 - 171 - 15-4 [6-Fluoro-3- methyl-4-(4-
trifluorome thoxy-benzyl)- naphthalen-2- yl]-acet ic add 4,4,5,5- tetramethy1-2-(4- trifluoromethoxy-
benzyl)-1,3 2 dipxaRegpane 12.41 (br. s, 1 H), 7.92 (dd, J = 8.8, 6.3 Hz Pt ledSoSeds H), 7.67 (dd,
J=12.1,2.0 Hz, 1 H), 7.33 (td, J = 8.8, 2.0 Hz, 1 H), 7.23 (d, J = 8.4 Hz, 2 H), 7.13 (d, J=8.4 Hz, 2 H),
4.49 (s, 2 H), 3.81 (s, 2 H), 2.30 (s, 3 H) 391.0961 oai\ 15-53-(3-4,4,5,5- 12.42 (br. 389.1160a

Carboxymethyl- tetrameth}yl -2-(3-s, 1 H), 7-fluor6-2- carbomethoxy- 7.94 é d,J
To a solution 0 [6—f|uoro~4 (4~ methanesuifonyl -benzoyl)-naphthalen-2-yll-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 ovemight, and then partitioned between

5 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-yf}-acetic acid methyl ester (80 mg,
86%) as a yellow oil. MS (ESI+) cald. for Co1HsFOsS 402 [(M+H)"], obsd. 403.

10
{6-Fluoro~4-[(4-methanesulfonyl-phenyl)-methoxy-methyl}-naphthalen-2-yl}-
acetic acid methyl ester

15 To a solution of {8-fluoro-4-[hydroxy-(4-methanesuifonyl-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,

20 filtered, and concentrated in vacuo. Flash chromatography (RediSep® Flash column,
230-400 mesh, 0-40% ethyi acetate in hexane) gave {B-fluoro-4-[{4-methanesulfonyl-
phenyl)-methoxy-methyll-naphthalen-2-yl}-acetic acid methyl ester (37.6 mg, 39%)
as a clear oil. MS (ESi+) cald. for CopHuFOsS [(M+H)'] 416, obsd. 417.

25 {6-Fluoro-4-[{4-methanesulfonyi-phenyi}-methoxy-methyl}-naphthalen-2-yl}-
acetic acid



methy_benzyl)-1,3,2- = 8.8, 6.3 1l-naphthalen-1- dioxaborolane Hz, 1 H), ylmethyly 7.64 - 7.83
benzoicac (m,4H), Idmethylester 7.25-744 h))- (m,3H), 4.55(br.s,

WO 20106/055005 ‘ PCT/EP2609/064813

N

Starting with {B-fluoro-4-[(4-methanesulfonyl-phenyl}-methoxy-methyl]-naphthalen-2-
yll-acetic acid methyl ester, and using the method analogous to the one described
far example 2-1, final step, 6-fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-

5 naphthalen-2-yl}-acetic acid (36 mg, 99%) was obtained as a white solid. "H NMR
(300 MHz, CDCls) & 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 CaiHioFOsS [(M+ Na)'} 425.0829, obsd. 425.0827.

10 EXAMPLE 19-1
{6-Fiuoro-4-[hydroxy-{4-methanesulfonyi-phenyi)-methyil-

32-methvi-naphthalen-2-yl}-acetic acid

Y
. 0

15 A solution of [8-fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-naphthalen-2-yi}-
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 mixiure was concentrated in vacuo. The crude product was

20 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-
methanesulfonyi-phenyl)-methyl]-3-methyl-naphthalen-2-yl}-acetic acid as an oil. H
NMR (300 MHz, CDCl3) & ppm: 7.82 (d, J = 8.2 Hz, 2 H), 7.74 (dd, J = 9.1, 6.0 Hz, 1
M), 7.61 -7.70 (m, 2 H), 7.49 (d, J=8.2 Hz, 2H), 7.156 (id, J= 8.3, 2.1 Hz, 1 H), 6.73



2H),383 (s,2H), 3.78(s,3  H), 232 (s,3H) a:FIRMS (ES+), [(M+Na) I,
EXAMPLE 16-1 '
f4-112-Chlogandyngibapesulfonyl-phenvl)-hydroxv-methvii56-fluoro-naphthagemedspiisacetic acid WO
2010/055005PCT/EP2009/064813 - 172 - To a solution of
[4-(2-chIoro-4-methanesuIfonyl-benzoyl)-G-fIuorg-{?ththalen-Z-yl]- acetic acid (example 2-8) (920
mg, 2.19 mmol) in methanol (20 mL) was added sodium boaohygdgrri&)e %ﬁ@%é%@r@% at0 C. The
mixture was(&tifr&t: &P Pfof 513D MRS géﬁ&ré%‘hﬁﬁﬂﬁuﬁ{ 02r femhpetrttdre. ours, the
reaction waggaCcRA0IA POSI[IWO Na fhd2adtitonabsodid® tREDhydride (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 10 hye¥#diRiele Bid solution. The organic layer was dried over
sodium sulfaig,e fligsathAaehRANEARIAIGR MR RENEISSRIRRR RIERAsAty e HRKE (ssing a
Waters(r) Delta-PrepTM 3000 with a Varian Pursyit(r) C-18 column [10 pm, 20 x 150 mm]) gave
{4-[(2-chloros BHRANEIE N AR RIS KSR FFHERHY - 6-fluoro-naPhthalen-2111- acetic acid (500
mg, 54%) as an off-white powder.1H NMR (300 MHz, 1.8 l-mixture 15 of CD30D and CDCI3) 5 ppm
7.92 (s, 1 H). i T §53:6Mard H).| 7eBRumRY(bb (22 H), @6 - 7.29 (m, 2 H), 6.70 (s, 1 H), 3.64 (5, 2
H), 3.09 (s, Bid); HRMEnESI+) caldiMeO@20HAB CIFOS BN+ NarbuutBie283, obsd. 445.0281
EXAMPLES| 162 to 16=-BluorcFire fq Ilﬁiﬁm@fegedsrﬁp‘lggﬁﬁf‘ﬁ%zféﬁ were prepared in an analogous

manner to 20 examp t ﬁj;\j/\gﬂﬁagﬁ g??r,[@sponding keto
Systematic Name 1FI4MME3|)(300 MiAz4 C@@[&) 6ppm HRMS (ES
phenyi} 7.66 {s, 4 H), 7.62 (br.
methyl}- g, 1H),7.37{d,J =
naphthaten-2- | 8.9,2.3Hz, 1H),6.34
yh-acetic acid | - 6.48 (m, 2H), 3.73
(s, 2 H),3.49 - 3.62
(m, 4 H),2.78 {br. s, 4
H)

kg
%'P

EXAMPLE 20-1
{6-Fluoro-4-fhvdroxy-(4-methylsulfamovl-ghenyl)-methyl]-

10 naphthalen-2-yi}-acetic acid

Y
HO™ O 5

Sa, -
N

‘e
I

H

{6-Fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl}-methyf]-
naphthaien-2-yl}-acetic acid methy! ester

Lo



, (4-[Hydroxy-(4- 7.84 (d, J = 8.3 Hz, 2 407.0923 0 ' * i methanesulfonyl- H), 7.76 (br. s, 1 H), |
phenyl)-methy11- 7.73 (d, J = 8.6 Hz, 1 ' 6-methyl- naphthalen-2-yb- acetic acid H), 7.67 (br. s, 1 H),

7.60 (d, J =33 7a/2ckils 745 (br. s, 1H).  7.31(d, J=8.6Hz, 1 H), fcGhfeodbohtssa78 (br.s, 2
H), 2.98 (s, 3 H), 246 (s, 3H) WO 2010/055005PCT/EP2009/004813 - 173 - 16-3 {6-Chloro-4-

[hydro,-@- methanesulfonyl- phenyl)-methy1]- na| thalen-2-y1)- acetic acid (CD300) 8.08 (s, 1 H),
ZgloH(()j iz;%gqlgxﬁo;‘zw oq)[’éi?figgﬂ()?i-%él_-n?é?hugbi}alr_'n)éyi—'ggn(z%rylih%pﬂhg{gng— 93/’[]’153:68%%? al_cl:rzd 2 H), 7.63 (br.
methyl ester (prepared in an analogous manner to example 2-1} in methanol (20 mlL)
was hydrogenated using a H-cube hydrogenation reactor with & flow rate of
ml/min and a 10% palladium on carbon catalyst cartridge at 30 °C under 10 bar
5 hydrogen pressure. The reaction gave a mixiure of alcohol {B-fluoro-4-fhydroxy-{4-
methylsulfamoyl-phenyl)-methylj-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 um, 20 x 150
10 mmj) was used o separa’ée 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 C21Hz2eFNOsS [(M-H)] 417, obsd. 416.

{6-Fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl}-methyi]-
15 naphthaien-2-yl}-acetic acid

OH
T
HO
O
g

’” ‘i\lz—’
H

Starting with {6-fluora-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyl]-naphthalen-2-
yl}-acetic acid methyl ester (3.0 mg, 0.007 mmot), 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
vellow oif. "H NMR (300 MHz, CDCls) 8 ppm 7.72 - 7.79 (m, 1 H), 7.71 (d, J = 8.6 Hz,
2 H), 7.63 (s, 1 H), 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 (id, 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 CaoH1sFNOsS [(M+Na)'] 426.0782, obsd. 426.0779.

ACTIVITY AND USE OF THE COMPOUNDS



7.33-742(m,1H), 6.43(s,1H),3.70(s,2 H),3.09(s,3H) 16-4(6-Fluoro-4-7.74 (dd, J =9.1,
5.7 425.0827 [hydro'-(4- Hz, 1 H), 7.69 (s, 1 H), methanesulfonyl- 7.60 (d, J =7.5Hz, 1 2-methyl-

H), 7.39 - 7@6 (MoRdshes Phenyl)-methyll- 7.15- 7.25 (m, 2 H), naphthagens2psheded (s, 1 H), 3.47
(br. Li aceticacids, 2 H), 3.01 (s, 3 H),

_ - 181 -
The compounds of formula | possess valuable pharmacclogical properties. It has
been found that said compounds are antagonists or partial agonists at the CRTH2
receptor and may be useful in treating diseases and disorders associated with that
receptor such as asthma. The activity of the present compounds as CRTH2 receptor
5 antagonists or partial agonists is demonstrated by the following biological assays.

Human CRTH2 Receptor Binding Assay
A whoie cell receptor binding assay using PHiramatroban as the competing
radioactive ligand was employed to evaluate the compound binding activity to human
10 CRTH2. The radioactive figand [*Hiramatroban was synthesized according to
Sugimoto et. al. (Eur. J. Pharmacol. 524, 30 - 37, 2005) to a specific activity of 42
Cifmmol.

