MODULATORS OF CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR
CROSS-REFERENCE TO RELATED APPLICATIONS [1] The present application claims the benefit
of priority under 35 U.S.C. , 119 to United States Provisional Application Serial Number 61/107,830,
filed October's3,S804*A4 entitied "MODULATORS OF CYSTIC FIBROSTS FANEMEIBRANE
CONDUCTANCE REGULATOR," the entire contents of which is incorporated herein by reference.
TECHNICAL FIELD OF THE INVENTION [2] The present invention relates to modulators of cystic
fibrosis transmcmbrane conductance regulator ("CFTR"), compositions thereof, and methods
therewith. The presentlnvent|on also relates to methods of treatmg dlseases usmg modulators of
CFTR. BACKG R UNGBAI 2RMEN (VAN I RR! AL E P RANCO A W MO

membrane transporter proteins that regulate G anses
potentially toxic drugs, and xenobiotics, as well as anions. They are homologous membrane protelns
that bind and use cellular adenosme tnphosphate (ATP) for the|r specmc activities. Some of these
transporters were discovereerdmBleizls : bR ISP - ENOR 1-P glycoprotein, or the

multidrug reqm@pcem@t@é&nﬁéhleet@mimmaﬂgnwbﬁaﬁg%a@llmge@smh@rt&otherapeutlc

agents. Tod such trans orter have t|f| dg 7 families based on their
sequence |d§1ﬁ|ly/ﬁ %haclcﬁ%rfgﬁgmgz[{ﬁ BhE Rembe eglrfé? A@ casse%l g% RSBt tL rsz?g Brli;commonly
associated wibhitdfigé amewe&wmmmeaﬁ@maw&wm CFTR is expressed in a
variety of cellsdprscingiiding:absptive-and-serr eloRnRRIGE: Gellsoheredtiagiiates anion flux
across the membrane, as well as the activity of other ion channels and proteins. In epithelial cells,
normal functhfﬁWBCSf CFTR is critical for the maintenance of electrolyte transport throughout the body,
including respiratory and digestive tissue. CFTR is composed of approximately 1480 amino acids that

encode a protein made up of a tangemyeReaitf HsmamiRrapedargains, each containing six

transmembrane helices and a nucleotide binding domain. The two transmembrane domains are linked

by a large, pH1&F! regUia SR BRYUSHAR Al l?tﬁlﬂ%l@‘ﬁﬁdgﬁﬁﬁﬁ/%Bﬁssﬁ@é‘ﬂ?ﬁtbFé@eulate channel
activity and celdiartraffietingnr (SITHIR genapesitoding:£6T Rdasdoermicentiicandesaguenced (See

Gregory, R. tnetlabn@@@%m@tg &%&%ﬁ’i&@m@)u& mé] hopOyaipge 347:358-362),

Riordan, J. R. a al. (1989) Science 245:1066-1073). A defe IS gene causes mutations in CFTR
resulting in cystic fIbl‘OSIS (-CF"), the most common fatal genetic disease in humans. Cystic fibrosis
affects approximately one in everysa 858G kfant®ioreE medStates. Within the general United States
population 10 etgorle carry a smagll of tl])e detectlve ene without apparent ill
effects. In contéglst in s with two rcsoatglﬁes g‘l{gﬁp CF associater apgleéhep su?fert?lo%m the debilitating
and fatal effdegardr ftﬁ%mfatﬁé THighETGHiRhsasacciogical agents, potentially toxic drugs,

and xenobiotics, as well as antons. They are homologous membrane proteins that bind and

use cellular adenosine triphosphate (ATP) for their specific activities. Some of these

| transporters were discovered as multidrug resistance proteins (Ike the MDR1-P glycoprotein,
or the multidrug resistance protein, MRP1), defending malignant cancer cells against
chemotherapeutic agents. To date, 48 such transporters have been identified and grouped
into 7 families based on their sequence identity and function.
[664] Onpe member of the ATP cassette transporters family commonly associated with
disease is the cAMP/ATP-mediated anion channel, CFTR. CFTR. is expressed in a variety of
cells types, including absorptive and secretory epithelia cells, where it regulates anion flux
across the membrane, as well as the activity of other ion chammnels and proteins. In epithelial
cells, normal functioning of CFTR is critical for the maintenance of electrolyte transport
throughout the body, including respiratory and digestive tissue. CFTR is compesed of
approximately 1480 amino acids that encode a protein made up of a tandem repeat of

transmembrane domains, each containing six transmembrane helices and 2 nucleotide binding
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[6] In patients with cystic fibrosis, mutations in CFTR endogenously expressed in respiratory epithelia
lead to reduced apical anion secretion causing an imbalance in ion and fluid transport. The resulting
decrease in_ \%'3%91%5%‘6%%?8” co_ntributes to lenhanced mucus acpumulatiqr}g)rmgztl’ﬂé@?%g the ‘
accompanying microbial infections that ultimately cause death in CF patients. in addition to respiratory
disease, CF patients typically suffer from gastrointestinal problems and pancreatic insufficiency that, if
left untreated, results in death. In addition, the majority of males with cystic fibrosis are infertile and

fertility is decreased among females with cystic fibrosis. In contrast to the severe effects of two copies

of the CF asé@Bidtted epaiie, AN AtNAIR HE st \P O f IR CIOBSSE TN dBéasidibit increased
resistance tayaholarapshiepiahdmtions@suitingfeamdiartbeaperhaps.expiaiipgdhe relatively high

frequency of CF.gene within the ation. [007)Sequence analysis of.the CF, ene of CF
chromosem IR e B e e o AT S SBA (LbE G w0 (1090) Nature
346:366-3691 [EHE) Matete A - 18D0FC RicB1IBE3e870{ IR0 Keremi4B-S8eial. Riogay.Sdence

245:1073-1080; KeraysBrecial: 64090 Hrocadal ARG SCiblSASH B 1845%). To date, more
than 1000 disegse causing mutations.in the CF gene have been identified ,

(nttp. vy GEHSEGE GEHIE SFCAGHET, THE OSSPSR REMRGERI 1SS LIRS GHRylalanine at
position 508ftithie CREF@Rapprinignacld sequenay, 2084 isfoomnbenieié fMedsoWghkR508-C1-TR. This
mutation oc | ralfor{laake ;Rereent &pﬁ&gg iGfibroais,pnds fssesiated with a
severe dise%?%_&%% ﬁ? %ﬁﬁzﬁﬁsﬁigﬂ AF5 }8%3%%% E)rgeyen?s the nascent protein from
folding corre®Hy. FHieu eSS T RE LM P BT e BRI DISIR I (e e R T 4R HRIfc to the
plasma mgngbnammﬁfdkirwmgbﬁhatmgml&bfaaﬂ eﬁmg@lﬁﬁré@mﬁ@g ¢hwm_énm_gna'msis far Igss than _
observed in ﬁ@lﬁ expIeseiag Wiﬁﬂa‘%}%@ i%ﬁ;';ﬁ; &@Q%l%ﬁ@g@gg&&@[ %Q;}gssgaqﬂnutatlon results in

defective channel gating. Together, the reduced number of channels in the membrane and the

defective gatfiBRSE @rdisde Mietrerd ARl f e e g MY A8 ge iR @R & bn and fluid
transport. (Quiti @andgoyl .I(Hg&@ﬁﬁtiﬁg\%Baﬂe A 2VOQraR i) c@mﬂm hamesﬁeﬂ\mumWever, that the
reduced numbeinlR R fh] Bdhliemephinsaeinsionahalbeliigsadiagugid oe CE TR
(Dolmans et al. (1991), Nature Cand. 354: 526-528; Denning et al., supra, Pasyk and Foskett (1995),
J. Celt. BiocHe#H. D 75 Pro gy - Bpgddiicpitfem s A Some AR aRerppeRly RIERIIEB5 1 DCFTR, other
disease caugiRgontiaiansdbiGl iR thakresiltintriectivedraffiekingreaathesiss s channel
gating, could be. up- or.down-r ated to .alter anion secreti dify. disease progression and/or
severity. [9] ﬁ?]%ﬁ%% %‘fﬁl Oﬁ%?%c%artgg l\;iéﬁist%%% molecu ;%@ fﬁl%%lg)?t?g%% §r?|j%ré1r§£|%$s clear that this
role (the trarfSiog BrEloWED HtBFGE aRY HcRBBHARY Fepresehiecs9é wrAteIst BT 85 fhiportant
mechanism gfstanspQEliagn@nEantwReHAGENSS Hhe RpiiFelitiathgnahanpiemasiscinclude the
epithelial Nat channel, ENaC, Nat/20-/Kt co-transporter, Nat-Kt ATPase pump and the basolateral
embrane KE A e B B ) These
elements workatdgbthishigegeriievel diedchiore YRS porPaREEE8the epithelium via their selective

expression goghlocalizatiar: withiRithe mebrERlgridenbeerptian:takesplasedn theugsegrstinated activity

of EN aC ang CETR present on the apical membr the Nat KtATPase pump and Cl channels
expressed o%lst?'uaeS ‘“a“‘éP%‘P Srafaitace cl)li‘%h(géﬁéﬁ;r é%l%%@%ﬁ%”&%%a%}%B%?S?“c%ﬁtaae' from the

luminal side 16283 $slti6é: S BifALdad SsretirfirScel il 4 BRiovdmcadiér Canl I¥EnErarssiVey leave the cell

via CT ion channelssdraditingdn a-yeciaries ianspaitsisiangs mentelNad/dals ureatiansporter,
NatKtATPase pump and the bﬂa}l?s;gl}@teral mer‘gbrane Kéc annels on the basolateral surface and CFIR

on the luminS3"Si88 LEBAIM b th s eee by 8FRnTIHESia CFTR on the luminal side. Because water
is probably nitey/activehpdraicsiodsterci&éll)itd lomaigross!apithedizod épedrdgion afny transepithelial
osmotic gradignia ASRer ated s iredudisflewnel sadivimandchiqrides {tikbstective-hicarbonate

transport due to mutations'in CFTR is hypothesized to cause defects in certain secretory functions.
See, e.g., "CYAHBTOSIS i TR BICAHSUR A BRCranaT 4 it RAGEB\AE da 6818 PRSI, Quinton,
Lancet 2008(ii¥d&s 4dbidlkvocild] Mitatiorseidi€BsER that are associated with moderate CFTR
dysfunction gggealso-gidantin Ratigais wih.copsdiienshpkshareceriaindissase.manifestations with

CF but do . _ o . .
folding correctly. This results in the inability of the mutant protein to exit the ER, and traffic

to the plasma membrane. As a result, the number of channels present in the membrane is far

.
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not meet the diagnostic criteria for CF. These include congenital bilateral absence of the vas deferens,
idiopathic chronic pancreatitis, chronic bronchitis, and chronic rhinosinusitis. Other diseases in which

mutant CFT% 6§2tgeljeved to be a risk factor along with modifier genes or sejﬁgﬁm%gﬁggctors include
and asthma.

) T0/045836 . . o .
primary sclerosing cholangitis, allergic bronchopulmonary aspergillosis, 133Cigarette
smoke, hypoxia, and environmental factors that induce hypoxic signaling have also been
demonstrated to impair CFTR function and may contribute to certain forms of respiratory disease, such

as chronic bronchitis. Diseases that may be due to defective CFTR function but do not meet the

diagnostic cisribefartsrvatdncisirasnseiseg weprrirdatda widsasasimpauet FrEigdinsn to cystic

fibrosis, modidatiaareh FliR iactb W aLRehensficid danather diseasamibet ditpatiyetadsed by
mutations in Cfcl R, such as se rfetg% di,;xea?%% %nrg dOtQ A lrotterinsfolgiggoggseeﬁﬁeﬁamediated by CFTR.
CFTR regulattrt‘&n Eﬁ%rafl eméngl%lgacr Ona&te TuxX Across e epﬁﬁeﬁﬁ of many c S0"tontrol fluid

movement, prateintsdhigitivaiormomifcddrespersityuintdio iz W 6l VIR SBRIEGSHIEFTR can cause
blockage of he-ginyayQrLEWCIsIRNRMNEaRBHnEIdEno e iNer argoganemaas Rotentiators are

compounds that enhance the gating activity of CFTR present in the cell me .. Any disease which
involves thic‘i?&ﬁi‘?fansﬁfﬁéuﬁ?%%@: ?ﬁiﬁ%\?&s fidl S‘ééﬁgﬁjg‘ﬁf%m ) 8‘%&8@%@%2@%”&? or blocked
ducts leadingdadinffaniataiti Reding s el degtudtioyk codicbbeta(t¥fdidatelioB ipdientialtrs.

10151 These, ighide, RHLAiGRPk RBIEELEERNRTYG RPSHCIVERYIMAnaf, dh8ease:(OPD), asthma,

smoke induced COPD, chranic bronchitis, rhinosinusitis, constipation, dry eye disease, and Sjogren's
Syndrome, GASHRE QLOHINES Eut Famubaisaus i Giiineadticdng PrRssd™4Rg ShHmatory bowel
disease. COf2bnis chéddeteyizeddynaiiionclimitdttonrihatésrpiogred smediBrsemt fully reversible. The
airflow Iimita%% Igs%eaﬁg,gp%ﬁtgypersecretion, emphysema, and bronchiolitis. Activators of mutant
or wild-type R offer a potential treatment of mucus hypersecretion and impaired mucociliary
clearance thH corftihgHah O Brospastin e aTis RERETHIT Rt S8R Fa B MU ®E TR may
facilitate fluidhttahspol ftorthepaitwasnRuEadeotide iddbibydatecthepravausand-optinitzad periciliary
fluid viscosity, JlsyRUtkisad de sRaRsRAMuSaCIRLY ClRIaNcs aRM M ofuclign in the symptoms

associated w PD. In addition, enting ongoing infection and inflammation due to improved
airway clear&eEBTE RIS GE GRtsie %@Pglé\% Rl parendrmrartiesttuction of the airway
that characte(imes-gmppyse hatansdxedlice ey Brseiheein crense iponiils e detipgkeell number and
%rjﬂersecretion in airway diseases. Dry eye disease is characterized by a

size that Widefrléﬁoeédgwﬁ&}%ﬁehé/
decrease in tear aqueous production and abnormal tear film lipid, protein and mucin profiles. There are
Eﬁ%“tﬁiﬁﬁ‘tions,

many cause&¥¥ldry Byese sismensrvoricnepibrn doadyeve dSirie SuneRor) 24 PSR CHi
chemical/theymakhuenstiad exgiesiana disesisesebuehmnmeysiic dimasisandpSingaeass.syndrome.

Increasing apion secretion via CET d %e fluid transport from the cor Iﬁnthelial cells
and secretcftgyY g(%r? s‘%‘&?ﬁ%%ﬁ%‘.‘r’f&’ t??e%lg g%increa ée%%%noéna{%mﬁfa%iglﬁ%%eﬁa\%al% healp to alleviate

the symptonis asEtrsrpeanvitd Ghpiepectiseesecsisghehswiymdromesobherrbimemmedisease in
which the imgpuha-sysiamaliacks maistusepraduss g glandsdhtoughatdiihe hesylingluding the eye,

mouth, skin, tespiiatory tissue, Iver, xagina, and g, SYRtoms, lnglude, iy eve, mouh, and vagina,
as well as luRYGISBaSETTHE diechse 1€ alfd asSociated with Theumatdid ar rﬂlls, sys(femlc lupus,
systemic sclerosisrtardrpedymppoSifsiiehiimtcmiasinetapdiective gk nuraffiekihg is believed to
cause the diggasg.RmMRIEEH *RHRBLARIARS r imis-ModptersafGRTRael dioe may hydrate
mptoms.

the various organs afflicted by the disease and may help to alleviate the associated
Individuals WitA & et higEre Haech Géﬁ%éﬁt oé'égcgf“ fﬁf‘éaslﬂv’h(% %ﬁg?ﬁgt%aﬁe]éﬁ’&’ L@lé’ﬁ r incidences
of rectal polapse; gtlstptespgastreas dplingearvefkpiidibe dempGlantitipg rareistieind inflammatory

bowel diseasgndicating,hat.CRIR{UncHaR MAY Rlasamimperiaiidole in preventing such diseases.
[016]As discussed above, it'is believed that the deletion of residue 508 in AF508-CFTR prevents the

nascent protéihtronPRERTHYS RISATREIRE FASSRARHY IREHRISRPSHRR FIRHRSIEHIT t8°Kit the ER, and
traffic to the pdésmin nemibracecAstaicesolt, Sasufficietysamdmts ofiprered dicrderstein are present at
the plasma membrane.andslods SsPRIt withisepifhelisdissyesis significantly reduced* In fact,

this cellular phenomenon of defective ER processing of CFTR by the ER machinery, has been shown
to be the und&ling %&5@%&%@%?‘6@{8@é%@?‘ﬂ?ﬁi%?ﬁ%ﬁ%%@ﬁf‘%’é’?i%l%d and inherited
diseases. Theiwn wayddhabtiedzRimackinahsearmalixetionsifeithésdo ywids€Hbwalepling to ER
export of the proteins leading to degradation, or by the ER accumulation of these defective/misfolded
proteins |Aridor M, eral., Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., et al., Neurochem.
International, 43, pp 1-7 (2003); Rutishauser, J.;8t al., Swiss Med WKly, 132, pp 211-222 (2002);
Morello, JP et al., TIPS, 21, pp. 466- 469 (2000); Bross P., et al., Human Mat., 14, pp. 186-198
(1999)J. The diseases associated with the first class of ER malfunction are cystic fibrosis (due to
misfolded AF508-CFTR as discussed above), hereditary emphysema (due to al-antitrypsin; non Piz
variants), hereditary hemochromatosis, coagulation-fibrinolysis deficiencies, such as protein C

deficiency, Type 1 hereditary angioedema, lipid processing deficiencies, such as familial
hvwvnarcholeactarnlarnia Tvne 1 chvlomicronemia ahbhetalinonroteinemia Ihvvenenmal etaorane diceacac



congenital bilateral absence of the vas deferens (CBAVD), mild pulmonary disease, idiopathic
pancreatitis, and allergic bronchopulmonary aspergillosis (ABPA). See, "CFTRopathies: disease
phenotypes associated with cystic fibrosis transmembrane regulator gen i " Peader G.
Noone and M%ﬁgleoll%?ﬁ%%owles, Respir. Res. 2001,2: 328-332 (incorpor%é%%%%@%ﬁ%zmrence),
[18] In addition to up-regulation of CFTR activity, reducing anion secretion by CFTR modulators may
be beneficial for the treatment of secretory diarrheas, in which epithelial water transport is dramatically
increased as a result of secretagogue activated chloride Transport. The mechanism involves elevation

of CAMP andustirael BwchiraneicrgRitefa dprAfholhyee taehelarangomal Blaces rsewest ¢fifigras, the major

consequencesfdisdrhamic apase paresuiinchiom Sxaessive.ablaricemnspatkake cammon to all,
and include cﬁilfr%gdratlogfc ﬁ\mdosns ai e?l ﬁ% vt\grrllfaa&négs fci?%ttgf écute aﬂg% ggl nic diarrheas represent

a major medi ) ﬁ&%@m mmr‘ﬁtglrlﬂ/carealssoﬂ e Wo iarrhea is both a signi icant 1actor in malnutrition

and the leadintjreameetad fapeatinBugo o po0Ydekstas gl it dviangie Ssonshnpieoparrs old. [20]

Secretory digsrgg%g&gg%s‘gt@ﬂgangerous condition in patients with acquired immunodeficiency
syndrome (A a

Eﬁ réjd chronic ig%l‘agmmator &)owel dise??et: gBD %ixt enhmilcl)ilgg tlravienlners to
developing dotiitrieS M T & AR Ry Aoy SRR AP T 18 AR HERE Boverity and
number of chsesabsb dimmdemonairpied)tol Spesiolity B futteticondtjas nontiresteob e 5213 plccordingly,

there is a negg farpotentand.seleciivg & RhRpateniataes ahwild vpe.andmutan femes of human
CFTR. These mutant CFTR foul's include, but are not |[imited to, AF50 de#ﬁ%S%{D, R117H,
ST

2789+5G->AMMPISF PEBNR BIe e R Fe RIS URS SToP e PRI SRR JiPBSitions thereof,

which can beéiused.to modulate the activity of the CFTR in the cell membrane of a mammal. [23]

There is a negd formeihods Al MRAHIGAISEASAR GRUFREEY MWRNARIH IR GSIRG sweh modulators

of CFTR activity. [24] There is'a need for methods of modulating CFTR activity in an ex vivo cell

membrane SHEHFARNHLCSY RIRARY To%iaes BHTR-shehFosHa A tiEemis SORGESt this disclosure,
and pharmagpsuticdtiyiiag diptablesedinpiosiiiiRIhERIB! rard ansehibadermabhilatbrs=of (BRTR activity. The

compounds &%@ é%eegﬁ{%%ﬁatlflzn?ﬁg%@l@)} controi fluid movement, protein solubilization, mucus
viscosity, and enzyme activity. Defects in CFTR can cause blockage of the airway or ducits
in many organs, including the liver and pancreas. Potentiators are compounds that enhance
the gating activity of CFTR present iu the celi membrane, Any disease which invelves
thickening of the mucus, impaired fiuid regulation, impaired muchs clearance, or blocked
ducts leading ro inflamsnation and tissue destruction could be a candidate for potentiators.
[015])  These include, but are not limited to, chronic obstructive pulmonary disease
{COPD), asthma, smoke induced COPD, chronic bronchitis, rhinosinusitis, constipation, dry
eye disease, and Sjbgren’s Syndrome, gastro-esophageal reflux disease, gallstones, rectal
protapse, and inflammatory bowel disease. COPD is characterized by airflow limitation that
is progressive and not fully reversible. The airflow limitation is due to mucus hypersecretion,
emphysema, and bronchiolitis. Activators of mutant or wild-type CFIR offer a potential
treatment of mucus hypersecretion and impaired mucociliary clearance that is common in
COPD. Specificaily, increasing anion secretion across CFIR may facilitate fluid transport
into the arway surface liquid to hydrate the mucus and optimized periciliary fiuid viscosity,
This would lead to enhanced nmcociliary clearance and a reduction in the symptoms
associated with COPD. In addition, by preventing ongoing infection and inflammation due to
improved airway clearance, CFTR modulators may prevent or slow the parenchimal
destruction of the airway that characterizes emphysema and reduce or reverse the increase in

mucus secreting cell number and size that underiyses mucus hypersecretion in airway

ik



or pharmaceutically acceptable salts thereof, wherein RI, R2,12.3 and A are described generally and
in classes and subclasses below. 10261 These compounds and pharmaceutically acceptable

composition&srﬁ) g@g&%&or treating or lessening the severity of a variety %gjag%%g%’ggrders, or

conditions assocl h mutations in CFTR. 1026al In a first aspect, there Is provi a compound
of Formula (I): or phaiinaceutically acceptable salts thereof; wherein: ring A is selected from:
(a)(b)(c)(d) wherein: Rl is -CF3, -CN, or -C=2--CCH2N(CH3)2I R2 is hydrogen, -CH3, -CF3, -OH, or
-CH20H; R3 is hydrogen, -CH3, -OCHS3, or -CN; provided that both R2 and R3 are not simultaneously
hydrogen. [F36353}-IFPE S8 81ERsI SBArHETETS b SRIEESS PHEMILXUE PERSHATGSRiIon comprising a
compound asdefieac.ahoyapadaehatnacfutisali-acneptalanaianes atjuvent. some

of which include age, Lasik eve surgery, arthritis, medications, chemical/thermal burns,

allergies, and diseases, such as cystic fibrosis and Sjégrens’s syndrome. Increasing anion

secretion via CFTR would enhance fluid wansport from the comneal endothelial cells and

secretory glands surrounding the eve to increase corneal hydration. This would help to

alleviate the symptoms associated with dry eye disease. Sjdgrens’s syndrome is an

autoimmune discase in which the immune system attacks moisture-producing glands

throughout the body, including the eye, mouth, skin, respiratory tissue, liver, vagina, and gut,

Symptotns, inciude, dry eve, mouth, and vagina, as well as lung disease. The disease is also

associated with thenmatoid arthritis, systemic lupus, systemic sclerosis, and

polymypositis/dermatomyositis. Defective prdteiﬁ trafficking is believed to cause the

disease, for which treatment options are limited. Modulators of CFTR activity may hydrate

the various organs afflicted by the discase and may help to alleviate the assoctated symptorns.

Individuals with cystic fibrosis have recurrent episodes of intestinal obstruction and higher

incidences of rectal polapse, gallsiones, gastro-esophageal reflux disease, GI malignancies,

and inflammatory bowel disease, indicating that CFTR function may play an important role

in preventing such diszases.

(316}  As discussed above, it is believed that the deletion of residue 508 in AF508-CFTR

prevents the nascent protein from folding correctly, resulting in the inability of this mutant

protein to exit the ER, and traffic to the plasma membrane. As a result, insufficient amounts

of the mature protein are present at the plasma membrane and chloride transport within

epithelial tissues is significantly reduced. In fact, this cellular phenomenon of defective ER

processing of CFTR by the ER machinery, has been shown to be the underlying basis not

only for CF disease, but for a wide range of other isolated and inherited diseases. The two

ways that the ER machinery can malfunction is either by loss of coupling to ER export of the

proteins leading to degradation, or by the ER accumulation of these defective/misfolded

proteins [Aridor M, ef af., Natre Med., 5(7), pp 745- 751 (1999); Shastry, B.S., et al.,

Neurochem. International, 43, pp 1-7 (2003); Rutishauser, 1., ef al., Swiss Med Wkly, 132, pp

211-222 (2002); Morello, JP et al., TIPS, 21, pp. 466- 469 (2000); Bross P, ef al., Human

Mut., 74, pp. 186-198 (1999)]. The diseases associated with the first class of ER malfunction

are cystic fibrosis (due to misfolded AF508-CFTR as discussed above), hereditary

emphysema (due to al-antirypsin; non Piz variants), hereditary hemochromatosis,

(
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[026¢] In a third aspect, there is provided the use of a compound as defined above, for the preparation
of a medicament for treating or lessening the severity of a disease in a patient, wherein said disease is
selec'ged fro%{g)ﬁﬁ}i{ﬁoﬁ I&sis, asthm_a, _smokle.induced CQPD, g:hronic brogbgij}{%,zamﬂ)%%%ysitis,
constipation, pancrea |?|s, pancreatic insufficiency, male infertility caused by congenital bilateral
absence of the vas deferens (CBAVD), mild pulmonary disease, idiopathic pancreatitis, allergic
bronchopulmonary aspergillosis (ABPA), liver disease, hereditary emphysema, hereditary
hemoehromatosis, coagulation-fibrinolysis deficiencies, such as protein C deficiency, Type 1
hereditary afRfiseaEmELTIBNYpicSsERrcaeReiotdiEdcE (cAchS TR Talts pisTeRiBSterolemia, Type 1
chylomicrongigiadenelaprapoeteingiticlisaso mak sigrageaispashscaulleasa Tatk 1
disease/pseydo-Hurler, mucopglysaccharidoses, Sandhof/Tay-Sachs, CriglerNajjar type 11,
polyendocriréhoibg?ﬁffﬁwli%gr r%ﬁé%? r abe géﬁéesﬁl ljrgjsq Tgll%enyﬁ%gﬁfssrfﬁ%rﬁ% éC&:)NIaeroxidase deficiency,
primary hyp@éiseastpsausieidmiomdMaemelzsaghfendeisid ©PG ippeonabomreesiralenygesthyroidism,
osteogenesisimperfecisaherediRny-hprefibrinossnenyes N k-deficienty (Hiaketes insipidus (D),
neurophysea{ DI, ne(ggr.oge_ntic DI, C arc?t-Mdarie To%'gh/@/%ndrome, Pegsljzba?u_sMﬁrtzb he{r disease,
neurodegenerative diteaSe S UER S8 N eiNer S AR PA NSO & g8 a5 "EmyStrSphic lateral
sclerosis, progressigepsulp famercibearipaisiduPiclgrndibdaveonererniopb ipylenpertiridaeurological disorders
such as HURIRGIOR S SRIRGARARPRIRL LRI IR b SRING)ARERHIPRG MRS U A RR N dentatorubal
pallidoluysian, and myotanic dystrophy, as well as spongiform ence%%%%gathies such as hereditary

Creutzfeldt-FaREH BB e St HHET Bt TIPS ARG a8t ™ Bug Shycanosis

Straussler-Sché&ifier! sipradtanec GO RENdfueyeudisessappailie aticams winganey, osteoporosis,

OStGOPe”ia’ﬁ%ﬂ%@%ﬁi@%ﬂ%%@&e@ﬂ'ﬂﬂ%@f&&é%@'WQ?H{W%@@&Q%H%@JE&&FOWOH and
a

Becker foul's), r's syndrome type lll, Dent's disease, %erekplema, epilepsy, lysosomal storage

le .
disease, AnJEH RFSETRTEIR&LMSH Bh/ 15y STEHEEHE{PBDYP PeBHTHTSRE Rversus (also known
as Kartageneizsymdieine)sPEID weittpby sitlBitker susapdssiianpaplasia’-ocgjogren's disease. (026d]
In a fourth agpeledhase dnpigYiet e seiRlacAmRONEN 35 AR ed AR e e preparation of a

medicament for freating or lessening the severity of a disease in a patient, wherein said disease is
associated Wit feBgds G TRk ot ahe b Histato RUIAMHEGEIEHRGHHFEPTR or environmental
factors, whesginethetisoase geystitaiirasig;rebroine) [rohohiis s theateent proqhiitisieacute bronchitis,

le infertilit . ' i f le infertilit
nele e o CHNSGIALIAAl b LG GR TSRS (EAAVE el ety

caused by congenital absence e uterus and vagina (CAUV), idio
idiopathic re€sRréiTt pihcrdAmiRaRbAMe s NE A Era ARR!: eRivhrEd hHBY ISR primary sclerosing
cholangitis, aliesgicderanchoppmanarysaspeigilosissidiahatesy oryayEcpastipation, allergic
bronchopulmonary, aspergillosis ng ), bane disea S Qf asthma. 1[(926e1 In, a fifth aspect, there is
provided the&lljcscaﬂcé)%og c&?gb%ll%]és(aﬁgdei |n£§ al %é%gg)iﬁﬁge 6?8%3@%% o lgnr%reﬂ(t:l%}ament for treating or

lessening therepsvangyiepel disbasdiserer Fligantyiparel i saidcigdaseis Sssperitéehoirhormal CFTR
function. [026fldfaRe3xib (@ PP slolbRIS IR0y dRchaiki bl e MReasuinsstg.atyity of CFTR or a

fragment thereof in a biological sample in yitrq or in yivo, comprising; (i) a composition comprising a
compound G EBIRIE (F RSPEri TR A At RO TSP BB S PR ORRE Gon with tne
biological sdifpimsds) ambBstkinipactivibattSaidGioTR tppead ik dopridndithere b perekplexia,

epilepsy, hyperekplexia, lysosomal storage disease, Angelman syndrome, Primary Ciliary

Dvskinesia (PCD), PCD with situs inversus (also known as Kartagener syndrome), PCD
without situs inversus and ciliary aplasia, and iiver disease.

1817}  Other diseases implicated by a mutation in CFTR include male infertility caused by
congenital bilateral absence of the vas deferens (CBAVD), mild puimonary disease,
idiopathic pancreatitis, and aliergic bronchopulmonary aspergillosis (ABPA}. See, “CFTR-
opathies: disease phenotypes associated with cystic fibrosis transmembrane regulator gene
mutations,” Peader G. Noone and Michael R. Knowles, Respir. Res. 2001, 2: 328-332

{incorporated herein by reference).



[0269] In a seventh aspect, there is provided a method of modulating CFTR activity in a biological
sample comprising the step of contacting said CFTR with a compound as defined above. [026h] In an
eighth aspect, there is provided a process for preparing a compound of Formula (Ic), or
pharmaceutically acceptable salts thereof, comprising the steps of: (a)reacting a compound of formula
2a with @it 8mindrofddgmule &pangmhaiﬁima:ﬁﬁiﬁﬁﬁmdﬁfﬁprcﬁutéx@mni@aﬁ@(ﬁ)en rogettingRthe
Compound ula%ir'rs“ilrll%y e gene S e%rea!fjmene \I”secretory diarrheas, in which epithelial

water transport is dramatically increased as a result of secretagogue activated chloride

transport. The mechanism involves elevation of cAMP and stimulation of CFTR.

[019]  Although there are numerous causes of diarrhea, the major consequences of

diarrheal diseases, resulting from excessive chloride transport are common to all, and include
dehydration, acidosis, impaired growth and death. Acute and chronic diarrheas represent a

major medical probiem in many areas of the world. Diarrhea is both a significant factor in
malnutrition and the leading cause of death (5,000,000 deaths/year) in children less than five

years old.

[020]  Secrctory diarrheas are also a dangerous condition in patients with acquired
immunodeficiency syndrome {AIDS) and chronic inflammatory bowel disease (IBD).

Sixteen million travelers to developing countries from industrialized nations every year

develop diarrhea, with the severity and mumber of cases of diarrhea varying depending on the
country and area of travel.

[021]  Accordingly, there is a need for potent and selective CFTR potentiators of wild-type

and mutant forms of human CFTR. These mutant CFTR forms include, but are not limited

to, AF508del, G551D, R117H, 2789+5G->A.

[022]  Thereis also a need for modulators of CFTR activity, and compositions thereof,

which can be used to modulate the activity of the CFTR in the cell membrane of a mammal.

[023]  There is a need for methods of treating diseases caused by mutation in CFTR using

such modulators of CFTR activity.

[024]  There is a need for methods of modulating CFTR activity in an ex vivo cell

membrane of a mammal.

SUMMARY
[025] It has now been found that compounds of this disclosure, and pharmaceutically
acceptable compositions thereof, are useful as modulators of CFTR activity. The compounds

have the general Formula (I):



reduction RiRi 2b2c; and (c)reacting the amine of foimula 2c with an acid of foiltula Id to provide a
compound of Formula (Ic) wherein Hal is F, Cl, Br, or I;

I
or pharmaceutically acceptable salts thereof, wherein R', R%, R? and A are described
generally and in classes and subclasses below.
[026] These compounds and pharmaceutically acceptable compositions are useful for
treating or lessening the severity of a variety of diseases, disorders, or conditions associated

with mutations in CFTR.

[026a] In a first aspect, there is provided a compound of Formula (I):

wéﬁa*@”

(I

\
H
I

or pharmaceutically acceptable salts thereof, wherein;

ring A is selected from:

(2) (b) (© (d)

wherein:

R'is -CF3, -CN, or -C=CCHoN(CH;)z;

R*is hydrogen, -CHj3, -CFs, -OH, or -CH,OH;
R%is hydrogen, -CHs, -OCHs, or -CN;

provided that both R? and R? are not simultaneously hydrogen.

[0Z6b] In a second aspect, there is provided a pharmaceutical composition comprising a

compound as defined above and a pharmaceutically acceptable carrier or adjuvant.