A cell iine stably expressing human CRTH2 was established by transfecting CHO-K1

15 cells with two mammalian expression vectors that harbored human CRTH2 and G-
alpha16 cDNAs, respectively, using FuGene® 6 transfection reagent (from Roche).
Stable clones expressing CRTH2 were selected by staining each clone with BM16
(BD Pharmingen™ from BD Biosciences, a division of Becton, Dickinson and
Company), which is a rat monoclonal antibody to human CRTHZ. The cells were

20 maintained as monolayer cultures in Ham's F-12 medium containing 10% fetal
bovine serum, 100 units/mL penicillin, 100 pg/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 whale cell receptor binding assay, the monolayer cells were rinsed once with
PBS (phosphate buffered saline), dissociated us.ing 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° celis/ml..

The binding reactions (0.2 mL) were performed in 96-weli plates at room
temperature in PBS containing 1.5 X 10° cells, 10 mM MgClz, 0.06% BSA, 20 nM

30 [*Hlramatroban, 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 & Filtermate™ Harvester (a cell harvester that harvests and washes cells



2.26 (s, 3H) 16-5{6-Fluoro-4- (DMSO-d6) 12.44 (br. s, 411.067 [hydroxy-(4- 1 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

naphthalen %d%&wm%@o‘é#z 2 H) 7.78 (br. acetic acid s, 1 H), 7.69 (br.gg;skgpaoiods8 (d, J =8 4
Hz, 2H), 7.38(td, J

-182-
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 pM of 15(R}-15-methy!

PGD; (from Cayman Chemical Company) in the reaction mixtures. The radioactivity
bound to the celis in the absence of compound (total binding) was determined by
replacing compound with 0.25% of DMSO (dimethy! sulfoxide) in the reaction mixture.
Specific binding data were obtained by subtracting the radioactivity of non-specific

10 binding from each binding data.

The ICs value is defined as the concentration of the tested compound that is
required for 50% inhibition of total specific binding. In order to calculate the ICs
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 ICx 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

20 208, where F(x) = (A+{B-AY/(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 resuilts of the
assay showed that all of these compounds have binding activity exhibiting 1Css

25 values ranging from 0.0021 uM to 0.3859 uM as indicated below:

Example No. Human CRTH2Z Binding
ICs (MM)
Example 1-1 0.0178
Example 1-2 0.0402
Example 1-3 03357
Example 1-4 00112
Example 1-5 0.0062




2.7Hz,1H),6.45(d,J =4.0Hz,1H),6.40(d, J=4.0Hz,1H),3.76 (s,2H),3.16(s,3H) 16-6
{4-[Hydroxy-(4- 7.97 (d, J = 8.2 Hz, 1 393.0767 methanesulfonyl- H), 7.79 - 7.89 (m, 3 H),

phenyl)- me@%‘be?&@s@sl H), 7.52 - naphthalen-2-01- 7.66 (m, 3 H), 7p3&/xpr268RliGAcid 7.52 (M, 2
- H), 6.5 _

- 183 -

Exampie 2-1 0.0043
Example 2-2 0.0264
Example 2-3 ' 00170
Example 2-4 0.0406
Example 2-5 00151
Example 2-6 00155
Example 2-7 §2640
Example 2-8 (.0085
Example 2-9 0.1994
Example 2-10 0.0448
Example 2-11 0.1353
Fxampie 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 (.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
Exampie 2-31 0.1031
Example 2-32 02719
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 8-1 0.0878
Exampie §-2 00153
Example 8-3 0.1625
Example §-4 0.0061
Example 8-3 0.0053
Example 8-6 0.0054
Example §-7 0.0054
Example 8-8 0.0060
Example 8-9 0.0043




H),3.83(s,2H),2.97 (s,3H) WO 2010/055005PCPEP2089/064813 - 174 - 16-7 (44(4-
Ethanesulfonyl- phenyl)-hydroxy- methyl]-6-fluoro- naphthalen-2111- acetic acid (DMSO-d6) 12.48 (br.
s 1 H) 7.96 gelgly ol skt -3 Hz, 1 H) 7.72 - 7.88 (m, 4 H) 7.56 - 7.71 (M, gcdhep3fofdusds 8.7, 2.3 Hz, 1
H) 6.34-6.47 (m, 2 H) 3.73 (s, 2 H) 3.22 (g, J = 7.4 Hz, 2 H) 1.03 (t, J=7.4 Hz, 3 H) 4018 0. c 0 opt
go * 6-8(44(4- 7.87 (dd, J=8.9, 5.9 439.0983 O, r5 9,-0 go Ethanesulfonyl- Hz, 1 H), 7.67 - 7.78
2-methyl- (m, 3 H), 7.57 - 7.66 _phenyl)-hydroxt (m, 2 H),.7.29- 7. 35 methyl]-6-fluoro- (m, 1 H), 7.24 -

726 naphthalen-2-yll- (m, 1 BB od 1 H), 0.0032
Example 10-1 0.003%
Example 10-2 0.0540
Example 10-3 0.0032
Example 10-4 (0.024
Example 10-5 00124
Example 10-6 0.0267
Example 10-7 0.0067
Example 10-8 ' 0.005
Example 10-9 (.0599
Example 10-10 0.0325
Exampie 10-11 0.0035
Example 10-12 0.010
Example 11-1 (.0030
Example 11-2 (0.0680
Example 11-3 0.0027
Example 12-1 0.0056
Example 12-2 0.0102
Example 13-1 0.0031
Example [4-1 0.0054
Example 15-1 : 0.6601
Example 15-2 0.0838
Example 15-3 0.0328
Example 15-4 0.0793
Example 15-5 0.0276
Example 16-1 00161
Example 16-2 0.3859
Example 16-3 00159
Example 16-4 0.0319
Example 16-5 0.0080
Example 16-6 0.0352
Example 16-7 0.0174
Example 16-8 0.0189
Example 17-1 0.0057
Example 17-2 0.0031
Example 17-3 0.0039
Example 18-1 0.0404
Example 19-1 0.0118
Example 19-2 0.0095
Example 20-1 00221

Calcium Flux Assay Using FLuorometric imaging Plate Reader (FLIPR)

Cell Culture Conditions:



acetic acid 3.76 (d,J=16.0Hz,1 H),3.75(d,J=16.0 Hz,1H),3.12(q,J= 7.3Hz,2H), 233
(s,3 'H), 128 (t, J=7.3Hz, 3H) a: MS reported as [(M-HyI . EXAMPLE 17-1

(44(2-Chlorg:4-mgthapgsulfonvl-phenvh-difluoro-methv11- 56-fluoro-naghthaienedsilasetic acid
{4-1(2- Chloro 4-methanesulfonyl-pheriyl)-difluoro-rnethyl]-6-fluoro-naPhthalen- 2-y1}-acetic acid ethyl
ester WO 2010/055005PCT/EP2009/064813 - 173: A mixture of

[4-(2-chloro-4-methanesulfonyl-benzoy1)-6- fluoro- naphthalen -2-ylpacetic aC|d] e%pgl ?ster precursor of
y trans

example 2-§btepated sdsarg o aeRtHES BRI bR PriE P Rhgeauent ecte
bis(2- methommmé)mmﬂ@ﬁsy#m%wm@rertm&:&wmmek)fmmhemw aEidBudiador two days in a

high- press aled ixture was 5.di i Flash column
for punflcatlaﬁq ﬁ?&&ﬁ”w@a@%ﬁ%@eﬁ? glé\éf)i 391 1%1?1%(362{%?? é%%‘?%gjb%%gé@/o ethyl acetate
in hexane) gavepttighyrasgiomebased on staining with an antx human CRTH2 IgG, followed by

{44(2-chiorogs %;ﬁ%ngeﬁﬁn@%'pehsax&kéIﬁluszrﬁga%ﬁyﬂ @etw@r@ﬂa@amm%m@mz c acid ethyl
ester (22.4 mg,

ditional purification was achieved usin ve HPLC
(using a Wa@@@(\‘i 1@ % Pr%H*I’aS.?@CJIO Rt Q(WH%SF‘%%%HE% [H%Jp&ﬁ %x 150 mmy).
MS (ESI+) calshifgr @B@Héﬁﬁ&%ﬂ&[l@%b 400, rebisd HEft's F-12 medium supplemented

{4[(2-Chloro- 42{121 %ah{%gi%if) rxl %MJ%{ el {&h @ﬂ'ﬂ%ﬁ’_ %ﬁl%m %10 é@;pn cetic acid OH 15

Starting with'] hanesU on uoro-me oronaphthalen-2-yll-acetic

acid ethyl eﬁéﬁ@@%@heﬂ@@tﬁ@iﬂlbm@ﬁm@%Bhéfﬁh%ﬂ@éﬁfﬁﬁe@ﬁglﬁéﬁ&ﬁﬁi@@ 18R step,

{4-[(2- C?&Pr%e@%%}@99@5't@my'r@ta@ayébwm%msmméhécﬁwﬁe@mb@mwbmcem acid (17.2
mg, 82%) was obtained 20 as a white crystalline solid. 1H NMR (300 MHz, C%Clg%?éﬁgm 8.05 (br. s,

1 b, 7.98 (OB HSinENaG niegaBy! Fro9 @“ééa(ﬂ}eﬁhpﬁ“’ﬂ‘éi (B & 7.38 (m, 1 H),
3.83(s, 2 H)cmB)m@%m%@%ﬁﬂﬁﬁh@mmawd@%ﬂuﬁ&ﬂ@lE@ﬂﬂ@JlﬂMberf}emﬁaMmS obsd.
465.0144. Zgﬁg 'r%‘%grlra et I!%)FOTJhZe'%eIE suspension volume was adjusted to 2.5 x1 0° cells
/mL with complete growth media. Aliquots of 50 uL were dispensed into BD
15 Falcon™ 384 well black/clear microplates (from BD Biosciences, a division of Becton,
Dickinson and Company) and the microplates were placed in a 37 °C CO; incubator
overnight. The following day, the microplates were used in the assay.
Dye Loading and Assay:
Loading Buffer containing dye (from the FLIPR® Caicium 3 Assay Kit from Molecular
20 Devices, a division of MDS Analytical Technoiogies and MDS Inc.) was prepared by
dissolving the contents of one bottle into 200 mL Hank’s Balanced Sait Solution
containing 20 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) and
2.5 mM probenecid. Growth media was removed from the cell plates and 25 pL of
Hank’s Balanced Salt Solution (HBSS) containing 20 mM HEPES, 0.05% BSA and
25 2.5 mM probenecid was added to each well followed by 25 pL of diluted dye using a
Multidrop dispenser. The plates were then incubated for 1 hour at 37 C. "