HN ORa, and ring A is selected from: wherein R1 is -CF3, -CN, or -CE---CCH2N(CH3)2i R2 is
hydrogen, -CH3, -CF3, -OH, or -CH20H; R3 is hydrogen, -CH3, -OCH3, or -CN;

1026¢} In a third aspect, there is provided the use of a compound as defined above, for the
preparation of a medicament for treating or lessening the severity of a disease in a patient, wherein
said disease is selected from cystic fibrosis, asthma, smoke induced COPD, chronic
bronchitis, rhinosinusitis, constipation, pancreatitis, pancreatic insufficiency, male
infertility caused by congenital bilateral absence of the vas deferens (CBAVD), mild
pulmonary disease, idiopathic pancreatitis, allergic bronchopulmonary aspergillosis
(ABPA), liver disease, hereditary emphysema, hereditary hemochromatosis,
coagulation-fibrinolysis deficiencies, such as protein C deficiency, Type 1 hereditary
angioedema, lipid processing deficiencies, such as familial hypercholesterolemia,
Type 1 chylomicronemia, abetalipoproteinemia, lysosomal storage diseases, such as I-
cell disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-
Najjar type 1L, polyendocrinopathy/hyperinsulemia, Diabetes mellitus, Laron
dwarfism, myleoperoxidase deficiency, primary hypoparathyroidism, melanoma,
glycanosis CDG type 1, congenital hyperthyroidism, osteogenesis imperfecta,
hereditary hypofibrinogenemia, ACT deficiency, Diabetes insipidus (DI),
neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome, Perlizacus-
Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuclear palsy,
Pick’s disease, several polyglutamine neurological disorders such as Huntington's,
spinocerebullar ataxia type L, spinal and bulbar muscular atrophy, dentatorubal
pallidoluysian, and myotonic dystrophy, as well as spongiform encephalopathies, such
as hereditary Creutzfeldt-Jakob disease (due to prion protein processing defect), Fabry
disease, Straussler-Scheinker syndrome, COPD, dry-eye disease, pancreatic
sufficiency, osteoporosis, osteopenia, Gorham’s Syndrome, chloride
channelopathies, myotoma congenita (Thomson and Becker forms), Bartter’s
syndrome type 111, Dent’s disease, hyperekplexia, epilepsy, lysosomal storage disease,
Angelman syndrome, Primary Ciliary Dyskinesia (PCD), PCD with situs inversus
(also known as Kartagener syndrome), PCD without situs inversus and ciliary aplasia,

or Sjogren’s disease.

- 8a—



provided that both R2 and 123 are not simultaneously hydrogen, and Ra is hydrogen or a silyl
protecting group selected from the group consisting of trimethylsilyl (TMS), tert-butyldiphenylsilyl
(TBDPS), tertbutyldimethylsilyl (TBDMS), triisopropylsilyl (TIPS), and [2- (trimethylsilyl)ethoxy]methyl
(SEM). [02611 In a ninth aspect, there is provided a compound which is wherein ring A is 02N
wherein W i®26H 3in- CiNvol aQEE QCH 2NMCHB)2 lande of akRenpduydroegkfiredalgibyl forabecting group

selected frﬁ;?? %@?a@é%‘%&%@&'&%&%%&?@ 51 l¥£@iﬂ§?hé%&8%%?'9&%%‘éMr SRR ercin

tert-butyldi yisilyl (TBDMS), triisopropylsilyl (TIPS), and [2-(trimethylsilypethoxy]méthyl (SEM).
[026]] In a ténidh @gwétmtﬁéﬁ@igtﬁimﬂb@@e@ﬁr%ﬁmmm|§uﬁﬁ@r§mz’m@m§hmﬁan

encoding CFTR or environmental factors, wherein the disease is cystic fibrosis,
chronic bronchitis, recurrent bronchitis, acute bronchitis, male infertility caused by
congenital bilateral absence of the vas deferens (CBAVD), female infertility caused
by congenital absence of the uterus and vagina (CAUV), idiopathic chronic
pancreatitis (ICP), idiopathic recurrent pancreatitis, idiopathic acute pancreatitis,
chronic rhinosinusitis, primary sclerosing cholangitis, allergic bronchopulmonary
aspergillosis, diabetes, dry eve, constipation, allergic bronchopulmonary aspergiliosis

(ABPA), bone diseases, or asthma.

[626¢] In a fifth aspect, there is provided the use of a compound as defined above for
the preparation of a medicament for treating or lessening the severity of a disease in a

patient, wherein said disease is associated with normal CFTR function.

[026f] In a sixth aspect, there is provided a kit for use in measuring the activity of

CFTR or a fragment thereof in a biological sample in vifro or in vivo, comprising:
(i) a composition comprising a compound of Formula (I) as defined above;
(i) instructions for:
a} contacting the composition with the biological sample;
) measuring activity of said CFTR or a fragment thereof.

[026g] In a seventh aspect, there is provided a method of modulating CFTR activity
in a biological sample comprising the step of contacting said CFTR with a compound

as defined above.

[626h] In an eighth aspect, there is provided a process for preparing a compound of

Formula (I¢),

(Ic)

- 8h —



W is -CF3, -CN, or -C=CCII2N(CH3)2, and W is hydrogen or a silyl protecting group selected from
the group consisting of trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl
(TBDMS) triisopropylsilyl (TIPS), and [2-(trimethylsilypethoxy]methyl (SEM). 1026k] 1n an eleventh
aspect, there is provided a compound of Formula (IA): or phaliaceutically acceptable salts thereof,

herein: ring A is selected from in Rlis. -CE3,.-CN. 0r -C-=CCHIN(CH3)2; R2 is hydrogen,
(e, Cra, b, o B B RSt St B o o R and o

are not simultaneously hydrogen, and 12,2 is a silyl protecting group selected from the group
consisting of trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), tenbutyldimethylsilyl (TBDMS),

triisopropylsilyl (T|E§), ar}%z{&ir{g HT&%&H@{MMHB@QW@%MMW of formula 3 to

provide a compound of formula 2b

Hal Hé\i‘f\"; ;‘./:\«':
3
OZN/©/ ON T
R4 Ry
2a 2b

3

(b) converting the compound of formula 2b to the amine of formula 2¢ via

reduction

; and

(¢ reacting the amine of formula 2¢ with an acid of formula 1d to provide

a compound of Formula (I¢)

R 0 0 a0 Y
R R 0O O
oot ,Q/ — R’ N
N/ HQN l H =%

H Rr1 ﬁ

1d 2¢ (Ic)

wherein Hal is F, CL, Br, or T,

- 8¢ —



DETAILED DESCRIPTION OF THE INVENTION General Description of Compounds of the Invention:
[027] The present invention relates to compounds of Formula (1) useful as modulators of CFTR activity:
(I); or pharmaceutically acceptable salts thereof, wherein: ring A is selected from: HO H 1\1". Rl is
-CF3, -CN, or -C-----CCIlI2N(CH3)2; R2 is hydrogen, -CH3, -CF3, -OH, or -CH20H; R3 is hydrogen,
-CHS3, -OCH3, or -CN; R0

H
N { g HN{ HNd 2
the amine of formula 3 is , , or
H
OR3
HN
and

3

ring A is selected from:

E/N% z{N ENQ %NQ/

(a) (b) () (d)
wherein
R! is -CFs, -CN, or -C=CCH,N(CHs);
R? is hydrogen, -CHs, -CFs, -OH, or -CH,OH;
R? is hydrogen, -CHs, -OCHs;, or -CN;
provided that both R? and R® are not simultaneously hydrogen, and

R® is hydrogen or a silyl protecting group selected from the group consisting
of trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), fert-
butyldimethylsilyl (TBDMS), tritsopropylsilyl (TIPS), and [2-
(trimethylsilyhethoxymethyl (SEM).

[026i] In a ninth aspect, there 1s provided a compound which is ,

wherein ring A is

/NQ _N --NQ’ .NQ’
PN T o

(@) - () © (@)
-8d —



provided that both R2 and R3 are not simultaneously hydrogen. Compounds and Definitions: [28]
Compounds of this invention include those described generally above, and are further illustrated by the
classes, subclasses, and species disclosed herein. As used herein, the following definitions shall apply
unless otherwise indicated. [29] The term "ABC-transporter” as used herein means an
ABC-transporter pkaiteigigr a fragment thereof comprising at least one binding domain, wherein said
protein or fragment thereof is present in vivo or in vitro. The term "binding domain™" as used herein
means a domain oR'the GBC-thnspotteC tialNarthinditd a modulator. See, e.g., Hwang, T. C. et al., J.
Gen. Physiol. (1998): 111(3), 477-90. [30] The term "CFTR" as used herein means cystic fibrosis
transmembrane cdiidischadoegraguiatsitydpaoractationdne rebdctapable dfereguiatamastivity, including,

but not limitegd,.to, a5 F |PH.CI' |.R..and S . :

http://www.éjgrt\ré .g?g%g?ﬁg%rﬂ?ﬁ?ffﬁ?f%?%‘%%%ﬁ%ﬁ@%%ﬁ'é%%%ﬁ%%%%ﬁﬁ%ﬁ% h as used herein
means incré A8y degsepsipgl By (iPasuzab [ o miounhy o3 2l ctthe yémmathiyb (R IEVEF TR or "normal
CFTR function” as used herein means wild-type like CF IR without any impairment due to
environmental factors such as smoking, pollution, or anything that produces inflarr}rhgt“lpn in the lungs.
[33] The term "reduced CFTR" or "reduced CETR function" as used herein means*less'than normal
CFTR or less than normal CETR function. [34] For purposes of this inventi ..@ chemical elements
are identified in accordance with the Periodic Table of the Elements, CAS vergion, Handbook of
Chemistry agddihysigSertathEa Addiionalivgang @ RsnainlesRkqrganic ciiegmistry are described in
"Organic Chemistry", Thomas Sorrell, University Science Books, Sausalito: 1999, and "March's
Advanced Gra@isie rediliry”, 5th Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons, New York:
2001, the entire contents of which are hereby incorporated by reference. [35] Combinations of
substituents envisioned by this invention are pfg se that result ip the formation of stable or

chemically feasible compounds Thejterm "sta ein, refer Rfpounds that are not
e or their_%r ction, detection, and
re of thé purpases disclosed herein. In

substantially altered when sugjg X
preferably their recovery, pu?ﬂfication, ,aﬁfi use for orie or
some embodiments, a stable compound or chemically feasible’compound is one that is not
substantially altered when kept at a tgimperature qh#0C or lesg)in the absengg of moisture or other
chemically reactive conditions, for at least a week. [36] The term "protecting group”, as used herein,
refers to an agent waetekio temporarily to block one or more desired reactive sites in a multifunctional
compound. In certain embodiments, a protecting group has one or more, or preferably all, of the
following characteRstissC&) reéibtsoseleetiGaiyNti@aod ateld to give a protected substrate that is stable
to the reactions occurring at one or more of the other reactive sites; and b) is selectively

R® is hydrogen or a silyl protecting group selected from the group consisting

of trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), fert-butyldimethylsilyl
(TBDMS) trissopropylsilyl (TIPS), and [2-(trimethylsilyl)ethoxy]methyl (SEM).

[026Kk] In an eleventh aspect, there is provided a compound of Formula {I1A):

(TA);

or pharmaceutically acceptable salts thereof, wherein:

- Be —



removable in good yield by reagents that do not attack the regenerated functional group. Exemplary
protecting groups are detailed in Greene, TM., Wuts, P. G in "Protective Groups in Organic Synthesis",
Third Edition, John Wiley 8z Sons, New York: 1999, and other editions of this book, the entire contents
of which are hereby incorporated by reference. [037] Unless otherwise stated, structures depicted
herein are also meant to include all isomericgecg., enantiomerig¢, diastereomeric, and geometric (or
conformational)) forms of the structure; for e ié, the R a &Shfigurations for each asymmetric
center, (Z) and (E) double bond isomers3; ) and (Ei)i mational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomerie, and geometric (or conformational)
mixtures of the present compounds are within the scope of the invention. Unless otherwise stated, all
tautomeric forms ofiteAcorsgetinddrofithe in\?é tion.arc within {Hé scope of the invention: e.g.,
compounds of Formula (I) may exist as tautomers: A (1) 10381 Additionally, unless otherwise stated,
structures depicted’hei@ih are also meant to include compounds that differ only in the presence of one
or more isotopically enriched atoms. For example, compounds having the present structures except for
the replacement o yaré“&en@%@m&*@%ﬁ{ﬁﬁﬁ;;or the replacement of a carbon by a I13C- or
14C-enriched carbon are within the scope of this invention. Such compounds are useful, for example,
as analytical tools Br FrBbEessbididdicdt basRé GutHeBipounds, particularly compounds that
contain deuterium atoms, may exhibit modified metabolic properties. Description of Exemplary
Compounds: [039 Hglb‘/ S&RinGétioH proviieS Acompound of Formula (I): or pharmaceutically
RCeplanle salte hereol, WRREMT HAbOITERIRT R o GHAMENR Bkt Sha o

R" 1s a silyl protecting group selected from the group consisting of
trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), tert-
butyldimethylsilyl (TBDMS), triisopropylsilyl (TIPS), and [2-
(trimethylsilyl)ethoxy]methyl (SEM).

- 8f



R2 is hydrogen, -CH3, -CF3, -OH, or -CH20H; R3 is hydrogen, -0-13, -OCHS3, or -CN; provided that
both R2 and R3 are not simultaneously hydrogen. [041] In one embodiment, ring A is (b). HO [42] In
another embodiment, ring A is [43] In yet another embodiment, ring A is

DETAILED DESCRIPTION OF THE INVENTION

General Description of Compounds of the Invention:

[027] The present invention relates to compounds of Formula (1) useful as modulators of

CFTR activity:
RR O O i
3
1
N R
H

D

or pharmaceutically acceptable salts thereof, wherein:
ring A is selected from:

E/N%, H{N i{N o KN

R!is -CF3, -CN, or -C=CCH,N(CH;)a:
R? is hydrogen, -CHa, -CF,, -OH, or -CH,OH;
R? is hydrogen, -CHa, -OCHj, or -CN;

2

provided that both R? and R? are not simultaneously hydrogen.

Compounds and Definitions:

[028] Compounds of this invention include those described generally above, and are further
illustrated by the classes, subclasses, and species disclosed herein. As used herein, the
following definitions shall apply unless otherwise indicated.

[029] The term “ABC-transporter” as used herein means an ABC-transporter protein or a

fragment thereof comprising at least one binding domain, wherein said protein or fragment

-8g -



[44] In one embodiment, R1 is -CF3. [45] In another embodiment, Rl is -CN. 1046] In another
embodiment, R is -CEECCH2N(CH3)2. [47] In one embodiment, R2 is -CH3, [48] In another

embodimen is -CE3 [49] In another embodiment, R2 is -OH. [50] In jment, R2 is
A B

-CH20H. | n'one @mbodiment, R3 is -CH3. [52] In one embodimen 3] In another
embodiment, R3 is -CN. [54] In one embodiment, R2 is hydrogen; and R3 is -CH3, -OCHS3, or -CN. [55]
In another embodiment, R2 is -CH3, -CF3, -OH, or -CH20H; and R3 is hydrogen. [56] In several

embodiments of the present invention, ring A is -4-, Rl is
thereof is present in vivo or in vitro. The term “binding domain” as used herein means a

domain on the ABC-transporter that can bind to a modulator. See, e.g., Hwang, T. C. et al,,
I. Gen. Physiol. (1998): 111(3), 477-90.

(8301 The term “CFTR™ as used herein means cystic fibrosis transimembrane conductance
regulator or a mutation thereof capable of reguiator activity, inclnding, but not limited to,
AF508 CFTR, R117H CFTR, and G551D CFIR (see, e.g.,
http:/fwww.genet.sickkids.on.ca/cftr/, for CFTR mutations).

{631] The term “modulating” as used herein means increasing or decreasing by a
measurable amount,

[632] The term “normal CFTR” or “normal CFTR function™ as used herein means wild-type
like CFTR without any impairment due to environmental factors such as smoking, pollution,
or anything that produces inflammation in the lungs.

[033] The term “reduced CFTR” or “reduced CFTR function” as used herein means less
than normal CFTR or less than normal CFTR function.

{634} For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,
75" Bd. Additionally, general principles of organic chemistry are described in “Organic
Chemistry”, Thomas Sorrell, University Science Books, Sausalito: 1999, and “March’s
Advariced Organic Chemistry”, 5™ Ed., Ed.: Smith, M.B. and March, 1., John Wiley & Sons,
New York: 2001, the entire contents of which are hereby incorporated by reference.

[635] Combinations of substituents envisioned by this invention are preferably those that
result in the formation of stable or chemically feasible compounds. The term “stable”, as
used herein, refers to compounds that are not substantially aliered when subjected to
conditions to allow for their production, detection, and preferably their recovery, purification,
and usc for one or more of the purposes disclosed herein. In some embodiments, a stable
compound or chemically feasible compound is one that is not substantially aitered when kept
at a temperature of 40°C or less, in the absence of moisture or other chemically reactive
conditions, for at least 2 week.

[036] The term “protecting group”, as used herein, refers to an agent used to temporarily to
block one or more desired reactive sites in a multifunctionzal compound. In certain
embodiments, a protecting group has one or more, or preferably all, of the following
characteristics: a) reacts selectively in good vield to give a protected substrate that is stable

to the reactions occurring at one or more of the other reactive sites; and b) is selectively



-CF3. R2 is hydrogen; and R3 is -CH3, -OCH3, or -CN. In other embodiments, Rl is -CN. In still further
embodiments, RI is -C=CCH2N(C1-13)2. In one embodiment, R3 is -CH:3. Or, R3 is -OCH3. Or, R3 is

-CN. [57] In further odiments of the present invention, ring A is, Rl i 3, -CF3,
-OH, or -CT Qﬁ (?% is hydrogen. In other embodiments, Rl is - CM Cgﬁ{%% ?ﬁdegg%ggbodlments

Rl is -C=CCH2N(CH3)2. In one embodiment, R2 is -CH3. Or, R2 is -CF3. Or, R2 is -OH. Or, R2 is
-CH20H. [58] In several embodiments of the present invention, ring A is, Rl is -CF3, R2 is hydrogen;
and R3is -CH3, -OCH3, or -CN. In other embodiments, 12" is -CN. in still further embodiments, Rl is
-CECCH2Nehd43@¥2: imgone wehbeadieaemts RE8tido-0¢ MBcOncR@isc@id 8BmOrRBe9UEN, [59] In further

embodlmenﬁ%ywﬁmﬁ&%maﬁme HBgiAdS, Bleiie G, Ridis, 1013 “BhaaHG:a6pCH. 20H. and
R3 is hydrogen. In other embodlment 12]is - Cr\/igln still further, Ee%ggo |ment l'is

-CaCCllzN(é‘ﬁ%‘%ﬁmfrfSéﬁ‘éeé‘r%b%‘ﬁ%E Lo RSy G B85 189 TOr, R2 is -CH20H.
HO H [60] htizsewéﬁmnhbddmwemsrotttheqm@émmwhmmn@mqmw Rt xsference.

[037] Unless otherwise stated, structures depicted herein are also meant to inciude all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (£} and (E)
double bond isomers, and (7) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtueres of the present compounds are within the scope of the invention,
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within

the scope of the invention; e.g., compaunds of Formula (I) may exist as tautomers:

| i
' ]
L o

w" nEives

¢4 (.
[638] Additionally, unless otherwise stated, structures depicted herein are also meant (o
include compounds that differ only in the presence of one or more isotopically enriched
atoms. For example, compounds having the present structures except for the replacement of
hydrogen by deutesium or tritium, or the replacement of a carbon by a '*C- or "*C-enriched
carbon are within the scope of this invention. Such compounds are useful, for example, as
analvtical tools or probes in biological assays. Such compounds, particularly compounds that

contain deuterinm atoms, may exhibit modified metabolic properties.

Description of Exemplary Compounds:

[038] The present invention provides a compound of Formula (E):

R o 0 )



-CF3, R2 is hydrogen; and R3 is -CH3, -OCHS3, or -CN. in other embodiments, Rl is -CN. In still further
embodiments, Rl is -CraCCH2N(CH3)2. In one embodiment, R3 is -CH3. Or, R3is -OCH3. Or, R3 is

-CN. [061] I@é{gﬁ@fégﬁlﬁ%odiments of the present invention, ring Ais V, ézﬂ#%%?h}ﬁ%éﬁzCHS -CF3,

-OH, or -CH is hydrogen. In other embodiments, Rl is - CN. In rther embodiments,
R is -C=CCH2N(CH3)2. In one embodiment, R2 is -CH3. Or, R2 is -CF3. Or, R2 is -OH. Or, R2 is
-CH20H. [62] In several embodiments of the present invention, ring Ais V, Rl is -CF3. R2 is
hydrogen; and R3 is -CH3, -OCH3, or -CN. In other embodiments, Rl is -CN. In still further
embodiments, R g IBACECHIR{D RaSRae aHE BpddihesitR3 is -CH3. Or, R3is -OG13. Or, R3 is
-CN. OH [63] In further eibadimentsaiihe present invention, ring Ais, Rl is -CF3. R2 is -CH3, -CF3,
-OH, or -CI-120H, and R3 is hydrogen. In other embodiments, Rl is - CN. In still further embodiments,
Rl is -C=-CCH2N(CH3)2. [n one emhodiment, is -C , R2is - #Or, R2 is -OH. Or, R2 is
-CH20H. [64] Representative comppunds of rese /&ention a&t forth below in Table |
below. ~N N ‘?/N N
¥ ¥ ¥ ot %
ta) {B) (e} {d)

R is -CF3, -CN, or -CsCCHLN(CH; )y

R%is hydrogen, -CHa, -CFs, -OH, or -CHOH;

R* is hydrogen, -CH;, -OCHj3, or -CN,

provided that both R? and R are not simultaneously hydrogen.

o

{@).

A

e
{841} In one embodiment, ring A is %

(048] In one embodiment, ring A is %l/

{b).
HO, w4

N
{6421 In ancther embodiment, ring A is %
{c).

N
[043] In yet another embodiment, ring A is ke
{d).

[844] In one embodiment, R!is -CFs.

[845] In another embodiment, R is -CHN.

[046] In another embodiment, R' is -C=CCH,N(CH3),.
[047] In one embodiment, R” is ~CH,

[048] In another embodiment, R* is -CFs,

[649] In another embodiment, R? is -OH.

{0507 in another embodiment, R s -CHyOH.

-11-
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{051) In one embodiment, R’ is -CH,

[052] In one embodiment, RY is -OCH;.

[653] In another embodiment, R® is -CN.

{9541 In one embodiment, R%is hydrogen; and R? is ~CHa, -OCH;, or -CN.

[055] In another embodiment, R? is -CHs, -CFs, -OH, or -CH,OH; and R* is hydrogen.

o

N
-~
[056] In several embodiments of the present invention, ring A is k1 JRYis
-CFs, R is hydrogen; and R’ is -CHj, -OCH3, or -CN. In other embodiments, R'is -CN. In
stil} further embodiments, R’ is -C=CCHaN(CHs),, In one embodiment, R® is -CHs. Or, R is

-OCH;. Or,R*is-CN.
Nfi

1057] In further embodiments of the present invention, ring A is b R s

-CFs, R? is ~CHs, -CFs, -OH, or -CH,OH, and R’ is hydrogen. In other embodiments, R is -
CN. In still farther embodiments, R is -C2CCHN(CH;)y. In one embodiment, R? is -CH,
Or, K% is -CF3. Or, R?is -OH. Or, R? is -CH;OH.

[058] In several embodiments of the present invention, ring A 1s '?3/ " JRYis

-CF3, R? is hydrogen; and R? is -CHs, -OCH;, or -CN. In other embodiments, R' is -CN.  In
still further embodiments, R’ is -C=CCH;N(CHa),. In one embodiment, R® is <OCH;. Or, R
js -CHs. Or, R’ is -CN.

{059] In further embodiments of the present invention, ring A is 31/ i JRMis
-CFy, R? is -CHs, -CFs, -OH, or -CH.OH, and R’ is bydrogen. In other embodiments, R'is-
CN. In still further embodiments, R' is -C=CCHoN(CHa)p. In one embodiment, R” is -CH.
Or, R?is -CF;. Or, R?is-OH. Or, R%is -CH,OH.

HO_ 4

N

rd
[068]1 In several embodiments of the present invention, ring A is % ,R'is
-CFs, R” is hydrogen; and R® is -CHs, -OCHs, or -CN. In other embodiments, R'is-CN. In

Si2.
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still further embodiments, R is -CECCH,N(CHs),. In one embodiment, R¥is -CHs;. Or, R
is -OCH;. Or, R is -CN.

HG
st
[061] In further embodiments of the present invention, ring A is L JR'is

~CEy, R? is -CHs, -CF, -OH, or -CH,OH, and R? is hydrogen. In other embodiments, R is -
CN. In still further embodiments, R! is -C=CCHN(CH3),. In one embodiment, R?is -CH.
Or, R? is -CF;. Or, R? is -OH. Or, R? is -CH;OH.

H,_OH

M
[662] In several embodiments of the present invention, ring A is ke ,R'is
-CFs, R? is hydrogen: and R® is -CH;, -OCH;, or -CN. In other embodiments, R' is -CN. In
still further embodiments, R® is -C=CCH,N(CHs);. In one embodiment, R*is -CH;. Or, R?

15 -OCH;. Or, R is -CNL
N

{8637 In further embodiments of the present invention, ring A is k1 JRYis

-CFs, R*is -CH;, -CF;, -0OH, or -CH0H, and RYis hydrogen. In other embodiments, R!is-
CN. In still further embodiments, R’ is -C=CCHN(CHa),. In one embodiment, R? is -CHa.
Or, R%is -CF3. Or, R is -OH. Or, R® is -CH,OH.

{664] Represemative compounds of the present invention are set forth below in Table 1

below,

-13-
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WO 2010/048526PCT/US2009/061882 14 General Synthetic Schemes [065]Compounds of the
present invention are readily prepared by methods known in the art, and as depicted in Scheme 1-3.

Scheme 1. Pr%pz%g%%gsnz%f Compounds of Formula (I). NH2 H/Hal la (Cg%lﬁé%%g%:l—h(g R), toluene,

heat; b) Dowtherm o iphenyl ether, reflux, N2 atmosphere; ¢) Removal o ogen %100 ing group if
present (e.g. -Cl), Pd/C, H2, EtOH; d) removal of protecting group R by base or acid; e) CH3CN, Et3N,

heat; f) Pd/C, Hz, Et014; g) HATU, Et3N, DMF or propyL phosphonic acid cyclic anhydride (T3P(r)),
pyridine, 2- methyltetrahydrofuran.
0 T T2

=
|

FodeeF
¥

e

i

5
<

General Synthetic Schemes

[065] Compounds of the present invention are readily prepared by methods known in the

art, and as depicted in Scheme 1-3.

-15-



WO 2010/048526PCT/US2009/061882 [66] Scheme | depicts a convergent approach to the
preparation of compounds of Formula (I) from substituted benzene derivatives la and 2a. In the
ultimate transformation, amide formation via coupling of carboxylic acid Id with amine 2¢ to give a
compound oWEc?Prlr%%ng)ﬁcan be achieved using either PCTUSZ005/061852
0-(7-azabenzotriazol-1-y1)-N,N,AP,Nltetramethyluronium hexafluorophosphate (HATU) and
triethylamine in N,N-dimethyl foimamide (13114F) or propy! sulfronic acid cyclic anhydride (T3P(A))
and pyridine in 2- rnethyltetrahydrofuran. Carboxylic acid Id is prepared from the corresponding
substituted benzene derivafskedzeia Brepamtion of dopmprndagh\Fitteheafinediated condensation of la
with an appropriate malonate (CO2R)2C1-J=CH(OR), wherein R is an alkyl group such as methyl,
ethyl, or the like, toprovide Ib. [67] Compound Ib is converted to carboxylic acid Id via a three step
sequence inclB8dipgiatramolecular cyclization upon heating at reflux in Dowtherm or diphenyl ether
(step b), foIIowedfby removal (if needed) of the blocking halo group (step c) under palladium-catalyzed
dehalogenation co ’/ltioNBi@nd acid-or base-catalyzed saponification (step d). The order of the
deprotection and R%?ification steps can be reversed; i.e., step ¢ can occur before Or after step d, as
depicted in Scheme | [68] Referring again to Scheme 1, aniline derivative 2¢ can be prepared from
nitrobenzene 2a via a three step sequence. Thus, coupling of nitrobenzene 2a with a cyclic amine3 as
defined herein in the presence of triethylamine provides compound 2b. Palladium-catalyzed reduction
of 2b provides amine 2c. Scheme 2. Preparation of Compounds of Formula (I) a) DMSO, K2CO3,
80C; b) N,N-dimethylprop-2-yn- 1-amine, Pd(PPh3)2C12, Cu!, DMF, TEA, 80 C; c¢) Fe, FeS04, H20 or
Zn, AcOH, 1-120; d"HATU, Et3N, DMF or propyl phosphonic acid cyclic anhydride (T3Pe), pyridine,
an. [069]%heme 2 depicts the synthesis of compounds of Formula (I) bearing a
propynyl amine siidechiain. Thusj coupling of nitrobenzene 2a, wherein Hal is bromide, chloride, or the
like, with Hft..3 asdéfl IN"DEthe presence potassium carbonate in DMSO provides compound
4. Palladium-catal ad lé?yh of compound 4Ey1yi h N,Ndirnethylprop-2-yn-I-amine, followed by iron or
zinc catalyzed reduction o q§ o moi;ﬁr id s aming 5 Coupling of amine 5 with carboxylic acid
un
R

1 v iuwy Sy ooy
o SIRUHeEEE

B E
Jovile h

Id provides compound 6 which is a com
b,corbd ON

"""""

TEa %

a) (CORRCH=CH(OR), toluene, heat; b) Dowtherm or diphenyl ether, reflux, N
atmosphere; ¢) Remova! of halogen blocking group if present (e.g. ~CI), Pd/C, Hy, EtOH; d)
removal of protecting group R by base or acid; e) CHaCN, EtzN, heat; f) Pd/C, H,, EtOH; g}
HATU, Et;N, DMF or propyl phosphonic acid cyclic anhydride (T3P®), pyridine, 2-
methyltetrahydrofuran.

_16-



Scheme 3. Preparation of Compounds of Formula (I) Where R is H or OH Hal FIN4 11 R R(l) a)
DMSO, K2CO3, heat or CH3CN, 1.EA, heat; b) PGX such as TBDMSC1, base such as imidazole,

DMF; c¢) 117 Pcy FtQ’H' d) HATU, Et3N, DMF or propyl phosphonic aci%%(%c an EE%/dride (T3P(r))
- /048526 ' ' : , '

pyridine, 2-rr%(t)h ﬂI e/ rashfldrofuran; e) deprotection of PG, such as HC1, E / &’0:9}1 r%;?éctlng group;
X = leaving group. :; [70] Scheme 3 depicts the synthesis of a compound of Formula (I) wherein RN' 3
is 7-azabicyclo[2.2.1]heptane, optionally bearing an exo or endo hydroxy group at the 2- position. The
hydroxy-substituted adducts (+)-endo-7-azabicyclo[2.2.1Theptan-2-ol, (-)-
end0-7-azabicyclo[2.2.1)heptan-2-ol, (+)-exo-7-azabicyclo[2.2.1]heptan-2-ol, and (-)-exo-7-
azabicyclo[Z¢kdil hegaing 10dGARRR-RHERMRHMFNGHINEE dHiRsAs R eHRRMI Bietcher, S.R., et at,
"Total Synthesis an etegggg&ﬂt% of the %b;s%ll%g gnflgggar;l%%gt - |gt%t£rd|n?,-- Jét%g, Chem, 59,
pp. 1771-17 ) R RO P S PSP A NS RIS ABn AR At 8/ Ty ger Scientific
Inc. 324 StokeslAimenaeEwWirmyrNihz0E638dIgi acid 1d with amine 2c to give a compound of

Formula (¥) can be achieved using either O-(7-azabenzotriazol-1-yD-NN, N N~

tetramethyluronivm hexafluoorophosphate (HATU) and triethylamine in N, N-dimethyl

formamide (DMF) or propyl sulfronic acid cyclic anhydride (T3P®) and pyridine in 2-

methyitetrahydrofuran. Carboxylic acid 1d is prepared from the corresponding substituted

benzene derivative 1a via a sequence commencing with heat-mediated condensation of 1a

with an appropriate malonate (CO,R),CH=CH{OR), wherein R is an alkyl group such as

methyl, ethyl, or the like, 1o provide 1b.

[¢67] Compound Eb iz converted to carboxyviic acid 1d via a three step sequence including

intramolecular cyclization upon heating at reflux in Dowtherm or diphenyl ether (step b},

followed by removal (if needed) of the blocking halo group (step ¢) under palladinm-

catalyzed dehalogenation conditions and acid-or base-catalyzed saponification {step d). The

order of the deprotection and saponification steps can be reversed; i.e., step c can occur

before or after step d, as depicted in Scheme L.

[0668]  Referring again to Scheme 1, aniline derivative 2¢ can be prepared from

nitrobenzene 2a via a three step sequence. Thus, coupling of nitrobenzene 2a with a cyclic

HN 2

amine 3 as defined herein in the presence of triethylamine provides compound Zb.

Palladium-cataiyzed reduction of 2b provides amine 2¢.
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[71] Thus, as with the series of transformations summarized in Schemes 1 and 2, coupling of
compound 2a with the bicyclo[2.2.1] amine 7 provides compound 8. Ifs hydroxy group is present in
compound &w'&% (Qgsggcessary to protect the hydroxy group with a prgﬁg%@gﬁgmggﬁnor to
subsequent trans ormatlons Thus, treatment of compound 8 with tert-butyl dimethylsilyl chloride using
known conditions provides the protected compound 9 prior to reduction of the nitro moiety to provide
the amine 10. Amide formation with Id (cf. Scheme 3) and removal of the hydroxy protecting group (as
needed) provides compound 11 WhICh |s a compound of Formula (I) Uses, Formulation and
Administration Pharmaceuts2as d o Lol ot Tetsttitiuch NEPERR!BEdect of the present invention,
pharmaceutically acceptable composmons are prowded Whereln these compositions comprise any of
the compounds a ftR&ld herein, and optionally comprlsé af‘pharmaceutlcally acceptable carrier,
adjuvant or vehiclg ertqin; em:bodlmeﬁts these compoesi

more additioGakitherd %IC akgénts [73] 1t will also bg ap reciated that certain of the compounds of
present invention cagr exist in freg form for treatideit, offwhere appropriate, as a pharrnaceutically
acceptable derivative or a prodrug thereof. According t#the present invention, a pharmaceutically
acceptable derivative or a prodrug includes, but is not limited to, pharmaceutically acceptable salts,
esters, salts of such esters, or any other adduct or defivative which upon administration to a patient in
need thereof is capable of providing, directly or indir cﬁy,ca compound as otherwise described herein,
or a metabolite or residue thereof. [74] As used hergin, the term "pharmaceutically acceptable salt"
refers to those salts which are, within the scope of sound medical judgment, suitable for use in contact
with the tissues of humans and lower animals W|th0ut undue toxicity, irritation, allergic response and
the like, and are commensurate with a reasgrable” eneﬂt/rlsk ratio. A "pharmaceutically acceptable
salt" means any non-toxic salt or salt of an é of a compound of this invention that, upon
administration to a recipient, is capablei.gf Ading, either directly or indirectly, a compound of this
invention or an |nh|b|tor|Iy active metabolite orjresiflue thereof. [0751 Pharmaceutically acceptable

[ M. Berge et aI describes pharmaceuTlcaIIy acceptable

Pharmaceutlcally acc
suitable inorgani nd

pvenion pcludethqs
rgailic agdids and bases. Exam@{es _‘ phamac ut|c

as hydrochloric acid,
hydrobromic - acid, rganic acids such as
acetic acid, oxalic acid, maleid acid, tartarlc acid, citric acid, succinid acid or ¥hlo ic acid or by using
other methods used in thgjart such as ion exchange. [76] Other pharmaceuticatfy acceptable salts
include ad pate, alginate, ascorbate, aspartate, benzenesulfonate benzoate, bisulfate, borate,

butyrate, car eldafh %r@u‘l’ﬁdﬁ%@ﬁ%ﬁt@ ﬁ Bhétglw@h(@ﬁﬁte dodecylsulfate,

edisylate (et ﬁe%@sﬁﬁfdﬁgfb S (G dBHE elycerophosphate,
gluconate, hEHRTEHFHEA G ﬁ%%ﬂ%?ggé pﬁ%"f&?o%fﬁ \‘/ri%; Hanesulfonate, lactob onate,

lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate 2- naphthalenesulfonate,
nicotinate, niféfe, olﬁémvm'é’(ém‘é@,sﬁmmﬁt@,iwmé?%%éﬁﬁ&@%@ﬁ&@égﬁmﬁwlpropionate,
phosphate, pigiateidolvalAterHRIORIGRRIE oBIRRs ARk 0 NAlESLHAIR, TANHALS chineyanate,
p-toluenesulfonate, undecanoate, valerate salts, and the like. Salts derived from appropriate bases
include alkali metal, alkdline earth metal, ammonium and N+(C1,4allty1)4 salts. This invention also

envisions thmu%gpﬁz&aﬂén p&mﬁ@q&&%r@g@&g&%&ryg@sg{%g@&ﬁlgg@ﬁ@mwnds disclosed
herein. Water or ogil-soluble or dlsé(])ersmle products may be obtaine f?ﬁb\ﬁfﬁ‘ l%h guatemization.

RepresentatW%‘%ﬂF(hﬁ“BPﬁ“?ﬁl%ep RT U CRTA N R e Lo Lol Stassium, calcium,
magnesium,dmeklipedikel - Fulthaiphiinaecd biitaihoatioe paadbiecs aldumichu detheiien apistppriate,

nontoxic ammeﬂaé%&uégeraeayzﬂgw%m a0 amipgicalionsd m@st&'@mgow@t@meﬁs such as
halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and aryl sulfonate.
is a compﬂund of Formula (1
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[77] As described above, the pharmaceutically acceptable compositions of the present invention
additionally comprise a pharmaceutically acceptable carrier, adjuvant, or vehicle, which, as used
herein, inclgg‘%z%?é@%&d%all s_olvents, dilulents,'or other quu.id .vehicle, dispPe({%}%ngrwsO%? 8ezn‘sior) aids,
surface active agents, 1sotonic agents, thickening or emulsifying agents, preservatives, solid binders,
lubricants and the like, as suited to the particular dosage form desired. Remington's Pharmaceutical
Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various
carriers used in formulating pharmaceutically acceptable compositions and known techniques for the
preparation therediciemeht Brepfuation of ¢ comronndinel-H oxserita{ b drfern RidamBiible with the
compounds of the invention, such as by prgducing any undesirabge biological effect or otherwise

interacting in a deleterious manner with other component(s/%‘the pharmaceutically acceptable
o
w/%g riersy

composition, its use is contempjgted to ithin the scope of invention. Some examples of
materials which can se ] a% pharmg lly acceptatsie céf nclude, but are not limited to, ion
exchangers, aIum'E:)] . 2 pAum stearatetecithin, ser oteins, sueh-as-humar serum albumin,
buffer substances stich as phégsphates, 6chine,@ poic&€id,, or potassium §7brbate, partial glyceride
mixtures of saturated veg@ﬁable fatty acids, water, saltsgy

d
) éelectrolytes, such as protamine sulfate,
disodium hydrogen phosphate, potgssium hydrogen phosphate, sodium ghloride, zinc salts, colloidal
silica, magnesium trisilicate, polyvigyl pyrrolidone, polyacrylates, waxes} s
polyethylene-polyoxypropyleneb}qﬁ:g polymers, wool fat, sugars such %ose, glucose and sucrose;
starches such as corn statch ay ato starch; cellulose and.i Wat such as sodium
carboxymethyl cellulosg ‘ dered tragacanth; malt; gelatin; talc;
excipients such agceo
safflower oil; sesanfe oil;

polyethylene glycol; esters'such as ethyl oleate and ethyl lauratc; agar; buffering agents such as
magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline;

can also be present in ffthe formulator. Uses of
Compoundc and Phar tically Acceptadale Complysitions [4 yet another aspect, the present
invention provides a method cﬁh‘édting or les§) Sevéfity of a condiion, disease, or disorder
implicated by CFTR mutat , In certain embo S
treating a condition, disease, or disorder implicated by d#ficiency of the CETI( activity, the method
comprising ?aq@M%?W,%@E?QP@WWW!M%?WQgﬁ[ﬁﬁﬂﬁﬂﬁwsm@é_“blect preferably
a mammal, infheesidherente) (FOlHpcasian. enbadiments, therRigsepiRQptiandlqyides a method of
treating diseaagis assacaierthndl) sediiaed GehRdunElabIdNR; O depiatians bT g geRasencoding
CFTR or en@inmeitaPiactBrad@iog, esnpk® = Enese glispases include, cystic fibrosis, chronic
bronchitis, recurrent bronchitis, acute bronchitis, male infertility caused by congenital bilateral absence
of the vas deferens (CBAVD), female infertility caused by congenital absence qfithe’ uterus and vagina
(CAUV), tcidS2lic HIBE DHRLFEARES Y fib B YR ERL BATCTARERS, ioparhft acute
pancreatitis, EmanigahiAdsifhesttiss, paneani setenngingesh olangitisyddiey giodrendhdpulmonary
aspergilosis, aRe!adhuevs.cpartatamdl cials hronshRumenanaseescllosis (ABPA), bone

diseases (e.g., osteoporosis), and asthma. [080]In_certain embodiments, the present invention
provides a nféfot¥sPirEt dikenead sk S RNt SRR ekigRS Theds diseases
include_, _chrqzhbiqbﬂh[_@cﬁivm@tﬁmmedisgm_@@BDprc_mamrﬂs:ab!dmaﬁﬁt:iﬁimmbl‘entﬂ:imnchitis, acute
bronchitis, ringsiny3IiS, SRNSURANSR:AARGIEAUNSNSInG E%E%gl&a%g GreailRidincurent

pancreatitis, and acute pancreatitis, gancreatlc msqfﬁme&cg, male infertility Caused by congenital
bilateral absEHeHFhEYBE: défdrehs (EBAV B rEsIamoridisPaReSE iematritiab3ncreatitis, liver
disease, hergditabi erophygeniai-gatisbnes gmsgitoresapfagagNBigs disease, gastrointestinal
et HIaloRhel dlageas sensiaien. dnsies,pUlils, asigopoross, and
osteopenia. 1In certain embodiments, the present invention provides a method for treating

diseases asseepbieivinavmd Zrci thebrriniddieHeHasditshroermsehfoHatosis,
coagulation-fipipfystsipleficepaiescatshas R 0min ¥e telisieney plyne hopyediayapgioedema, lipid
processing deficiencies, such as familial hypercholesterolemia, Type | chylomicronemia,
abetalipoproteinemia, lysosomal storage diseasas,-such as I-cell disease/pseudo-Hurler,
mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type II,
polyendocrinopathy/hyperinsulcznia, Diabetes mellitus, Laron dwarfism, myleoperoxidase deficiency,
primary hypoparathyroidism, melanoma, glycanosis CDG type 1, congenital hyperthyroidism,
osteogenesis imperfecta, hereditary hypofibrinogenemia, ACT deficiency, Diabetes insipidus (Dl),

neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome, Perlizaeus-Merzbacher disease,
nalirndenanaratinvie dicaacace crirch ace Al7heaimeaer'e diceacea Parkinenn'e diceaca amyviontronhice |ataral




mammal an effective amount of a composition comprising a compound of the present invention. [82]
According to an alternative preferred embodiment, the present invention provides a method of treating
cystic fibrosis 802ml%r{i)§iigr_196the step of administering to said mammal a comPpositi%HOg%Q? srzising the step
of administean {8 & Thammal an effective amount of a composition corﬁg(g?ng compound of the
present invention. [83] According to the invention an "effective amount" of the compound or
pharmaceutically acceptable composition is that amount effective for treating or lessening the severity
of one or more of the diseases, disorders or conditions as recited above. [84] The compounds and
composition¥/id&ccenaiadneosthermriehivd dhtqeeprtraesioimotenio ¥ ndayrdstmsdimfrverragd8ing any
amount and @y Eatie-Atadminsiatino-Rifeckivedontl ealingor! jessening heseuerity of one or more of
the diseases, disorders or con%{tions gt?é%?ci_ted ahove. 8%{n certajn ;e‘ew odi_?e ts, the compounds
ni

and composTiBIRSBF th 85T SR AR THOB M ORF AFEUREIY {8 RGPS Ehi AT IAR SEVRIRY of cystic

fibrosis in patignid iwhexhibit resideat- @FRERhabliditpiririecapicabnpdm bradal ofrespiratory and
non-respiratgggaﬁpjmqliqvggpip&ggﬁg&gg@ggﬁm G TR activity at the epithelial surface can be
readily detected using methods known in the art, e.g., standard electrophysiological, biochemical, or
histochemical techniques. Such methods identify CFTR activity using in vivo or ex vivo
electrophysidlegidaltedinigues Adveastreiment of sweat or salivary Cl concentrations, or ex vivo
biochemical or hismﬁﬁ%ﬁ?xhﬁﬁﬂrﬂ%ﬁﬁz?}@eW&Q&zﬁﬁy surface density. Using such methods, residual

CFTR activity can be readily detected in patients heterozygous or homozygous for a variety of different
mutations, ir?é?@éing‘ﬁaﬁ%ﬁ*t%eﬁcﬂff%ﬁé‘?ﬁ&@ P FétER o gBRSCHSF tHE ATTSBIESIPRBRY HERAtion, AF508.
[86] I_n anothes Wm@mgiﬂjhe@emmpndsﬂamﬁmiﬁ@m ejxﬂpexmﬂeagﬁéda&imﬂtion are _usgful for
treating or lggseni 'Agdt%&ﬁﬁé{ﬁf@Xﬁ&&%ﬁ;ﬂ%@&ﬁi&%&%ﬂﬁ%ﬂ@&H@{%&%QH%L_Qéﬁircfé. aglivity induced

or augmented using pharmacological methods or gerie therapy. Such methods increase the amount of
CFTR prese?ﬁraﬁﬁ@gs@mfat%@?ftﬁ@miﬁ%@aﬁemig%lmmﬁﬁ sPraBRicCrTR HetRAdAiabatient or
augmenting #fieapxisiingeteyel of residual CFTR activity in a patient. [87] In one embodiment, the
compounds compositions of the present invention are useful fot treating or lessening the severity
o oyatie b A B e 1 e
mutations (irﬁ@an@g%@mafmﬁrﬁmgaﬁﬁgﬁiﬁwwﬁ@?aﬂ@ﬁ@%m%ﬁt@a%m%, or class V
mutations (redseed<yihesisgberdR. LhoaKanonPasieh hvedeilla shypadedtiddiylV, and V cystic
fibrosis Tansmgrrtlakglig e&o&glggtanciml?e é{il%tor D,{efec"g%almn1 gt%p rtunitci:ee‘%.lgfﬁl' ha%(r:a Bigurrent
Opinion in P?ﬁcm%nary fiedicihe 6551 % , PC?OBlj Otfer pa‘flenl’ Benofypes 4 EXHIDIt residual CFTR
activity inclugiétpatientsaio riopfyeriRsor erecdiahuisuctrisinay wivh aterb 2pgo adrikttgother class of
mutations, inglypine:Elasseiiheialiansaaiie o1 biowtatio s alpomudatan thablaskmgassification. [88] In
one embodimtgnt, .thedcombpglﬂnds and co%qs&i:tiqr}s %f th{ge[r)rgfent invention are useful for treating or
lessening thé scer\?résr?tyetq')(fncfstl(?]ﬁglr’oog@ﬁrﬁlcpa IERS Within certain clinical phenotypes, e.g., a moderate
to mild clinicli7dhenétypedhearcigpiesityre Oprelatessyith e eomidins B rebiguali®ielialietivity in the apical
me_mbrar(;? %}%Eﬁk%%!@é%ﬁi&b@&%%ﬂﬁﬁdﬁ&éa@@zdﬁﬁgﬁ{&' lﬁ,@isilaig_iléiﬁg ai@nﬁr&ﬁtkéﬂn}%&gﬁgencg Cf)r
patients diagnosed with idio ic pancreatitis and congenital bilateral absence of the vas deferens or
i lung CIoBAU8 ST HRABIT L ARSIR: RTVRLPAUR GRS o SO T LIS SARRERRfncing on the
species, agehaigereralcoomdition i witk sudgjoonpthbeselrénity nfithehififbetiorectieaparticular agent, its
mode of ad rﬁ@&%ﬁ@é&l@ﬁ@%ﬂﬁoﬂl&i@%m@Q@&‘%@%}%Y%f&g%&% Brefgrahbadarmulated in

dosage unit form for ease of administration and uniformity of dosa&g. The expression "dosage unit

form" as use8% &R W%‘%‘Hﬁfsﬁ%‘%\wrﬁié%Fé?é%ﬁfB)floéb‘g?ﬁ’5 Fopriate’ {8 iHEE it to be

treated. it willdsgpunderfstoothvhowe ve pntiwatbiheitp tatidaihewbaljje efithtlgomparnds and compositions
of the presepg pveptionwillheigscidsddy e atsnadingRRvscaRWIIn g Hcapg,of sound medical

judgment. The specific effective dose level for any particular patient or organism will depend upon a
variety of fadtEisifeRidirgRE ahasrasrbieniy trseredartitin ikt SfTeREder; the activity of the
specific comm&m_ekemﬁoy@d;-_IhamfmdmmmmﬁmmoyﬁdﬁE@mg@bW@ kijtgeneral
health, sex apgdghaliiaratpnt e dinaal admistaian e shedmuskalian.and rare of

excretion of the specific compound employed; the duration of the treatment; drugs used in combination
or coincident&idvrpitbrecsp EeaerisRbotia R Bl B A SRR FPREOYS A RIFERIHAIEtHE medical arts.
The term "patiené! sassizedhefaiiymeans abrgminadidowier sy acaninaldandistesipreferably a
human. [90] The pharmaceutically acceptable compositions of this invention can be administered to
humans and other animals orally, rectally, parenterally, intracisternally, intravaginally, intraperitoneally,
topically (as by powders, ointments, drops or patth), bucally, as an oral or nasal spray, or the like,
depending on the severity of the infection being treated. In certain



embodiments, the compounds of the invention may be administered orally or parentcrally at dosage
levels of about 0.01 mg/kg to about 50 mg/kg and preferably from about 0.5 mg/kg to about 25 mg/kg,
of subject body weight per day, one or more times a day, to obtain the desired therapeutic effect.
[091]Liquid %é&&lé}%é?ﬁ?g for oral administration include, but are not Iimitgngf%ﬁ%g Fﬁﬁé%xezutically
acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in the art such
as, for example, water or other solvents, solubilizing agents and emulsifiers such as ethyl alcohol,
isopropy! alectdobhethiydriasbicnailéyrétheidaoe tesrshlvein 29idte ohibl otsenizyicisis nadate apntépylene glycol,
1,3-butylene, glyeolydimathylfarmamide.filsn partisilat.cattenseed naliskadat.oofn, germ, olive,
castor, and sesame oils), glycerol. tetrahydrofurfuryl %Icohol, polyethylene glycols and fatty acid esters

‘of sorbitan, BHEEMBEUTSATE 6T BRG AL AT §RIAE e oral compositions can also include
adjuvants s@@rehstuettipigragentscaimeadsifyibly said susplendingcagenis: swastelsingpdiavoring, and
perfuming agents.{A8ZLinieciahle ehaRliNRs: feLSxRMRlRpRiple inicaiabigaaueous or oleaginous

suspensions may be formulated according to the known art using suitable dispersing or wetting agents
and suspenH’i‘i’i@%@’éﬁ%@“fﬁ@%@l‘ﬂ&afﬁj@&gﬁ?gaﬁ?e%ﬂﬁﬂlﬁéf@@@ﬁéeg‘ﬁé?ﬁ%‘w&%Ie solution,
suspgns?on @hmuﬂm&ﬁmmtﬁﬁmmrgnmmmgﬁmm&mtwgmmmt, for example, as a
solution In Lygspuianedial. Amenaheaccrataia e sieaanc sglenishalmaype.gmploved are

water, Ringer's solution, U.S.P. and isotonic sodium chloride’ solution. In addition, sterile, fixed oils are
conventionaft§ &mpIdpEd aE Y SbiventdreuepARif A uREIEFINR Brgose any bland fixed oil can
be employedasiehiting: sinthe icconanse; ordigbleatidesidn, additian, fatiyaacipistes) as oleic acid are
used in the pre tign of injectables. The.ipject | ilized, for example,
by filtration grr(s)%%%%égbp%?ﬁgrﬁ??e%%ﬁﬁ?r%g#é#%@%ﬁ%ﬁ&%%%?ﬁgﬁ g%%ﬁé%%%@gﬁ%ﬂ% %ﬁe form of s?erile
solid compouH{Bisst¥Enh %&]ﬁ%@%s&“@?@@ﬁ%\‘@%ﬁé@@@?ﬁnﬁéﬁIéa%‘éféﬁ%ﬁs(ﬁ*ge?’%ﬂ@?ﬂe injectable
medium prigrale b&eed Hbiinrdenie pialongiiae sttechehn auimpoetit aktiicpigsentinvention, it is
often desiragrlg };gﬁov;\ﬁth a%or%igqﬂgf tGenca?Sm %{Q@ng&@ %ug%{ga.%oo , Or inframuscular injection.
This may be acco b‘hs]ﬁ% E)y the Use 0 a(iIC]UI suspensmnqo?crystall Ine or%morphous material with
poor water SoigsHitFoTRminneretms SipoRrerde Geteprsuinkthe N 46 pe AtSUPBA s rate of dissolution
that, in turlr,d%@ﬁm%%ddmﬁhgl%s@{m@ @ﬁ@{ﬁ&%ﬂﬁ@a{%mdwwfmimela;yed abhsorption of aCI
arentera ninistered compound form. is accomplished. issolving or suspending the compoun
I an o vel AIE TR AT e e T By e e RS o e
compound ikisiobegrerddibtoseiyicrdisaseritinbis ity lackide-pbtyglRisitacBepenting upon the ratio of
compound t:RAIMIBE! anE-EReNaikeneiihepartic afipelYaeEemployatidishtateriscompound

release can be coptrolled. Examples of qther biodegradable polymers include pol %rthoesters) and
poly(anhydrfbag"gf’ gbc&‘l ]é%{a%%%ef{&rsﬁﬁ% ions Sgrea‘gg%}(")nﬁtr%[})%“r%(% %“r?{c?g%%i%ggg f{ﬁ ?compound in
liposomes osuligoateinulsions that are compatible with body tissues. 10951Compositions for rectal or

vaginal admygigiration are-frelerbly suppasiieHasMyich SR AE8RaeE RY Maisteg.the compounds of
this invention with suitable non-irritatin carriers such as cqcoa butter, polyethylene

excipients o .
lycol or & STFBARIANEIH TS S AESFHBTAIN BSreRaPGrE Bt MU o ShU Bermperature and
therefore mettichihewedtwreor malgitalwoavity dhebrelgasilteatnotiviadmpourdeido6] Solid dosage
forms for orat administratiomingluds Sansiasiiablels. RibkRoyydRtsatdagaprles. In such solid

dosage forms, the active compound is mixed with at least one inert, pharmaceutically acceptable

excipient or BAATEY BEH AL BaiETP LR i BRdsE R ‘§6ﬂ§f§e§ USERfHI8EDr extenders such
as starches platitoge dougroienglesdag eR endmnitoly Bncnsiliciciatithibchintierssbdhliasnfér example,

Cafboxymetw'%ﬁé&l&?ﬁ@m@@i&ﬁ}&ﬁnge@}i@as&qéﬁwinx'&aﬁfgmapeg%ﬁs{g@a%semqemcia, ¢) humectants

such as glycerol, d) disintegrating agents such as agar--agar, calcium carbonate, potato or tapioca
starch, alginferBeiaose PRATRSRTHIAEY AFfEREURIMEaTRN R feSER FSR Bt R P agents such as
paraffin, f) apseupiina acosieriieesiSueians: guatemanyiarimonit medompolnacapg)ivattithg agents such

as, for example. el P Rl ANLACIRLTORPSISRIAle ) BhRoRER'S g Aed@ein and bentonite
eara

clay, and i) lubricants such as talc, calcium st te, magnesium stearate, Solid polyethylene glycols,
sodium laurgfassTae insmer iR iD el TR ST MIAthse il ang o SOTBR et 3 pills, the dosage form
may also CophpHisRIEdRRNGRFEBIS composition, its use is contemplated to be within the scope of
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[97] Solid compositions of a similar type may also be employed as fillers in soft and hard-filled gelatin
capsules using such excipients as lactose or milk sugar as well as high molecular weight polyethylene
glycols and.%ﬁg %1%./014'&% Gsolid dosage forms of t{;lblets,.dragees, capsule?cgi}bcszza%g{%u[es can be
prepared with coatings and shells such as enteric coatings and other coatings well known in the
phannaceutical formulating art. They may optionally contain opacifying agents and can also be of a
composition that they release the active ingredient(s) only, or preferentially, in a certain part of the
intestinal tract, optionally, in a delayed manner. Examples of embedding compositions that can be
used includdisoRHFIsIR-shtfatfraBSlshef WaREals SBiRh caMipoSiAbPROBRISRGAYY {HF@ARE also be
employed agdilersiinieed] minarbasdHilied gelolir-eapsise salistich Achiexeipienis dsdagtose or milk
sugar as well as high molecylar welaht.polefiylene glycols. and the, ke, 1098iThe agliye compounds
can also be in mlgroencapsula%eg%rm With-one oF more excipients as hbted above.”The solid dosage
forms of tabletbicheidiee sorapsul ez bpiti il gyatiie bawvebréparetvoserbls AttgEdhd shells such
as enteric cQatingaikaleasasomttoliog £oalinamandrat)erseeatingsivwehaownats, the pharmaceutical

formulating art. In sugh solid dosage forr(ri1$ th% acﬂve comaﬁ)ounta may tie admixed with at least one
. . potasrslmm dro(%np osphate, so ;{nn lo§1 e zxgc salts cip oidal silica Fa%gnesmn. .
inert diluent*such as sucrose, lactose’or starch. Such'dosagé tforms may also"comprise, as is normal

practice, addittisalespiisvand esrothéeth ap thanldiiy s epglyedivletinpolubridaerslensd other tableting
aids such a gRgReRIHBR-SIEAALR, AANcRcIRAINgIcalldaseaihe sasr-0feaRsas, tablets and

pills, the dosage forms may also comprise buffering.agents. They ma tionally contain opacifying
D onts and SHTTAIRH BH61 SCOH AR A ) TATSHEE 78 HAIVR TEATBHALD only. or
preferentiallysiinicscetiainrglpef thé driteistnadatrac poplivrbiiygimatidetaliegkistan més. Examples of
embedding ¢ itigns ihal-caBue-Yse ke RAmass skhsiansaas andwares«HA991Dosage

forms for topical or transdermal administration of a compound of this invention include ojntments,
pastes, crealEORTANS STRIRE BVOdEF S s SATSHEPS SRRy SRR o FYSA R AR R 2h¥SRe component
is admixed wideiysteyimecgivditicnsw itz 4 kdyhaeautiod bthpideeptablgacanfarapdzamy needed
preservatives, g/ DUIRER A HUDE LGN 80 Qb IAIG oUpHIEen. Salians.Apd.eye drops are also

contemplated as being within the scope of this invention. Additionally, the present invention
contemplateSXRBIG ST faesHs AU gAY SRR RO TRRAS AU EET SBVHARSGE BPbSviding controlled
delivery of mmmﬁémmﬁbﬂyuﬁmmagesmﬁm }aﬁ@mﬂﬁmedd:magiss.ﬂdmi mgaostelispensing the
compound 1R e PLOASLMeIEL, ARSSIIARENBNGR/B.CAN ARRBRIPAARINGIRRSE the flux of he.

compound across the skin” The rate can be controlled by either providing a rate controlling membrane
or by disper&fif THBEAERM S BFFEEH 24 Y58 Rt &RtRE IR D PG STOPROB S R L BRAR B EBmpound utilized in
this inventionces dnpadhtgiaenka: bl Refaynheassayed according to methods described generally in
the art and in the Examples herein. [01011 It will also be appreciated that the compounds and
pharmaceutically acceptable compositions of the present invention can be employed in combination
therapies, thetasatheresuigbertis artesHAaHACR e fceBtEbf# compositions can be administered
concurrentlyigvgh, prioydOaneit bgedl erijesenarantiareotiles sesited thesapsisics or medical
procedures..The particular compinatign. of therapies (therapeutics or.nr ures).to employ in a
combinationl?sézsf;efqr%1 & rqh \cfvﬁ?‘trﬁarl?% ?rﬁ%cgrégc%ﬁﬁ’t%%eﬁws gh%tfbl Ftv%eﬁlﬁlé’ (Iicég?(r{ekp %ﬁ%&lﬁ%&na%/or procedures
and the desketherhptimaeHiePiesHs BEPECRAIYIHAN aReivd HiprEiaicdtfifte therapies

employed may-achis e desirpcatiesy iogdha-neme disorder {faviexamplenandnvpitive compound

may be admipisiered concurrentewilh anather agent uperlio tsatie samedisprdephor they may
achieve different errec (e.g:“,’ con roﬁooqpany%dver ee ects?l.'%s sed her n,’fd ||on’§I therapeutic

agents that arewioiniabycidhsinitered to treat Or prevent a particular disease, or condition, are known
as "approplriﬁt@sgolcr thﬁc@ﬁ%ﬁb&ﬁ&@ﬁ@j%}g&%&%ﬂﬁ%@%&d@&% }%‘@awr@mggn?nt, the additional
agent is selected from a mucolytic age ronchodjalator, an. anti-bjotic, an anti-infective agent, an
iSSP AGER LT PR O SHEPRATF CME SHE R nvention.or a
nutritional ag&iR ler enfarthesewsnh badin éng,. tieokeldifibealdyerss iwdu@GFTRUINBRIOKGohoter than a

compound of therptesentiByentian: 0103k i ang:embadimentdhe.additipaalagent is an antibiotic.
Exemplary antibiotics useful herein include tobramycin, in%dinggtobramﬁ:in inhaled powder (TIP),

azithromycir?@?ﬁ"é&ﬂ%ﬂ??i?fc%Yﬁ@W@r%wygg%Wﬁl% GO AR A RSB M cluding liposomal
formulationsathereoéf diprofioxasiyagoludAg Yoridisetion shhete phrsuitaiske FOF ndimimistcation by
inhalation, levoflaxacin, including aerosolized folinulations thereof, and combinations of two antibiotics,

e.g., fosfomycin and tobrarnycin.
223



[0104] In another embodiment, the additional agent is a mucolyte. Exemplary mucolytes useful herein
includes Pulmozyme(r). [0105] In another embodiment, the additional agent is a bronchodialator.
Exemplary hronchodialtors include albuterol, metaprotenerol sulfate, pirby e,.salmeterol, or
tetrabuline sUItate. Bﬁsﬁé] In another embodiment, the additional agent ispéﬁpéaist?\é:%%%a’%%ssztoring lung
airway surface liquid. Such agents improve the movement of salt in and out of cells, allowing mucus in
the lung airway to be more hydrated and, therefore, cleared more easily. Exemplary such agents
include hypenonic saline, denufosol tetrasodium (11(3S,5R)-5-(4-amino-2- oxop yrimi d in- 1-y1)-3 -h
ydrox yoxol augepl paetkegitisHgdaasyip hoscataoridatifis| @RBS MM SRS, gRmatiexemyitamidin-l-y1)-3,
4-dihydroxyexqlanmsimetb exrdiplaxyrbe sniasyliawy budeaxy phasehendipydrogendahosphate), or
bronchitol (inhaled formulation of _mann@?é)%%?égg%another embodimelﬁr}‘t,ﬁ}|1 e additional agent is an
h .

anti-inflamm A3 RYERHE SXFRYAHE BH IS5 (rifra AR5 it A58 75RTE: Exemplary such
agents usef{##igreidrincludesibbplofers, docmsaine vamuicapio {@H)esileieafitaittaled glutathione,

pioglitazone ;oydroxyehioraciing kA FARAIALIRL OHBL dRanathenembpdinentthg.additional agent
reduces the activity of the epithelial sodium channel blocker (ENaC) either directly by blocking the

channel or iRARRERY B dREGR SHBRS QLU JE RIS P DR AR BRI activity (e.g., seine
proteases, chansialadtvatisippioicpsesptixéripitey suchagantsincludetemnpstat{étypsin-like
protease in@iﬁ&tg&tg%lé&ﬁiéégﬁ%t@%g%ﬁ%@@%é@%%&ﬁ{%@&ﬁgdc Uprigeudditional agents

that reduce the actmt&igf the epithelial sodium channel blocker (ENaC) can be found, for example in

PCT Public@?sf 16! WozodeforsasfE A e mile RO SFtthcH SPaiasseTatEy iein in their
entirety. [0108kAmpngit-pthentiseasesiieatribeddrereinplegambiaatiogiscad.CafiRimadudators, such as
compounds gt Farile haaRthagrisAidleducsne Ack Bl ENAGAIC datdabliealipg Liddie's
syndrome, an inflammatory or allergic condition including cystic fibrosis, primary ciliary dyskinesia,
chronic broré & éhronic obstructive pulmonary disease, asthma, respiratory tract infections, lung
carcinoma, ¥@gostomia-aac keriaaeaisINGipits ievse R it acidnfeidipnsatagute and chronic;
viral and bacterial) and lung carcinom ombi adtionﬁ of CITTR mchdr Jggt%r_s such as
compounds%&??%e}maﬁlfglf?gﬁ %gélgrﬁ?gﬁﬁtgt}%ﬁ]ﬁ%e t né‘%ctﬁt eg?dgzﬁ%%eg% aigsc; uglegful for treating
diseases medratddipy freerkde diitienesiskenarsBuiamn CHatiRalstyisd dgedid@ases other than
respiratory disgasemihaparaassasidettwiticabact mabiidi reguiainaeanesssamygpithelium, perhaps
involving abnormal physiolo f the protective surface liquids. on their surface, e.g., xerostomia (dry
mouth) or kgpgt{g@é%ﬁol%%ﬁ%iiﬁ% balipoprdiene d Sm%ﬁ o% Ade oft gﬁe"pcl%ﬁtelial sodium channel in

S’SIr r;}eéyg}i.a dr ermore,
the kidney céuatdsplesgatiHarisrorsereliregisralostharedipifdatcsdn{palentriseiect.[0111] Asthma
includes bothopkinsiadsnnratopsinsasihmaaneexiknsic, llerdicranhmaisbikasthma, moderate
asthma, sevgrée asthma, bror}1}chitic_: a%:(hmg, exer ise-ilgdl{cgd assst%'g, oce p%gogn%la?sthma and
asthma indut% ﬁ?&ﬁ%ﬁﬁ%ﬁc@ﬁ%ﬁn SR Treatment of asthma is ateo t6 betinderstood as
embracing thoatmeneidissubjéstesnesis loptdsethzrediorySyeuieropatpemesdibiti ggiaibetzing symptoms
and diagnosagidiasnesabisasireauinianisr,niesiablisher natienssatagansel major medical
concern and_now often identified.as incipient or early-phase asthmatics. (For convenience this
particular astRAMERE ORI PSRRI asg%a@éé)&?ﬁ?gﬁt%ﬁ 3?6%%5%5‘?5?0 PAactic efficacy in the
treatment offastinwa willsbe e vidprioatibjeraduckdoiequegicyior saveritiaf pymptorhatic attack, e.g., of

acute asthmglic, or @%%@ﬁ%ﬁ%ﬂ@&{&% IRIQYementindung ApCHRN L INRLOMRE airways
hyperreactivity, It may further be evidenced by reduced requirement (gr other, Symﬁ’,té’ﬂcat'c therapy,

i.e., therapy T8FBrIRtn UL R RA SHABtH SRRl AR REA R N R N TP
anti-inflammégerypie.gs editicestegidick: endrdntipadiatongh Ry pleylacti Clvenéfididaisthma may, in
particular, be;anpare Rt SURISGHS PERRS 4% NING:CIRPIAg:sc Meraing, dipRing:-s a recognized

asthmatic syndrome, common to a substantial percentaagt% of asthmatics and characterized by asthma
attack, e.g., PERREEh FOEAGLYS BREBu RIS Idhh raelopaliifh S BIRHA RS BUAARE distant from any
previously agmipisierdorsymphamaaticyastbmmea theltiye]0d 42} Ehigpiedpeidactv@pylmonary disease

includes chryic, BIaReh o oL AxsRIeR ATSACRIREURLE Wik SRR &:fs Rlliga.gacerbation of

airways hypefreactivity consequent to other drug therapy; in particular, other inhaled drug therapy. In
some embodfREMECTh & s HiBHHATIBHE 6 CRTY A RARISFECSHEAT SR o b tHE b S rmula |, and

agents that radses the activitpibzNaSiarenisalishiartheptigatmentpiddeanchitisipkwhaiever type or
genesis including, e.g., acute, arachiclic, catarrhal, croupus, chronic or phthinoid bronchitis.
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[0113] In another embodiment, the additional agent is a CFTR modulator other than a compound of
formula |, i.e., an agent that has the effect of modulating CI IN. activity. Exemplary such agents include
ataluren ("P nN". 3-(5-(2-fluorophenyl)-1,2,4-oxadiazol3-yl|benzoic acj i I g , lancovutide,
depelestat (&%ﬁ%ﬁéﬁzér%%émbinant neutrophil elastase inhibitor), cobipros%%%@%%?%}% §R, 5R,
7aR)-21(3S)-1,1-difluoro-3- methylpentyll-2-hydroxy-6-oxooctahydrocyclopentalblpyran-5-yliheptanoic
acid), or (3-(6- (1-(2,2-difluorobenzok11[1,3]clioxol-5-y1)
cyclopropartecarboxamido)-3-methylpyridin-2- yObenzoic acid. In another embodiment, the additional
agent is (3468nofd 2u ¢fffcioro Beny[e] pCsTetesiBan sogpyising a compound of the present
cyclopropanggashexamido)-3-methylpyridfit-2-yObenzoic acid. [0114] In another embodiment, the

additional a is a,nutritional agent. Exemplary suc ents include pancrelipase (pancreating
crizyme rophbhmer TR HHE SO A e e TR EE ek O protomase(t)
(formerly Trimpthtdyf mepiadeksie)iooghtantiones fisatapiohadmioise draborinened additional
nutritional a%ﬁf&&%iﬂ&%ﬁ@ﬁ@ﬁ@-th@&éé&ﬂaﬁ%ﬁ@%@ wf.addifianal hpsapeuticagentpiesent in the
compositions of this invention will be no more than the amount that would normally be administered in
a compositic CoTHBPR TS Eh2 FRPRGHE é’ggﬁtpé??ﬁtemg Ri'%tive agent. Preferably the amount of
additional thi#&¥euticegént i theipregsamthn (Etiosedsompoditierromitiusdere from about 50% to 100
% of the amguiptnOrMally, REESRANINS-ERIMRSIIRR. Gampkising thatgent A% Ihe Laiy therapeutically

active agent. [0116] The compounds of this invention or pharmaceutically acceptable compositions

thereof may SIS6 B AROPHBIEY P oM RoLHRBIESET LORHIG D SHiEARISR medical device, such as
prostheses, @édjcialfakespuasgsular @rafts;sisrns@ntsgathbtersihddodrbingbysthe present invention,
in another agReel INGYCES @&Q{R&Q&Nﬁ&%%%ﬁﬂ% A nplaNabie AeMIGE.6oMBESiNg @ compound of

the present invention as described generally above, and in classes and subclasses herein, and a
carrier suitalb% o8 CaiRei Mp arTHbi ol Fagitem R Qi ARFRsFadierie s tHulEmsiatention
includes an iseptantable device coated with a composition comprising a compound of the present

invention as figscrined geneIal,ARSYE. ADGAIERRSA AL BURRIARSERIBIEI, AR AgeTer suitable

for coating said Implantable device. Suitable coatings and the general preparation of coated
implantable éFé\H%?é,‘ EreraungderAnirs PaieTRA b DB 865 8s5d8 B e 3b®Y 21, The coatings
are typicalIyn’eiaﬁfarmatimetmg/mm@mtwﬂ@&uebfa&&bmdyag&hm&y@p&mmpwmldisiloxane,
D et AU S-RANCHIAAE A DOMIPl b 2cith SUMERS I AEIAE ARGIRIHCS thereol