During the incubation, test compound plates were prepared by adding 90 pL of
HBSS/20 mM HEPES/0.005% BSA buffer to the 2 pl of serial diluted compounds.
30 To prepare serial diluted compounds, 20 mM stocks of compounds were dissolved in
100% DMSO. The compound dilution plate was set up as follows: well # 1 received
5 pL of compound plus 10 pL of DMSO. Wells 2-10 received 10 ul. of DMSO. 5 uL.
was mixed and transferred from well #1 into well #2. 1.3 serial dilutions were



The following examples 17-2 to 17-3 were prepared in an analogous manner to example 17;1, starting
with the corresponding ketone ester. WO 2010/055005PCTIEP2009/064813 - 176 - Example No

Systematic Hgme ekekdIMR (300 MHz CDC13) 5 ppm HRMS (ESI+, (M4Na)kisoteed7-2
{4-[Difluoro-(4- methanesulfonyl- phenyl)-methylp 6-fluoro- naphthalen-2-yl}- acetic acid 8.02 (d, J =
87.53?2( 2 Hl), 7).931 (s, 1H),7.85-7.90 (m, 1H), 7.7Q, 7.80 (m, 3 H), 7.51 (d, J = 11,2 Hz, 1 H), 7.28
-7. m, 1 H), 3.88 (s, 2 H), 3.09 (s, 3 H) 431.0535 OH 411100 IN ,,-..... 17-3 {44(4- Ethanesulfonyl-
pheny!)-difl GFEIRARM]-6orRIBPS- %éﬂbrﬂﬁﬁi@?ﬁ%-?&'}’lpé’b‘é‘ﬁcwa?édr@)@?e(a%“%"%. PJ%‘%GH) 7.90 (s, 1yH)
7.83 - 7.89 (et b)ar366 wilradsaypiie? A4%(thed 80 OL9FRufarpVALFddBB3 (M, 1 H) 3.87 (s, 2 H)
3.14(q,J=7.4 Hz, 2 H) 1.29 (t, J = 7.4 Hz, 3 H) 445.0692 OH 401401 o Si EXAMPLE 18-1
(6-Fluoro-4-f(4-methanesullonvl-phenvl1-methoxv-methyll- naphthalen-2-v1}-acetic acid OH 56

(6-Fluoro-4 HiVetrnopigatiorethaindSel s apie aps Bnidaks PlakasMaen paaab bigetie acid methyl ester
E/c\s/cf?uiori%{ Oaﬁr%%?ﬁﬁgﬁﬁ@% Q@Pé’%déﬂ(i%lf?% %ﬂ@ﬂgmgiqf the éiilute?] clompounds were

- -4-(4- -benzoyl)-nap R-2:-y1]-acetic acid methyl ester (103.5 mg, 0.26
mmol) (exarfipistriedtetys) GRIRERISS t%erﬁ!tj%w%a\s %é%a g&&?u%eﬂdpgwy F?é?etﬁfggl ﬁ]ogi{r ) % mmol) at
room temperadargertpereraciioaffenihed wasr sticidédmopaiae mpm_faaimmedémigﬂf ldRRthen
pariioned behysen,o st aeelate aatlusiend s colRled taRle fafes vasdiiesgver magnesiun

sulfate, filtered, oncentrated in vacuo.”Flash chromatograp ediSep(r) Flash column, 230-400

mesh, 0-40%ssthy fucstatsnsnesedieyyuees b ien AmRpaRygN [Iom all 384 wells of the cell
methanggsuligoul-ahsv) sestisdlnapiibaleriroy hasetiseeidoesthylases @angseiine,

then 20 pL of sample was rapidly (30 pl/sec) and simultaneousiy added to each well
of the cell plate. The fluorescence was continuously monitored before, during and
after sample addition for a total elapsed time of 100 seconds. Responses {(increase
in peak fluorescence) in each well foliowing agonist addition were determined. The

15 initial fluorescence reading from each well, prior to ligand stimulation, was used as a
zero baseline value for the data from that well. The responses were expressed as %
inhibition of the buffer control. The ICs; value, defined as the concentration of a -
compound that was required for 50% inhibition of the buffer control, was calculated
by fitting the percent inhibition data for 10 concentrations to a sigmoidal dose-

20 response (4 parameter logistic) model using Genedata Screener® Condoseo
software program [from Genedata AG, model 205, where F(x) = (A+(B-
AN(+((CIx)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, 8-3to 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

18-7, 17-1, 7-3, 18-1, 18-1, 19-2, 20-1). The results of the FLIPR assay showed that,

with the exception of exampies 1-2, 1-3, 27, 2-9, 2-11, 2-12, 2-30, and 7-1 {which

exhibited 1Cs, values of greater than 3), all of the representative compounds tested
30 in this assay exhibit |Cs values ranging from 0.0001 uM to 2.1405 uM.

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



86%) as a yellow oil. MS (ESI+) cald. for C21H19F05S 402 [(M+H)+], obsd. 403. 10
{6-Fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-naPhthalen-2-y1}- acetic acid methyl ester

15 To a solyignRiAasfisoro-4-fhydroxy-(4-methanesulfonyl-phenyl)-metipylienmpitredesns 2-y 1) .-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. Th I organic layer was dried over
sodium suIfé@!@@ﬂl@réﬁ*ﬁﬁfﬁirﬁ’gﬁ%ﬂﬁ%ﬁ?@%ﬁ%@ﬁﬁéﬁ%@%@@ﬁ? géll ep(r) Flash
column, 230,40 sr68Hn 0-ABeethyt 2cEthl dellrexasepgles to evaluate compound celiular

{6-fluoro-4-[ 4-mne{§hanesuIfonylphenyl)-methoxy-methyl]-naphthalen-z-yl}-acetic acid methyl ester
(37.6 mg, 39% 094 clear oil. MS (ESI+) cald. for C22H21F05S [(M+H)+] 416, obsd. 417.

25{6-Fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyl]-naPhthalen-211}- acetic acid WO
2010/05300p5f F45 R2909/06A3 1SS tartimasWih from blood of healthy human volunteers

{6-fl -41(4-meth Ifonyl-Phenyl)-methoxy-methyli-naphthalen-2- vll- i j thyl ester,
i (EFREHHEHBTORURES FB T o AR St B e Gal, (PEMey ! ester
6-fIuort())-4—[(ﬁr@@ﬂi@ﬂi@&lﬂf@:ﬁlﬂqﬂhéﬁybméfr@tybmmw-%nwmm-geﬂS&cetmmﬂ (36 m(gllo , 99%)
was obtained as a white splid. ” ( 4 ; «0.75 (br.s, 1
rf?‘%ajor}‘foé%m;eg 1!}9;#.%1&3 %ijﬁﬂ&g&!%% R4 § CePRMticRi 1l

H), 7.50 -Y.éf??m, H), 9.80 (s, 1 H), 3.84 (s, 2 H), 3.45 (s, 3 H), 3.02 (s, 3 H);
HRMS (ESI{yemdifsngBisiesiuss Tha-CRAjA agls ore tReRdiTessntaies oERam Y 19-1

f6-Fluorgy4-tygliay #fmaibangsulianvisshasailimediviCarareiBigsnbics wrakerbdtetic acid 15 A

solution of [6-fluoro-4-(4-methanesulfonyl-benzoy1)-3-methyl-naphthalen-2-y1]- acetic acid (60 mg,
0.15 mmol) é@?érﬁ?}’lﬁa@’f?iﬁ%mﬂm%%ﬂﬁ%@ W%chgbz% ?%%pﬁs%l%qéoﬁ%ﬂ%qr%?&rogenation
reactor with @dtporasitenpfsh. Timi/ofireaochizirE0fpatamioterieniiarb o ikaalfsevarierigd €20 C under

10 IO BIESRUSS I IFACUAAIMAE AR FRBREKALE G YasHRorp kR e Oduct 1as 20
(

K
purified using chromatography (r) Flash column, 230-400 mesh, 2%- 5% methanol in

dichloromethapefan iyiaya 1 The 8% s femsRiashyRiRgg-R294 (CRTH2) MicroBead Kit
methanesulfgpykniRax)-metbyind:TeeknhnaRbd alenva/Ql wtaie dicid esrasitilgH99MR (300 MHz,

CDCI3 ©7.82(d,J=8.2 . =9.1.6.0 Hz, L 71.61 =7, 2 H), 7.49 (d,
Z62 o, e Fn s HE BhE RiR s R R RS o 6. 1
H), 3.86 (br. $elTH}, QKBS Rir)he b4y, BeHYRT HE-(sity S W) e P RN ZEEPY) 6 @IESRAINCP1H19F05S
[(M+ Nall 42%&@%%&?aﬂsé%ﬁgﬂgaﬁg_@mnle%A%B@Té’»ed@lﬁwéw GENBEYI opivaadyepared in

an analogous manner to exam 1, starting with the corresponding ketone derivative. Example No
Systematic NageyaseMine - MHz, DMSO-d6) 5 PPm HRMS (ESI+, (M+H)-) Structure 19-2
(6-Fluorgp4- 12.40 (br. s, 1 H), 7.97 460.1224  {hydroxy-[4- (dd, J =8.9, 6.3 Hz, 1

To determine cellular inhibitory potency, compounds at various concentrations were
incubated with 2.5 x 10* Th2 cells and 500 nM DK-PGD: for 4 hrs at 37 °C in 200 uL
of X-VIVO 15% medium containing 10% human AB serum. [L.-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 1Cso
calculations.

30
The percent inhibition of interleukin 13 (IL-13} production for a compound at various
concenirations was calculated according to the following formula, [1-(IL-13
production in the presence of com_pound)/(lL-13 production in the presence of 0.15%



OH (morpholine-4- sulfonyl)- H), 7.77 (br. s, 1 H), 7.74 - 7.87 (m, 1 H), 01.1 0 phenyl} 7.66 (s, 4 H),
7.62 (br.  methyl)- naphthalen-2- s, 1 H), 7.37 (td, J = 8.9, 2.3 Hz, 1 H), 6.34 HO 10 yl)-acetic aC|d

- 6.49 (M, 2, R1FRss0dS: 2 H), 3.49-3.62 01,710 (M, 4 H), 2.78 (BT iz AEr2009/064813

-188 -
DMSO)Ix100. The ICx value, defined as the concentration of a compound that is
required for 50% inhibition of IL-13 production, was calculated by fitting the percent
inhibition data for 7 concentrations to a sigmoidal dosé-respanée (4 parameter
logistic) model in the XLAt® software Excel add-in program [ID Business Solutions
5 Ltd., model 205, where F(x) = (A+B-AY(1+({C/x*D))].