The coatings mgy optionally be further covered suitable topcoat of flucrosilicone, polysaccarides,
polyethylendi§ijed ,kﬁﬁ%ﬁfh@ﬁp?ase&»é%ﬁﬁmg%i@aﬁw%gﬁakﬁ@&%réné&tﬁéwaé@fcharacteristics
in the compesiting.d0 544 Asatheirspectpftheiuentiap selatesrtemagdulating Ch1R activity in a
biological sample, g1, 3 falient (6, IS LIV IS Rehod comprisesadministering to the
patient, or contacting sal %loﬁoglc sample With & compoun of Formula Z:Ir)1 or a composition
comprising Satd Eeehpsisad r hicrbemichisiggicars smpratowss | sedheretenfilindisiage seshithout limitation,
cell cultures gexdsagisdheraofs biapsigdamatesialiobtained il gmaamnaiamalanssdracts thereof; and
blood, salival,1 urine, fectes, %%rrgc%nb#%a}r{gfeg{ I%gt\ae{rﬂggq% ﬂ;'di;gs %r.ggftsrggg %hecr}gs(,)gt [01181 Modulation of
CFTRina bl%alzgg?%gar‘ﬁp e e USerl 16 a varie y of purpogéps tHAT are RAwh to one of skill in the art,
Examples othsiatryasspdsebdmehatanbuommiabetiniiééBo, the study of Chik in biological and
pathological ghgnomenayandh6.cAmPAALYR RVANAHE BRHIEN-RA HRtREs ! {rfekfin [0119] in yet

another embodiment, a method of modulating activity of an anion_channel in vitro or in vivo, is provided
comprising tHE LB SPeBRERE g SsTRA R YRR Bt BrsbrRtPLaTAN Brifetted
embodimentSFitieaatian iaharned ek is: aroinied deghadnneiolaibit arbipmiter ghanthelain Giindr preferred
embodimentg, ta.anion, channshisAc tierids.chaniel Ak Accprding: g an Allemetiye

embodiment, the present invention provides a method of increasing the number of functional Cl- IR in
a membranebel & eaiipHsin g PRE-BIShBrEsHaR fhi Sistnetarsh Rhres dymh FEARISHFESrmula (1).
101211 Accoidipgitatanother preferred embodiment, the activity of the CFI'R is measured by

measuring thlen MG MadE ARG MERTS IR mBRING e aliags Rajential across o

membrane i iological sample may employ a known methods in the art, such as optical
membrane poeavitar BREHE OF StHa RS sHIS fcyitafitietiida 4P Y FREBical membrane
potential assayd#iizasmeiinge-sR08INEE RIEVisensotndascrbedday Ganzalez andidisien (See,
Gonzalez, J. E. and R. Y. Tsien (1995) "Voltage sensing by fluorescence resonance energy transfer in
single cells,"” Biophys 169(4): 1272-80, and Gonzalez, J. E. and R. Y. Tsien (1997); "Improved
indicators of cell membrane potential that use flii@rescence resonance energy transfer" Chem Riot
4(4): 269-77) in combination with instrumentation for measuring fluorescence changes such as the
Voltage/lon Probe Reader (VIPR) (See, Gonzalez, J. E., K. Oades, et al. (1999) "Cell-based assays
and instrumentation for screening ion-channel targets" Drug Discov Today 4(9): 431-439). 10123)
These voltage sensitive assays are based on the change in fluorescence resonant energy transfer

(FRET) between the membrane-soluble, voltage-sensitive dye, DISBAC2(3), and a fluorescent
nhocenhonlinid CC2-DMPE which ie attarhed to the niiter laeaflet of the nlacema memhrane and arte ac



measuring activity of said CFTR or a fragment thereof. In one embodiment, the kit further comprises
instructions for a) contacting an additional composition with the biological sample; b) measuring the

activity of said CFT fragment thereof in the presence of said additi ng,.and c)
comparing &I%eioazgtll{}/fi ?/gé %the CFTR in the presence of the additional com%%%lﬁdg ivgﬁ?oﬁ%gk éensity of the

CFTR in the presence of a composition of Formula (I). In preferred embodiments, the kit is used to
measure the density of CFTR. [0125] In order that the invention described herein may be more fully
understood, the following examples are set forth. It should be understood that these examples arc for

illustrative pefpesiedasnly anikivesigiasbrrdisnrotdoasidivhitimytiiennUednisa swHs§ithanner.
Processes ang:lptennesiaiesiordMakingifipnmpeungsiof Rowmuiafhi0azelAnother aspect of the

invention relgtes to a process for prep Formu C’g‘ic:- compaund %%o harmaceutically
acceptable S&ftEtRETESE %vs%lg?‘éfﬁlpﬁﬁeﬁfﬁfggreosrs eorcﬁ)sp‘rlffs%eé‘? P m%')”r%sacﬁl;%ﬁ ’aé&%eg} formula id with an

amine of forfritacRéntBupnovidededminp 6h3d -of Forftila (Fehnwprtiaingenotypes that exhibit

residual CFTR activity include patients homozygous for one of these classes or heterozygous
with any other class of mutations, including class I mutations, class I mutations, or a
mutation that lacks classification.

[088] Ip cne embodiment, the compounds and compositions of the present invention are
useful for treating or lessening the severity of cystic fibrosis in patients within certain clinical
phenotypes, e.g., 2 moderate to miid clinical phenotype that typically correlates with the
amount of residual CFTR activity in the apical membrane of epithelia. Such phenotypes
include patients exhibiting pancreatic insufficiency or patients diagnosed with idiopathic
pancreatitis and congenital bilateral absence of the vas deferens, or mild lung disease.

[08%] The exact amount required will vary from subject to subject, depending on the
species, age, and general condition of the subject, the severity of the infection, the particular
agent, its mode of administration, and the like. The compounds of the invention are
preferably formulated in dosage unit form for ease of administration and uniformity of
dosage. The expression “dosage unit form” as used herein refers to a physically discrete unit
of agent appropriate for the patient to be treated. It will be understood, however, that the total
daily usage of the compounds and compositions of the present invention will be decided by
the attending physician within the scope of sound medical judgment. The specific effective
dose level for any particular patient or organism will depend upon 2 variety of factors
including the disorder being weated and the severity of the disorder; the activity of the
specific compound employed; the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of administration, route of administration,
and rate of excretion of the specific compound employed; the duration of the treatment; drugs
used I combination or coincidental with the specific compound emploved, and like factors
well known in the medical arts. The term “patient”, as used herein, means an animal,
preferably a mamumal, and most preferably a human.

[080] The pharmaceutically acceptable compositions of this invention can be administered
to humans and other animals orally, rectally, parenterally, intracisternally, imravaginally,
intraperitoneally, topically (as by powders, ointments, drops or patch), bucally, as an oral or

nasal spray, or the like, depending on the severity of the infection being treated. In certain



Ring A is selected from: (a)(b)(e)(d) - 34 - wherein Rl is -CF3, -CN, or -Ce-CCH2N(CH:02; R2 is
hydrogen, -CH3, -CF3, -OH, or -CH20H; R3 is hydrogen, -CH3, -OCH3, or -CN; provided that both R2

and R3 are imul ously hydrogen, and Ra is hydrogen or a silyl p ' elected from
the group C(?r‘%éﬁ@ }Of ﬁmethylsilyl (TMS), tert-butyldiphenylsityl (TBDP Sg%@r%l%ﬁug@% %%thylsilyl

(TBDMS), triisopropylsilyl (TIPS), and [2-(trimethylsilypethoxy]methyl (SEM).

embodiments, the compounds of the invention may be administered orally or parenterally at
dosage levels of about 0.01 mg/kg to about 50 mg/kg and preferably from about 0.5 mg/kg to
about 25 mg/kg, of subject body weight per day, one or more times a day, to obtain the
desired therapeutic effect.

[083i]  Liguid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
elixirs. In addition to the active compounds, the liquid dosage forms may contain inert
diluents commonly used in the art such as, for exampie, water or other solvents, solubilizing
apents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide,
oils {in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils),
glycerol, tetrahydrofurfuryl alcohol, polyethyiene glycols and fatty acid esters of sorbitan,
and mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents.

{092] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitabie dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer’s solution, U.3.P. and isotonic sodium
chloride solution, In addition, sierile, fixed oils are conventionally emploved as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of imjectables.

{083}  The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

{094]  In order to prolong the effect of a compound of the present invention, it is often
desirable to slow the absorption of the compound from subcutaneous or intramuscular
injection. This may be accomplished by the use of a liquid suspension of crystalline or

amorphous material with poor water solubility. The rate of absorption of the compound then
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[0127] In one embodiment, the reaction of the acid of formula Id with the amine of formula 2c occurs in

a solvent in the presence of 0-(7-azabenzotriazol-1-y1)-N,N,AP,Nrtetramethyluronium

hexafluorophosphate (HAM) and triethylamine or in a solvent in the presenceﬁg%ﬁ)rc}%lf\ghosphonic
SN,

acid cyclic a%vk%/%mi&“em iﬁD(O) and pyridine. More particularly, the solvent £6M 2 -zdimethyl

formamide, ethyl acetate, or 2- methyltetrahydrofuran. [0128] In another embodiment, R.8 is hydrogen
or TBDMS. [0129] In another embodiment, R8 is TBDMS. [0130] In another embodiment, the process

comprises a further deprotection step; for Ra0 instance, when ring A is (e)or(d) ,wherein Ra is a silyl
protecting H&@®pends upon its rate of dissolution that, in turn, may depend upon crystal size and crysialline

form. Altematively, delaved absorption of a parenterally administered compound form is
accomplished by dissolving or suspending the compound in an oil vehicle. Injectable depot
forms are made by forming microencapsule matrices of the compound in biodegradable
polymers such as polylactide-polyglycolide. Depending npon the ratio of compound to
polymer and the nature of the particular polymer employed, the rate of compound release can
be controlled. Examples of other biodegradable polymers include poly(orthoesters) and
pely{anhydrides). Depot injectable formulations are also prepared by entrapping the
compound in liposomes or microemulsions that are compatible with body tissues.

[095]  Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of this invention with suitable non-irritating '
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the
rectum or vaginal cavity and refease the active compound.

[096]  Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granmales. In such solid dosage forms, the active compound is mixed with at least one
inert, pharmaceutically accepiable excipient or carrier such as sodium citrate or dicalcium
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glhucose, mannitol,
and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, ¢} humectants such as glycerol, d) disintegrating
agents such as agar-—-agar, calcium carbonate, potate or tapioca starch, alginic acid, certain
silicates, and sodium carbeonate, €) solution retarding agents such as paraffin, f) absorption
accelerators such as quaternary ammonium compounds, g) wetting agents such as, for
example, cetyl alcchol and glycerol monaostearate, h) absorbents such as kaolin and bentonite
clay, and i) lubricants such as talc, calchum stearate, magnesium stearate, solid polyethylene
glycoils, sodium lauryl sulfate, and mixtures thereof. In the case of caﬁsuies, tablets and pills,
the dosage form may also comprise buffering agents.

{097]  Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,
dragees, capsules, pills, and gramules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may

optionally contain opacifying agents and can also be of a composition that they release the
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(d). Typically, removal of a silyl protecting group requires treatment with acid such as acetic acid or a
dilute mineral acid or the like, although other reagents, such as a source of fluoride ion (e.qg.,

tetrabutylamwggg}gwﬁ&us%lde), may be used. 10;311 In the process, the ggjil
prepared from a compound of formula 2a comprising the steps of: (a)reacting

Qe 2¢ is

e compound of formula

2a with an amine of formula 3 to provide the compound of formula 2b  2a2b wherein:

active ingredient(s) only, or preferentially, in a certain part of the mtestinal tract, optionally,

in a delayed manner. Examples of embedding compositions that can be used inchude

polymeric substances and waxes. Solid compositions of a similar type may also be employed

as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar

as well as high molecular weight polethylene glycols and the like.

{098}  The active compounds cap also be in microencapsulated form with one or more

excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and

granules can be prepared with coatings and shells such as enteric coatings, release controlling

coatings and other coatings well known in the pharmaceutical formulating art. In such solid

dosage forms the active compound may be admixed with at least one inert diluent such as

sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,

afdditional substances other than inert diluents, ¢.g., tableting lubricants and other tableting

aids such a magnesium stearate and microcrystalline cellulose. In the case of capsules,

tablets and pills, the dosage forms may also comprise buffering agents. They may optionally

contain opacifying agents and can also be of a composition that they release the active

ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally, in a

delayed manner. Examples of embedding compositions that can be used include polymeric

substances and waxes.,

[099]  Dosage forms for topical or transdermal administration of a compound of this

invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,

mhalants or patches. The active component is admixed under sterile conditions with a

| pharmaceutically acceptable carrier and any needed preservatives or buffers as may be

required. Ophthalmic formulation, eardrops, and eye drops are also contemplated as being

within the scope of this invention. Additionally, the present invention contemplates the use

of transdermal patches, which have the added advantage of providing controlled delivery of a

compound to the body. Such dosage forms are prepared by dissolving or dispensing the

compound in the proper medium. Absorption enhancers can also be used to increase the flux

of the compound across the skin. The rate can be controlled by either providing a rate

controlling membrane or by dispersing the compound in a polymer matrix or gel.

[0108] The activity of a compound utilized in this invention as a modujator of CFTR may

be assayed according to methods described generally in the art and in the Examples herein,

[6181} It will also be appreciated that the compounds and pharmaceutically acceptable

compaositions of the present invention can be employed in combination therapies, that is, the

JD8 .



Halis F, O, Br, orl; and (5)reducing the compound of formula 2b to the amine of formula 2c. Ri
2b2c [0132] In one embodiment of the process for making the amine of formula 2c¢, the amine of

formula 3 in step (1 is generated in situ from the corresponding quatern Amm ' alt, such as
an amine hy‘gir(gczz af‘c}))rqgge% Sﬁalt, although other ammonium salts (e.g. the tri?ﬂa%racetgt%&g{a% , may be

used as well. [0133] In one embodiment of step (a) for forming the amine of formula 2c, when the
amine Ra0
compounds and pharmaceutically acceptable compositions can be administered concurrently
with, prior to, or subsequent to, one or more other desired therapewtics or medical procedures.
The particular combination of therapies (therapeutics or procedures) to employ in a
combination regimen will take into account corepatibility of the desired therapeutics and/for
procedures and the desired therapeutic effect to be achieved. It will also be appreciated that
the therapies emploved may achieve a desired effect for the same disorder (for example, an
inventive compound may be administered concurrently with another agent used to treat the
same disorder), or they may achieve different effects {e.g., conirel of any adverse effects).
As used herein, additional therapeutic agents that are normally administered to treat or
prevent a particular disease, or condition, are known as “appropriate for the disease, or
condition, being treated.”
[016Z] In one embodiment, the additional agent is selected from a mucolytic agent, a
bronchodialator, an anti-biotic, ar anti-infective agent, an anti-inflammmatory agent, a CFTR
modulator other than a compound of the present invention, or a nutritional agent. In a further
embodiment, the additional agent is a CFTR modulator other than a compound of the present
invention.
{01631 In one embodiment, ibe additional agent is an antibiotic. Exemplary antibiotics
useful herein include tobramycin, including tebramycin inhaled powder (TIP), azithromycin,
aztreonam, including the acrosolized form of aztreonam, amikacin, including liposomal
formulations thereof, ciprofioxacin, including formulations thereof snitable for administration
by inhalation, levoflaxacin, including aerosolized formulations thereof, and combinations of
two antihiotics, e.g., fosfomycin and tobramycin.
{9164}  In another embodiment, the additional agent is a mucolyte. Exemplary mucelytes
useful herein includes Pulmozyme®.
[6105} In another embodiment, the additional agent 1s a broncheodialator. Exemplary
bronchodialtors include albuterol, metaprotenerol sulfate, pirbuterol acetate, salmeterol, or
tetrabuline sulfate.
{0186] In anotber embodiment, the additdonal agent is effective in restoring lung airway
surface liguid. Such agents improve the movement of salt in and out of cells, allowing mucus
in the lung airway to be more hydrated and, therefore, cleared more easily. Exemplary such
agents inciude hypertonic saline, denufosol tetrasodinm {{{(38,5R)-5-(4-ammo-2-

oxopyrimidin- I-yi)-3-hydroxyoxolan-2-ylimethoxy-hydroxyphosphoryl] {{[(2R,38 4R, 3R)-5-
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ORa, le is hydrogen or TBDMS. More particularly, le is TBDMS. [0134] In another embodiment, step
(a) occurs in a polar aprotic solvent in the presence of a tertiary amine base. Examples of tertiary
amines that can be employed include triethylamine, diisopropylethyl ami NG
1,5-diazabich?foﬁ%%%ﬁ#o%-S-ene (DBN), 1,8- diazabicyclor5.4.01undee-ﬁgggjﬁgg)&?lf%-
diazabicyclo[2.2.2]octane (DABCO) and pyridine. Examples of solvents that can be employed include
N,N-dimethyl formamide, dimethyl sulfoxide or acetonitrile. [0135] In one embodiment, the tertiary
amine base is triethylamine. [0136] In another embodiment, step (a) occurs in acetonitrile in the

presence of #étigiamimiqo13yih adbtrsersnistamsinehetehydon iinperariesof step (a) is
between appiaximiateipicyl RranPsaxipaielbSidacifdR@n-aisthekesmbedimeis) the reaction time

for step (a) Iﬁ%ia)me n ﬁytgéipéggoafﬁenl%n% ncgl1 ﬁp@ggﬂrgggtegg/ &%O houg@élm;?g In one embodiment of the

process for € aminé ot formula 2¢, s epE{ occurs i%mé'p I’%?C?tl “Eohvent or a mixture of
polar protic sgottes santhedysrebe indlofatvalindiomocatdhpsunivicrPpaistismaddithadatalyst, the

solvent in stgpi(h) rRicaly, BabslatRiRticiaetyant sieb-asiaamlcobrkhare, pastiawanly, comprises
methanol or ethanol. , , :
ydroxychloroguine, or sirnavastatin,

[8108] In another embodiment, the additional agent reduces the activity of the epithelial
sodium channel blocker (ENaC) either directly by blocking the channel or indirectly by
modulation of proteases that lead to an increase in ENaC activity (e.3., seine proteases,
channel-activating proteases). Exemplary such agents include camostat (a trypsin-like
protease inhibitor), QAU1435, 552-02, GS-9411, INO-4995, Aerolytic, and arniloride.
Additional agents that reduce the activity of the epithelial sodium channel blocker (ENa(’)
can be found, for example in PCT Publication No. W(0O2009/074573, the entire contents of
which are incorporated herein in their entirety.
[0109] Amongst other diseases described herein, combinations of CFTR modulators, such
as compounds of Formula 1, and agents that reduce the activity of ENaC are use for treating
Liddie’s syndrome, an inflammatory or allergic condition including cystic fibrosis, primary
ciliary dyskinesia, chronic bronchitis, chronic obstructive pulmonary disease, asthma,
respiratory iract infections, lung carcinoina, xerostornia and keratoconjunctivitis sire,
respiratory tract infections {acute and chronic; viral and bacterial) and lung carcinoma.
[61168] Combinations of CFTR modulators, such as compounds of Formula I, and agents
that reduce the activity of ENaC are also useful for treating diseases mediated by blockade of
the epithelial sodium channel also include diseases other than respiratory diseases that are
associated with abnormal fluid regulation across an epithelium, perhaps involving abnormal
physiology of the protective surface liguids on their surface, e.g., xerostomia (dry mouth) or
keratoconjunctivitis sire (dry eye). Furthermore, blockade of the epithelial sodium channel in
the kidney could be used to promote diuresis and thereby induce 2 hypotensive effect.
[6111] Asthma includes both intrinsic (non-allergic) asthima and extrinsic (allergic) asthma,
mild asthma, moderate asthna, severe asthima, bronchitic asthma, exercise-induced asthma,
occupational asthma and asthma induced following bacterial infection. Treatment of asthma
is also to be understood as embracing treatment of subjects, e.g., of less than 4 or 5 years of
age, exhibiting wheezing symptoms and diagnosed or diagnosable as "wheezy infangs”, an

established patient category of major medical concern and now often identified as incipient or
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[0140] In another embodiment, step (b) occurs in a polar protic solvent, such as water, in the presence
of Fe and FeSO4 or Zri and AcOH. [0141] Another aspect of the invention relates to a process for

preparing amg&%{%glsgg Formula (Ic): (Ic) or pharmaceutically acceptatij_?gsfg,%%m%rﬁgéz comprising

the steps of: (&)reacting a compound of formula 2a with an amine of formu 0 provide a compound
of formula 2b  FI1 2a2b

eariy-phase asthmatics. (For convenience this particular asthmatic condition is refermed 1o as
"wheezy-infant syndrome” .} Prophvlactic efficacy in the treatment of asthma will be
evidenced by reduced frequency or severity of symptomatic attack, e.g., of acute asthrnatic or
bronchoconstrictor attack, improvement in lung function or improved airways
hypegreactivity. It may further be evidenced by reduced requirement for other, symptormatic
therapy, i.e., therapy for or intended to restrict or abort symptomatic attack when it occurs,
e.g., anti-inflammatory (e.g., cortico-steroid) or bronchodilatory. Prophylactic benefit in
asthma may, in particular, be apparent in subiects prone to "morning dipping”. "Morning
dipping” is a recognized asthmatic syndrome, common to a substantial percentage of
asthmatics and characterized by asthma attack, e.g., between the hours of about 4-6 am, ie,
at a time normally substantially distant from any previously administered symptomatic
asthma therapy.

[63112] Chronic obstructive pulmonary disease includes chronic bronchitis or dyspnea
associated therewith, emphysema, as well as exacerbation of airways hypemreactivity
consequent to other drug therapy, in particular, other inhaled drug therapy. In some
embodiments, the combinations of CFTR modulators, such as compouonds of Formula §, and
agenis that reduce the activity of ENaC are useful for the treatment of bronchitis of whatever
type or genesis including, e.g., acute, arachidic, catarrhal, croupus, chronic or phthinoid
bronchitis.

f0113] In another embodimeni, the additional agent is a CFTR modulator other than 2
compound of formula 1, i.e., an agent that has the effect of modulating CTFTR activity.
Exemplary such agents include ataluren (“PTC124®"; 3-[5-(2-fluorophenyl}-1,2 4-oxadiazol-
3-ylibenzoic acid), sinapultide, lancovutide, depelestat (2 human recombinant neutrophil
elastase inhibitor), cobiprosione (7-{(2R, 4aR, 5R, 7aR}-2-[(35)-1,1-difluore-3-
methylpentyl}-2-hydroxy-6-osooctahydrocyclopentafblpyran-5-yl theptanoic acid), or (3-(6-
{1-{2,2-diflnorobenzoid}i 1,3 }dioxol-3-yl) cyclopropanecarboxamido)-3-methylpyridin-2-
vi)benzoic acid. In another embodiment, the additional agent is (3-(6-(1-(2,2-
difluorobenzo{d]l 1,31dioxol-5-v1) cyclopropanecarboxamido)-3-methylpyridin-2-yl¥senzoic
acid.

{0114} In another embodiment, the additional agent is a nutritional agent. Exemplary such
agents include pancrelipase (pancreating enzyme replacement), including Pancrease®,
Pancreacarb®, Ultrase®, or Creon®, Liprotomase® (formerly Trizytek®), Aquadeks®, or

glutathione inhalation. In one embodiment, the additional nutritional agent is pancrelipase.
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WO 2010/048526PCT/US2009/061882 (b)convening the compound of formula 2b to the amine of
formula 2c via reduction 2b2c; and (c)reacting the amine of formula 2c with an acid of formula Id to

provide a CO\W@%"{(}%&% Eormula (Ic) POT/US2009/061882

[0315] The amount of additional therapeutic agent present in the compositions of this
invention will be ne more than the amount that would normally be administered in 2
composition comprising that therapeutic agent as the only active agent. Preferably the
amount of additional therapeutic agent in the presently disclosed compositions will range
from about 50 % to 100 % of the amount normally present in a composition comprising that
agent as the only therapeutically active agent.

[#116] The compounds of this invention or pharmaceutically acceptable compositions
thereof may also be incorporated into compositions for coating an implantable medical
device, such as prostheses, artificial valves, vascular grafis, sients and catheters.
Accordingly, the present invention, in another aspect, includes a composition for coating an
implantable device comprising a compound of the present invention as described generally
above, and in classes and subclasses herein, and a carrier suitable for coating said implantable
device. In still another aspect, the present invention includes an implantable device coated
with a composition comprising a compound of the present invention as described generally
above, and in classes and subciasses herein, and a carrier suitable for coating said implantable
device. Suitable coatings and the general preparation of coated implantable devices are
described in US Patents 6,099,562; 5,886,026, and 5,304,121, The coatings are typically
biocompatible polymeric materials such as a hydrogel polymer, polymethyldisiioxane,
polycaprolactone, polyethylene glycol, polylactic acid, ethylene vinyl acetate, and mixtures
thereof. The coatings may optionally be further covered by a suitable topcoat of
fluorosilicone, polysaccarides, polyethylene giycol, phospholipids or combinations thereof to
impart controlled release characteristics in the composition.

[0117] Another aspect of the invention relates to modulating CFTR activity in a biological
sample or a patient {e.g., in vitro or in vive), which method comprises administering to the
patienit, or contacting said biological sample with 2 compound of Formula (I} ora
cornposition comprising said compound. The term “biclogical sampile”, as used herein,
meludes, without limitation, cell cultures or extracts thereof, biopsied material obtained from
a marnmal or extracis thereof; and blood, saliva, urine, feces, semen, tears, or other body
fluids or exiracts thergof.

{0118} Modulation of CFTR in a biological sample is useful for a variety of purposes that
are known to one of skill in the art. Examples of such purposes include, but are not limited
to, the study of CFTR in biological and pathological phenomena; and the comparative

evaluation of new modulators of CFTR.

232



wherein Hal is F, CI, Br, or I; ring A is selected from: wherein RI is -CF3, -CN, or
-CECCH2N(CH3)2; R2 is hydrogen, -CH3, -CF3, -OH, or -CH20H; R3 is hydrogen, -CH3, -OCH3, or

-CN; provided that both R2 and R3 are not simultaneously hydrogen, and
WO 2010/048526 PCT/US2009/061882

[6115] In vet another embodiment, a method of modulating activity of an anion channel in
Vitre or in vive, is provided comprising the step of contacting said channel with a compound
of Formula (I). In preferred embodiments, the arion channel is a chloride channel or a
bicarbonate channel. In other preferred embodiments, the anion channel is a chloride
channel.

{01268} According to an alternative embodiment, the present invention provides a method of
increasing the number of functional CFTR in a membrane of a cell, comprising the step of
contacting said cell with a compound of Formuila (I},

18121] According to another preferred embodiment, the activity of the CFTR is measured
by measuring the transmembrane voitage potential. Meaas for measuring the voltage
potential across 3 membrane in the biological sampie may employ any of the known methods
in the art, such as optical membrane potential assay or other electrophysiological methods.
[6122] The optical membrane potential assay utilizes voltage-sensitive FRET sensors
described by Gonzalez and Tsien (See, Gonzalez, }. E. and R. Y. Tsien (1995) “Voltage
sensing by fluorescence resonance energy transfer in single cells.” Biophys J 69(4): 1272-80,
and Gonzalez, J.E. and R. Y. Tsien (1997); “Improved indicators of cell membrane poieniial
that use fluorescence resonance energy transfer” Chem Biol 4(4): 262-77) in combination
with instrimnentation for measuring fluorescence changes such as the Voltage/lon Probe
Reader (VIPR) (See, Gonzalez, . E., K. Oades, et al. (1999} “Cell-based assays and
instrumentation for screening ion-channel targets” Drug Discov Today 4(9): 431-439).
{0123] These voltage sensitive assays are based on the change in flucrescence resonant
energy transfer (FRET) between the membrane-soluble, voltage-sensitive dye, DiSBAC,(3),
and a fluorescent phospholipid, CC2-DMPE, which is attached to the outer leaflet of the
plasma membrane and acts as a FRET donor, Changes in membranc potential (V) canse the
negatively charged DiSBAC,(3) to redistribute across the plasma membrane and the arnount
of energy transfer from CC2-DMPE changes accordingly. The changes in fluorescence
emission can be monitored using VIPR™ II, which is an integrated liquid handler and
fluorescent detector designed to conduct cell-based screens in 96- or 384-well microtiter
plates,

{0124} In another aspect the present invention provides a kit for use in measuring the
activity of CFTR or a fragment thereof in a biological sample in vifro or in vivo comprising
(i) a composition comprising a compound of Formula () or any of the above embodimennts;

and (i) mstructions for a) contacting the composition with the biological sample and b)
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Ra is hydrogen or a silyi protecting group selected from the group consisting of trimethylsilyl (TMS),
iert-butyldiphenylsilyl (TBDPS), ten-butyldimethylsilyl (TBDMS), tri opropylstlyl (TIPS), and

12- (ethyIS|Iyl&;a(%@(;;f%%/lm%hI I (SEM). [0142] In one embodiment, the amineckf wﬁg%&%g& tep (a) is
rom c

generated in's e corresponding quaternary ammonium salt, such as an amine ydrochlorlde
salt, although other ammonium salts (e.qg. the trifluoracetate salt), may be used as well. [0143] In one
embodiment of step (a) for forming the amine of formula 2c, when the amine Ra0 patrticularly, IV is
TBDMS. [0144] In another embodiment, step (a) occurs in a polar aprotic solvent in the presence of a
tertiary amirf@pasEsRKaipRi$oe (el &ryr aniasahieeah e Shpmbpeaet thfctiami@amine,
diiSOIOrOpylemﬁ{@ﬁWQs&;&&L@z&b@w@[&iMmﬁ&m&&&mﬁ;&,Sntﬁi@zagmmgzlﬁiéaﬂzﬂmndec -7-ene

(DBU), 1,4- azablc cl 2 O ine. [0145] In one embpdiment, the tertiary
. iwlf 4£ 2 a%éﬁ{ Zg‘ Xtr rg ’f'[x ]ﬂ(‘l )élresence % do

amine base i lf}lg“fny fmlne er em men OCCUrs in acetonltrlle in the
presence of aiditivpliipgound, and c} comparing the activity of the CFTR in the presence of the

additional compound with the density of the CFTR in the presence of a composition of
Formula (I). In preferred embodiments, the kit is used to measure the density of CFTR.
[0125] In order that the invention described herein may be more fully understood, the
following examples are set forth. It should be understood that these examples are for

illustrative purposes only and are not to be construed as limiting this invention in any manuer,

Processes and Intermediates for Making Compounds of Formula (1)

[0126] Another aspect of the invention relates to 2 process for preparing a compound of

L ’”
(fic)

or pharmaceutically acceptable salts thereof, whesein the process comprises:

Formula (Ic):

{a) reacting the acid of formula 1d with an amine of formula 2¢ to provide a

componnd of Formula (Ic)

R 0 0 O LA
R3 RZ O O
N .
N HyN ; H ; H 1
| R o N r
id 1 (I}
wherein:

Ring A is selected from:

g RO oRe
%, ﬁgzg g{ WLN Z E %%N ;E
{a} (e

(b}
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[0147] In another embodiment, the reaction temperature of step (a) is between approximately 75 C
and approximately 85 C. [0148] In another embodiment, the reaction time for step (a) is between
approximately 2 and approximately 30 hours. [0149] In one embodiment of the rocess for making the
amine of forﬁ%&lgﬁigﬁ %%% (b) occurs in a polar protic solvent or a mixture %ﬁ;ggé}ﬂ?})r{gf%%lvents in the
presence of a palladium catalyst. When palladium is the catalyst, the solvent in step (b) typically is a
polar protic solvent such as an alcohol. More patrticularly, the solvent comprises methanol or ethanol.
[0150] In another embodiment, step (b) occurs in a polar protic solvent, such as water, in the presence
of Fe and Fe504 owZmeand AcOH. [0151] In one embodiment of step (c), the reaction of the acid of

formula Id with thegaming-0f fample26.9¢aHEs],a solvent in the presence of
0-(7-azabenzotriazgl-1-y1)-N,N,Au,N - tetramethyluronjium hexafluorophosphate (HATU) and

triethylamine or in 3 Sovdmert reSenC o propt Phosphonic acid cyclic anhydride (T3P(r)) and
pyridine. More parHcidasisoize, SORerOEBMprisas; N,N-dirnethyl formamide, ethyl acetate, or 2-

methyltetrahydrofuran. [%l}ég&g@t@%%kegg%i% %&Q&%&@OEQPM§. [01531 In another

embodiment, Ra is TBDMS. [01541 In another embodiment, the process comprises a further
deprotection step; RorRiyEresen or a silyl protecting group selected from the group consisting of

trimethyisilyl (TMS), ferf-butyidiphenylsiiyl (TBDPS), rerr-butyldimethylsilyi
{TBDMS), triisopropyisilyl (TIPS), and [2-(rimethylsilyhethoxyjmethyl
{SEM).

[6127] In one embodiment, the reaction of the acid of formula Id with the amine of
formula 2¢ occurs in a solvent in the presence of O-(7-azabenzotriazol-1-yI)-N NN N
tetramethyluronium hexafluorophosphate (HATU) and triethylamine or in a solvent in the
presence of propyl phosphonic acid cyclic anhydride (T3P®) and pyridine. More
particularly, the solvent comprises N, N-dimethyi formamide, ethyl acetate, or 2-
methyitetrahvdrofuran.

[9128] In another embodiment, R® is hydrogen or TBDMS.

161291 In another embodiment, R® is TBDMS.

{61301 In another embodiment, the process comprises a further deprotection step; for

Fad

H
H ORa
Wil

instance, when ring A is © o @) wherein R® is a silyl protecting

H
GH

BN
group, 1o generate a compound of Formula (Ie), wherein ring A is €  or
OH

N

@ Typically, removal of 2 silyl protecting group requires treatment with acid
such as acetic acid or a dilute mineral acid or the like, although other reagents, such as a

source of fivoride ion (e.g., tetrabutvlammonium fluoride), may be used.
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group, to generate a compound of Formula (1), wherein ring A is OH ((I). Typically, removal of a silyl
protecting group requires treatment with acid such as acetic acid or a dilute mineral acid or the like,

although other reagents, such as a source of fluoride ion (e.g., tetrabutyl i f#l jde), may be
used. 02N 1 &?ﬂ%ﬁ%ﬁﬁer aspect of the invention relates to a compoun?&ﬂ%@%‘%@\;\? ’%ér)'sg"ln rng A is

[¢131] In the process, the amine of formula 2c is prepared from a compound of formula 2a
comyprising the steps of:
{a} reacting the compound of formmula 2a with an amine of formula 3 to provide

the compound of formula 2b

Hal HN ) ——”
3
O N Oy
Ry M,
2a 2b

wherein:
Hal is F, Cl, Br, or I; and
' RAO

H H OR®
HMN=t ;
Hng HNQ, HNQ
the amine of formula 3 is . , or .

(b) reducing the compound of formula 2b to the amine of formula 2¢.

and

* ~ 7
4 ¢
H L

—
HN
R1
2c

A
(T
N
R‘l
2b

[0132] In one embodiment of the process for making the amine of formula Zc¢, the amine of

-
o

-
1
i
’
v
-

formula 3 in step {a) is generated in sitn from the corresponding guaternary ammonium salt,
such as an amine hydrochloride salt, although other ammonium salts (e.g. the trifluoracetate
salt), may be used as well.

[0133] In one embodiment of siep (a) for forming the amine of formula 2¢, when the amine
R&O

H H ORa
of formula 3 is or . R* is hydrogen or TBDMS. More

particularly, R® is TBDMS,
[0134] In another embodiment, step (a) occurs in a polar aprotic solvent in the presence of

a tertiary amine base. Examples of tertiary amines that can be employed inchude
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(a)(b)(c)(d) wherein Rl is -CF3, -CN, or -CECCH2N(CH3)2, and R is a silyl protecting group
selected from the group consisting of tr methylsilyl (TMS), lert-butyldiphenylsilyl (TBDPS),

ten-butyldin\%@%sl% 4%‘g%DMS), u-iisopropylsilyl (TIPS), and [2-Orimethy{,%'ly,%gm%&%ghyl (SEM).
3 .

[0156] Anothef aspect of the invention relates to a compound which wherein ring A'is

triethylamine, diisopropylethyl amine, 1,5-diazabicyclo{4.3.0]non-3-ene (DBNJ}, 1,8-
diazabicyclo[5.4.0}undec-7-ene (DBU), 1,4~ diazabicyclof2.2.2]octane (DABCO) and
pyridine. Examples of solvents that can be employed inchude N N-dimethyl formamide,
dimethy! sulfoxide or acetonitrile.

[0135] In one embodiment, the tertiary amine base is tricthylamine.

{0136] In another embodiment, step (a) occurs in acetonitrile in the presence of
triethylamine.

[0137] In another embodiment, the reaction temperature of step (a) is between
approximately 75 °C and approximately 85 °C.

[0138] In another embodiment, the reaction time for step {(a) is between approximately 2
and approximately 30 hours.

{01397 In one embodiment of the process for making the amine of formula 2c¢, step (b}
occurs in a polar protic solvent or a mixture of polar protic solvents in the presence of a
palladium catalyst. When palladium is the catalyst, the solvent in step (b) typically is a polar
protic solvent such as an alcobol. More paﬁicu]miy, comprises methanol or ethanol.
[0148] In another embodiment, step (b) occurs in a polar protic solvent, such as water, in
the presence of Fe and FeS0; or Zn and AcOH.

[6141] Another aspect of the invention relates to a process for preparing a compound of

R, 9 o (7%
RBMN ~
H
N R
H

(i)

Formuta {I¢);

v
\
I

or pharmaceuiically acceptable salts thereof, comprising the steps of:
{(a) reacting a compound of formula 2a with an amine of formula 3 1o provide a

compound of formula 2b

Y e ‘.
HN DS ) ;
i A Hal s i R T
B st P
ON O N
R, Ry
i Zh
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(a)(b)(d) wherein Rl is -CF3, -CN, or -C-CCH2N(CH3)2, and Ra is a silyl protecting group selected
from the group consi'sting of tr methylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS),

ten-butylclimeth |SI| TBDMS), triisopropylsilyl (TIPS), and [2- (tnmethylsﬂ t hyI (SEM)
101571 Anoth® %lsg é%ﬁf the invention relates to a compound of Formulaé((%gﬁﬂ%d‘m%

pharmaceutically acceptable salts thereof, wherein: Ra0O is selected from(c), Or(d); wherein

() converting the compound of formula 2b to the amine of formula Zc via

reduction

{c} reacting the amine of formula Ze with an acid of formula 1d to provide a

compound of Formula (Ic)

2 o 0 CA
3 [ e
N Hal
H =y

id 2¢ Ek)

wherein Hal s F, Cl, Br, or [
=]

HN’/“(”"\‘{\ HN g HNL\\: Jm{::
the amine of formmla 3 is

ring A is selected from:

% QKN@ aN-(i L

(=}

and

wherein

R! is -CFs, -ON, or -C=CCH,N(CHa)y;

R? is hydrogen, -CH, -CFs, -OH, or -CH,OH;

R? is hydrogen, -CHs, -OCH;, or -CN;
provided that both R* and R? are not simultaneously hydrogen, and

R*® is hydrogen or a silyl protecting group selected from the group consisting of
trimethylsilyl (TMS), rerr-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl
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Rl is -CF3, -CN, or -CE-CCH2N(CH3)2; R2 is hydrogen, -CH3, -CF3, -OH, or -CH20H; R3 is
hydrogen, -CH3, -OCHS3, or -CN; provided that both R2 and R3 are not simultaneously hydrogen, and
Ra is a silyl ﬁéotectln roup selected from the group consisting of trimethylsil ﬁ@
ten-butyldip ol DPS), rert-butyldimethylsilyl (TBDMS), uhsopro&és@si %4nd
[2-(trimethylsilypethoxylmethyl (SEM). [01581 Another aspect of the invention relates to a compound
of Formula (I) (1); or pharmaceutically acceptable salts thereof, wherein: Ring A is selected from:
(a)(b)(c)(d) wherein ‘

{TBDMS), triisopropyisilvt (TIPS}, and [2-{trimethylsilyhethoxylmethyl

(SEM;.

[0142] In one embodiment, the amine of formula 3 in step (a) is generated in situ from the

corresponding quaternary ammonium salt, sach as an amine hydrochloride salt, although

other ammonium salis (e.g. the trifluoracetate salt), may be used as well.

[6143] In one embodiment of step (a) for forming the amine of formula 2¢, when the amine
RO

DR?
HA
of formuia 3 is # is hydrogen or TBDMS. More

particularly, R” is TBDMS.

[0144] In another embodiment, step (a) occurs in a polar aprotic soivent in the presence of
a tertiary amine base. Examples of tertiary amines that can be employed include
tricthylamine, diisopropylethyl amine, 1,5-diazabicyclo{4.3.0lnon-5-ene (DBN), 1,8-
diazabicyclof{5.4.Ojundec-7-ene (DBU), 1,4~ diazabicyclo[2.2.2]octane (DABCO) and
pyridine.

{1451 Inone embodiment, the tertiary amine base is wiethylamine.

[62146] In another embodiment, step (a) occurs in acetonitrile in the presence of
triethylamine.

1631471 In another embodiment, the reaction temperature of step (a) is between
approximately 75 °C and approximately 85 °C.

[0148] In another embodiment, the reaction time for step (a) is between approximately 2
and approximately 30 hours.

[0149] In one embodiment of the process for making the amine of formula Ze, step (b)
occurs in a polar protic solvent or a mixture of polar protic solvents in the presence of a
palladium catalyst. When palladium is the catalyst, the solvent in step (b) typically is a polar
protic solvent such as an alcohol. More particalarly, the solvent comprises methanol or
ethanol.

[0150] In andther embodiment, step (b) occurs in a polar protic solvent, such as water, ini
the presence of Fe and FeS50, or Zn and AcOH.

{0151 In one embodiment of step (c), the reaction of the acid of formula 1d with the amine
of formula 2¢ occurs in a solvent in the presence of O-(7-azabenzotriazol-1-yl}-N, NN N

tetramethyluronium hexafluorophosphate (HATU) and triethylamine or in a solvent in the
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Rl is -CFl, -CN, or -C=CCH2N(CH3)2; R2 is hydrogen, -CH3, -CF3, -OH, or -C1-120H; R3 is
hydrogen, -CH3, -0C1-13, or -CN; provided that both R2 and R3 are not simultaneously hydrogen;

made by an)évgl%f 2thltgzijﬁ)arrocesses disclosed herein. [0159] Another aspect Oﬂ)@ﬁdgy‘%ﬁl}ﬁ%{}; gglates toa

8536 L
compound selected trom the group consisting of:

presence of propyl phosphonic acid cyclic anhydride (T3P®) and pyridine. More

particularly, the solvent comprises N,N-dimethyl formamide, ethyl acetate, or 2-

methyletrahydrofuran.

[8152] In another embodiment, R® is hydrogen or TBDMS.

[6153] In another embodiment, R*is TBDMS.

[8154] In another embodiment, the process comprises a further deprotection step; for
RaQ

H
H ORs
i

instance, when ring A is (€) , o1 ) , wherein R” is a silyl protecting

HOH

BN

3

group, 1o generate a compound of Formula (I), wherein ring A is © Lor
H

OH

@ Typically, removal of a silyl protecting group reguires treatment with acid
such as acetic acid or a dilute mineral acid or the like, although other reagents, such as a

sousrce of flucride ion {e.g., tetrabutylammonium fluoride), may be used.

{01557 Another aspect of the invention relates to a compound which is R ,

wherein ring A is

/7 R2C H
H OR?
,{,N% ﬁlZ,N)A ‘HLN“/{*\\\:{\ %N—/{——{:
, , , ar
(a) (b} (e) (d)

wherein

R is -CFy, -CN, or -Ca=CCH;N(CHa),, and
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of the processes disclosed herein. EXAMPLES [0161] Intermediate 1:
4-0x0-5-(trifluoromethyl)-1,4-dihydroquinoline-3-carboxylic acid (17). The synthesis of the title
compound is depicted in Scheme 4. Scheme 4 [0162] Preparation of dieth\él
2.((2.chIoro-gﬁﬁﬁwg}ﬁﬁ?&hyl)phenylamino) methylene) madonate (14). PCT/US2009/061882
2-Chloro-5-(trifluoromethyl)aniline 12 (200 g, 1.023 mol), diethyl 2-(ethoxymethylene)malonate 13 (276
g, 1.3 mol) and toluene (100 tnL) were combined under a nitrogen atmosphere in a three-neck, 1-L
round bottom flask equipped with Dean-Stark condenser. The solution was heated with stirring to 140
C and the temperak{ire avis! meaistaigenldar 4l deore detipnumbctuicings coottil/ 170 C and hexane
(600 mL) w : 1|Hg I ry, Wi ' G temperature.
T S0l W e B B B g L) and then
dried under 95%’&&&??&%%%%&‘%&%Hﬁ%@6ﬁ3‘\%%‘dé?@% yield) as the desired condensation product
diethyl 2((2-chloro-5-(trifluoromethyl)phenylamino) methylene) malonate 14. 11-1 NMR (400 MHz,
DMSO-d6) 8 11.28 (d.] = 13.0 Hz, 1H), 8.63 (d, J = 13.0 Hz, 1H), 8.10 (s, 1H), 7.80,{d, J = 8.3 Hz,
1H), 7.50 (dd, I = 1.5, 8.4 Hz, 111), 4.24 (9, J = 7.1 Hz, 2H), 4.17 (9, J = 7.1 Hz,2 H),£.27 (m, 6H).
[01631 Preparation of ethyl 8-chloro-4-oxo-5-(trifluoromethyl)-1,4-dihydroquinpling3-carboxylate (15).
A 3-neck, 1-L flask was charged with Dowtherm(r) (200 mL, 8 mlJg), whighywas-degassed at 200 C for
1 h. The sol ag heate ; i i 10 .mm withrdiethyl
2-((2-chIorogﬁ-{%‘ﬁ?{uQrometf%ﬁ%ﬁ%%%?%ﬁ%&r%%%?e%g?h%%%é%%i%%gg, 0.07dmol). The resulting
mixture was 88886 C for 6.5 hours (h) and the resulting ethanol byproduct removed by
distillation. The mixture was allowed to slowly cgol to 80C. Hexane (150 mL) was slowly added over 30
minutes (m followed by an additiona-200 rrexané*d gd in one pQrtigs The slurry was stirred
until it had reached room tempera%Th%w s filtered, washgeiwith hexane (3 x 150 mL), and
then dried under vacuum to prigvide !)ﬁ{S-chIoro,-' -0X -(trith,;o%mé‘Ek\yl)-lA-
dihydroquinoline-3-carboxylate 15 as a tan soli%(13.9 g, 65% yield). II-J roim (400 MHz, DMSO0-46) 8
11.91 (s, 1H), 8.39 (s, 1H), 8.06 (d, J& 8.3 Hz1H), 7.81F4, J = 8.4 HZ%H), 4.24(q, J = 7.1 Hz, 2H),
1.29 (t, J =7.1 Hz, 8k)eif01641 Preparation of ethyl
4-oxo-5-(trifluoromgthyl}-f H-gyinplipe F-Hahexyiaie (16). A 3-neck, 5-L flask was charged with of ethyl
8-chloro- 4-oxo-5-(trifluoromethyl)-1,4- dihydroquinoline-3-carboxylate 15 (100 g, 0.3 mol), ethanol
(1250 inL, 12.5 mUg) Shti i BPGRITEEIE TS FEis e pRLsds s e AT ged with 10 g of
10% Pd/C (30%SNet)rattiSiphdny s giotRBDRE)S stirtad/ igonbyisiyy UTHHNV§ i todgepragsissphere for 20 i

at 5 C, after which time,the reaction: iduls.wasi¢epsgntrated to a volume of approximately 150 mL.
The producti}ﬁg 4-0?(20@(triflgok?{)}nzggéy%%ﬁq%ingﬁne-&earbox late 16, as a slurry with Pd/C, was

6
taken directl thTREE &1RT5! S RSB TR Iy SRIRFF G @ compound of Formula (IA):
4-0x0-5-(trifluoromethyl)-1,4-dihydroquinolitte-3-carboxylic acid (17). Ethyl
4-oxo-5-(trifluoromethyl)-lH-quinoline-S-CQrb ylatge @2 mol, crude reaction slurry containing
Pd/C) was suspended in NaOH (814,niL qf 5 1. 41 mal) ifj a 1-L flask with a reflux condenser and
heated at 80C for 18 h, followed by utih ' g 8¢ 100 C for 5 h. The reaction was filtered warm
through packed Celite to remove PcUC ‘anet the Celite Ws rinsed with 1 N NaOH. The filtrate was
acidified to about pH 1 to obtain a thick, whitefprecipitate. The precipitate was filtered then rinsed with

water and cold acetonitrile. The solid was then dggigd;under vacuum to provide

i:ﬁo&sl-grifluorom%tgwﬁ%égﬁ bicgﬁgra%ggﬂ%iien%%-&%{égﬂ?%g%r%%i:d 17 as a white solid (48 g, 92% vyield).

R H 1 ORe
WY o=
Sy © ¢ -
T s selected from ¢ , or (a) . wherein

R’ is -CFs, -CN, or -C=CCH,N(CHs);
R? is hydrogen, -CHs, -CFy, -OH, or -CH,OH;
R* is hydrogen, -CH,, -OCH;, or -CN;
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(400.0 MHz, DMSO-d6) 15.26 (s, 1H), 13.66 (s, 14), 8.98 (s, 1H), 8.13 (dd, J = 1.6, 7.8 Hz, 1H), 8.06 -
7.99 (m, 2H). [0166] Intermediate 2: 4-(7-azabicyclo[2.2.11heptan-7-34)-2-(trifluoromethyl)aniline (21).
The synthesj tg %eé- compound is depicted in Scheme 5. Scheme 5 TEA 026180
C, 16 h ozl\mf ﬁ&% *h CF3 CF3 187a19 [0167] Preparation of 744-n%@%§t2r%ﬁ%‘%%zethyl)
pheny1]-7- azabicyclo[2.2.1]heptane (20). To a flask containing 7-azabieyelo[2.2.1]hcptane
hydrochloride 7a (4.6 g. 34.43 mmol, obtained from Tyger Scientific Inc., 324 Stokes Avenue, Ewing,
Ni, 08638 USA under a nitrogen atmosphere was added a solution of 4- fluoro-
1-nitro-2-(trifluoromethy/ apots B §udB emeithtmaiapisty Juhngrs. @9 g, 12.00 Ili, 86.07
mmol) in acetonitrite (50smk pbheuensiiop faakwasheatetal §GHdeamitragen atmosphere for

16 h. The reaction mixtu s, allowed 1o cool. S partitioned be r and
dichloromethane. The or{ganl ’fé?éﬁr“t gé@vggﬁsé%pﬁw %& u c rllﬂg %vgrsﬁg%tered, and
concentrated to drynesstrixgefieatid! 6Y Bt anddPdhionthrbdidishpobrebyldiiacetate in hexanes)
yielded 744-nitro-3-(trifluoromethyl) phenyll-7-azabicyclol2.2.1Theptane 19(7.2 g, 88% yield) as a
yellow solid. M% 00.0 MH MSO-d6 8.03}(; J=91H ]iln—g}1 7,31 (d,./ =2.4 Hz, 1H), 7.25
(o 3 ~ 2681387 R 5 BB D5 A BT A LSRR T (1 412 (0168) Preparation
of 4-(7-azabicyclo[2.2.1] heptan-?-yl)-z-(trifluoromethyl)anilim'eX(Q,O). A flask charged with
744-nitro-3-(tritltuoromethyl)phenyl)-7-azabicy¢lo[g.2. ne-19(7.07 g, 24.70 mmol) and 10% Pd/C
(0.71 g, 6.64 inmol) was evacuated agnd then Hushed itrogen. Ethanol (22 mL) was added and
the reaction flask was fitted with a hydrgj oon'{fAft ,stirring vigorously for 12 h, the reaction
mixture was purged with nitrogen and PdX \Mgs removed by filtration. The filtrate was concentrated to
a dark oil under reduced pressure and the residue purified by silica gel chromatography (0-15% ethyl
acetate in hexanes) to provide 4-(7-azabicyclo[2.£%1 heptan-7-y1)-2-(trifluorOmethypaniline 20 as a
purple solid (5.76 g5 Sk¥madelerallitdbpRii4 Qa0 dikdas, RivkeHrd6) 6.95 (dd, J = 2.3, 8.8 1-1z, 111),
6.79 (d,J=2.6 Hﬁ.l?{}, 6.7 d'd r§n§-'8 Hz, 1H), 4.89 (s, 21-1), 4.09 (s, 211), 1.61 - 1.59 (in, 4H) and
1.35(d. J=6.8 Hz,‘ﬂ .'msf ntermiediate 3: 2-amino-5-(7-azabicyclo[2.2.1]heptan-7-ypbenzonitrile

(23). The synthesis of the title compound is d(ﬁ%d in \ﬁme 6. H__OH
¥ e or ¥
(a) '

k4
(b) (¢) (d)

b

wherein
R} is -CFs, -CN, or -C2CCH;N(CHs);
R? is hydrogen, -CHs, -CFs, -OH, or -CH,OH;
R? is hydrogen, -CHs, -OCHs, or -CN;
provided that both R? and R? are not simmltaneously hyGrogen;

made by any of the processes disclosed herein.

{01597 Another aspect of the invention relates to a compound selected from the group

consisting of:

%N“ .

_A&7.



Scheme 6 [0170] Preparation of 5-(7-azabicyclo[2.2.1]beptan-7-y1)-2-nitrobenzonitrile (22). To a
solution of 5-fluoro-2-nitrobe,nzonitrile 21 (160 mg, 0.96 mrnol) in acetonitrile (1 nil-) was slowly added
7-azabicyclo[2.2. &Lf]?{ tane hydrochloride 7a (129 mg, 0.96 nunol) and triethylamine 5244 mg, 335.7
ttla, 2.41 ms &*Pa¥ction was stirred at 60 C for 4 h, The reaction wa§ ﬁ&éﬁ%ﬁ%@ 1itn water,
acidified with 1 N HO to pH 1, and extracted with dichloromethane (3x 10 mL). The combined organic
layers were washed with water, dried over MgSO4, filtered and concentrated to provide
5-(7-azabicyclo[2.2.1]heptan-7-y1)-2- nitrobenzonitrile 22 (205 mg, 87% yield). LC/MS nt/z 244.3
[M-1-1-1]., retention time 1.69 min (RP-C18, 10-99% CH3CN/0.05% TEA over 3 min). 101711

Preparation of 2- amlno -5-(7- azablcyclo[2 2. 1]I;| ptan- -74/Qkenzonitrile (23). A flask charged with
5-(7-azabicyclo[2.2.1]1] -:,sf‘r yO-2-nitrobenzoitrite #2 @. mg, O. 8427 mmoly ayd 10% Pd/C (41
mg, 0.39 mmol) was flyshediyitktitrogen an, n &va der yeopimgMethanol (4 mL) was
added under nitroggRr.g# 8.and ask was flttedF\NIth ogen @ﬁlloﬁn After stirring for 15
rriM, the Pd/ removed by filtration any solvent was removed/Under redticed pressure to provide

2-amino-5-(7- az yclo[2.2.1]heptan-7-yl)§enzonitrile 23 (1704¥g, 95% yield). 11-1 NMR (400.0
MHz, DMSO-d6) 8 7.02 (dd, J = 2.8, 9.0 Hz, 11),6.87 (d, J = 2.7 Hz, 1H), 6.68 (d, J = 9.0 Hz, 11-1),
5.36 (s, 2H), 4.09 (s, 21-1), 1.59 (d, J = 6.8 Hz, 4H), 1.34 (d, J = 6.8 Hz, 4H). [0172] Intermediate 4:
447-azabicyclo12.2.11heptan-7-y1)-2-(3- (dlmethylamlno)prg)pl ynyi)aniline (27). The synthesis of the
title compound i is depicted in §¢heme 7. Schemé paration of
7-(3-bromo-4-nitrophenyly- 7z clo[2.2.1The ~ TP a solution of

2-bromo-4-fluoro-I- n|e ene 4(%4 9. 4.8 a d < (2.0 g, 14.3 mmol) in DMSO (8.400
mL) was add pabicyclo[2.2.1Jhepta 765.4 mg, 5.7 rrunol) portion-wise. The reaction was
stirred at 80 %h. The reaction was dilutggdhwith water to precipitate the product. The solid was
redissolved in dichleromethane, washed with J& N HCI, dried over MgSO4, filtered and concentrated
to provide 7-(3-bromo-4-nitropheny0-7- azabicyclo[2.2.1]heptime 25(1.1 g, 78% yield). The crude
product was used directly in the next step. LC/MS ink 299.1 1M+Hr, retention time 1.97 mm (RP-Cis,
10-99% CH3CNJ/0. 05,% TFAspvet 3 min) 743 Preparation of

345-(7-azabicycio[Z:2 ] -_-.@' -y0-2-nitro-phenylj-N,Ndimethyl-prop-2-yn-1-amine (26). To
7-(3-bromo- 4%- @ yiI)-¥- azabicyclo[2.2.1]heptane 25 (500 mg, 1.683 mmol), Pd(PPh3)2CI2 (59

mg, 0.08 mmo fd cuprous iodide (9.616 mg, 1.708 pL, 0.05049 mmol) was added a solution of
N,Ndimethylprop-2-yn-1-amine (420 mg, 538 pL, 5.05 mmol) in degassed DMF (5 niL) and
triethylamine (5 mL). The reaction mixture was microwaved under N2 for 10 min at 100 C. The
reaction was diluted with ethyl acetate, washed with 50% saturated sodium bicarbonate solution (2x 20
InL), Water, and brine.he sollition was dried over anhygrous Na2S04 and filtered, leaving a red solid.
| hatfc rdichlofp @ in ethyl acetate) yielded
3-15-(7-azabi 2. Thef -7y1) -2- nltrop eryIk, Ngdingéthyl-prop-2-yn-1-amine 26 (400 mg,
79% vyield). L N1/ 300 5 [M+H]t retentig tife 1° 11 mlﬁ’?(RP 018,10-99% CH3CN/0.05% TFA
over 3 min). [@175] Preparation of 4-( kicyclo[2.2.11heptan-7-y1)-2-(3-dimethylaminoprop-1-
ynyl)aniline (27). -
345-(7-Azabicyclo12.2.1Jheptan-7-y1)-2- nltro -phenyll-N,N-diméthylprop-2-yn-1-amine 26 (340 mg,
1.14 =not) , iron (634 mg, 11.36 mmol) and ferrous sulfate heptahydrate (316 mg 1 136 ramol) were
suspended in water (1 L) andggefluxed for 20 min. The reaction was filtered and the solid washed
with methanol and di @me he f||trate was concentrated and purified by silica gel
chromatography usin S T theer
4-(7-azabicyclg[2. tarf: 7-§ L =2H(3-ditnethylaminoprop-1- ynyl)aniline 27 (148 mg, 48% yield).
LC/MS rez 2 +Hr, retention time 0.25 min (RP-C18,10-99% CH3CN/0.05% TFA over 3 mm).
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[0176] Intermediate 5: exo-4-(2-(tert-butyldimethyisilyloxy)-7-
azabicyclo[2.2.1Theptan-7-y1)-2-(trifluoromethyl)anifine (30). The synthesis of the title compound is
depicted in Scheme 8. Scheme 8 OF3 [0177] Preparation of
exo-714-nitrgﬂg-ﬁﬁ?fﬂﬁs&%ethyl)phenyl]-7-azabicyc|o[2.2.11 heptan-5-ol f%f?}%g/ﬂgﬁ%ontaining
exo-7-azabicyclo[2.2.1]heptan-2-ol 7b (0.86 g, 5.74 trimol) under a nitrogen atmosphere was added a
solution of 4-fluoro-1-nitro-2- (uifluoromethyl)benzene 18 (1 g, 4.78 mmol) and triethylamine (1.45 g,
2.0 rilL, 14.35 mmol) in acetonitrile (8 mL). The reaction was heated at 84 C under a nitrogen
atmosphere for 22 h. The reaction mixture was allowed tojcool and then was partitioned between
water and ethyl acetate. The layers were separated and’fﬁé}aqueous layer was extracted twice with
ethyl acetate. The combined organic layersayere dried overfNa2S04, filtered, and concentrated to
 dryness. Purification by silica.gelichrgar J@: phy (0-50% ethyl acetiate Tn Hexanes) provided
eXxo0-744-nitro-3-(trifluorom =@»:i nyfil-7{azabicyclol2. P N=H~0Z8 as a yellow solid (0.67g.
46% yield). LC/MS 933 Merilr, réterftion timenl 5 RPeCisp 10-99% CH3CN/0.05% TFA
over 3 min). [0178] Prgparation of e%p-tert-butyl-di%yll[?M-nitro-:%-(trilIuoromethyl)pbenyll-
7-azabicydof@18¢l]heptan-5-ylloxylsitane 29. Teiit:butyl-chloro-dimethyl-silanes(@@mmgy1.267 mmol)
was added t lution. of, 4H-1my e (144 mg, 2.11 mmol) in DMF (0.5 mL). After the solution
stopped bub%ﬁ%ggﬁag)%gs%fﬁﬁ?%)g%ﬂ tri%!uoromethyl)phenyll-?- azabicyclof2.2.1Theptan-5-ol 28 (255
mg, 0.84 mmol) was added as a solution in DMF (0.6 mL) and stirred at room temperature for 14 h.
The reaction was quenched with water and egtxameeifgce with diethyl ether, dried over MgS04,
filtered and ntrtated to.a calorless ail . Pyrificati sjli | chromatography (0-40%
dichlorometﬁgir:égin %ﬁ%ﬂ“ﬁ%‘%%r ed Oé%{'cg‘-: er?—%rgﬁ}é{ |¥ﬂ\é}fﬁ§§§&ﬁo&uma mgﬁca&&’(&
[714-nitro-3-4aifl (B rhbersypibrengfidreditigsRyprif & tprisia s 5cBAmsgIsilane 29 (318 mg, 90% yield)
as a yellow oil. 1H NIMR (400.0 MHz, DM50- d6) 6 8.01 (d, J=9.2 Hz, | H), 7.29 (d, J = 2.4 Hz, 114),
7.19 (dd, J = 2.6, 9.2 Hz, 1H), 4.60(t, J=4.4 H 1{-&\? 4.47(d, J= 5.2 Hz, 1H), 4.07 (dd, J =2.0, 6.8 Hz,
1H), 1.94 (dd, J =6,4, 12.8 Hz, 1H), 1.71 - 1.4 %rﬁ F‘I), 1.39- 1.32 (m, 2H), 0.65 (s, 9H), 0.03 (s,
61-1). [01791 Pgeparation of exp-415-Rert-butyl(digrethyl)silylioxy-7- 2 9
azabicyclo[2.2 eptans4 sdrifluoreerethyl)eiitine (30). A flaskigentai paffadieem on activated
carbon (10 wt ma, 0. QJOD was gvacuated; wvithD2; arel C with a solution of
exo-tert-butyl-dimethyl-I[714-nitro-3- (irifluoromethyi)p’li]% ggj-azabicyclo[Z.M]Weptan-s-ylloxy]silane

29 (301 mg, 0.72 IT.IEFZHOD in ethdfol (3 raL). The flddk was evacuated and then ¥as equipped with a

balloon of H2 and stirred for 4 h.at gpom temperature. Ihe,mixture was filtered and concentrated to
dryness to yieId%@-[5-ff@%&%@ethy9§;ygloxygﬁﬁ%lo[2.2.11heptan-7-y11-2-
(ttifluoromethypgifing 30 ( mg, 96% yietghas an ffiwhite solid. '1-1INMR (400.0 MHz, DMSO0- c16)
8 6.92 (dd, J= 2,4508.8 Hz, 1H), .77 (d,J = 2.6 Hz, 1H), 6.70 (d, J= 8.8 Hz, 1H), 4.84 (s, 2H), 4.11 (t,
J=4.4 Hz, 1H), 3.91 - 3.89 (m}&2H), 1.82 (dd. J= 7.1, 128 Hz, 1H), 1.54- 1.39 (m, 3H), 1.20- 1.16 (m,
2H), 0.79 (s, 9H), 0.02 (s, 6H). [0180] Intermediate 6: endo-4-(2-(tert-butyldimethylsilyloxy)-7-
azabicyclo[2.2.1jheptan-7-y1)-2-(trifluorometh I)anilin%sé_ls;‘df). The preparation of the title compound is
depicted in $8HEhe Rrepsepfion oiglicthsh 1-Hlashioatior SFrorsmsiybipieny amaptan-5-one (31). To a
solution of ok ykab) ehidlengte B a0 Thbopl-5-lu2ilutisaeihimdithlotonethanet3 indl), under a nitrogen
amosphere al76.C as added a.salilon. 5DMS0 (199, e 18R R Fodd gl In dichloromethane
Action ow&d to stir for '

(0.7 nth) dropwisc. The reaction mixture was a 0 min and then a solution of
exo-714-nitr6eBIiAsLisHme R PSR aRy AR reEARIs Sefotoch. linke frart Basraiab oavigret. 98t mmol) in
dichloromethang-(2:fx Bn)anas. andedidropwiag:-1be waactiompas sirednaraddiiaaal hour at -78
C, and then triethylamine (53 738 pL, 5.30 mrnol) was added dropwise the reaction was
warmed to ré”é‘ﬁw“gé‘r‘%%%‘?gt‘(&?éﬁ‘rﬂ?éh?é%%%Sﬁ Br?%“( tre \72\“76‘1230 ﬁ%%‘écégwgﬁ%?c i oaflgrg%tq{ét}ﬁe%,wssartitioned
between dichlorbyridtednEhsrich e shamivipes iy sod elevasiia e [TIReTRIBSTR WSy er was extracted

once more with dishloremsthane, ie.combinaeiargrnisdausisware dnedavesMe2a04, filtered and

concentrated t ellow oil, Purification by, silica gel chromato hy (Q-30% ethyl acetate in hexanes)
provided 7- [%’%fﬁ%‘ E’&\%Hﬁ% ol ce”th}% %’r}{/l ?f}-"al%g ?E&c@%%%&%e%?é%- -‘gﬁeseé%eé% mg, 84% yield)
as a yellow sofiderbithVRoMODIGEMHZ(OMSeo o) FI8cos h vipnyihinoHyicthvgntd, | = 2.4 Hz, 1H),
7.39 (dd, J=2,6.9,L iz NGBl Vg B30I A84(8, /= B Hz 1h)s2Avd (- J5.8.1 Hz, 1H),
2.23 (d, J= 16 Hz, 1H), 2.00- 1.92(m, 1H), 1.88- 1.70(m, 2H), 1.66- 1.60 (m, 1H). [0182] Preparation of
endo-7-14-nitro-3-(trifluorornethyl)pheny1)-7-azabicyclo[2.2.1] heptan-5-ol (32). To a solution of
744-nitro-3-(trifluoromethyl)pheny1]-7- .44




azabicyclo[2 2 1 Iheptan-5-one 31 (261 mg, 0.87 mmol) in THE (11 ml.) at -55 C under a nitrogen
atmosphere was added a solution of lithium hydrido-trisec-butyl-boron (1.04 mL of M, 1.04 mmol)
dropwise. After 30 min, the reaction mixture was transferred to an ice water bath and stirring was
continued. THE /dAMi8H3hixture was quenched with methanol (1.2 mL) at 6*5#$8PeLERon mixture
was partitioned between dichloromethane/water, separated and the aqueous layer was extracted twice
more with dichloromethane. The organic layers were combined, dried over Na2S0O4, filtered, and
concentrated to dryness. Purification by silica gel chromatography (0-50% ethyl acetate in hexanes)
provided end#x, AH#-Sitrgs IR ainkehh ple hHL ) 75 aah iCyc G(R.2 1, hEptandbolr32 (222 mg, 84%
yield) as a y?.'ﬁ%?ﬁ'iﬂ#!Eiﬁg&flﬁﬂ?qoiﬂ,%g}zﬁ'gﬁ% d6) 6 8.01 (d, J = 9.1 Hz, 111), 7.27 (d, J = 3.0
Hz, 1H), 7.22 gdd, J=26,9.1Hz,1H),5.17(d, J=4.4Hz, 1H), 4.49 (t, J = 4.9 Hz, 114), 4.44 (t, ) =
4.5 Hz, IH), #16 4 Hesnpration 9t othwi §-ohiprqrfrope-fy(eiffrormethyl)- iy deppgipolines 5 12 4 Hz,
111). [0183] Reapasatian @Fende-teckhutyitsimeihyirRpd 4+ it odtherm® (200 mL, § mL/g).
(trifittoromethyl)phenyll-7-azahicygl LLh -5-vl i (Z%gd.,, n qrodimethylsilane
(168 mg, 1.0 F)r{%m% §y éve =) e%@%%glﬂéoﬁ%%%ﬁfﬁlm%ig%e (1 mg?’f%%%%o‘u% in DMF (425.3
pL). After th@SBRIEGHeSiSpEPHlisinthY, Ztiéstrorp4-(rifluoromethyl)phenylamino)

nitro-3-(triflugiemeiyhpbeny 13 ¢ atahiyelai2dhd thepiambotdatlifdng, BT mmel was added as
a solution in DMFk%l inL) and §tirre at room (';Sm erature.for.14 h.. Th Leactign was quenched with
r O 1V C Was

water and e%?%rét% %%c%éc%eﬁ%%%&y?‘gghgﬁm ied over Bg%wlﬁﬁeré , and concentrated to a
colorless oil aPewiicwtidrrbycsitida Heichrsnsacddrapnly (udoy tietdedonretiametehexanes) afforded
((5‘”?'O'tert'buﬁyfﬂltwﬁﬂ?llléh%ydlﬂgmlrﬁll}@% of hexane added 1|1|1 Onel p(l)rtiim. ’ghezslurry was,8 stirred 0 '
trifluoromethyl)phenyll-7-azabicyclo[2.2.1]11eptan:5-ylloxylsilane 51 .mg, 84% vyi as a yellow
oil. 11-INM &%6%?%??%%"i§lﬁ’§6}-/’%fﬁg’%a§%1ﬁj"r}:‘%Mgi‘ifia;f"?‘?gid%é‘,‘é@ : ié"){ ,7.26 (dd, J=
2.5, 9.1 Hz, 1), ahbihed Bdefrmndet Ypeargo po8ideri)s-2idge-P oxt-firkirZiMyramgthy-458-(in, 311), 1.08
(d0(|j, J:4g-ét&%y%rﬁhﬁ?ime??]&%rﬁ?ﬁ?ﬁ%%Qia(fig%&iﬁ%tézg,@%)yié?&ﬁ%ﬁmﬁ@(( B aimftii. yaniline (34). A
endo-445-Etert-bu imethyl)silylloxy-7- azahicyclo|[2. ptan-7-A-2-(trilluoromethyl)aniline :
flask contairﬂ%s&é%é?(%d%%rigaﬁﬁ/é@% %a%&hg %@vt}%@%‘?ﬁg{%gg mcﬁ):vyfs %’/éﬁ%ted and then
purged undet.Z Hitrdgehi dmasphiete (TH this Was3didded a solution of endo-tert-butyl-dimethyl-f[7-
[4-nitr0-3-(tri@i@&%mmw&%ﬂx&k&ﬁmgﬂ@iﬁza@méﬂw&@d&%ﬂﬁi&aﬁ@a@ﬁ(}%ﬂéﬂ9, 0.58 mmol) in

ethanol (5 InL). The reaction mixture was evacuated, then equipped with a balloon of I-12 and stirred

for 4 h at rodMtethp@rsture-FAt: BARVESAY Hher el d ferirehtradd Toursmeead Libig
endo-445-ltetiblpdrtyd (dintiethi paibdiolare A5 4 b yclof2| 2 dilheptaist-mll 12-ftrfidgremethypaniline 34