Representative compounds tested in the binding assay were tested using the
foregoing DK-PGDa-induced 1L-13 production assay (examples 1-1, 1-4, 1-5, 2-1 10
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 o0 16-6, 17-1
10 to 17-3, 18-1, 19-1, 19-2). The resuits 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 ICs; vatues of 3.001 uM, 5.7465 uM and greater than 10 puM, respectively),
representative compounds tested in this assay exhibited activity in inhibiting 1L-13

production, with 1Cs; values ranging from 0.0006 uM to 2.4637 pM.

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 freating 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 puimonary disease (COPD), allergic

rhinitis, allergic inflammation, and atopic dermatitis.

30 The present inveniion 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



H) EXAMPLE 20-1
(6-Fluoro-44hydroxv-(4-methvisulfamovl-phemrl)-methyl110naphthalen-2-v1)-acetic acid '1r
{6-Fluoro-4sghysiidmethylsulfamoyl-Phenyl)-methyli- naphthalen-2pyigmaoeeiigoagiegsmethyl ester
WO 2010/055005PCT/EP2009/064813 - 180 - A solution of
[6-f|uoro-4-(4-methylsuIfamoyl-benzostl)-naPhth_a{ -2111-acetic acid methyl ester (prepared in an
analogous manner to example 2-%&n methanol (20 mL) was hydrogenated using.a H-cube
hydrogenatiBRAERIbRIGHATPFRNFTIAB oF Surh ARRPSERIA ﬁ@%%%ﬁéd%%%ﬂ%&%%ﬂ’é&%%%t cartridge at
30 C under &Dhairhdrysiraaenapeassiiemcbheyeastiomyave armbgarstef adcbiechpeutically

16-fluoro-4-rhydroxy-(4- methylsulfamoyl-phenyl)-methyll- t n-2-yll-aceti [ thyl ester

and the corr%r%/%cot'r\l’(% r?énguq[ﬁé% r%%rgﬁg%wgp %%%@f? 134 grgﬁﬁ?ﬁ%ﬂ?&sﬁgﬂrﬁo%@%@égﬁ

naphthalen-gsyéhatfeticatihfirsthyatoster RuveltsricHise prassitivd pee CgSiAyes\Waters(r)

Delta-Prep E%@Q%lgémwraa\ﬁré@e %é@é'ﬁ@{ r?r:j%?aﬁ%%&&%@f@w%ﬂ%é’?@ hedea ks used to
ydroxy-

separate these products, giving {6-fluoro-4- (4- . )
methylsuIfan%HW@E%%&%@@&/H’Q@HM@H@WW%@H@ﬁcﬁjﬁ?é%g}%%?e&%ﬁasagé 3.0 mgofa
white solid. MipeerigiderdoRitls 20 BB {dleH) 1 sklmetdvst .obtifosteroids such as
{6-Fluoro-41hydroxy-(4-methylsulfamaoyliohe! - \ en-2-yl- ic acid OH HO
Starting Withc%(ﬂﬂ]g}r/%-i%@&%@;ﬂ-ﬁ?&éh? gﬁ}f%r&ﬁ@)ﬁégé?rﬁ%gﬂaa?%a%ﬁgﬁgﬁ% ll-acetic acid
methyl estera(Bay oSt DEN @ﬁﬂﬁﬁ@ﬁ@@iﬁ@%%éﬁﬁ@é@ﬁﬁl@@@dgﬁcﬁmg%@%@ %@Eﬁb‘@g f§r example

2-1, finglysteg i-fese-4rnvidrexvéd-siytstliamoxtihsmiboraeymst thapkifwient 24 1-acetic acid
(4.5 mg, 100%) was obtained as a yellow oil. 1H NMR %OE:EMHZ, C%(EI?%S@ m 7,(72 - .7fg (m, 1 H),
7.71 (d, J = B8AAYPRIISE RN -HMERIs BUCRP §IUTEO {RFTIGENY 6(%,"3@@%‘ 2,2 H), 7.48
(br. s, 1 H), &td6idtdedrai@i6); rintdnpdud)rés8ants, slith) 28. Zai(irdus B Pinfsc B ML2SoHRMS (ESI+)
cald. for C2QH18ENQ5S +]. 0 ‘ 2009/064813
-181-The ggrérL? 86‘%5%%%%%&%‘%%%?@5 5/%%7‘3%%%@30 oglci%%gcﬁ%%ﬁ@%?%%&been found
that said corpipespitsiesicsnsadupisssoicpagialegirssidaoh i aRdpiF& EPRIFhd may be useful in
treating disegsrm anth disordar mABSRFHRtE T MitA et seacBiangLabyaeaTheR), Theyaetisity of the
present compounds as CRTH2 receptor 5 antagonists or partial a oniFt Is demon trnaéfd by the
following bioTARALAELEE RSN RN I—Pf'ﬁ%scgﬁéo?'ﬁr%%gs %&%f/ QR 2RI 92 88tor binding
assay using §3fbjrimsadraberi dda heceptope ftRpARdioactiy @ figants washera pisjgiteroaeanste the
compound bindin Ivify. t THZ..Lhe radioactive ligand [3H]ramatroban was
synthesized ggggg&’%%?é@ﬁé%{%at?g%% Afé}Eﬂ%t?;gharmacol. 524, 30 - 37, 2005) to a specific activity
of 42 Ci/mmol. A cell line stably expressing human CRTH2 was established by transfecting CHO-K1

15 cellsyyithiwedparmmalisnrexesassignaesiaisdhadd arbasesdmen iR ptammndGalphalé cDNAS,
respectively, usin% FuGene(r) 6 tr%?s e t'l()é}iégl ent frogri R%cge).i’(SﬁE?RLereclonesh%%g&r)essing CRTH2
were selected BIPSIEIHAY EadRSENE wit %%(ﬁ PRaNAingen 1M from BD Biosciences, a division
of Becton, Dickimsoranicdo oefgranyg, witlielr snéingdy.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 pg/mL streptomycin, 2 mM glutamine, 0.5 mg/mL G418 (geneticin) for
CRTH2, and 0.2 mg/mL hygromycin-B (for 0-alpha 16). For whole cell receptor binding assay, the
monolayer cells were rinsed once with PBS (phosphate buffered saline), dissociated using
ethylenediaminetetraacetate 25 (Verseneni EDTA from Lonza Inc.), and suspended in PBS containing
10 mM MgC12 and 0.06% BSA (bovine serum albumin) at 1.5 x 106 cells/mL. The binding reactions
(0.2 mL) were performed in 96-well plates at room temperature in PBS containing 1.5 x 105 cells, 10
mM MgC12, 0.06% BSA, 20 nM 30 [3H]ramatroban, and test compound at various concentrations.
After 1 hour of binding reactions, the cells were harvested on GFTm/B filter microplates (microtiter
plates with embedded glass fiber from PerkinElmer, Inc.) and washed 5 times with PBS using
a'Filtermate TM Harvester (a cell harvester that harvests and washes cells WO
2010/055005PCT/EP2009/064813 - 182 - from microplates from PerkinElmer, Inc.). The radioactivities
bound to the cells were determined using a microplate scintillation counter (TopCount(r) NXT, from
PerkinElmer, Inc.) after adding 50 pL of MicroscintTM 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 pM of 15(R)-15-methyl PGD2 (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 subtractigghth dasiqactivity of non-specific 10 binding from each bindirgraatecdiedG50 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 IC50 value, the peggent inhibition data were determined for 7
concentrations for each 15 compound. The percent EgE%bition for a compound at each concentration
was calculated according to the following formu L ecific binding in the presence of
compound)/(total specific binding)]x100. The IC50 value was then obtained by fitting the percent
inhibition data tg a %mo‘égalfqgrsgﬁ- esponse (4 parameter logistic) model in the XLfit(r) software Excel
add-in prograi g[f?gm D'ELEIngs8 Solutions Ltd., model 20 205, where F(x) =
(A+(B-A)/(1+((C/X)AD)))). The compounds of the foregoing ex@imples (as listed in the following table)
were tested using the above Human CRTH2 Receptor Bigdilg Assay. The results of the assay
showed that all of these compounds have binding acti ibiting 1050 25 values ranging from
0.0021 pM to 0.3859 pM as indicated below: Exampl mamCRTH2 Binding IC50 (PM) Example
1-1 0.0178 Example | -2 0.0402 Example 3-3 0.3337 Example 1-4 0.0112 Example 1-5 0.0062 - 183 -
Example 2-1 0.0043 Example 2-2 0.0%64 Example -3 0.0470 Example 2-4 0.0406 Example 2-5
0.0151 Example 2-6 0.0155 Example 02649 EXaA

2-10 0.0448 Example 2-11 0.1353 Ex%mp

R
HO O
5
or a pharmaceutically acceptable salt or ester thereof, wherein:
Qis C(H)or N;
X ig selected from the group cansisting of:
(1) C(O),
10 {2) C(H)H),
(3) C{H)OH),
(4) C(FXF),
(5) C(HYO-CH3), and
(

5)
8) C(H)(CHa);
15 R'and R? independently of each other, are selected from the group consisting of:
(1) nydrogen,
(2} halogen,
(3) lower alkyl, optionally substituted by halogen, and
(4) lower alkoxy,
20 or alternatively, R' and R? are bonded together to form methylenedioxy;
R® is selected from the group consisting of:
(1) hydrogen,
(2) halogen,
(3) lower alkyl, optionally substituted by halogen,
(4) lower alkoxy, and



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 Examfle-4-1 0.0083 Example 4-2 0.0267 Example 6-1

0.0021 Example 6-2
5) cyano;

R* is: S§(0),-R” wherein R is selected from the group consisting of:
(a) lower alkyl optionally substituted by halogen or phenyl,
(b) amino, |
5 (c) lower alkylamino,
{(d) lower dialkylamino,
(e) acetylamino,
(f) N-acetyl-N-lower alkylamino,
(g) lower heterocycloalkyl optionally substituted by a substituent selected
10 from the group consisting of:
(i) lower alkyl,
(i) phenyl optionally substituted by halogen, and
{iil} lower alkoxycarbonyl; and
(h) phenyt or benzyl, wherein said phenyl or benzyl is optionally
I5 substituted by halogen or triflucromethyl; and

R® and R®, independently of each other, are hydrogen or methyl.
2. A compound of claim 1 wherein X is C(H)(H).
3. A compound of claim 1 wherein X is C(F)(F).