(222 mg, 10Q94Rleh:23:30 rﬂﬁ"@(@iﬁ?oﬁpuﬂm'l?é&w&{ﬁ%-&ﬁ%é&MQM%O%&)@%%@ 4= 2,4, 8.8 Hz,
111), 6.79 (d, J = WO 2010/048526PCT/US2009/061882 2.6 Hz, 1H), 6.72 %ﬁf i =8.8 Hz, 1H), 4.91

(s, 2H), 4.24%8 ¥ (fr, ThTAHE™ HHF L 2901 08 ( A Patigeq simosphese i 44 24542- 1.36 (m,
2H), 0.96 (6C JafkeB 2yidiRc2abltbe TH)10087i83:0 $h), D105n(y kel ViDEB53 Examplen@ormisound 3:

N-(4-(7-azahigycig[2. 2. & [RERIaN (YL k-sifluoromethyl)- 1H-quinoline-3-carboxylate 16, as a slurr
(trifluoromethyl)pheny1)-4-oxo-5-(trifluoromethyl)-1,4-dihydroquinoline-3-"carboxamide. ‘T‘he

preparation 3EthEfkie"Es R HEEdEs&edsH Stheme 10.
[0165] Preparation of 4-exo-S-(trifiuoremetiryl)-1.4-dihydroguineline-3-carboxylic

acid (17). Ethyl 4-oxo-5-(trifluoromethyl)- {H-quinoline-3-carbox ylate ¢ (58 g, 0.2 mol,
crude reaction siurry containing PA/C) was suspended in NaOH (814 mL of 5 M, 4.1 mol) in
a 1-L flask with a reflux condenser and heated at 80 °C for 18 h, followed by further heating
at 100 °C for 5 h. The reaction was filtered warm through packed Celite 1o remove P4/C and
the Celite was rinsed with 1 N NaOH. The filtrate was acidified to about pH 1 to obiain a
thick, white precipitate. The precipitate was filtered then rinsed with water and cold
acetonitrile. The solid was then dried under vacuum fo provide 4-oxo-5-(triffucromethyl)-

1 4-dihydroquinoline-3-carboxylic acid 17 as a white solid (48 g, $2% vield). "H NMR
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Scheme 10 1720Example Compound 3 [0186] To a solution of
4-0x0-5-(trifluoromethyl)-1H-quinoline-3-carboxylic acid 17(9.1 g, 35.39 mmol) and
4-(7-azabicyclol2.2.1)heptan-7-y1)-2-(trifluoromethypaniline 20 (9.2 g, 35.74 mmol) in

2- methyltetrXYt apo‘f(?ﬁﬁfm 00 mL) was added propyl phosphonic acid cf&Wﬂ%‘tP&@ﬁBP 50%
solution in ethyl acetate, 52.68 nth, 88 48 mmol) and pyridine (5.6 g, 5.73 mL, 70.78 mmol) at room
temperature. The reaction flask heated at 65 C for 10 h under a nitrogen atmosphere. After cooling to
room temperature, the reaction was then diluted with ethyl acetate and quenched with saturated
Na2CO3 soli4#od (8D} hddal/ e¥S mieretbe pabated Hhd Hid adgtibGus kiyle¥ wasekbracted twice
more with ethyl agetatg.- The ggmbined organic layers were washed with water, dried over Na2S0O4,
filtered and concentrated to a tan solid. The crude solid product was slurried in ethyl acetate /diethyl
ether (2:1), (Bl dniermediates it iimbisiAdhdrniard Wsfe illrurprtedentlitfethyl ether (2:1)
to provide th@brdﬁm&aahgﬁweitmmmymﬂmeimmiﬁn Jdhenpoivder was dissolved in warm ethyl
acetate and absorbed onto Celite. Purification by silica gel chromatography (0- 50% ethyl acetate in
dichloromethane) provided N-(4-(7-azabicyclo[2.2.1]heptan-7-y1)-2-
(trifluoromethyl)pheny1)-4-oxo-5-(trifluorometh f)hi“lfélhydroqumollne 3-carboxamide as a white
crystalline solid (13.5 g, 76% yleld) LC/MS fez 496.0 (M retention time 1.48 min[tRP-C18, 10-99%

CH3CN/0.05% TF, 4&00 o om 13.08 (s, 6 (s, 1H), 8.88
(s, 1H), 804( 1 74 -9t -788 1-1), WG?@T@/O485 ET/US2009/061882
7,22 (dd, 25 HZ:1H), 7°167d 5y, o, 2 33 (s, 2H) D67 (d, ¥ 60 Hz, 411),1.44 (d. J =

6.9 Hz, 4H). [0187] Example Compound 3 Form A HC Salt N- -(4-(7- azablcyclofﬁ"z 1]heptan-711)-
2- (tnfluoromethyllﬁﬁenyl) 4-oxd%-(trifluoromethyl)-1,4-#fhydroquinoline-3- cardxamide hydrochloride

(Form A-HCI31EXanipipsenepat Nd Bofond-AriicoadyticpBaly fForm A-HCI)
azabicyclo[2.2.1theptane (20). To a flask containing 7-azabicvcio[2.2.1Theptane
hydrochloride 7a (4.6 g, 34.43 mmol, obtained from Tyger Scientific Inc., 324 Stokes
Avenue, Ewing, Ni, OB638 USA under a nitrogen atmosphere was added a solution of 4~
fluoro-1-nitro-2-(triflucromethylybenzene 18 (6.0 g, 28.6% mmol) and triethylamine (8.7 g,
12.00 i, 86.07 mmoi) in acetonitrile (30 mil). The reaction flask was heated at 80 °C under
a nitrogen atmosphere for 16 b, The reaction mixture was allowed to cool and then was
partitioned between water and dichloromethane. The organic layer was washed with 1 M
HCI, dried over NagS0,, filtered, and concentrated fo dryness. Purification by silica gel
chromatography (0-10% ethyl acetaie in hexanes) yielded 7-{4-nitvo-3-({rifiuoromethyl)
phenyilw’?-azabioyclo.fz.z,Hhoptane 19 (7.2 ¢, 88% vield} as a vellow solid. "H NMR (400.0
MHz, DMSO-de) 6 8.03(d, /= 9.1 Hz, 1H), 731 (4,7 = 2.4 He, 1H), 7.25 (dd, J = 2.6, 9.1
Hz, 1H), 4.59 (s, 2H), 1.69 - 1.67 (m, 4H), 1.50 (d, J = 7.0 Hz, 4H).

[0168] Preparation of 4.(T-azabicyciof2.2.1] heptan-7-vD)-2-(triffucromethylaniline
(26). A flask charged with 7-[4-nitro-3-{trifluoromethylphenyl}-7-azabicyclo{2.2. 1 Jheptane
19 (7.07 g, 24.70 mmol) and 10% Pd/C (0.71 g, 6.64 munol) was evacuated and then flushed
with nitrogen. Ethanol (22 ml.) was added and the reaction flask was fitted with a hydrogen
balloon. After stirring vigorously for 12 h, the reaction mixture was purged with nitrogen
angd Pd/C was removed by filtration. The filirate was concentrated to a dark oil under reduced
pressure and the residue purified by silica gel chromatography (0-15% ethyl acetate in
hexanes) to provide 4-(7-azabicyclof2.2.1] heptan-7-y1)-2-(trifluoromethviyaniline 28 as a
purple solid (5.76 g, 91% vield). 'H NMR (400.0 MHz, DMSO-dg) 8 6.95 (dd, J = 2.3, 8.8
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- [0188] Preparation of 744-nitro-3-(trifluoromethyl) pheny11-7- azabicyclo[2.2.1]heptane (19).

" 4-fluoro-I-nitro-2-(trifluoromethyl)benzene (18) (901 g) was added into a 30 L jacketed vessel. Sodium
carbonate (959.1 g) and 5 L dimethyisulfoxide (DMSO) was added and the mixture was stirred under a
nitrogen atn%gbzﬁ 8?‘87-2%12abicyclo[2.2.1]heptane hydrochloride (7a) (63§91T$W§/%f‘&5%2d to the
vessel in portions. The temperature of the mixture was gradually raised to 55 C, and the reaction was
monitored by HPLC. When the substrate was less than 1% AUC, the reaction was considered
complete. The mixture was then diluted with 10 vol. 2-methyltetrahydrofuran and washed with 5.5 vol.
water three BméEuatitid, DM 3O enbnedihdhe-atiBoubliay8? &s Tteri¥inedby HRLC, to give

744-nitro-3-(1t_r5'§jl&(g@ﬂﬁgl}_@@gﬂyllg%-.ggﬁpjﬁg};lo[z2,1]heptane (19) in 2- methyltetrahydrofuran
9

(approximately 95% yield). [0189] Preparation of hydrochloride salt of .
4-(7-a2abic§%ﬁ.2m%ﬁ:?@(ﬁ‘ﬁ iorarkiR e Aiftddberban Gy ibsiaeRiio B¥arbon (150 g, 5
% w/vv) waSshanghehintd thcBitichiolydeoed enriaticté2 lSdapadity) under a nitrogen atmosphere, followed
by the addition of 744-rutro-3-(trifluoromethyl) phenyl11-7-azabicyclo[2.2.11heptane (19) (1500 g) and
2- methylmtrahydrofuran (10,5L, 7 vol), Hydrogen gas was charged into the closed hydrogenator to a

pressure of 0.5 bar. A vacuum was applied for*#&%¢2 min, followed by the introduction of hydrogen
gas to a pressure of 0.5 bar. This process was repeate:!;@es. Hydrogen gas wassthen continuously

charged to the mi at a prgsgure of 0.5 bar. The.mi wasg then stirred at a grature between
- O, TEA . PdIC, F
as applle@te{he vesseg en no more hydrogen
ab

18 and 23 C by ¢ g the v | ja - cuu .
gas was consuffied and whén tiere WASHS fureer gxotherrn. YitfoGei gagwag then charged into the

vessel at 0.5 bar angl a vacuum was reapplied, foIIoNed by a second charge oﬁO.S bar nitrogen gas
When the HPLC of g filtered aliguot showed that nope of the 714-nitro-3-(triflugromethyl) pheny11-7-
azabicyclo[2.2.11héptane (19) remained (e.qg., < 0.5%), the reaction mixture was transferred to a
receiving flask under nitrogen atmosphere via a filter funnel using a Celite filter. The Celite filter cake

was Wlashe_C{Miﬁjﬂ 2_-mgaym.&wwsit@waﬂ&%nbEzzzimqﬂeﬁm%@aﬁbiﬂgﬁaﬁmﬁmm4mlqucI _ rlgiddi_nto a
vessel equipped wit rring,.temperature .control, an trogen.atmospher In 1,4-dioxane
(1 vol) was é%&%%r‘c?gﬁsf%ﬁi?é & (Bg?r’f%}"liﬁ 6 é?\%&%lga%]%%‘i%ﬁéﬁ%ﬁgﬁee %\;as dtffPEd for an
additional 164worddettigh®ichiteidd, dhawashdd okt igefre(hftetzahytroferaan® voO and dried to
generate 151840k Pudpghlasta,eal of lonzaltai S cmed 60 C o 4. The

heptan-7-y0-2-(trifluoromethyDaniline (20'HC1) as a white crystalline solid (approximately 97% vyield).
[0190] AlterfERYE o Tah AR O 1Y SRS eh SIS S4B A T BRI RO S ARAOEHORSH) phenyl I-7-azab
icyc 1012.2. Hitiéptanehi@0 13:0)0 mil9 [BedhiraBighitdeogenatens{20wihpasity¥ripalladium on

carbon (5% W AKRS, ' lepRiaoept y ihgapditionoh.
744-nitro-3-%oromé§%§%ﬁ 3%%3%%%%2%%&5&5%&3%%@ }6%91)9};”2 ¥

$ 1500 0) an
2-methyltetr 8 AFBTARAIERT 510> %ol Tyt Wés‘%ﬁa@@ﬂ%}]tﬁﬁg*%% Y% pressure of 0.5
bar. A vacuumu\ Rz G effyoapplisede/aiy; 18 bowed Joyithe introduction of hydrogen gas to a pressure
of 0.5 bar. Tigfe/pfOGES HaSPRPAIEH & MBS ANLIRRINHIRIRR AR hgrged to the

hydrogenator continuously at 0.5 bar, and stirring was commenced. The temperature of the reaction
fiask charged with 5-(7-azabicycio[2.2.1]heptan-7-yl}-2-nitrobenzonitile 22 (205 mg, 0.8427

mmol) and 10% P4/C (41 mg, 0.39 mmol) was flushed with nitrogen and then evacuated
under vacuum. Methanol (4 ml.) was added under nitrogen atmosphere and the fiask was
fitted with a hydrogen balloon. After stirring for 15 min, the Pd/C was removed by filtration
and solvent was removed under reduced pressure 1o provide 2-amino-3-(7-
azabicyclo[2.2.1theptan-7-ylibenzonitrile 23 {170 mg, 95% yield). 'H NMR {400.0 Mz,
DMSO-dg) 6 7.02 (dd, J = 2.8, 9.0 Hz, 1H), 6.87(d, f =2.7 Hz, 1H), 6.68(d. /= 9.0 Hz,
1H}, 5.36 (s, 2H), 4.09 (s, 2H), 1.59(d, J = 6.8 Hz, 4H), 1.34 (d, J = 6.8 Hz, 4H).

[06172] Imiermediate 4: 4-(7-azabicyclo][2.2.1Theptan-7-vi)-2-(3-(dimethviamine)prop-
1-ymybaniline (27). The synthesis of the title compound is depicted in Scheme 7.

W47 .



mixture was maintained at 18 to 23 C by cooling the vessel jacket. A vacuum was applied to the vessel
when no more hydrogen gas was consumed and when there was no further exotherm. Nitrogen gas
was then c vessel, and a vacuum was re-applied, followed ' charge at
0.5 bar. Thrﬁr(egagc%%%%%% deemed complete when an HPLC of a filtered %ﬁgﬂ%ggﬁo%ﬁéﬁat S
7-14-nitro-3-(trifluoromethyl) phenyl11-7- azabicyclo[2.2.1]heptane was not detected (< 0.5%). The
reaction mixture was then filtered through Celite. The remaining slurry was transferred to a receiving
flask under nitrogen gas via a filter funnel containing a Celite filter. The Celite cake was washed with 2-
methyltetrahydrofuran (3L, 2 vol). The filtrate and the washings were transferred to a vessel equipped
with a stirring mechanism, temperature controlggsghamnitrogen atmosphere. 4M HC1 in 1,4-dioxane (1
vol) was added continuously over 1 h to the vessel at 20 C. The resulting mixture was stirred for an
additional 10 h, filtered and washed with 2- methyltetrahydrofuran (2 vol) and dried enerate 1519 g
of 7-14-amino-3-(trifluoromethyl) phenyl11-7-azabicyclo[2-2 [|heptane hydroc & (26110)as a white

crystalline solid. N-(4§(7-az%gisgiﬁlgl2.2.l]h t 1)#2 ngiiuﬂ@mr@ge yfpheny1)-4-oxo-5-
(trifluoromethyl)- ihydr igoline-3-carBoxamide hydrochleri m A-HQ), 2-
Methyltetrahydfofugan (0.571;1.0 VI ias ch%?bea into a 30 LY4LREted reactor vessel, followed by
the addition of the hyglrochloride, salt of 4-(7-azabicy'c|o[22§.11heptan-7-y0-%—6(tr%ﬂporomethyl)aniline
(20'HCI) (791 g, 2.67 mol) and 4-oxo-,,$3iriquoromethyI)-L4- dihydroquinoline-3-carboxylic acid (17)
(573 g, 2.23 mol) and an additi .21 (9.0 vol) of 2-methyltetrahydrofuran. Stirring commenced,
and T3P in 2-methyftatrahyg t (2.84 kg, 4.46 mol) was added to the reaction mixture over 15
min. Pyridine (53#¢).g 246.0 mI,”a.68 spol) was then added via an addition funnel dropwise over 30
min. The mixture was warmed to|45 C over about 30 min and stirred for 12-15 h. HPLC analysis
indicated that 4-ox0-5- (trifluorome;ﬁyl)-l,4-dihydroquinoline-3-carboxylic acid was present in an
amount less than 2%. The mixture was then cooled to room temperature 2-Methyltetrahydrofuran (4
vol, 2.29 L) WaZhddaammsinaehy Griteme brigrrbyhifmeabierdah 2 HisRaReEiaitained below
30 C. The waterlayairmasctamovRdranchibhe wrganiciaydr yvas sasefidhi Wasted tvicessith NaHCO3
saturated aqueous ' nic. | was: | Yoyl Cigri ig (5 vol) and
finally with vc\llgtné)r (%‘@%g%gegﬁ‘%ﬂi%ﬁzé%ﬁzggﬁa %f%é‘%’%sﬁ(g %%{g%%r?g/gs%t}ggégﬁ%ry vessel.
Seed crysta@@NW@%?@ﬁéﬁ%%Wﬁﬂ?%%ﬁ fyg}ﬂzb. The reaction was diluted with water
(trittuoromethyhphsinyd jnd 9%t (triflanamethyid o-ciby dicguinatifens-eashaxamide hydrochloride
(Form AHCNAB 284 &, I8l oM an cati st PRICWELS et HGh(Gl1 60) was bubbled

over 2 h and thé mixture was stirred overnight. The resulting suspension was tere , washed with

2-methyltetratapirsiaras- (hopRnsit fbh Hre# distbvBis aried RiPGOIC eriticd strseiimBfght generating
868 g of N-(flek? sa£abiqyehe 2,2 14baIMaRRE, retention time 1.97 min (RP-Cg, 10-99%

y1)-2-(trif|uoaw )-4-0x0-5:(trifluoromethyl)-1,4-dihydroquinoline-3- carboxarnide
hydrochloride’ brr%%%eg‘?/. 8&3£%§Emple Compound 3 Form B HO Salt

N-(4-(7-azaliftyédio[ F'pepiineiipa ol Ay §)(7-azabicycio{ 2.2. 1 fheptan-7-yi)-Z-nitro-phenyi-NN-
2-(trifluoromgiayiinerl-r4 X Cotdéilier ap ethyhivhd-dilivdragisneline-3- carboxamide hydrochloride
(Form B-HCI). ,, HCIHCI Exampl ound. 3Exampl nd 3 For Hydrochloride SaltForm
B Hydrochloffd 1@8%{’%—20}%‘6 Eﬁ&%@%ﬁ&@&%&%ﬁﬁfﬁ%ﬂﬁ%@&ah?érg%ﬁ"r%ﬁ%L) was
charged intocepBurackisid a6 mas/ihg & nitrOgENEtmrosh Mescddedip palttigithiaMstirrer. Example

Compound 3ERmpAdHE WEXamPIE@R. 55 50103 malwenadgdeddtoshe flaslfallowed by 349 mL
of 2-methyltetrahydrofuran, and stirring. commenced. 28 raL of water was aﬁded mt&}t flask and the
flask was w %Iﬁﬁ(%ﬁa?%ﬁﬁg P B BB E RS SRV FE 107 A5 %O.r‘f’ ik WaS cooled to room

temperaturedwrdestitred ordihed walr ehgtiontam xtusbad a8t a8 turriiteroddngti| teerfiltetecake was dry.
The solid ﬁ'@61&@:5?{ﬂ%%%%&?ﬂ%@ﬁ%thﬁ%@%ﬂﬁm%éEﬁ&&%&é?'):wﬁ%uér 1 sojighfilter cake

remained under vacuum suction for a period of about 30 minutes and was transferred to a drying tray.

The filter cakb'5iss '6Rrdeed S8 beRt Bhsir st sl e e g€ Example Compound 3
Form B-HCIdshmwinittarystatlintaselick 49! dod(3dproxinistat HDI0! Yhiefhn-7-y1)-2-nitro-

phenyl-N,N-dimethyl-prop-2-yn-1-amine 26 (400 mg, 79% yield). LCMS m/z 300.5
[M+H]", retention time 1.11 min (RP-Cyy 10-99% CHCN/0.05% TFA over 3 min).
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[0195] Example Compound 6: Preparation of N-(4-(7-azabicyclo[2.2.1]heptan-7-y1)-2-
cyanophenyl)-5-methyl-4-oxo-1,4-dihydroquittoline-3-carboxamide. The preparation of the title
compound is_depict 9?. Scheme 11. Scheme 11 [0196] To a solution of
5-methyl-4-§>‘<%—%lécf-l?jl %?groquinoline-3-carboxy|ic acid 35 (162 mg, 0.80 %(Egé%sg}ﬁ?f ne1ss2
2-amino-5-(7-azabicyclo[2.2.1]heptan-7-yl)benzonitrile 23 (170 mg, 0.80 rnmol) in
2-methyltetrahydrofuran (1.5 mL) was added propyl phosphonic acid cyclic anhydride (50% solution in
ethyl acetate, 949.5 [AL, 1.605 mmol) and pyridine (126 mg, 129 pL, 1.60 mmol) The reaction was

capped and [8&Hted Brepaation pbé hirabity deld-Stihoptanadmtisnts Thaetbyemsnopzeedooled to room
temperatureygiiyigtiavitirethylsageliainich o), InganenchediwitbrsaluraledddaaG03 solution (6 mL).
The organic layer was dried.gver Na2SQ4, filtered an ncentrated. Purification by, silica gel
chromatogré’ﬁ%;}i(@?é Lk é}ﬁﬁ% g’éetf'ﬁ%\%lr’? didS o’rﬁ%ﬁ&ﬁ?ﬁ’r&flgéeﬁmow and ferus SUte
N-(4-(7-azabipydiofizae. Clhamah 1 36mymployersopinspger) i waier (1 mL) and refluxed for 20 min.
5-methy1-4-gxo:d4igiivd Reuinqlioens eammxamiday 1R hmne: 4% diridnd:atM Srink 399.3 {M+HIt,
retention time 1 47 min RP-C!8,§1Y%-99.°/ H3CN/O. 5§/o TFtA over 3 m%r_%) %&4 N%}%0.0 MHz,
DMSO-d6) 6137 ¥ & CHiSo T35 ?‘i‘ﬁ?, TS FRSETTE Y BITHZ 118 8% 7,60 (m, 1H),
7.55 (d, J = 8i@leprbiiynd). 8afchvide (8- #abit W)oi2. 21 ihdptad-= )8 -G-dipethyleminopra@ (d. J = 7.2 Hz,
1H), 4.32(s, (Ot 158k 084 5. M )78 AT T RBibalind s [Q497) Example
Compound 13: -14-(7-gzabic clo[2.2.1Theptan-7-y1)-2-(3-

dirnethylamiﬁgﬁ%blﬂi%filmg A% x5 5B BImethyl)-1H-quinoline-3- carboxamide. The
preparation of the title compound is depicted in Scheme 12. Scheme 12 1727Example Compound
13[019S] T fﬁﬁ?lum Ao ifuerametividid ] dainalier3-carboxylic acid 17 (19 mg, 0.07
nunol) and -(7-azabf)%:'%2ﬂhteptang?€%?-%-dime}t%%lagnin%yﬂr‘op-l- ynyl)aniline 27 (20 mg, 0.07
nano') in 2-rEARiMERE aIRAREH T8¢ pustibapdiss 0% g Ty soesh ghos Wd pyridine (12
mg, 12 pL, Q:dhpormbly ddhiedeacionneas heated at 100 C for 30 min under microwave irradiation. The
reaction was diluted with EtOAc and quenchedgyth, safurated aqueous NaHCO3 (50 mL). The layers
were separated, and the aqueous layer was extracted twice with EtOAc. The combined organics were

washed once with water, dried I Ma2S04, fiIteregOand concentrated. The rgsidug was purified by
reverse phase HPLC (O-gQ% CH3CNM:05% TFA) to[g é‘N44-(7-azabicycI012.2. tan-7-
y1)-2-(3-dimethyla rop-ﬂ’yn henyl]-4-0x0-§; uorqml,)-lH-quinolinE arboxamide (8
mg, 17% yield), \ @/\8 m/2"509?7“r1\7|¢1-11+nti0n ime;q%gﬁrnn (RP-C1810-99%
CH3CN/0.05% TEA erer 3 HTENIAR (4a0v6 ™Az, DMSO-dBE 18:23,(;

18 CFs 28 CFs 28

TBDMSO

H

PA/C, H, % NQ
CFy

{01771 Preparation of exo-7-[4-nitre-3-(triffucremethy)phenyl]-7-azabicyelof2.2.1]
heptan-5.ol (28). To a flask containing exo-7-azabicyclof2.2.1]heptan-2-0] 7Tb (0.86 g, 3.74
mmol) under 4 nitrogen atmosphere was added a solution of 4-fluoro-i-nitro-2-
(triflucromethyl)benzene 18 (1 g, 4.78 mmol) and triethylamine (1.45 g, 2.0 mL, 14.35
mmol} in acetonitrile {8 mL). The reaction was heated at 84 °C under a nitrogen atmosphere
for 22 h. The reaction mixture was allowed to cool and then was partitioned between water
and ethyl acetate. The layers were separated and the aqueous layer was extracted twice with
ethyl acetate. The combined organic layers were dried over Na,SQq, filtered, and

concentrated to dryness. Purification by silica gel chromatography (0-50% ethyl acetate in
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J=6.8 Hz, 1H), 12,40(s, 111), 10.31 (s, 1H), 8.96(d, J= 6.6 Hz, 111), 8.40 (d, Jr- 9.0 Hz, 11-1), 8.08-
8.06 (m, H), 8.07 (dd, J= 1.5 Hz, 8.1 Hz, 1H), 8.00 - 7.95 (m, 2H), 7.15 - 7.09 (m, 2H), 4.49 (s, 211),
4.29 (s, leé"’ 94 (s, 6H), 1.67 (d. J= 7.2 Hz, 41-1), 1.44 (d, J= 7.0 Hz, 4H). [0199] Example
Compound éﬁ‘géf[ﬁ%i (5S)-5-kert-butyhdimethyl)silylJoxy-7- mjbé%o%%l%z

- azabicyclo[2.2.1]heptan-7-y1]-2-(trifluoromethyl)pheny11-4-oxo-5-(trifluoromethyl)-1Hquinoline-3-carbo
 xamide. The preparation of the title compound is depicted in Scheme 13. H2NCF3 2. 1% Het, EtOH .
Example Compound 5 [0200] Preparation of endo-N141(5S)-5-[tert-butyhdimethyl)silylioxy-7-
azabicyclo[2hgxaRepradd yile L (filisronteifndyphehyl coxd-54epifiapretn éthy Pt iotritioline-3-earbox
amide. To agplvtigaptAdradstitufiuemmaihyicbisainaineSesarbeicacid17s(148 mg, 0.58

mmol) , 0-(7-Azabenzotriazol-1-y1)-N,.N,Nr, Ytetratnethyluronium hexafluorophosphate (HATU) (306
0. 0.61 R0y 20 A AR O 157 3w acded

endo-415-[tdfit ity Riepsttidysil fore-axabiliveittid - I 7t Hwmsiptend-Maffl ka-qaiibiphealy Daniline 34
(222 mg, 0.58 Liqhoverl v dreindarming (246 Tag.g 0l tkord. Bt ha geagtion mixture was

heated at 62 C for 16 h. The reaction mixture was allowed tg cool to room temperature, and partitioned

between 2-miaiy BRI VAT SHABHRNEP 08 05 AATdRdp e Hnedush i S MiiEced once more
with 2-methyiteirakiya nbéuxdridh stapgairictisye s wek§oombinedihdnedadvye)phtag$04, filtered and

C9”°e””ateqz‘é%i@{;}éf&?f:§:1§i}éﬂféﬁ?§i&rh§§2§§i e LRRAMAKOEAROYL (O 30T SIRYDRESISES In
dichloromethane) afforded endo-N-14-1(5S)-5-Itert-butyhdimethyDsilylloxy-7-

azabicyclo[ 2" FHHTE L 7 PP S RRAIB IS R Hy M p RS ACH OB RS SRR STHR BRIFE #8quinoline-3-carbo
xamide (285eRageiEd%iyiaidh didé MR 406G dHig M KAE)AIRNE(Ssdd b)s daatBsts, 114), 8.88

(s, ). 8.04 (e gt %%%@}%ﬂ%g%@%fgwﬁ&;%%%@a@ e Bu b2y 716 (0, 1= 2.6

Hz, 1H), 4.29 (tn, 3H), 2.1 | , 3 H), 1.05 - 1.01 (m, 111), 0.89 (s, 911), 0.08
d,J=1.4 Hgg@tf&)bx{g@grﬂaqﬁ}@dé Afightes3-(triftuoromethylyphenyl]-7-azabicycio[2.2.1]heptan-5-
endo-N-T4-[(55)yasinydroxs i azabioyclrpid) 2sklfptactd7-Yi-RMR (400.0 MHz, DMSO- d¢) §

(trifluoromet henyll-4:0x0:5-@riflugramethy))-1H-quinoline-3-car En' g -
EndoN44-[(§§$—%—i[t£a- é%g?((j)llr"ae({h%#};aﬂglfo%?%ﬁaj%gﬁa}%%i%é—lﬁ'u%epg(nﬁ7yl 35007
(trifluoromethyA fihd B)14.44 166 53 (Erifaoidhetiyida frqin fiféza darb8x &tide 281 hiy, 0.45 mmol)

was dissolveg,jn Hf/a HCREthand{s, o of kYew\whsahsiaqr enyg abdewedHn stir a room temperature for
16 h, resulting.| ite precipitate. eaction.was diluted with diethyl ether and filtered. The
collected sorligl\?vbis \g{gé?&?/%ﬁiﬁﬁefﬁﬁ% %{la e%g ﬂlﬁ%ﬁ%ﬁ ﬁg%%gﬁqlah CO3 solution. The layers were

separated afertierdaleblibatper Tdd Trifesopdeinpiaoidethylakeasanige organic layers were
washed twicgawiiiiatesetlied a¥es N2 $94 sllisresanacansentiatasde, giyhassidoneld

endo-N-14-1(55)-5-hydroxy-7- . . .
azabicyclo[2‘%g%’ﬁ?ﬁ?a"ﬁ%—éﬂgﬁy&rﬁl%?g?ﬁté?ﬁ%"bi}?é%ﬂffﬁ-{zig'i%igﬁFifluoromethyl)-lHquinoline-3-carb
oxamide (19C-ifeprea98)yPheplR-(400:0cMAZ, DIvMSo-te)e1BiBTe@? 130k e 0. 15qmolH), 8.88 (s,
1H), 8-())4 (g%a g&%ﬁa?;ﬁﬁ%&ﬁﬂ%;ﬁ@@%;@&@m )z%éﬂ wﬁs@%@s&ﬁtﬁ;ﬂbaﬁ%&bﬂ@ﬁ Egj(ing -12) (C; J=.2.6
Hz, 1H), 5. Jd=4 2Hz 1H),4.25-4 m, 1H),4.21 -4. m, 1H), 4.16 - 4.13 (in, 1H), 2.15 -
2.08 (in, 2H)?‘(E%%fi"f§5at(Tﬁ?’E|§%'f‘R‘?Ef‘?3‘i'.j’Zle( 1)1 Eﬁéﬁ?ﬁ%‘}(ﬂé%‘%‘%{%‘ij‘&?‘éWF%. 102021
Analytical dateiforthé [Gtapduhdisliofclabial 1 s stiowrbiopttnhe. T albkp@n-7-y1-2-

(wiffeoromethyl)aniline 30 (268 mg, 96% yield) as an off-white solid. 'H NMR (4000

MHz, DMSO-dg) 8§6.92(dd, =24, 88 Hz, 1H),677(d,/=26Hz, 1H),670(d,J=88

Hz, 1H), 4.84 (s, 2H), 4.11 (t, J = 4.4 Hz, 1H), 3.91 - 3.89 (m, 2H), 1.82 (dd, J= 7.1, 12.3 Hz,

iHD, 1.54 - 1.39 (m, 3H), 1.20 - 1.16 (m, 2H), 0.79 (s, 9H), 0.02 (s, 6H).

[0180] Intermediaie §: endo-4-(2-(tert-butyldimethylsilyvloxy)-7.
azabicycio[2.2.1 lheptan.7.yl}-2-({rifluoromethyl)aniline (34). The preparation of the ttle

compound is depicted in Scheme 9.



Exam.ple Compound No. LOTVIS M+1 LC/RT" minutes NMR 456.50 1.76 'H NMR (400.0 MHz,
DMSO0-d6) 8 12.94 (d. J = 6.1 Hz, 1H), 12.36 (s, 1H), 8.80 (d, J = 6.8 Hz, 1H), 8.13 (s, 1H), 7.98 (d, J =

8.9 Hz, 11- _7.63 (in, 211), 7.10 (d, J -= 8.5 Hz, 1H), 7.01 (s, 1H) 2,48 (s, 3H),
2.02 - 2.00 %ﬁ%ﬁ%ﬁ‘f"i“ﬁé 1.77 (in, 5H), 1.45- 1.42 (m, 1H), 1.31 (d, J = ﬁ%ﬁ?ﬂé@?&s 8 .20
Scheme 9

HO, u H _OH
NQ CO,Cl,, DMSG - N |-Seiectride , Ng
DCM, EtsN O THF, 69 GC' th O
TN FBOC. 4N (N Oohl

CFa g CFs gy CFs a2

H oTeoms H oteoms
TBDMSC! Ng Bd/C, He Nq
Imidazoie EOH, 4 h O
DMF, 16h ¢\ HNT

CFs 33 CFy 34
[6181] Preparation of 7-azabicyclo[2.2.1]heptan-5-one (31). To a solution of axalyl
dichloride (165 mg, 113 ul., 1.27 mmol) in dichloromethane (3 mL) under 2 nitrogen
atmosphere at -78 °C was added a solution of DMSO (199 mg, 180 plL, 2.54 mmol) in
dichioromethane (0.7 mL.) dropwise. The reaction mixture was allowed to stir for 30 min and
then a sohition of exo-7-{4-nitro-3-(trifluoromethyl}phenyl}-7-azabicyclo[2.2.1]heptan-5-of
28 (320 mpg, 1.06 mmol} in dichloromethane (2.5 mL) was added dropwise. The reaction was
stirred for an additlonal howr at -78 °C, and then triethviamine (536 myg, 738 pl, 5.30 mmol)
was added dropwise and the reaction was warmed to room temperature. The reaction mixture
was diluted with dichloromethane, partitioned between dichloromethane and water, and the
layers were separated. The agueous layer was extracted once more with dichloromethane.
The combined organic layers were dried over NaaSOs, filtered and concentraied to a yellow
oil. Purification by silica gel chromatography (0-30% ethyl acetate in hexanes) provided 7-
f4-nitro-3-(trifluoromethyi)phenyl]-7-azabicyclof2.2.1 heptan-5-one 31 (266 mg, 84% yield)
as a yellow solid. 'H NMR (400.0 MHz, DMSO- dg) 8 8.06 (d, /= 9.1 Hz, 1H), 747 (4, J =
24 Hz, 1H),7.39(dd, J=26,9.1 Hz, 1H), 498 (1, J=4.5Hz, 1H}, 484 (d, f=54 Hz, 1H),
244 (d, J=3.1Hz, 1H),2.23(d, J = 16 Hz, 1H), 2.00 - 1.92 (m, 1H), 1.88 - 1.70 {m, 2H),
1.66 - 1.60 (m, 1H).
[0182] Preparation of mdo—?-[4-nitm—."?s-(trifiuammethyﬁ)phenyl}—T-azabicycleiz.z.i}
heptan-5-of (32). To a soiution of 7-[4-nitro-3-(triflucromethylphenyl}-7-
azabicyclo{2.2.1}heptan-5-one 31 (261 me, .87 mmol) in THF {11 ml.} at -35 °C under a
nitrogen atmosphere was added a solution of lithium hydrido-trisec-butyl-boron (1.04 mL of
1 M, 1.04 mmol) dropwise. After 30 min, the reaction mixture was transferred to an ice

water bath and stirring was continued. The reaction mixture was guenched with methancl
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1.20 H NMR (400.0 MHz, DMSO-d6) 15 12.89 (s, 1H), 12.43 (s, 1H). 8.79 (s, 1H), 8.00 (d, J = 8.9 Hz,
1H), 7.72 - 7.68 (in, 2H), 7.44 (dd, J = 2.9, 9.0 Hz, 1H), 7.22 (dd, J = 2.5, 9.0 Hz, 1H). 7.15(d, J = 2.6
Hz, 1H), 4.33 E% 21-2]4.‘)g 3.91 (s, 3H), 1.67 (d, J .-.---. 6.9 Hz, 4H), 1.43 (d, J :/6.9 HQZD 48H . 3496.0 1.48
IF1 NMR (408bRE 1S 0-d6) 6 13.08 (s, 1H), 12.16 (s, 1H), 8.88 (s, TE) B UL = 2.1, 7.4 Hz,
1H), 7.95 -7.88 (in, 3H), 7.22 (dd, 2.5, 8.9 Hz, 1H), 7.16 (d, J = 2.5 Hz, 1H), 4.33 (s, 2H), 1.67 (d, J =
6.9 Hz, 4H),1.44 (d, J = 6.9 Hz, 4H). 4 458.50 1.22 '11 N'N4R (400.0 MHz, DMSO-d6) 6 13.12 (d, J =
6.7 Hz, 1H), 12.50 (s, 1H), 8.78 (d, J = 6.8 Hz, 11-1)' 8.10(d, J = 9.1 Hz, 1H), 7.78 - 7.72 (n, 3H), 7.65
(d, J = 7.7 HZ A #)) 7189 {d Thesqagipimigpye wadpiatinayd Sep@ees, deilowgmgiyamediayr. 1,74 (d, J = 6.7
Hz, 411), 1-@%{1@&&5&; %%ﬂé&'ﬁ!{l- i@f&l@a@@}&é@d twice more with dichloromethane. The

organic layers were combined, dried over NaySQy, filtered, and concentrated to dryness,

Purification by silica gel chromatography (0-50% ethyl acetate in hexanes) provided endo-7-

{4-nitro-3-(trifluoromethyl yphenyll-7-azabicyclo{2.2.1] heptan-5-ol 32 (222 mg, 84% yield)

as a vellow solid. "H NMR (400.0 MHz, DMSO- ds) § 8.01 (d, /= 9.1 Hz, 1H), 7.27 (4, J =

3.0Hz, 1H),7.22(dd, J=2.6,9.1 He, [H}, 5.17(d, J=44 Hz, 1H), 449 {1, =49 Hz, 1H),

444 (t, J=4.5Hz, 1H), 4.16 - 410 (m, 1H), 2.20 - 2.06 (m, 2H), 1.67 - 1.44 (m, 3H), 1.09

(dd, J=3.5,12.4 Hz, 1H).

[0183] Preparation of endo-tert-butyl-dimethyl-{[7-[4-nitro-3-

(trifiuoromethylphenyll.7-azabicyclol2.2. 1 Theptan-S-viloxylsilane (33). Terr-

butylchlorodimethylsilane (168 mg, 1.08 mmol) was added to a solution of 4-imidazole

(122 mg, 1.80 mmol) in DMF {425.3 uL). After the solution stopped bubbling, endo-7-[4-

nitro-3-(triflucromethylyphenyi]l-7-azabicyclol2 2.1 theptan-5-01 32 (217 mg, 0.72 mmol) was

added as a solution in DMF (1 mL} and stirred at room temperature for 14 h. The reaction

was guenched with water and extracted twice with diethyl ether, dried over MgSOQ., filtered,

and concentrated to a colorless oil. Purification by silica gel chromatography (0-40%

dichioromethane in hexanes) afforded endo-tert-butyl-dimethyl-[[ 7-[4-nitro-3-

(rifluoromethvl)phenyl]-7-azabicyciof2. 2. 1Theptan-3-ylJoxy]silane 33 (251 mg, 84% vield)

as a yellow oil.  "H NMR (400.0 MHz, DMSO- dg) 8 801 (d, J = 9.1 Hz, 1F), 732(4, F =

2.3 He, 1H), 7.26 (dd, F = 2.5, 9.1 Hz, 1H), 4.54-4.51 (m, 2H), 4.29 - 4.26 (1o, 1H), 2.20 -

2.11 (m, 2H), 1.67 - 1.45 {m, 3H), 1.08 (dd, J = 3.2, 12.4 Mgz, 1H), 0.88 (s, 9H), 0.07 (d, =

2.6 Hz, 6H).

{6184] Preparation of endo-4-[5-{tert-butyl{dimethyDsilyijoxy-7-

azabicyclo[2.2.1 Theptan-7-vi]-2-{{rifluoromethylDaniline (34). A flask containing

palladium on activated carbon (10 wt%, 24 mg, .23 mmol) was evacuated and then purged

under a nitrogen atmosphere. To this was added a solution of ende-teri-buryl-dimethyl-[f7-

{4-nitro-3-(triflecoromethyDphenyll-7-azabicyclo[2.2. 1 Theptan- 3-ylloxylsilane 33 (240 mg,

0.58 mumol) in ethanol {5 mi). The reaction mixture was evacuated, then equipped with a

balloon of H; and stirred for 4 b at room temperature, The mixture was filtered and

concentrated to dryness to yield endo-4-[5-{tert-butyl(dimethyl}silylJoxy-7-

azabicyclof2.2.1jheptan-7-y1]-2-(aiflvoromethyljaniline 34 (222 myg, 100% yield) as an off-

white solid. 'H NMR (400.0 MHz, DMSO- dg) § 6.95 (dd, J= 2.4, 8.8 Hz, 1H), 678 (d, J =

.52,



'H NMR (400.0 MHz. DMSO-d6) 8 13.07 (s, 1H), 12.15 (s, 1H), 8.88 (s, 1H), 8.04 (dd, J= 2.2, 7.4 Hz,
1H), 7.95 - 7.88 (m, 3H), 7.19 (dd, J = 2.4, 9.0 Hz, 1H), 7.12 (d, J= 2.6 Hz, 111), 5.00 (d, J = 4.2 Hz,

1H), 4.25 4\}% Q&’s%@mﬁ‘m -4.19 (m, 111), Example Compound No. LP%/M%M@}ID&%{BTa minutes

2.6 Hz, 1H), 6.72 (d, J = 8.8 Hz, 1H), 4.91 (s, 2H), 4.24 - 4.19 (m, 1H), 4.06 - 4.03 (m, 2H).
2.12-1.99 (m, 2H), 1.55- 1.53 {m, 1H), 1.42 - 136 (m, 2H), 0.96 (dd, F = 3.2, 12.2 Hz, 15},
0.87 (s, 9H), 0.05 (s, 6H).

[0185] Example Compound 3; N-(4-(7-azabicyclo{2.2.1]heptan-7-y1)-2-

(teiflueromethyl)phenyl)-d-oxo-S-(trifluoromethyl)- 1 4-dihvdroguineline-3-
carboxamide.

The preparation of the title compound is depicted in Scheme 10,

Scheme 10
Fy
OH 2 N% Tap, pyndme
o e 1Y
N HN T/ 2- METHF
H CF3
17 20 Exampte Compound 3

[0186] To asolution of 4-oxo-5-(trifluoromethyl)-1H-quinoline-3-carboxylic acid 17 (9.1
g, 35.39 mmol) and 4-(7-azabicyclo]2.2.1Theptan-7-y1)-2-(rifluoromethylaniline 26 (8.2 g,
35.74 mmol) in 2-methyltetrahydrofuran (91.00 mL} was added propyl phosphonic acid
cyclic anhydride (T3P, 50% solution in ethyl acetate, 52.68 ml., 88.48 mmol) and pyridine
(5.6 g. 5.73 mL, 70.78 mmel} at room temperature. The reaction {lask heated at 65 °C for 10
k under a nitrogen atmosphere. After cooling to room temperature, the reaction was then
diluted with ethyi acetate and quenched with saturated Na,CO; solution (50 mL). The layers
were separated, and the aqueous layer was extracted twice more with ethyl acetate. The
combined organic lavers were washed with water, dricd over NapSO,, filtered and
concenirated to a tan solid. The crude solid product was shurried in ethyl acetate /diethyl ether
(2:1), collected by vacuum filtration, and washed twice more with ethyl acetate/diethy! ether
(2:1) to provide the product as & light yellow crystalline powder. The powder was dissoived
in warm ethyl acetate and absorbed onto Celite. Purification by silica gel chromatography (0- -
50% ethyl acetate in dichloromethane) provided N-(4-(7-azabicyclo{2.2.1heptan-7-yl}-2-
{trifluoromethyliphenyl-4-ox0-5-(triflnoromethyl)- 1 4-dihydroquinoline-3-carboxamide as a
white crystalline solid (13.5 g, 76% vyield). LC/MS m/z 496.0 [M+H]", retention time 1.48
min (RP-Cyg, 10-99% CHsCN/0.05% TFA over 3 min). 'H NMR (400.0 MHz, DMSO-de) 8
13.08 (s, 1K), 12.16 (s, 1H), 8.88 (s, 1H), 8.04 (dd, / = 2.1, 7.4 Hz, 1H}, 7.95 - 7.88 (m, 3H),
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4.16 - 4.13 (M, 1H), 2.15- 2.08 (in, 211), 1.61 - 1.55(m, 1H), 1.47- 1.44 (m, 2H) and 1.03 (dd, J =- 3.4,
12.3 Hz, 1H). 6 399.30 1.47 111 NMR (400.0 MHz, DMSO-d6) 5 12.77 (s, 1H), 12.75 (s, 1H), 8.77 (s,
IH), 8.11 (d,.J =.9.1 Hz, 111), 7.64 - 7.60 On, IN), 7.55 (d, J = 8.0 Hz, 1H éq = 2 8 Hz, lab 7.27
(dd, J = 2.8,‘%%2 ii,’pi‘éf)z,%ms (d, /= 7.2 Hz, 1H), 4.32 (s, 2H), 2.91 (s, 3 {Tit’% ?Jﬁ?ﬁ 2 Hz, 4H),
1.42 (d, J -= 6.8 Hz, H). 7 453.0 1.62 H NMR (400.0 MHz, DMSO-do) 5 13.28 (d. J = 6.4 Hz, 1H),
12.07 (s, 1H), 8.95 (d, J = 6.5 Hz, 1H), 8.69 (s, 1H), 8.16 (dd, J = 1.5, 8.7 Hz, 1H), 8.01 (d, J = 8.8 Hz,
IH), 7.91 (d, J = 8.7 Hz, 1H), 7.28 (d, J = 7.8 Hz, 1H%im;7¥522 (s, IF1), 4.38 (s, 211), 1.69 (d, J =- 6.4 Hz,
41-1), 1.46 @962t H113H3 516 40/ B35 IRENRIR @006 MHL B S6-%618-13.07 (s, 1H), 12.13
(s, 1H), 8.88(5, U4 )d8/056.8102 40, 1H), 7.95- 7.86 (M, 3H), 7.18 (d, J= 9.0 Hz, 1H), 7.12 (d, 1. 2.5

2 1) 4746 322 M b 420 A 2D kL AR A LB 542 125 M

1H), 1.56- 1

2-(triftuoremethylphenyl)-d-oxo-S-(triffuoromethyl)-1,4-dibydroguinoline-3-
carbexamide hydrochioride (Form A-HCI).

F H DMSO k i. PU/C, Hy (g) QA

N Na»CCs N 3-MeTHF N
0N ﬁm mr— “HC
2 i HC
CFs 0N @ HoN

18 20 HC
CF, O OH %

Y
A
CF, O HN

T3P, pyridine, Z-MeTHF -
ii. HCl (g} ] e}

Example Compound 2
Form A Hydrochioride Sal{
{Form A-HCH

[0188] Preparation of 7-{d-nitro-3-(trifluoromethyl) phenyi}-7-
azabicycle{2.2.1]beptane (19). 4-fluoro-1-nitro-2-(triffluoromethyDbenzene (18) (901 g) was
added into 4 30 L jacketed vessel. Sodium carbonate (959.1 g) and 5 L dimethylsulfoxide
(DMSO) was added and the mixture was stirred under a nitrogen atmosphere. 7-
azabicyclo[2.2.1Theptane hydrochloride (72) (633.4 g} was added to the vessel in portions.
The temperature of the mixmire was gradually raised to 55 °C, and the reaction was monitored
by HPLC. When the substrate was less than 1% AUC, the reaction was considered complete.
The mixture was then diloted with 10 vol. 2-methylerrahydrofuran and washed with 5.5 vol.
water three times until no DMSO remained in the aqueous layer as determined by HPLC, to
give 7-[4»~nitrom3w(triﬂudromeﬂ1yl) phenyi}-7-azabicyclof2.2. 1 theptane (19) in 2-
methyltetrahydrofuran (approximately 95% yield).

[6189] Preparation of hydrochloride salt of 4-(7-szabicycio[2.2.5} heptan-7-yl)-2-
(trifivoromethyDaniline (20 HCY). Palladium on carbon (150 g, 5 % w/w) was charged into
a Buchi Hydrogenator (20 L capacity) under a nitrogen atmosphere, followed by the addition
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9442.10 1.20 ill NMR (400.0 MHz, DMSO-d6) 5 12.84 (s, 1H),12.43 (s, 1H), 8.81 (s, 1H), 8.12 (s, 1H),
8.00 (d'J -=8,9 Hz, 1H), 7.64 (in, 2H), 7.21 (dd, | = 2.5; 9.0 Hz, IH), 7.15 (d, J = 2.6 Hz, IH), 4.32 (s,
2H), 2.47 (s 16 dJ 7.4 Hz, 4H), 1.43 (d, = 6.9 Hz, 4H). 10 442.10.1.40 IFl NKR (400.0 MHz,
DMS0-4) 8 15 é’;%f”(% $12.41 (s, 1H), 8.75 (s, 1H), 7.94 (d, J = 8.9 Hz, TH) 764 9% m, IH), 7.54
(d, J=7.8 Hz, 1H)," 7.23 -7.20 (m, 2H), 7.15 (d, J = 2.7 Hz, 1H), 4.33 (s, 2H), 2.89 (s, 3H), 1,67 (d, J =
6.7 Hz, 4H),1.4-4 (d, | = 6.9 Hz, 41-1). 11

of 7-{4-nitro-3-(trifluoromethyl) phenyll-7-azabicyclo[2.2. 1Theptane (19%) (1500 g) and 2-

methyltetrahydrofuran (10,51, 7 vol). Hydrogen gas was charged into the closed

hydrogenator to a pressure of 0.5 bar. A vacuum was applied for about 2 min, followed by

the introduction of hydrogen gas to a pressure of §.5 bar. This process was repeated 2 times,

Hydrogen gas was then continuously charged to the mixture at a pressure of 0.5 bar. The

mixture was then stirred at a temperature between 18 and 23 °C by couling the vessel jacket.

A vacuum was applied to the vessel when no more hydrogen gas was consumed and when

there was no further exotherm. Nitrogen gas was then charged into the vessel at 0.5 barand a

vacuum was reapplied, followed by a second charge of 0.5 bar niirogen gas. When the HPLC

of a filtered aliguot showed that none of the 7-{4-nitro-3-(triflucromethyl} phenyl}-7-

azabicyciof2.2.1heptane (19) remained (e.g., < 0.5%). the reaction mixture was transferred

1o a receiving flask under nitrogen atmosphere via a filter funnel using a Celite filter, The

Celite filter cake was washed with 2-methyltetrahydrofuran (3 L, 2 vol). The washings and

filtrate were charged into a vessel equipped with stirring, temperature control, and a nitrogen

atmosphere. 4M HCl in 1 4-dioxane (1 vol) was added continucusly over 1 b into the vessel

at 20 °C, The mixture was stirred for an additional 10 b (or overnight), filtered, and washed

with 2-methyitetrahydrofuran (2 vol} and dried to generate 1519 g of the hydrochloride salt of

4-(7-azabicyclo[2.2,1] heptan-7-yi)-2-(riflucromethyl)aniline (Z0ECY) as a white crystalline

solid (approximately 97% vield).

63%0)  Alternative preparation of hvdrochloride salt of 7-J4-amino-3-{trifluoromethy))

phenyll-7T-azabicvclol[2.2 1Theptane (206 HCH

D\_\ ) 5% PdIC, Ha (), : D‘S

O ii) 4N HCl in 1,4-dioxans o
OzN = HzN

¢e, CFs
19 20-HCH

{6191] In a Biichi Hydrogenator (20L capacity), paliadium on carbon (5% w/w) (150 g)
was introduced under nitrogen followed by the addition of 7-[4-nitro-3-(trifluoromethyl)
phenyl]-7-azabicyclof2.2.1Theptane 19 {1500 g) and 2-methyltetrahydrofuran (1G.5L, 7 vol).
Hydrogen gas was charged into the vessel to a pressure of 0.5 bar. A vacuuwm was briefly
applied (2 min), foliowed by the introduction of hydrogen gas to a pressure of 0.5 bar. This
process was repeated 2 more times, and then hydrogen gas was charged to the hydrogenator

continuously at 0.5 bar, and stirring was commenced. The temperature of the reaction
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441.0 1.30 1H NMR (400.0 MHz, DMSO-Q 6 13.55 (s, 1H), 13.31 (d, J = 7.2 Hz, 1H), 11.58 (s, 1H),
8.86 (d, J =6.9 Hz, 1H), 8.01 (d, J = 9.0 Hz, 1H), 7.66 (1, J = 8.2 Hz, | H), 7.29 (d, J = 8.8 Hz, 1H),
7.23 (s, 1H)§}7 ]%_Zilg% /-7 Hz, 1F1), 6.80 (d, J = 7.5 Hz, 1l), 4.39 (s, 2H},1,69 g; {8s5-3 Hz, 4H),
1.46 (d, J 8 .12 510.5 1.95ill NMR (400.0 MHz, DMSO-d6) 6 13.16 (d, J = 5 7 Hz, 1H),
12.07 (s, 1H), 8.87 (d, J .- 6.6 Hz, 1H), 8.05 (dd, J = 2.1, 7.3 Hz, 1H), 7.96 - 7.92 (n, 2H), 7.87 (d, 1
9.0 Hz, 1H), 7.09 (d, J = 9.1 Hz, 1H), 7.00 (s, 1H), 4.28 (s, 2H), 2.02 - 2.00 (m, 2H), Example

Compound No. LC/MS M+1
mixture was maintained at 18 to 23 °C by cooling the vessel jacket. A vacouwm was applied

to the vessel when no more hydrogen gas was consumed and when there was no further
exotherm. Nitrogen gas was then charged to the vessel, and a vacuom was re-applied,
followed by a nitrogen gas charge at 0.5 bar. The reaction was deemed complete when an
'HPLC of a filtered aliquot showed that 7-{4-nitro-3-(rifluoromethyl) phenyl]-7-
azabicyclo[2.2.1Theptane was not detected (< 0.5%). The reaction mixture was then filtered
through Celite. The remaining slurry was transferred to a receiving flask under nitrogen gas
via a filter funnel containing a Celite filter. The Celite cake was washed with 2-
methyltetrabydrofuran (3L, 2 vol). The filtrate and the washings were transferred (o a vessel
equipped with a stirring mechanism, temperature control, and a nitrogen atmosphere. 4M
HCl in 1,4-dioxane {1 vol) was added continiously over 1 h to the vessel at 20 °C. The
resulting mixture was stirred for an additional 10 b, filtered and washed with 2-
methylhetrahydrofuran (2 vol) and dried to generate 1519 g of 7-{4-amino-3-(irifluoromethyl}
phenyl}-7-azabicyclo[2.2. 1 Theptane hydrochloride (206 HCl)as a white crystalline solid.
[0192] N-(4-(7-azabicyclo[2.2.1}heptan-7-y1)-2-(trifluoromethylphenyl)-4-0x0-5-
(trifinoromethyl)-1,4-dihydroguinoline-3-carboxamide hydrochioride (Form A-HCI. 2-
Methyiietrahydrofuran (0.57 L, 1.0 vol) was charged into a 30 L jacksted reactor vessel,
followed by the addition of the hydrochloride salt of 4-(7-azabicyclo[2.2.1] heptan-7-yI)-2-
(trifluoromethylaniline (20HCY) (791 g, 2.67 mol) and 4-oxo-5-(trifleoromethyl)-1 .4
dihydroquinoline-3-carboxylic acid (17) (573 g, 2.23 mol) and an additional 5.2 L (8.0 vol) of
2-methyltetrahydrofuran. Stirring commenced, and T3P in 2-methyltetrahydrofuran (2.84 kg,
4 46 mol) was added to the reaction mixture over 15 min. Pyridine (534.0 g, 546.0 mlL., 6.68
mol} was then added via an addition funnel dropwise over 30 min. The mixture was warmed
to 45 °C over about 30 min and stirred for 12-15 h. HPLC analysis indicated that 4-0x0-5-
(triftuoromethyl)- 1,4-dihydroquinoline-3-carboxylic acid was present in an amount less than
2%. The mixture was then cooled to room temperatiwe. 2-Methyltetrahydrofuran (4 vel,
2.29 1) was added followed by water (6.9 vol, 4 L), while the temperature was maintained
below 30 °C. The water layer was removed and the organic layer was carefully washed twice
with NaHCOj5 saturated aqueous solution. The organic layer was then washed with 10% w/iw
citric acid (5 vol} and finally with water (7 vol). The mixture was polished filtered and
transferred into another dry vessel. Seed crystals of N-(4-(7-azabicyclo{2.2.1 Jheptan-7-vl)-2-
(trifluoromethyl)phenyl)-4-oxo-5-(trifluoromethyl)- 1 4-dihydroquinoline-3-carboxamide
hydrochioride (Form A-HCE) (3.281 g, 5.570 mmol) from an earlier batch were added, HCI

-56.-



LC/Rr minutes MAR ~ 1.88- 133 (m, 5H), 1.45 - 1.42 (m, 1H),1.31 (d,J = 11.6 Hz, 2H).

WO 2010/048526 PCT/US2009/061882

{g) (10 eq) was bubbled over 2 1 and the mixture was stirred overnight. The resuiting
suspension was filtered, washed with 2-methyltetrahydrofuran (4 vol), suction dried and oven
dried at 60 °C until constant weight generating 868 g of N-(4-(7-azabicyclo[2.2.1]heptan-7-
y-2-(triflucromethyl)phenyl)-4-oxo-5-(iriflucromethyl}- 1 4-dihydroguinoline-3-
carboxamide hydrochloride (Form A-HCD.

[6123] Example Compound 3 Form B HCI Salt N-(4-(7-azabicycio{2.2.1}heptan-7-yi)-
2-(eriflmoromethybphenyi)-d-oxe-5-{trifluoromethyl}-1,4-dikydroguinoline-3-
carboxamide hydrochloride (¥orm B-HCI.

N e N e

Q g
2-MeTHF, .
O HN ] H0 O HNTY
N #
H

H
Exampie Compound 3 Example Compound 3
Form A Hydrochioride Salt Form B Hydrochioride Salt
{Form A-HC) {Form B-HC!)

{8194] 2-Methyltetrahydrofuran (100 mL) was charged into a 3-necked flask having a
nitrogen atmosphere equipped with a stirrer. Example Compound 3 Form A-HCI (Example
3B, 55 g, 0.103 mol) was added to the flask, followed by 349 mL of Z-methyltetrahydrofuran,
and stirring commenced. 28 mL of water was added into the flask and the flask was warmed
to an internal temperature of 60 °C and stirred for 48 h. The tlask was cooled to room
temperature and stirred for 1 h. The reaction mixture was vacuum filtered until the filter cake
was dry, The solid filier cake was washed with 2-methyltetrahydrofuran (4 vol} twice. The
solid filter cake remained under vacuum suction for 3 period of about 30 minutes and was
transferred to a drying tray. The filier cake was dried to a constant weight under vacuum at
60 °C, to give Example Compound 3 Form B-HCI as a white crystalline solid (49 g)
(approximately 90% yield).

[0195] Example Compound 6: Preparation of N-{4-(7-azabicycle[2.2.11heptan-7-yij-2-

cyanophenyi)-S-methyl-4-oxe-1,4-dihydroguineline-3-carboxamide, The preparation of

the title compound is depicted in Scheme 11.
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1H NMR (400.0 MHz, DMSO41,5) 513.23 (d, J= 6.8 Hz, 1H), 12.40 (s, 1H), 10.31 (s, 1H), 8.96 (d, J
= 6.6 Hz, 114), 8.40 (d, J= 9.0 Hz, 1H), 8.08- 8.06 13 509.7 1.06

WO 2010/048526 ‘ : PCT/US2009/061882

Scheme 11
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35 23 Exampie Compound 6

[6396] To a solution of 5-methyl-4-oxo-1,4-dihydroquinoiine-3-carboxylic acid 35 (162
mg, 0.80 mmel) and 2-amino-5-(7-azabicyclo{2.2.1theptan-7-yDbenzonitrile 23 (170 mg,
(.80 mmol) in 2-methyltetrahydrofuran (1.5 mL} wag added propyl phosphonic acid cyclic
anhvdride (50% solution in ethyl acetate, 949.5 1L, 1.605 mimol) and pyridine {126 mg, 129
ul, 1.60 mmol) . The reaction was capped and heated at 100 °C for 65 min with microwave
irradiation. The reaction was cooled 1o room temperature, diluted with ethyl acetate (10 ml),
and guenched with saturated Na,COj; solntion (6 mL). The organic layer was dried over
Na;S0q, filtered and concentrated. Purification by silica gel chromatogfaphy (0-35% ethyl
acetate in dichloromethane) provided N-(4-(7-azabicyclo[2.2.1]heptan-7-yi}-2-cyanophenyl}-
5-methyl-4-oxo-1,4-dihydroguinoline-3-carboxamide (157 mg, 49% yield). LC/MS m/4z
1993 [M+H]", retention time 1.47 min (RP-Cig 10-99% CH;CN/0.05% TFA over 3 min).
TH NMR (400.0 MHz, DMSO-dg) 6 12,77 (s, 1H), 12.75 (5, 1H), 8.77 (5, 1H), 8.11¢d, F = 9.1
- Hz, 1H}, 7.64 - 760 (m, 1H), 7.55(d, J = 8.0Hz, 1H), 734 (d, J =28 Hz, 1H), 727 (dd, J =
2.8,0.1 Mg, 1H),7.23{d, J=7.2Hz, 1H}, 432 (s, 2H), 2.91 (5,3H), 165 (d, J = 7.2 Hz,
4H), 142 (d, J = 6.8 Hz, 4H).

16197} Example Compound 13: N-[4-(7-azabicycle{2.2.1]heptan-7-y1)-2-(3-

dimethylaminoprop-1-yayl)phenyll-4-oxo-5-(trifiuoromethyl)-1H-guinoline-3-

carbozamide. The preparation of the title compound 1s depicted in Scheme 12.
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(m, H), 8.07 (dd, 1= 1.5 Hz, 8.1 Hz, IH), 8.00 - 7.95 (m, 2H), 7.15 -7.09 (m, 211), 4.49 (s, 2H), 4.29
(s, 2H), 2.94 (s, 6H), 1.67 (d, J= 7.2 Hz, 4H), 1.44 (d, J= 7.0 Hz, 411).

WO 2010/048526 PCT/US2009/061882
Scheme 12
CFy O
Tar, pyndsne
2- MeTHF
N/
|
17 27 Example Compound 13

{01981 To a solution of 4-exo-3-(riflucromethyl }-1H-quinoline-3-carboxylic acid 17 (19
mg, 0.07 mmol) and 4-(7-azabicyclof2.2.1}heptan-7-y1)-2-(3-dimethylaminoprop- 1 -
yayhaniline 27 (20 mg, 0.07 mumo}} in 2-methyletzabydrofuran (190.9 L) was added T3P
(118 mg, 0.19 mmel) and pyridine (12 mg, 12 ul, 0.15 mmol). The reaction was heated at
100 °C for 30 min under microwave irradiation. The reaction was diluted with EtOAc and
quenched with saturated agueous NaHCG; (50 mL). The layers were separated, and the
aqueous layer was extracted twice with EtOAc. The combined organics were washed once
with water, driad over Na;8Q,, filtered and concentrated. The residue was purified by
reverse phase HPLC {0-99% CHACN/0.05% TFA) to give N-[4-(7-azabicyclo{2.2. 1 heptan-7-
y1}-2-(3-dimethylaminoprop- 1-ynylphenyll-4-oxo-5-(wrifluoromethyl}-1H-quinoime-3-
carbosamide (8 mg, 17% vield). LC/MS mv/z 509.7 [M+H]", retention time 1.06 min (RP-
Cyg, 10-99% CH;CN/O.05% TFA over 3 min). 'H NMR (400.0 MHz, DMSO-dg) 8 13.23 (d,
J=6.8 Hz, 1H), 12.40 (s, 1H), 10.31 (s, 1H), 8.96 (d, J = 6.6 Hz, 1H), 840 (d, J = 9.0 Hz,
1H), 8.08 - 8.06 (m, H), 8.07 {dd, J=1.5Hz, &1 Hz, 1H), 800 -7.95 (m, 2H), 7.15 - 7.09 {m,
2H), 4.4%9 (s, 2H), 4.29 (s, 2H), 2.94 (s, 6H), 1.67 (d, /=72 Hz, 4H), 1 44 (d, 7 = 7.0 Haz,
4H).

[0199] Example Compound 5: Endo-N-[4-[{38)-5-[tert-butyl(dimethyDsiivijoxy-7-
szabicyclof2.2.1]heptan-7-vi]-2-({riflucromethyDphenyll-4-oxo-3-{trifluoromethyl)- 1 H-

guinoline-3-carbexamide. The preparation of the title compound is depicted in Scheme 13.



'FI NMR (400.0 MHz, DMSO-d6) 8 12.63 (s, 211), 8.75 (s, 111), 8.38 (d, J= 8.8 Hz, 111), 7.62 - 7.58
14 455.7 1.04 (m, 1H), 7.52 (d, J=8.1 Hz, 1H), 7.21 (d, J. 7.2 ‘

WO 2010/048526 . PCEUSZ009/061882

Leheme 13
CFy O
% X Ok

P OH
A oTeDMS N 17 q
Ng 1. HATU, EtN CF4 SR
2-MeTHE |
62°C, 16h } = ] N
HaN H
2 P CFy

CFy 2. 1% HC|, EOH E‘
16 h
34
Example Compound 5

162001 Preparation of endo-N-[4-[{58)-5-[tert-butyl(dimethyDsilylloxy-7-

. azabicyclo[2.2. 1heptan-7-yi}-2-(triflucromethyl)phenyl}-4-oxo-5-(trifluoremethyl)-1H-
guinoline-3-carboxamide. To a solution of 4-oxo-5-(trifluoromethyl)- 1 H-quinoline-3-
carboxylic acid 17 (148 mg, 0.58 mmol} , O-(7-Azabenzotriazol-1-y1)-N,N,N"N'-
tetramethyluronium hexafluorophosphate (HATU) (306 mg, 0.81 mmol) in 2-
methyltetrahydrofuran (2.2 mi) was added endo-4-{5-{tert-buryl{dimethyl)sityljoxy-7-
azabicyciof2.2.1Theptan-7-vi}-2-(iriffuoromethyhaniline 34 (222 mg, .58 mmol) followed
by triethyiamine (146 mg, 201 pl., 1.44 mmol}. The reaction mixture was heated at 62 °C for
16 h. The reaction mixture was allowed to cool to room temperature, and partitioned between
2-methyltetrahydrofuran/water, separated and the aqueous layer was extracted once more
with 2-methyitetrahydrofuran, the organic layers were combined, dried over Na;SOy, filtered
and concentrated to dryness. Purification by silica gel chromatography (0-30% cthyl acetate
in dichloromethane) afforded endo-N-[4-[(55)-5-[tert-butyl{dimethyl)sil yljoxy-7-
azabicyc10[2.2.1}heptan—‘?-yi]-2-(11iﬂuaromemyl)pheny1}~4~0go»ﬁ—(triﬂuoromethy’i}EH—
quineline-3-carboxamide (285 mg, 79% yield). 'H NMR (40(5.0 MHz, DMSO-dg) 6 13.07 (5,
1H), 12.16 (s, 1H), 8.88 (s, 1H), 8.04 (dd, J=2.2,7.3 Hz, 1H), 7.95 - 7.89 (m, 3H), 7.22 (dd,
J=24,88Hz, 1H), 7.16 (4, J = 2.6 Hez, 1H), 4.29 (m, 3H), 2.16 - 2.07 (m, 2H), 1.62 - 1.43
{(mn, 3H), 1.05 - 1.01 (m, 1H), 0.89 (s, SH), 0.08 (d, F = 1.4 Hz, 6H).