4. A compound of claim 1 wherein X is C{H){OH).



0.0037 Example 6-3 0.0024 Example 7-1 0.0533 Example 8-1 0.0878 Example 8-2 0.0153 Example
8-3 0.1625 Example 8-4 0.0061 Example 8-5 0.0053 Example 8-6 0,0054 Example 8-7 0.0054
Example 8-8 0.0060 Example 8-9 0.0043 - 184 - Example 9-1 0.0032 Example 10-1 0.0039 Example
10-2 0.0540 Example 10-3 0.0032 Example 10-4 0.024 Example 10-5 0.0124 Example 10-6 0.0267
Example 10-7 0.0067 Example 10-8 0.005 Exampl€2.0-9 0.0599 Example 10-10 0.0325

5. A compound of claim 1 wherein X is C(O).

6. A compound of claim 1 wherein R" and R?, independently of each other, are selected
from the group consisting of;
(1) hydrogen,
(2) fluoro,
(3) methyl,
(4} chloro,
(5) trifluoromethyl, and
(

6) methoxy.
10 7. A compound of claim 1 wherein R or R?is hydrogen.

8. A compound of formula |

or a pharmaceutically acceptable salt or ester thereof, wherein:
15 QisC{H)orN;
X is selected from the group consisting of:
(1) S0),
(2) C(H)(H),
(3) C(HYOH),
20 (4) C(F)(F),
(5) C(H)}O—CHs3), and
(6) C(H)CHa);
one of R" or R? is fluoro and the other is selected from the group consisting of:
(1) hydrogen,
25 {2) halogen,



Example 10-11 0.0035 Example 10-12 0.010 Example 11-1 0.0030 In0.0680 n0.0027 Example
12-10.0056 Example 12-20.0102 Example 13-1 0.0031 Example 14-1 0.0054 Example 15-1 0.0601
Example 15-2 0.0838 Example 15-3 0.0328 Example 15-4 0.0793 Example 15-5 0.0276 Example 16-1
0.0161 Example 16-2 0.3859 Example 16-3 0.0159 Example 16-4 0.0319 Example 16-5 0.0080
Example 16-6 0.0352 Example 16-7 0.0174 Exani¥&216-8 0.0189 Example 17-1 0.0057 Example 17-2

0.0031 Example 17-3 0.0039 Example 18-1
(3) lower alkyl, optionally substituted by halogen, and

(4) lower alkoxy,
R® is selected from the group consisting of:
(1) hydrogen,
5 (2) halogen, }
(3) lower alkyl, optionally substituted by halogen,
(4} lower alkoxy, and

{5) cyano;

R*is selected from the group consisting of:
10 (1) halogen,
(2} lower alkyl optionally substituted by halogen,
(3) lower cycloalkyl,
(4) lower alkoxy optionally substituted by halogen,
(5) lower alkoxycarbonyl,
15 (6) benzyloxy or benzyisulfanyl,
(7) heteroaryl optionally substituted by lower alkyl,
(8) cyano,
(9) phenyt optionally substituted by methanesulfonyl,
(10) lower alkanesulfonylmethyl, and
20 (11) S(O);—R" wherein R is selected from the group consisting of:
(a) lower alkyl optionally substituted by halogen or phenyi,
{b) amino, '
(c) lower alkylamino,
{d) lower dialkylamino,
25 7 {e) acetylamino,
(f) N-acetyl-N-lower alkylamino,
(g) lower heterocycloalkyl optionally substituted by a substituent selected
from the group consisting of:
(i) lower alkyi,
30 (if) phenyl optionally substituted by halogen, and
(i) lower alkoxycarbonyl; and
(h) phenyl or benzyl, wherein said pheny! or benzyl is optionally ‘
substituted by halogen or trifluoromethyl; and

R® and R, independently of each other, are hydrogen or methyl.



0.0404 Example 19-1 0.0118 Example 19-2 0.0095 Example 20-1 0.0221 Calcium Flux Assay Using
FLuorometric Imaging Plate Reader (FLIPR) Cell Culture Conditions: WO
2010/055005PCT/EP2009/064813 - 185 - CHO-K1 cells previously transfected with G-alpha 16 were
subsequently transfected with the human CRTH2 receptor and the neomycin resistance gene.
Following selection in 800 pg/mL G418 (geneticin}Stieividual clones were assayed for their receptor
expression based on staining with an anti human CRTH2 IgG, followed by 5 assaying for their
responseftoA 3ampdikipdrof thieth Whestiny Bhitisele Bk {RDGRE (igandpimtheifgaf: Flux assay.
Positive clones W F?yH?S eq.[pned by limiting dilution cloning. The transfected cells were cultured in
Ham's F-12 medium’ supplemented with 10% fetal bovine serum, 2 mM glutamine , 100 U/mL
penicillin/100 pdAhbaaepfemycin, 200 pg/mL hygromycin B, and 800 pg/mL 0418 (geneticin). Cells 10
were harvested it \%psi dﬁ IRy} M'amp' r tic acid) and counted using
ViaCount(r) rea(\agnt (f?f)rﬁm dala\/gaﬁ\%%%l%%o?ogiés, Inc. Whig%%cgﬁri?ﬁﬁtg two DNA-binding dyes that enable
the r\s-zagent us df8trguish between viable and non-viable cells). The cell suspension volume was
adjusted to 2.5 x105 cells /mL with complete growth media. Aliquots of 50 pL were dispensed into BD
15 FalconlT MA3vinpelindackétiar mvicrapiates (FoiRdd&iososaces cridigsion of Becton, Dickinson
and Company) and the microplates were placed in a 37 C CO2 incubator ovemight. The following day,
the micropjatgs, [ ) ' : Loading Buffer containing dye (from
the FLIPolggf) %g%ﬁ%%ﬁ'@@g@?ﬁ%’ ?\A’%‘i@?ﬁ%ﬁ%ﬁ:@@ﬁy division of MDS Analytical
Technologies,and MDS Inc.) was prepared b gissolvin? the contents of one bottle into 200 mL Hank's
Balanced Saft §8MRSH¥O ALY b HﬁW'rqEéE@ pelesisddreny diyeyaupipensistisstatinesulfonic acid)
and 2.5 mM prqhenaeit. sBegwth media was removed from the cell plates and 25 pL of Hank's
Balft?ced Salt ?clt{t\llgn (%Bsm ;:ontaining 20 mM HEPES, 0.05% BSA and 25 2.5 mM probenecid

was added to e¥eh wef? by 25 pL of diluted dye using a Multidrop dispenser. The plates were
then incubated for 1 hour at 37 C. During the incubation, test compound plates were prepared by
adding 90 pL of HBSS/20 mM HEPES/0.005/0 BSA buffer to the 2 pL of serial diluted compounds. 30
To prepare serial diluted compounds, 20 mM stocks of compounds were dissolved in 100% DMSO.
The compound dilution plate was set up as follows: well # 1 received 5 pL of compound plus 10 pL of
DMSO. Wells 2-10 received 10 pL of DMSO. 511 was mixed and transferred from well #1 into well #2.
1:3 serial dilutions were WO 2010/055005PCT/EP2009/064813 - 186 - continued out 10 steps. 2 pL of
diluted compound was transferred into duplicate wells of a 384 well "assay plate" and then 90 pL of
buffer was added. After incubation, both the cell and "assay plate" plates were brought to the 5
fluorometric imaging plate reader (FLIPR(r)) and 20 pL of the diluted compounds were transferred to
the cell plates by the FLIPR(r). Plates were then incubated for 1 hour at room temperature. After the 1
hour incubation, plates were returned to the FLIPR(r) and 20 pL of 4.5X concentrated ligand was
added to the cell plates. During the assay, fluorescence readings were taken simultaneously from all
384 wells of the cell 10 plate every 1.5 seconds. Five readings were taken to establish a stable
baseline, then 20 pL of sample was rapidly (30 pL/sec) and simultaneously added to each well of the
cell plate. The fluorescence was continuously monitored before, during and after sample addition for a
total elapsed time of 100 seconds. Responses (increase in peak fluorescence) in each well following
agonist addition were determined. The 15 initial fluorescence reading from each well, prior to ligand
stimulation, was used as a zero baseline value for the data from that well. The responses were
expressed as % inhibition of the buffer control. The IC50 value, defined as the concentration of a
compound that was required for 50% inhibition of the buffer control, was calculated by fitting the
percent inhibition data for 10 concentrations to a sigmoidal dose- 20 response (4 parameter logistic)
model using Genedata Screener(r) Condoseo software program [from Genedata AG, model 205,
where F(x) = (A+(BA)/(1+((C/x)AD)))]. Specific representative compounds tested in the binding assay
were tested using the 25 above FLIPR(r) 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, 8-3to 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
examples 1-2, 1-3, 2-7, 2-9, 2-11, 2-12, 2-30, and 7-1 (which exhibited IC50 values of greater than 3),
all of the representative compounds tested 30 in this assay exhibit IC50 values ranging from 0.0001
pM to 2.1405 pM. WO 2010/055005PCT/EP2009/064813 - 187 - Inhibition of 13,14-dihydro-15-keto
Prostaglandin D2 (DK-PGD?2)-induced IL-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 Il (from Miltenyi Biotec Inc.). The
CD4+ T cells were then differentiated to Th2 cells by 10 culturing the cells in X-VIVO 15(r) medium

(from Cambrex BioScience Walkersville Inc.) containing 10% human AB serum (serum of blood type
A< from Invitronen Cornoration) B0 1L1I/ml of recombinant hitiman intarlarilkin=2 (rhil -2\ (from



20 To determine cellular inhibitory potency, compounds at various concentrations were incubated with
2.5 x 104 Th2 cells and 500 nM DK-PGD2 for 4 hrs at 37 C in 200 pL of X-VIVO iS(r) medium
containing 10% human AS serum. IL-13 production to the medium was detected by ELISA
(enzyme-linked immunosorbent assay) using an 25 "Instant ELISATMO kit (from Bender MedSystems
Inc.) according to the procedure suggested by thé%endor. 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 preééh@@'??fyéach compound for percent inhibition and IC50 calculations. 30 The percent
inhibition of intgrjeifkiAcl3 (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 PrELMARREPPT SRV 10/055005PCT/EP2009/064813 - 188 - DMS0)1x100. The
IC 52 value, de¢dineirastiyiaraicentiatiofiafimeompound that is required for 50% inhibition of IL-13
proguction, wags, calculated b‘y fitting the percent inhibition data for 7 concentrations to a sigmoidal
dose-respons ()AfrB%&%%?engr ngistic) model in the XLfit(r) software Excel add-in program [ID Business
Solutions 5 Ltd8)maguebeid2®8-where F(x) = (A+(B-A)/(1+((C/x)AD)))]. Representative compounds tested
in the binding ﬁ%wérz%_qs_t d using the foregoing DK-PGD2-induced 1L-13 production assay
(examples 1-1;1-4, T , 2-1102-3, 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 0@ 4T8tns-pipeeazint8-9). The results of the DK-PGD2-induced IL-13 production

assay showed t4yf'grq-glﬁo§?(§%pﬁi8ﬁk%ﬁ?@gﬁlﬁ- 729, 16-2 and 8-3 (which exhibited IC50 values of
3.001 pM, 5.7465 pM and greater than 10 pM, respectively), representative compounds tested in this

astdy exhibited! attvitethankasithenu-riggirsdciyhondie i osy ke bieiaro 0. 0006 pM to
2.4637 pM. 15@' §,@ﬁmi%gp§zmeﬁ§pt invention are useful since the compounds tested
h

show some activity in at least one of the above three assays (i.e., binding at the CRTH2 receptor), and

therefore may 4 L_estya8iprQgdHideei-parmaiamias’ iAfkating diseases and disorders
associated withy )i reeePiibsHeas ReHuRAe2ont ONepoRRENNent, the present invention relates to

a method for the treatment and/or prevention of diseases and disorders which are associated with the
modulatjan qf CRTH2 rec ts. which methed comprises inistering a therapeutically effective
amountic?f'a%:gf)nﬂagaﬁ 80?%%%‘&1;4\, I‘f‘(’)ﬁgr hnm%nl%g?%é% f%%%%??mal. A mgthod forrzthe trea)t/ment and/or
prevention of an inflammatory or allergic disease oy disorder is preferred. Such diseases or disorders
may inclddeXmenapeyist Riratnd) WaaiRa, Fehpbiic BHYHIe®as pulmonary disease (COPD), allergic
rhinitis, allergic inflammation, and atopic dermatitis. 30 The present invention is also directed to the
administr@tigncohapherdpsutisatly! affestbie RMoURE ¢f metmgpound of formula 1 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 WO
2010/055005PCT/EP2009/064813 - 189 - treatment and/or prevention of such diseases or disorders
comprising administering to a human or animal simultaneously, sequentially, or separately, a
therapeutically effective amount of a compound of formula | and another drug or active agent (such as
another anti-inflammatory or anti-allergic drug or agent). 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. - 190 - CLAIMS 1, A compound of formula I: R4 5 or a pharmaceutically acceptable salt or
ester thereof, wherein: Q is C(H) or N; X is selected from the group consisting of: (1) C(0), 10(2)
C(H)(H), (3) C(H)(OH),



(4) C(F)(F), (5) C(H)(0-CH3), and (6) C(H} CH3); 15 R1 and R2, independently of each other,
are selected from the group consisting of: ) ‘hydrogen, (2) halogen, (3) lower alkyl, optionally
substituted by halogen, and 4) lower.alkoxy, 20 or alterpatively, R1 and R2 are bonded
togethtP 1 YOI RRHAGIONSRERY T R %&&té’ﬂ%ﬂ%ﬂé%ﬁﬁb@&%iéﬁh@%ﬁ*m Bk éen, (2)
halogeryHP) dawet ‘akyloapdanalouihsitigs By reaensisg () fawan alkaxynardted 8Y tH8) cyano;

R4 is: S(0)2-R7 wherein R7 is selected from the ?r_oup consisting of: (a) lower alkyl optionally
substiff Haagesred prefirnaichiine eyl e ifgramIad: (d) lower dialkylamino, (e)
acetylamino, (f) N-acetyl-N-lower alkylamino, (9) !gwer heterocycloalkyl optionally
substituted by a substituent selected 10fror the group cdngisting of: (i) lower alkyl, (ii) phenyl
optionally substituted by halogen, and (iii) lower alk8gycarbpfyl; and (h) phenyl or benzyl, wherein said
phenyl or benzyl is optionally 15substituted by halog 0 ortrff ggmethyl; and R6 and R6,
independently of each other, are hydrogen or megty!. Y compound of claim 1 wherein X is C(H)(H).
3. A compound of claim 1 wherein X is C(F)(F). 4. A compound of claim 1 wherein X is C(H)(OH). -
192 - 5. A compound of claim 1 wigrein Xis C(d)._ 6. Aséompound of claim 1 wherein R1 and R2,

independently of each other, are selectéd roup consisting of: (1) hydrogen, 5(2) fluoro, (3)
methyl, (4) chloro, (5) trifluoromethyl, and (6).! xy. 10/2° A compound of claim 1 wherein R1 or R2
is hydrogen. 8. A compound of formula I: R4 C1)=3L--- 3

5 17. A compound of claim 1 selected from the group consisting of:
[4-(4-Dimethylsuifamoyl-benzoyl)-naphthalen-2-yl]-acetic acid;
[6-Fiuoro-4-(4-suIfamoy!-benzby! )-naphthalen-2-yll-acetic acid;
[4-(4-Sulfamoyl-benzoyl)-naphthalen-2-yl}-acetic acid;
[4-(2-Chioro-4-ethanesulfonyl-benzoyl}-6-fluoro-naphthalen-2-yil-acetic acid;

10 {4-[4-(3-Chloro-benzenesulfonyl)-benzoyi]-6-fluoro-naphthalen-2-yl}-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-benzoyi}-naphthalen-2-yl}-acetic acid;
[4-(4-Methanesulfonyl-benzoyl)}-6-methoxy-naphthalen-2-yl]-acsetic acid;
[7-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-2-methyl-benzoyl)-naphthalen-2-yl}-acetic acid;

15 [6,7-Difluoro-4-(4-methanesulfonyl-benzoyi}-naphthalen-2-yil-acetic acid;
[8-(4-Methanesulfonyl-benzoyl)}-naphtho[2,3-d}[1,3]dioxol-6-yl]-acetic acid;
[4-(2-Chloro-4-methanesulfonyl-benzoyl}-6-fluoro-naphthalen-2-yil-acetic acid;
[4-(4-Methanesulfonyl-benzoyl}-7-methoxy-naphthalen-2-yl}-acetic acid;
[6-Flucro-4-(3-methanesulfonyl-benzoyl)}-naphthalen-2-yl}-acetic acid;

20



R X or a pharmaceutically acceptable salt or ester thereof, wherein: 15Q is C(H) or N; X is selected
from the group consisting of: (2) C(0), (2) C(H)(H), (3) C(H)(OH), 20(4) C(F)(F), (5)
C(H)(O-CH%@Q{HG 0 50@@) C(H)(CH3); one of R1 or R2 is fluoro and the gthekisspleqiad from the
group consisting of: zl) hydrogen, 25(2) halogen, -192a- (3) lower alkyl, optionally substituted by
halogen, and (4) lower alkoxy, R3 is selected fro e group consisting of: (1) hydrogen, 5(2) halogen,
(3) lower alkyl, optionally substituted by halogen,[?égléwer alkoxy, and (5) cyano; R4 is selected from
the group consistingrG-MeErRalsigen-pEnrvemaRyINGRRMaIy R/ &RHED by halogen, (3) lower
tC)ycloallkyl, (4)blowqglQ%M@%%G%MW%WQW?W%WQ?%@&WH;15((%)) o
enzyloxy or benzylsulfanyl, eteroaryl optionally substitut wer 8) cyano, (9) pheny
optionally substituéd%)?m@?é%@%wpgﬁy%?%ﬁg% roéﬂ?é)ﬁé@%?ﬁg%}/ﬁé%ﬁ?/ﬁca%% 0(11) S(0)2-1R7
wherein R7 is selepted-Dionethesgifammebbsistayy-6ti(mydonantdiajdoRtivhatptkudsittuted by halogen or
phenyl, (b) amino, ower alkylami ar.di ami o) A6E Q. {f) N-acetyl-N-lower
(O amino, EEkIQUELAIANIR (hiayeialmani8e) ehiamine

alkylamino, (g) lower heterocyc optionally substitute uent selected from the group
consisting of: (i) loffeF ampt4sEaimeRetsiinspficriipy Kb sier¥d BRPRYIS e AP AgHA GREr
alkoxycarbonyl; ang.ry,ofphend eLhansnbberoinspich 2benberibentylisppietalyaubstituted
by halogen or trifluoromethyl; and R6 and oGh Jﬂgﬁﬁﬁ”de”tgﬁh%,%a‘:h ot[ e%p%rﬁggg_rg%ﬁp or methyl.

[6-Fiuoro-4-(4-methanesu ugrom enzovi)-n
acetic acid;
10 [4-(3-Ethyl-4-methanesuffonyl-benzoyl)-6-fluoro-naphthalen-2-yil-acetic acid;

[4-(4-Ethanesulfonyi-2-methyl-benzoyl)-6-flucro-naphthalen-2-yl]-acetic acid;
{6-Fluoro-4-{4-(piperidine-1-suifonyl)-benzoyll-naphthalen-2-yl}-acetic acid;
[4-(4-Diethylsulfamoyl-benzoyl}-6-fluoro-naphthalen-2-yl]-acetic acid;
{6-Fluaro-4-[2-methyi-4-(morpholine-4-sulfonyl)-benzoyl]-naphthalen-2-yl}-

15 acetic acid;
[4-(4-Dimethylsulfamoyi-2-methyl-benzoyl)-6-fluoro-naphthalen-2-yl]-acetic
acid;
[6-Fluoro-4-(2-methyl-4-methyisulfamoyl-benzoyl)-naphthalen-2-yi]-acetic
acid;

20 (B-Fluaro-4-{4-[4-(2-fluoro-phenyl)-piperazine-1-sulfonyl}-benzoyl}-naphthalen-
2-yh-acetic acid;
[B8-Chloro-4-(4-methanesulfonyl-benzoyl)-naphthalen-2-yli-acetic acid;
[4—(4-Methanesulfony%benzoyl)-&méthyi-naphtha&en~2~y!]-acetic acid;
[4-{4-Methanesulfonyl-benzoyl)-6-trifluoromethyl-naphthalen-2-yl]-acetic acid;

25 [6-Chloro-4-(3-methanesulfonyl-benzoyl)-naphthalen-2-ylj-acetic acid;
[6-Fluoro-4-(4-fluoro-3-methanesulfonyl-benzoyl)-naphthaien-2-ylj-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-naphthalen-2-yl]-acetic
acid;
[6-Chloro-4-(4-methanssulfonyl-benzoy!)-3-methyl-naphthalen-2-yij-acetic

30 acid;

[4-{4-Ethanesulfonyl-benzoyl)-8-fluoro-3-methyl-naphthalen-2-yl}-acetic acid;
2-[6-Fluoro-4-(4-methanesulfonyl-benzoyl)-naphthaien-2-yl}-propionic acid;
[4-(4-Methanesulfonyl-benzyl)-6-methyl-naphthalen-2-yl}-acetic acid;



-192b- 9. A compound of claim 1 wherein R3 is selected from the group consisting of: (1) hydrogen, (2)
halogen, (3) lower alkyl, optionally substituted b“yl-lgfélbgen, and 5(4) cyano. 10. A compound of claim 1
wherein R3 is hydrogen, fluorg, or chloro. 11. A compound of claim 1 wherein R3 is methyl or ethyl.
12. A compo%‘gtjﬁ WnesWieRhrenzyiddeileroneiny panptbaiisinglrcetiviorir alkyl, 10(2)
trifluoromethyl_419RthehcRemavybLABINCr-BhmeEN RN Asatyiamng @ dimgthylamino or
diethylamino, SS(I’Z morpholin-4-yl, (8) piperidin-1-yl. (9) piperazin-1-yl, (10) 4-methyl-piperazin-1-yl,
(11) 4-tert-but® e&mﬁﬁm@éﬁm—w prkaeahaarit)eirsotybasatiiacidy1 or
4-ethoxycarbgyhpipg!a7inrhath A3 dichiorArhBOVDeRipgiazipAnYhIEHD AFRhARIENR BF

N-acetyl-N-methylamino, and (15) phenyl substituted by halogen or trifluoromethyl. 13. A compound
ofclaim 1 whrsited-iemginsnesnifony Z-tiflegrmpmindiorenar-Daptthale R RS Wity drogen.
15. A compougaghof claim 1 wherein R5 or R6 is methyl. - 194 - 16. A compound of claim 1 wherein R3

is bonded to position 2 (or position 6 if %is C(H)) and R4 is bonded to position 4 on the phenyl ring in
formula | as iHtiéatd@ e RMwngstimtseg piflsporaephrenryindbanatemaid . R4 <4 R3

517. A compoung-ofilaiAYis HeAacHHA BB S GTOUR GRAHSHAR AL -yi]-acstic acid;
[4-(4-Dimeth;?f‘stﬂIfanlwoyl-@(lenzoyl)-naphthasfgn-z-ylI-acetic acid; [6-Flﬁ%r%cde: (ﬁ 2

sulfamoyl-berrdf15hapriaienvbBanzdbbdbap prehibaiaimsylineebsigsidphthalen-2-y1]-acetic

3@d; [4-(2-Charqubeihapessienydieszeylher e it rSORLG a6,
10{444-(3-Ch oro-benzenesulfgr?gl)-benzoyl1-6- Iuorﬁg ht%tgljgrf’fT -éfs}g-gigti@égéciq; [6-Fluoro 4 (4
methanesulfdRy-b@rRu t§-RghangeHingy-hery dcignethyl-naphthalen-2-yll-acetic acid;

[4-(4-Methangsifgmd-henzRyckrdn@ e irexyt g s trdstrl-Aeliamgich [Z-filugredt acid;

(4-methanesulfonyl-benzoyl)-naphthalen-2-y1]-acetic acid; )
[6-FIuoro-4-(i5nféﬂ%ﬂ&ﬁﬂtévk£(ﬁ§iﬁ‘§f!%@H%Wﬁﬁé‘ﬂfﬁﬁMé?ﬁ?zyﬁ)db%?i’&t%l8{7'2”3’3}"309'{“
15[6, 7-Difluokgsa(4-methanesulfonyl-benzoy1)-naphthalen-2-ylkacetic acid;
[8-(4-Methanesulfonyl-benzoy1)-naphtho[2,3-d}[1,3]clioxol-6-y1l-acetic acid; [4-(2-Chloro
AmethanesulfohiHpanssyeitelitrbiontiypreme Raemy-gazy!)-naphthalen-2-yl}-acetic
[4-(4-Methanggidfonyl-benzoy1)-7-methoxy-naphthalen-2-yl]-acetic acid;
[6-Fluoro-4-(3-methanesulfonyl-benzoyl)-naphthalen-2-y1]-acetic acid; 20 WO

2010/0550058 TaEp o taddr&-nlenyimeRnasaiadferyrenannialamamibaceia -acetic
acid; [8-(3-Mgghanesulfonyl-benzoy1)-naphtho(2,3-d][1,3)dioxol-611]-acetic acid;

[4-(4-Ethanesulfonyl-benzoy1)-6-fluorO-naPhthalen-2111-acetic acid; _ _
[4-(4-Dimeth%ﬁﬁéﬁm%%ﬂ&a%t@ﬂaﬂaoﬁnwm@éﬁeéhﬁmm@@d?-y!]-acetic acid;

546-Fluoro-4-(4-mebyistfamextianzaio AP REIRAIBH bl AR EHIFIS-luoro-naphthalen-2-
{6'F|U0r0-4-{i-(r{r(1]§pholine-4-suIfonyl)-ber%l}imrg?)htﬁam-yl}-ggetic ggirdo; naphihaen

[6-Fluoro-4-(X1e6@51a #6thanesulfonyl-benzoy1)-naPhthalen-2-y1Facetic acid;

[6-Fluoro-4-(44methaaesUiomekritiddimeamesndhbanaahynariibasnaphinarstio apdicetic
acid;
{6-Chloro-4-Thydroxy-(4-methanesulfonyl-phenyl)-methyi]-naphthalen-2-yl}-acstic

25 acid;
{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-2-methyl-phenyl)-methyl]-naphthalen-2-
yl}-acetic acid;
{6-Fluoro-4-[hydroxy-(4-methanesulfonyl-phenyl)-methyl]-naphthalen-2-yl}-acetic
acid;

30 {4-[Hydroxy-(4-methanesulfonyl-phenyl}methyl]-naphthalen-2-yl}-acetic acid;



10[4-(3-Ethyl-4-methanesulfonyl-benzoyl)-6-flugro-naPhthaien-2-0]-acetic acid,;
[4-(4-EthanesuIfonyl—2-methyl-benzoyl)-6-f|uor'01-%?;1Phthalen-2-Y1]-acetic acid;
{6-Fluoro-4-1llépi eridine-1-sulfonyl)-benzoyll-naphthalen-2-yll-acetic acid; )
[4-(4-Diethylddirafh -@W&%’?%ﬂ%‘é@ﬁé‘# fﬁébféﬁlﬁt-'g}!l.’l“-%“cﬂé{?f%raaPhthafe”‘z'yl}‘acet*c
{6-Fluoro-442;gethy1-4-(morpholine4-sulfonyl)-benzoyl]-naphthalen-2-yll- 15acetic acid;
[4-(4-Dimethylsulfamoy1-2-methyl-benzoy1)-6-fluoro-naphthalen-2-y1]-acetic acid,;
[6-F|uoro-4-(één{(é{r@timﬁ%t@@dr%w@}hﬂem6@)!1);-%&#5%145/31@%51@3&9@a@ﬁﬂhthaien~2~
20(6-FIuoro-@@a@eﬁg-gg@ﬁo-phenyl)-Piperazine-1-suIfonylI-benzoyll-naphthalen- 2-y0-acetic acid;
[6-Chloro4-(4-methanesulfonyl-benzoyl)-naPhthalen-2-y1]-acetic acid;
[45(4-Methané%dﬂ?aﬁ;hL%réhﬂdgafﬁ@ﬁ?&ﬂfwmn@hﬁa@hdzﬂii?-@c@iﬁ;ﬂawﬂd@—ﬂuoro~naphthaien-2—
[4-(4-Methan§§@m)d-§§@,zoyl)-6-trifluoromethyl-naphthalen-211]-acetic acid;
25[6-Chloro-4-(3-methanesutfonyl-benzoyl)-naPhthalen-211]-acetic acid; _
[6-Fluoro-4-(44licfbiarenctarEanesiieirneiyhaprthdibh-Bupresarhiden-2-yi-acetic
[6-Fluoro-4-(4gpethanesulfonyl-benzoy1)-3-methyl-naphthalen-2-y1]-acetic acid;
[6-ChIoro-4-(4-methanesuIfonyl-benzoyl{-B-,methyI-na hthalen-2-yi]-acetic 30acid; _
[4-(4-EthanedtibfiibangsynevimbrnythithipraprthulisR-Bupro-nagithalrn-2-yii-acetic
336-Fluoro-44dynethanesulfonyl-benzoyl)-naPhthaien-2111-proPionic acid;
[4-(4-Methanesulfonyl-benzyl)-6-methyl-naphthalen-2-yl]-acetic acid; - 196 - )
[4-(4-Methan&tTiepip-fdrdyiriamasstipnstranemshhiens yrriueliearidhalen-2-yi}-acetic
[4-(4-Methangsidfonyl-benzy1)-7-trifluoromethyl-naphthalen-2-y1]-acetic acid;
[6-Fluoro-4-(4-methanesulfonyl-benzyp-naphthalen-2-y1Facetic acid;
[6-Fluoro-4-(Afhiduipdsivgiiprs AranaihBersyfondmiramimsiipicineiem:nahthaies-4-
(4-methanesyifonyds3-fifloromethyl-benzyl)-naphthalen-2-yll-acetic acid;
[4-(4-Ethanesulfony1-2-methyl-benzy1)-6-fluoro-naphthalen-2-ylkacetic acid;
[43(4-Dimethy&titdrisy-teydnyefognerpiinardrms oty hoeitignethyl}-naphthalen-2-yl)-
[4-(4-Ethanegdfapykignzy1)-6-fluoro-naphthalen-2-y1)-acetic acid;
10[6-Fluoro-4-(4-methylsulfamoyl-benzyl)-naphthalen-2-y1Facetic acid; [6-Fluoro-4 (4 ]
methanesulfdRyFbereyiihydiedsitappindrifionaylRiaryamethyll-naphthalen-2-yi}-acetic
[6-Fluoro-4-(3methanesulfonyl-benzy1)-3-methyl-naphthalen-2-y1]-acetic acid;
[6-Fluoro-3-methy1-4-(4-trifluoromethanesulfonyl-benzyl)-naphthalen-2-yll-acetic acid;
15[6-Fluoro-3 PA-(S-ARiRRIRARIN LSS hy PBRARY I RRBHASEN W ac8EE RO id;
[@oFluorO-B-mﬁflaydsﬁl@é wEpaneRidfenyrbemaidieaptineiiyiz-ndirnsets acidy)-
[4-(4-Ethanesulfonyl-benzy1)-6-fluoro-3-methyl-naphthalen-2-stacetic acid;

(4-[(2-Chloro RIRBERRSe SRS RorBbe AFY-BIRHOSSBhe thyl]-6-fluoro-naphthalen-2- yll-acetic acid:
(4-[Hydroxy-(4-mgthangsehomatabemuldnetuirenaeiadosaitoaienpiyinaliannid]-
{6-Chloro-4-[hydroxy-(4-methanesulfonyl-phenyi)-methyl]-naphthalen-2-yll-acetic 25acid,;
(6-Fluoro-4-[IRREsagIE-heaTRRMin G5 SH-BHA- B#i€hy1)-methyl]-naphthalen-2- y1}-acetic acid;
(6-Fluoro 4-[WMM@M@WMM&W&n@@t%ﬂ%ﬁ&ékﬁp%ﬁﬁi@@ﬁ%ﬂ}%ceﬂc
30(4-[Hydroxy-(4-methanesulfonyi-phenyl)-methyl]-naphthalen-2-y1}--acetic acid; - 197 -

23] (4-Ethane@tionyl-pheny1)-hydroxy-methyl]-6-fluoro-naphthalen-2-y1}-acetic acid;
{4-[(4-Ethanes|inmd 2mesinonrheBd IprsnmsRetayiHijsrmpnanisialen R adbneatigacid;
5{4-[(2-Chloro-4-methanesulfonyl-phenyl)-difluoro-methyl]-6-fluoro-naphthalen-2- yll-acetic acid,
{4-[Difluoro-(44nfiéR&RESORSHIRPMIRFN AHaRsTieRusrasiyhiRRBNSIsN-Zogliagers acid:
{4-[(4-Ethanesulfonyl-phenyl)-difluoro-rnethyl]-6-fluoro-naphthalen-2-yll-acetic 10acid;
(6-Fluoro-4-[(4-methanesulfonyl-phenyl)-methoxy-methyll-naphthalen-2-yll-acetic acid;
{6-Fluoro-4-{hydroxy-(4-methanesulfonyl-pheny1)-methyll-3-methyl-naphthalen-2- y1}-acetic acid;
15(6-Fluoro 4-{hydroxy[4-(morpholine-4-sulfonyl)-phenylkmethyl}-naphthalen-2-y1)- acetic acid,
{6-Fluoro-4-[hydroxy-(4-methylsulfamoyl-phenyl)-methyli-naphthalen-2-yll-acetic acid;
{6-Fluoro-444-(piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-yll-acetic acid;
20444-(3-Carboxymethy1-7-fluoro-naphthalene-1-carbonyl)-benzenesuifonyll- piperazine-1-carboxylic
acid ethyl ester;
444-(3-Carboxymethyl-7-fluoro-naphthalene-1-carbonyl)-benzenesulfonyllpiperazine-1-carboxylic
acid tert-butyl ester;



{6-Fluoro 4 [4 (4 methyl-piperazine-1-sulfonyl)-benzoyl]-naphthalen-2-y1}-acetic 25acid;
[4-(2-BenzenesuIfonyl-benzyl)-6-f|uoro-3-methyliﬁgﬁhthalen-z-yl]-acetic acid;
[4-(4-Benzenesulfonyl-benzy1)-6-fluoro-3-methyl-naphthalen-2-ya-acetic acid; - 198 -
[6-Chloro-4-(rtiRekifSRGEIRNES 0z i Prema Bnbipnbiealen vl receliforsid: (4
methanesulfqaytragifyldenaybidameaiivbRaphataleneny iy 2eatisReitiatdhalen-2-yl}-acetic
5[4-(4-Methanesulfonyl-benzoy0-7-trifluoromethyl-naphthalen-2-ya-acetic acid. 18. A pharmaceutically
acceptable 86 a compound of claim 17. 19. A pharmaceutically acceptable ester of a compound of
claim 17. 20gAfcompound of claim 8 selected from the group consisting of:[6-Fluoro-3-
methyl-4-(4-pyrazol-1-yl-benzyl)-naphthalen-2-y11-acetic acid; _ _
16(6-Fluoro-FétMg @@-%i%ﬁ%’ﬂwpfﬂzf&ﬂ)az rifuarppsibyknaphthalen-2-yil-acatic a@d; - 199 -
[4-(3-Cyano-benzy1)-6-Fluoro-3-methyl-naphthalen-2-y1Facetic acid,;
[4-(4-Cyano-hénzxlpHeirhiaresSonibimdospphithalesit b kaoetipamd; of ciaim 17.
[6-Fluoro-3-methyl-4-(4-methyl-benzyl)-naphthalen-2-y11-acetic acid;

[4-(4-Benzylayy-b -6-fl -3-methyl-, t -2-yY1Facetic acid; , .
S[a-(0Bromol ooyt R L P AR E S SRRy B claim 17

[4-(3-Chloro-benzyl)-6-fluoro-3-methyl-naphthalen-2-ylkacetic acid,;
[6-Fluoro-4-(£%idrerperayng- of iRy Bregltiark from tegesidmennsisting of:[6-Flucro-3-
[6-Fluoro-3- L (p-1rif methaxy:=hen: Uen:p-, icjacid;
3-(3-Carbox?r§1ge?tak(1%/rl4}7@ﬂ%%@mﬂﬁ%aﬁyﬁm%%ﬁe%% -ét{)aé%]@%?cg?did 10methyl ester;
{B82Fluoro-3-ntethigorgA3maibih-3(ietrgtolsyHaisreeiiondptirarafi-nanh thaletcayit;
[6-Fluoro-3-mgthyd 4-{4-pyrimidin-5-yl-benzy1l)-naphthalen-2-y11-acetic acid;
[6-Fluoro-4-(4'-methanesulfonyl-bipheny1-4-ylmethyl)-3-methyl-naphthalen-2-y1]- 15acetic acid; and
[4-(4-Benzylsulfanyl-benzy1)-6-fluoro-3-methyl-naphthalen-2-y1Facetic acid. 21. A compound of
claim 1 which is [6-Fluoro 4 (4 methanesulfonyl-benzoyl)-3-methylnaphthalen-2-k acetic acid. 20 22. A
compound of claim 1 which is [4-(3-Ethy1-4-methanesulfonyl-benzoy1)-6-fluoronaphthalen-2-ylk acetic
acid. 23. A compound of claim 1 which is [4-(4-Dimethylsulfamoyl-benzoyl)-6-fluoro-
25naphthalen-2-yl]- acetic acid. 24. A compound of claim 1 which is [6-Fluoro 4 (4
methanesulfonyl-2-methyl-benzoyl)- naphthalen-2-y11- acetic acid. 3025.A compound of claim 1
which is [6-Fluoro-4-(4-methanesulfonyl-benzy1)-3-methyl- naphthalen-2-yl]- acetic acid. 26. A
compound of claim 1 which is [6-Fluoro 4 (4-methanesulfonyl-2-methyl-benzy1)- naphthalen-2-ylk
acetic acid. - 200 - 27. A compound of claim 1 which is
[4-(4-ethanesulfonyl-benzoy1)-6-fluoro-3-methylnaphthalen-2-y1Facetic acid.  28. A compound of
claim 1 which is [6-Fluoro-4-(4-methanesulfonyl- benzoyl)- 5Snaphthalen-2-y1]-acetic acid. 29. A
compound of claim 1 which is [6-Chloro 4 (4
methanesulfonyl-benzoy1)-3-methylnaphthalen-2-y1]-acetic acid. 1030. A compound of claim 1 which
is [6-Fluoro-4-(4-methanesulfonyl-benzyl)-naphthalen- 2-y1]-acetic acid. 31. A compound of claim 1
which is {6-Fluoro 4-[hydroxy-(4-methanesulfonyl-phenyl)- methyl]-3-methyl-naphthalen-2-yll- acetic
acid: 15 32. A compound of claim 1 which is :
[4-(4-Ethanesulfonyl-benzy1)-6-fluoro-3-methylnaphthalen-2-y1]-acetic acid.
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4-(3-Cyano-benzyl )-6—Fiuoro-3-methyi-naphthalen—Q—yE]—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;
[

4-(4-Benzyloxy-benzyl}-6-fluoro-3-methyl-naphthalen-2-yl}-acetic acid;

. [4~(4-Bromo-benzyl)-6-flucro-3-methyl-naphthalen-2-yll-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-yll-acetic acid;

[6-Fluoro-3-methyi-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-yll-acetic acid;

[6-Fluoro-4-(4'-methanesulfonyl-biphenyl-4-yimethyl)-3-methyl-naphthalen-2-yl]-

acetic acid; and

[4-(4-Benzylsulfanyl-benzyl)-6-fluoro-3-methyl-naphthalen-2-yl}-acetic acid.

21. A compound of claim 1 which is [6-Fluoro-4-(4-methanesulfonyl-benzoyl)-3-methyl-

naphthalen-2-yll-acetic acid.

22. A compound of claim 1 which is [4-(3-Ethyl-4-methanesulfonyl-benzoyl)-6-flucro-

naphthalen-2-yl}-acetic acid.

23. A compound of claim 1 which is [4-(4-Dimethylsuifamoyl-benzoyl}-6-fluoro-

naphthalen-2-yl]-acetic acid.

24. A compound of claim 1 which is [6-Fluoro-4-(4-methanesulfonyl-2-methyl-benzoyl)-
naphthalen-2-yl}-acetic acid.

25. A compound of claim 1 which is [6-Fluoro-4-(4-methanesulfonyl-benzyl}-3-methyl-

naphthalen-2-yll-acetic acid.

26. A compound of claim 1 which is [6-Fluoro-4-(4-methanesulfonyl-2-methyl-benzyl)-

naphthalen-2-yl}-acetic acid.
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27. A compound of claim 1 which is [4-(4-ethanesulfonyl-benzoyl)-6-fluoro-3-methyl-

naphthalen-2-yl]-acetic acid.

28. A compound of claim 1 which is [6-Fluoro-4-(4-methanesulfonyl- benzoyi)-

naphthalen-2-yl}-acetic acid.

29. A compound of claim 1 which is [6~Chioro~4~(4~methanésuIfonylnbenzoyl)-S-methyI-
naphthalen-2-yll-acetic acid.

30. A compound of claim 1 which is [6-Fluoro-4-(4-methanesulfonyl-benzyl)-naphthalen-

2-yll-acetic acid.

31. A compound of claim 1 which is {6-Fluoro-4-hydroxy-(4-methanesulfonyi-phenyl)-
methyl]-3-methyl-naphthalen-2-yi}- acetic acid.

32. A compound of claim 1 which is [4-(4-Ethanesulfonyl-benzyl)-6-fluoro-3-methyl-

naphthalen-2-yl]-acetic acid.