[0201] Preparation of endo-N-[4-[(88)-5-bydroxy-7-azabicyclo[2.2. 1 iheptan-7-yi}-2-
(trifluoromethyl phenyl}-4-oxo-5-(triffuoremethyl- EH-quinoline-3-carboxamide. Fndo-
MN-[4-[{58)-5-[tert-butyl{dimethyl}silylJoxy-T-azabicyclof2.2. 1 Theptan-7-y1}-2-
(trifluoromethyliphenyl]-4-oxo-3-(trifluoromethyi)- 1H-quinoline-3-carboxamide (281 mg,
0.45 mmol) was dissolved in 1% HC/Ethanol {2 mL of 1%w/w) sclution and allowed to stir
a room temperature for 16 h, resulting in a white precipitate. The reaction was diluted with

diethy! ether and filtered. The collected solid was dissolved in ethyl acetate/saturated
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Hz, 1H), 6.96 - 6.93 (m, 211), 4.24 (s, 2H), 3.70 (s, 211), 2.92 (s, 3H), 2:28 (s, 6H), 1.65 (d, J=7.0
Hz, . 414), 1.39 (d, J= 6.8 Hz. 414). a Retention Time [0203] Assays for Detecting and Measuring

AF508-CFTR Potentiation Properties of Compounds
WO 2010/048526 PCT/US2009/061882

aqueous NaHCOs3 solution. The layers were separated and the agueous layer was extracied
once more with ethyl acetate. The organic layers were washed twice with water, dried over
Na,80, filtered and concentrated to dryness to vield endo-N-14-[{55)-5-hydroxy-7-
azabicyclof2.2. 1 heptan-7-yl]-2-(trifluoromethyl)phenyl}-4-oxo-5-(trifluoromethyl)-1H-
guinoline-3-carboxamide (190 mg, 83%). 'H NMR {400.0 MHz, DMSO-ds) 6 13.07 (s, 1H),
12.15(s, 1H), 8.88 (s, 1H), 8.04 (dd, J= 2.2, 74 Hz, 1H), 795 - 7.88 {m, 3H};, 7.19(dd, J =
24,90Hz, 1H), 7.12(d, /=26 Hz, 1H), 5.00(d, J=4.2 Hz, 1H), 425 -4.13 (m, 1H), 4.21
-4.19 (m, 1), 4.16 - 4.13 (m, 11}, 2.15 - 2.08 {m, 2H}, 1.61 - 1.55 (m, 1H), 147 - 1.44 (m,
2Hyand 1.03 (dd. F =34, 123 Hz, 1H).

[8202] Analytical data for the compounds of Table 1 is shown below:

Table 2

Example LOC/MS {LC/RT” NMR
Compound No. | M+l |minutes
'H NMR (400.0 MHz, DMSO-dg) 5 12.94 (d, J =
6.1 Hz, 1H), 12.36 (s, 1H), 8.80 (d, J = 6.8 Hz,
1H), 8.13 (5, 1H), 7.98 (d, = 8.9 Hz, 1H), 7.68 -

i 456.50 | 1.76 [7.63 (m, 2H), 7.10(d, J = 8.5 Hz, 1H), 7.01 (s,
1H3, 4.28 (s, 2H), 2.48 (s, 3H), 2.02 - 2.00 (m, 2H),
1.86 - 1.77 (m, SH), 1.45 - 1.42 (m, 1), 1.31¢d, J
= 11.1 Hz, 2H).

"H NMR (400.0 MHz, DMSO-de) 3 12.89 (s, 1H),
12.43 (s, 1H), 8.79 (s, 1}, 8.00 (d, J = 8.9 Hz,
1), 7.72 - 7.68 (m, 2H), 7.44 (dd, J = 2.9, 9.0 Hz,
1H), 7.22 (dd, J = 2.5, 9.0 Hz, 1H), 7.15 (d, J =
2.6 Hz, 1H), 4.33 (s, 2H), 3.91 (s, 3H), 1.67 (4, J =
6.9 He, 4H), 1.43 (d, J = 6.9 Hz, 4H).

"H NMR (400.0 MHz, DMSO-dg) 8 13.08 (s, 1H),
12.16 (s, 1H), 8.88 (s, 1H), 8.04 (dd, J = 2.1, 7.4

3 496.0 | 1.48 [Hz, IH), 7.95 - 7.88 (m, 3H), 7.22 (dd, 2.5, 8.9 Hz,
1H), 7.16 (d, J = 2.5 Hz, 1H), 4.33 (s, 2H), 1.67 (d,
7 = 6.9 Hz, 4H),1.44 (d, J = 6.9 Hz, 4H).

"H NMR (400.0 MHz, DMSO0-dg) 8 13.12(d, J =
6.7 Hz, 1H), 12.50 (s, 1H), 8.78 (d, J = 6.8 Hz,
1H), 8.10(d, J = 0.1 Hz, 1H), 7.78 - 7.72 (m, 3H),
7.65(d,J = 7.7 Hz, 1H), 7.39 (d, J = 7.3 Hz, 1H),
7.33 (s, 1H), 5.20 (s, 2H), 4.47 (s, 2H), 1.74 (6,7 =
6.7 Hz, 41), 1.51 (d. J = 7.1 Hz, 4H).

"H NMR. (400.0 MHz, BMSG-de) § 13.07 (s, 1H),
12.15 (s, 1H), 8.88 (s, 1H), 8.04 (dd, J=2.2, 7.4

5 512.50 | 1.55 [z, 1H), 7.95 - 7.88 (m. 3H), 7.19 (dd, J = 2.4, 5.0
Hz, 1H), 7.12 (d, J = 2.6 Hz, 1H), 5.00 (d, /= 4.2
Hz, 1H), 4.25 - 4.13 (m, 1H), 4.21 - 4.19 (m, 11D,

2 458.20 | 1.20

4 458.50  1.22
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[0204] Membrane potential optical methods for assayina AF508-CFTR modulation properties of
compounds [0205] The assay utilizes fluorescent voltage sensing dyes to measure changes in
membrane pEteRtialysing a fluorescent plate reader (e.g., FLIPR I, Molggglas Reyigess,Inc.) as a
readout for increase in functional AF508-CFTR in NIH 3T3 cells. The driving force for the response is
the creation of a chloride ion gradient in conjunction with channel activation by a single liquid addition
step after the cells have previously been treated with compounds and subsequently loaded with a
dye. [0206] Identification nf Potentiator Compounds [0207] To.id
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13 4440

1.30

"H NMR (400.0 MHz, DMSO-dg) § 13.55 (s, 1H),
13.31 (d, J = 7.2 Hz, 1H), 11.58 (s, 1H), 8.86 (d, J
= 6.9 Hz, 1H), 8.01 (d, J = 9.0 Hz, 1H), 7.66 (1, J
= 8.2 Hz, 1H), 7.29 (d, J = 8.8 Hz, 1H}, 7.23 (s,
1H), 7.17 (d, J = 7.7 Hz, 1H), 6.80 (d, J = 7.5 Hz,
1H), 4.39 (s, 2HD, 1.69 (d, J = 7.3 Hz, 4H), 1.46 (d,
7 = 7.0 Hz, 4HD).

12 5105

' NMR (400.0 MHz, DMSO-dg) 6 13.16 (d, f =
5.7 Hz, 1H), 12.07 (s, 1H), 8.87 (d, J = 6.6 Hz,
1H), 8.05 (dd, J = 2.1, 7.3 Hz, 1H), 7.96 - 7.92 (m,
2H), 7.87 (d, J = 9.0 Hz, 1H), 7.09(d, J = 9.1 Hz,

1HD, 7.00 (s, 1H), 4.28 (s, 2H), 2.02 - 2.00 {m, 2H),
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1.2 MgC12, 1.2 CaCl2, 10 Glucose, 10 1TEPES (pH adjusted to 7.35 with NaOH) and the apical
solution contained (in inM) 145 NaGlitconate, 1.2 MgC12, 1.2 CaCl2, 10 glucose, 10 HUES (pH
adjusted to 5 %;H\I %)H) [0215] Identification of Potentiator Compoun}%a [‘ggé%% -{X ical protocol
utilized a baso a%e 0 apical membrane CT concentration gradient. To set up this gradi ent normal
ringers was used on the basolateral membrane, whereas apical NaC1 was replaced by equimolar
sodium gluconate (titrated to pH 7.4 with NaOH) to give a large CT concentration gradient across the
epithelium. Forskolin (10 pM) and all test compounds were added to the apical side of the cell culture

inserts. The efficabyastaite pUlMESAEEABILFTR potentiators vmompared to that ofjthe known
potentiator, gedremaeurd MNo7 ) Blkh mBwissRecordings [0218] Total CI" current in AE508-NIH3T3 cells

was monitored using the perforated-patch reé@?ohﬁ T%&ﬁf@é}dﬁﬁw dﬁ%l@%lbﬁhﬁéé@drbed (Rae, J.,
Cooper, K., Gi ke MH190 1 §C ds-.3 clamp recordings
were perform d at 22C using an Axdpatch 2 hts Inc., Foster
City, CA). The pipette solution contained (in 3&' 1e (INWIT g,l, 2 MgC12, 2
CaC12, 10 EGTA, 1QHEPES, 240 pg/ En g&n} Wjusiedhfo 35 with NCI). The
extracellular medium containgd (in mMM) 1504\ a%&ﬁ{} 21Mgfd, (1% CQQSIEZ,@Q HEPES! (pH adjusted to

7.35 with Ha).|Pulse generation, datg acqui |m55a@g)apgiy@lgmeq%pe([f mpﬁ%smg)a PC equipped
with a Digidata 1320 A/D intgrface inj conjungtienayitk Clamper8 (Axon Instruments Ing.). To activate
AF508-CFTR, 10 tiM forskolip and 201..tM denisteinoere MddeDimthe:path and thEycurrent-voltage
relation was monitored every: 30 sec| [0219] {tdEnkfitEliGs o iR dteftidtiar TOMpEuTds: [0220] The ability
of AF508-CFTR poteptiators {to,increpsedhelimatibseSpicl AR08 IGFTIR. CLEdrdri {2,F508) in N1IH3T3
cells stably expressing AF508-CFTR was al ﬁ%’ésﬁ@éte@g’ﬁé Héff’o?"éﬂé atth%éeording
techniques. The potentiators identifigd from g%g%% o‘g)éh Loaddel a&&ﬁaf nt increase in
IAF508 with simiasp uu,..\,% and-efficacy-observed ,?r(ﬂ’;e op ays—r-aht-cells exémlned the
reversal potential before an d“dunng potentiator application was around -30 mV, which is the calculated
Eci (-28 mV]#p2D1 eeliCantdbetefing 2N Mg ming USESABICBIR tBateabintion Jresmirtipnd508-CF TR
are used forgidagleangll recordings. The cells are marntalned at37C |n 5% CO2 and 90 % humidity in
Dulbecco’ Sl\X@ngx | ales medlumisu?lem | e, 10 % b0|ne serum, | X
NEAA, 13 e i PESIT175ciz-cutture-Hasks Forwhote=cell recordings,

2,500 - 5,008 oggeuedt on poly-L-lysine-coated glass coversllps and cultured for 24 - 48 his at

27 C before jgggsfo t“?ﬁé &ﬁk%ya&i!‘r{igé ﬁﬁ&@é@éﬁ'&'%e@&ﬂ @Eﬁ%\%ﬁ‘r@éﬁ%@:@% the correction
compound at 37,C for measuring the activity of correctors. [0223 i‘lg%ﬁ e-channel recordings [02241
I

Gating activilyBP SR PRI UAGTE M AYEGFE. RSV ErST Mesds-E) R PRRPEH3TS cells was
observed using) exsisedoindisiencwtsn enfibraivea Ak <GOTHI nySIAS3 pievitu She desorgded Dalemans,

W., Barhry, By, &QIBRNGN - crl@iah 0P ddfdicttSo iGN REe b« Sfilabn R cl@ilfani, A., Lecocq, J-P.,
Lazdunski, M. (1991) Nature 354, 526 - 528) using an Axopatch 20013£atch clamp amplifier (Axon

Instruments A& FPRS psEtEL SRSl omeFRAR T 85 KD P50 SEPA AR ERTE Bife 12, 2 MgC12,
and 10 HEP&Sfplidadusieich¢quénd mitidirishbasgiagt henbiaghigontained (in mM): 150 NMDG-CI, 2

MgC12, 5 ?@Iﬂ%« 1Q4LE G206 ;],4];5{&&%% f]uglgdusted to 7.35 with HC1). After excision, both
wt-and AF508 1 were activate SF(,F& TP, 75 DM of the catalytic subunit of
B. ‘%"’5’6?

cAMP-depeHdit p%?é%qﬂﬁa%eﬁpi‘@ﬁ (15#28: SOAIANTIER B FRAAEES to inhibit
protein phosfheitgases Tk b piese niddcutnentieidoage T&ﬁ]@ﬁﬁﬁﬂ@ﬁi@@ﬁﬁhﬁﬁ@mﬁd ntained at 80
mv. Cha””%&ger i fé&%% AVARHRR el b&%&%ﬁ%ﬁ%t For %%E‘et O%a%r%cfé‘éﬁﬁ% napoels. The

maximum num ultaneous openlngs etermined the num er of active channels durlng the

course of arPEAPEHEIE TolHBREf s tHEHAGIEILh AR Bl BUFrEht eftipifiidivive feaeafScorded from
120 sec of AlbREEETR-aTtivtygardilieediiatibneiatciQddizcandithenmseddgicanstruct all-point

amplitude hlst r mst L werg fltted with multigaussian function ch Analysis software
uid a%rt% n Etl;'uorcsce%? R %c der 1) l"g#gg%fﬁfy l(alft)h ATP

(Bio-Logic cor ranc |croscop|c Urrent and open c) were determined
from 120 sebaéﬁ @W&m@ﬁ%ﬂmwa‘?ﬁ@%PW&@WMMW@M@@Y@W&@W%&W&% or from the
relationship &@seqliiN): dasdeiirameaRBuEERREyd. = single-channel current amplitude, and N = number
of active channels in patch. [0225] Cell Culture [0226] NIH3T3 mouse fibroblasts stably expressing
AF508-CFTR are used for excised-membrane patch-clamp recordings. The cells are maintained at 37
C in 5% CO2 and 90 % humidity in Dulbecco's modified Eagle's medium supplemented with 2 niM
glutamine, 10%
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fetal bovine serum, 1 X NEAA,13-WLE, 1 X pen/strep, and 25 rnlvi HEPES in 175 cm2 culture flasks.
For single channel recordings, 2,500 - 5,000 cells were seeded on poly-L-lysinecoated glass
coverslips %Hﬁ%f r 24 - 48 hrs at 27 C before use. [02271 Comp % (pg ;pntlon are
useful as mo tors I’) binding cassette transporters. Examples of ac ivities an |caC|es of the
compounds of Formula (I) are shown below in Table 3. The compound activity is |IIustrated with "+++"
if activity was measured to be less than 2.0 uM, "++" if activity was measured to be from 2 uM to 5.0
p.M, "+" if activity was measured to be greater than 5.0 MM, and "-" if no data was available. The
efficacy is ilfefBie SAREORE L+ if efficacy was calculated to be greater than 100 %,"-H-" if efficacy was
calculated to BeHrasmila0#% (ia MY =01 16 BiCacy WaSicalovlatad tHibrER 58, f1an 2%, and "-" if no
data was avag%{?ﬁ It should be noted that 100 % efficacy is the maximum response obtained with
4-methyl-2-(5-phenyl-1H-pyrazol-3- y&ghenol Table 3 ExampleActivity Compound No.EC50 (um)670
Efficacy | 1 e olution:

loride salis in Bath Solution #] are substituted with

gluconate salts,
02097  Cell Culture

[02567 NIH3T3 mouse fibroblasts stably expressing AF508-CFTR. are used for optical
measurements of membrane potential.  The cells are maintained at 37 °C in 5% CGO» and 90
% humidity in Dulbecco’s modified Eagie’s medium supplemented with 2 mM ghutamine, 10
% fetal hovine serum, 1 X NEAA, 8-ME, 1 X pen/strep, and 25 mM HEPES in 175 cm?
culture flasks. For all optical assays, the cells were seeded at ~20,000/well in 384-well
matrigel-coated plates and cultured for 2 hrs at 37 °C before culturing at 27 °C for 24 hrs. for
the potentiator assay. For the correction assays, the cells are cultured at 27 °C or 37 °C with
and without compounds for 16 — 24 hours. Electrophysiological Assays for assaying AF508-
CFTR meodulation properties of compounds.

[6212] Using Chamber Assay

{6213] Using chamber experiments were performed on polarized airway epithelia cells
expressing AFS08-CFTR to further characterize the AF508-CFTR modulators identified in
the optical assays. Non-CF and CF airway epithelia were isolated from bronchial tissue,
cultured as previously described (Galietta, L.1.V., Lantero, 8., Gazzolo, A., 8acce, O,
Romano, L., Rossi, G.A., & Zegarra-Moran, 0. (1998) In Vitro Cell. Dev. Riol. 34, 478-481),
and plated onto Costar® Sﬁapwellm filters that were precoated with NIH3T3-conditioned
media. After four days the apical media was removed and the cells were grown at an air
liquid interface for >14 days prior to use. This resulted in a monolayer of fully differentiated
colummmar cells that were ciliated, features that are charactesistic of alrway epithelia. Non-CF
HBE were isolated from non-smokers that did not have any known lung disease. CF-HBE
were isolated from patients homozygous for AF508-CFTR.

[6214] HBE grown on Costar® Snapwell™ cell culture inserts were mounted in an Using
chamber (Physiologic Instruments, Inc., San Diego, CA), and the transepithelial resistance
and shori-circuit current in the presence of a basolateral to apical CI gradient (ksc) were
meastred using a voltagc-clamp' system (Department of Bioengineering, University of lowa,
[A). Briefly, HBE were examined under voltage-clamyp recording conditions (th}d =0mV)
at 37 °C. The basolateral solution contained (in mM) 145 NaCl, 0.83 K,HPO4, 3.3 KH.PO,,
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1.2 MgCly, 1.2 CaCly, 10 Glucose, 10 BEPES (pH adjusted to 7.35 with NaOH) and the
apical solution contained (in mM) 145 NaGluconate, 1.2 MgCls, 1.2 CaCly, 10 glucose, 10
HEPES (pH adjusted to 7.35 with NaOH).

[8215] Idemiification of Polentiator Compounds

[6216] Tvpical protocol utilized a basolateral o apical membrane Cl concentration
gradient. To set up this gradient, normal ringers was used on the basolateral membrane,
whereas apical NaCl was replaced by equimolar sodium gluconate (titrated to pH 7.4 with
NaOH) to give a large CI” concentration gradient across the epithelium. Forskolin (10 pM)
and all test compounds were added to the apical side of the cell culture inserts. The efficacy
of the putative AF508-CFTR potentiators was compared to that of the known potentiator,
genistein.

[8217] Patch-clamp Recordings

[6218] Total CI" current in AF508-NTH3T3 cells was monitored using the perforated-patch
recording configuration as previously described (Rae, 1., Cooper, K., Gates, P, & Watsky, M.
(1991) J. Neurosci. Methods 37, 15-26). Voltage-clamp recordings were performed at 22 °C
using an Axopstch 200B patch-clamp amplifier (Azon Instruments Inc., Foster City, CA).
The pipetie solution containgd (in mM) 150 M-methyi-D-gluocamine (NMDG)-Cl, 2 MgCl,, 2
CaCly, 10 EGTA, 10 HEPES, and 240 pg/ml amphotericin-B (pH adjusted to 7.35 with
HCY). The extraceilular medium contained (in mM) 150 NMDG-CL, 2 MgCl,, 2 CaCly, 10
HEPES (pH adjusted to 7.35 with HC). Pulse generation, data acquisition, and analysis were
performed using a PC equipped with a Digidata 1320 A/D interface in conjunction with
Clampex 8 (Axon Instruments Inc.). To activate AF308-CFTR, 10 uM forskolin and 20 pM
genistein were added {o the bath apd the curreni-voltage relation was monitored every 30 sec.
[6219] Identification of Potentiator Compounds

[0220] The ability of AF508-CFTR potentiators to increase the macroscopic AF508-CFTR

CI current (Iizsos) i NEHIT3 cells stably expressing AFS08-CFTR was also mvestigated
using perforated-patch-recording techmigues. The potentiators identified from the optical
assays evoked a dose-dependent increase in IAgpsog with similar potency and efficacy observed
in the optical assays. In all cells examined, the reversal potential before and during

potentiator application was around -30 mV, which is the calculated Egy {-28 mV).

i8221]  Cell Culture
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102221 NIH3T2 mouse fibroblasts stably expressing AF508-CFTR are used for whole-cell
recordings. The cells are mamtained ét 37 °C in 3% COy and 90 % hamidity in Dulbecco’s
modified Eagle's medium supplemented with 2 mM glutamine, 10 % fetal bovine serum, 1 X
NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 cm® culture flasks. For whole-cell
recordings, 2,500 - 5,000 cells were seeded on poly-L-lysine-coated glass coverslips and
cultured for 24 - 48 hrs at 27 °C before use 1o test the activity of potentiators; and incubated
with or without the correction compound at 37 °C for measuring the activity of correctors.
[0223] Single-chammel recordings

{62241 Gating activity of wt-CFTR and temperature-corrected AFS0B-CFTR expressed in
NIH3T3 cells was observed using excised inside-out membrane patch recordings as
previously described (Dalemans, W, Barbry, P., Champigny, G., Jallat, 5., Dott, K., Drever,
D., Crystal, R.G., Pavirani, A, Lecocq, J-P., Lazdunski, M. (1991) Nature 354, 526 — 528)
using an Axopatch 2008 patch-clamyp amplifier (Axon Instruments Inc.). The pipette
contained (in mM): 150 NMDG, 150 aspartic acid, 5 CaCl,, 2 MgCly, and 10 HEPES (pH
adjusted to 7.35 with Tris base). The bath contained (in mM): 150 NMDG-CI, 2 Mg(Cl, 5
EGTA, 10 TES, and 14 Tris base (pH adjusted to 7.35 with HCI). After excision, both wt-
and AFS08-CFTR were activated by adding | mM Mg-ATP, 75 oM of the catalyiic sobunit of
cAMP-dependent protein kinase (PKA; Promega Corp. Madison, W1}, and 10 mM NaF 1o
inhibit protein phosphatases, which prevented current rundown. The pipette potential was
maintained at 80 mV., Channel activity was analyzed from membrane patches containing < 2
active channels. The maximum number of simultaneous openings determined the number of
active charmels during the course of an experiment. To determine the single-channel current
amplitude, the data recorded from 120 sec of AF508-CFTR activity was filtered “off-line” at
100 Hz and then used to construct all-point amplitude histograms that were fitted with
multigaussian functions using Bio-Patch Analysis software (Bio-Logic Comp. France). The
total microscopic current and open probability (P,) were determined from 120 sec of channel
activity. The P, was determined using the Bio-Patch software or from the relationship P, =
174N}, where 1 = mean current, 1 = single-channel current amplitude, and N = number of
active channels in patch.

(62251 Cell Culture

[8226] NIH3T3 mouse fibroblasts stably cxpressing AFS08-CFTR are used for excised-
membrane patch-clamp recordings. The cells are maintained at 37 °C in 5% CO, and 90 %

humidity in Dulbecco’s modified Eagle's medium supplemented with 2 mM glutamine, 10 %

66



What is claimed is: I.A compound of Formula (I): R2 0 0 3 or pharmaceutically acceptable salts
thereof, wherein: ring A is selected from: HHOH r-\--- HI k ?_\ f N ,/,---NCN ?=----N7).-- ,,,i,\,_,

WO 2010/648526 _ PCT/USL089/661882

fetal bovine serum, 1 X NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 e cultare
flasks. For single channel recordings, 2,500 - 5,000 cells were seeded en poly-L-lysine-
coated glass coverslips and cultured for 24 - 48 hrs at 27 °C before use.

{62271 Compounds of the invention are useful as moduiators of ATP binding cassette
trangporters. Examples of activities and efficacies of the compounds of Formula (I} are
shown below in Table 3. The compound activity is ilustrated with “+++7 if activity was
measured to be Jess than 2.0 pM, “++7 if activity was measured to be from 2 uM 1o 5.0 pM,
“¢ if activity was measured to be greater than 5.0 UM, and “~” if no data was available. The
efficacy is illustrated with “+++" if efficacy was calculated to be greater than 100 %, “++" if
efficacy was calculated to be from 100 % to 25 %, “+” if efficacy was calculated to be less
than 25 %, and “~" if no data was available. It should be noted that 100 % efficacy is the

maximum response cbtained with 4-methyl-2-(5-phenyl-1H-pyrazol-3-yhphenol.

Table 3
Exampie Activity o
C(}}npgur?d Mo, ECSG {g.lm} %o Efﬁcac:y

. L +
2 it 4t
3 +E =
4 ot ++
5 okt t
6 L +i+
7 s e
8 it 4
9 . -
10 4+ it
1 o n
12 . t
13 R ++
14 ot —
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, or -',- (@)(b)(c)(d) wherein: Rl is -CF3, -CN, or -CF-2---CCH2N(CH3)2; R is hydrogen, -CH3, -CFI3,
-OH, or -CH20113 123 is hydrogen, -C1-133 -OCH or -CN, provided that both R2 and R3 are not
simultaneously hydrogen. 2.The compound according to claim 1, whereinring Ais (a) 5,N

What 1s claimed is:

1. A compound of Formula (I):
RZ O! O Nt
3 b
1
N R
H

I
or pharmaceutically acceptable salts thereof, wherein:

ring A 1s selected from:

HO b H
E/Nﬂ: N | 5{N o N

(a) (b} (c) (d)

wherein:

R'is -CF3, -CN, or -C=CCH,N(CHs )

R’ is hydrogen, -CHj. ~CF3, -OH, or -CH,OH;
R is hydrogen, -CH;, -OCHj;, or -CN;

provided that both R* and R* are not simultaneously hydrogen.

A

(a).

=

N
-
The compound according to claim 1, wherein ring A is ¥



3. The compound according to claim 1, wherein ring A is (b). HO ,N 4. The compound according to
claim 1, wherein ring A is \- The compound according to claim 1, wherein ring A is (d). 6. The
compound according to any one of claims 2-5, wherein Rl is -CF3. 7. The compound according to any
one of claims 2-5, wherein Rl is -CN. 8. The compound according to any one of claims 2-5, wherein
Rl is -CE.- CCH2N(CH3)2. 9. The compound according to any one of claims-6-8, wherein R2 is
hydrogen. 10. The compound according to any one of claims 6-8, wherei/rﬁéfis -CH3.

W aN

-~
The compound according to claim 1, wherein ring A is kS

[B)

(b).

o

|
Iy

s/NQ

4, The compound according to claim 1, wherein ring A is 2

(c).

H._OH
5

5. The compound according to claim 1, wherein ring A 1s iLL/N
(d).
6. The compound according to any one of claims 2-5, wherein R’ is -CFs,
7. ‘The compound according to any one of claims 2-5, wherein R'is -CN.
8. The compound according to any one of claims 2-3, wherein R’ is -Cz-
CCHaN(CH;s)n.
9. The compound according to any one of claims 6-8. wherein R” is hvdrogen.
1. The compound according to any one of claims 6-8, wherein R? is ~CHs.
11, The compound according to any one of claims 6-8. wherein R? is -CFs,
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11. The compound according to any one of claims 6-8, wherein R2 is -CF:. 12. The compound
according to any one of claims 6-8, R2 is -OH. 13. The compound according to any one of claims 6-8,
wherein R2 is -CH20H. 14. The compound according to any one of claims 10-13, wherein R3 is
hydrogen. 15. The compound according to any one of claims 9-13, wherein 123 is -CH3. 16. The
compound acrordiméeanyond atalalng & 13y \wherdinligns AACH3isL DiThe compound according to
any one of claims 9-13, wherein R3 is -CN. 18. A compound according to claim 1, selected from

13.

14.

15.

16.

17.

18.

The compound according to any one of claims 6-8, wherein R? is -CH,OH.
The compound according to any one of claims 10-13, wherein R? is hydrogen.
The compound according to any one of claims 9-13, wherein R” is -CHs.

The compound according to any one of claims 9-13, wherein R® is -OCHs.
The compound according to any one of claims 9-13, wherein R? is -CN.

A compound according to claim 1, selected from

poaiee 5 pvers
N c o

F H
A .
N
O OF F
N F

=

b
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19. A pharmaceutical composition comprising a compound according to any one of claims 1-18 and a
pharmaceutically acceptable carrier or adjuvant. 20. The pharmaceutical composition according to
claim 19. further comprising an additional agent selected from a mueolytic agent, a bronchodialator. an
antibiotic, an anti-infective agent, an anti-inflammatory agent, a CFTR modulator other than a
compound of Formula (1), or a nutritional agent. 71 The pharmaceutlcal composition according to claim

20, wherein said
rm
m 0?‘-—]—-—?
o0
= =N
o]

F H
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F
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additional agent is a CFTR modulator other than a compound of Formula (I). 22.Use of a compound
according to any one of claims 1-18, for the preparation of a medicament for treating or lessening the
severity of a disease in a patient, wherein said disease is selected from cystic fibrosis, asthma, smoke
induced COPD, chronic bronchitis, rhinosinusitis, constipation, pancreatitis, pancreatic insufficiency,
male infertility caused by congenital bilateral absence of the vas deferens (CBAVD), mild pulmonary
disease, idiopathic parcreatitis, iallergic bronchopulgnonary agpergillosis (ABPA), liver disease,

hereditary emphyse hered oclaromatogis, coaautatign:fibrinolysis deficiencies, such as
protein C deficiency, angioedemd, ligid pfocessihg deficiencies, such as familial
hypercholester Ierhrgi pecl chylomicronemia, bé‘; lipdpradieinémia, lysosomal storage diseases,
such as I-cell gisgase/pseudo-Hurler, myeapgly$accharidoses, Sahdhof/Tay-Sachs. CriglerNajjar type

I, polyendocringpathy/hyperinsulemia, B 8s mellitus, Laron dwarfism, myleoperoxidase
a, alycanosis CDG type 1, congenital
hyperthyroidism, osteogenesis imperfecta, hereditary hypofibrinoaenemia, ACT deficiency, Diabetes
insipidus (DI), neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome, PerlizaeusMerzbacher
disease, neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease, amyotrophic
lateral sclerosis, progte] '\ée supranuglear palsy, Pick's disease, several polyglutamine neurological
disorders such as Hu ! [ rebullar ataxia type I, spinal and bulbar muscular atrophy,
dentatorubal pallidoluys and 1 giwogic dystrophy, as well as spongiform encephalopathies, such as
akob disease: (due to prion protein processing defect), Fabry disease,
r syndrome, COPD, dry-eye disease, pancreatic insufficiency, osteoporosis,
osteopenia, Gorhamys Syndrome, chloride channelopathies, myotonia congenita (Thomson and
Becker forms), Bartter's syndrome type lll, Dent's disease, hyperekplexia, epilepsy, lysosomal storage
disease, Angelman syndrome, Primary Ciliary Dyskinesia (PCD), PCD with situs inversus (also known
as Kartagener syndrome), PCD without situs inversus and ciliary aplasia, or Sjogren's disease.
23.The use according to claim 22, wherein said diseasge is cystic fibrosis. 24. Use of a compound
according to any one of claims 1,18 for the preparation pf a medicament for treating or lessening the
reduced CFTR function due

severity of a disease in a patiept, in said disease fs associate
to mutations in the gene enhcodin R or environmerital factor§ @ the disease is cystic
fibrosis, chronic br is, recunfent bronchitis, acute, 8, M

>

| fertility caused by congenital
bilateral ab 16 vag deferéng (CBAVD), fem rtility catised by congenital absence of the
uterus mid vagina (CAUV), il pathig chronic Peatitis (ICP), idiopathic recurrent pancreatitis,
idiopathic acute pancreatitisig‘u{onic rhingﬁépu is, primary sclerosing cholangitis, allergic
bronchopulmonary aspergillosis, diabetes, dry eye, constipation, allergic bionchopulmonary
aspergillos @(ABPﬁ})@%ﬁ(ﬂlﬁ?@ﬁ%%nﬂfo@ﬁmﬁ]@om%%isﬁ%ea%fo%§8mﬁoa%ggr&%%o{g g, tg.any one of
claims 1-18 for the preparation of a medicament for treating or lessening the Severity ot a disease in a
patient, whéféiliigaid didcase iBrassserateriiiithcaentnblecCETR fanetipvaR6. The use of claim 25,
wherein the disease is chronic obstructive pulmonary disease (COPD), chronic bronchitis, recurrent

bronchitis, acute bronchitis, rhinosinusitis, constipation, chronic pancreatitis, recurrent pancreatitis, and
acute pancreatitis, pancreatic insufficiency, male infertility caused by congenital bilateral absence of

the vas deféfens (EBAVBIMAHsarORERF GBI KiFeiTahEréarie; roapiikaass, hereditary

emphysemaddlaistongengastiaRsephagsabinliux sisgasengasiainasinalmalignancigs.
inflammatory bowel disease, constipation, diabetes, arthritis, osteoporosis, or osteopenia. 27. The use

of claim 2520 eAdiiEadl 18 harB amar ABhGERFohatd s airasheriEimdlysis deficiencies,
such as preigitheudeficiensyulyae, @,ﬂpﬁ@{;ﬁt@@g@@%@@dema, lipid processing deficiencies, such as
familial hypercholesterolemia. Type 1 chylomicronemia, abetalipoproteinemia, lysosomal storage
diseases, such as I-cell disease/pseudo-Hurler, mucopolysaccharidoses, SandhorTay-Sachs.
CrigierNajjar type Il, polyendocrinopathy/hyperinsulemia, Diabetes mellitus, Laron dwarfism,

myleoperoXidase défigibmeya@imanychypoparathvaicisme, melanontawalreannsis CDG type 1,
congenital Qty&%rgh oidismé 0 ene@islim nerfecia, hereditary hypaofibrinogenemia, ACT deficiency,
Diabetes inS|p|du§¥§§?%telu %ﬁg&gf ﬁﬁté’gr‘f}a%f B2 ENFPUGIMAHE BB Syndrome,
PerlizaeusMerzbacher disease, neurodegenerative diseases such as Alzheimer's disease, Parkinson's
disease, amyotrophic lateral sclerosis, progressive supranuclear palsy, Pick's disease, several
polyglutamine neurological disorders such as Huntington's, spinocerebullar ataxia type I, spinal and
bulbar muscular atrophy, dentatorubal pallidoluysian, and myotonic dystrophy, as well as spongiform
encephalopathies, such as hereditary Creutzfeldt-Jakob disease (due to prion protein processing
defect), Fabry disease, Straussler-Scheinker syndrome, Gorham's Syndrome, chloride
channelopathies, myotonia congenita (Thomson and Becker forms), Bartter's syndrome type Ill, Dent's
disease, hyperekplexia, epilepsy, lysosomal stora’g"'e disease, Angelman syndrome, Primary Ciliary

Dyskinesia (PCD), PCD with situs inversus (also known as Kartagener syndrome), PCD without situs
invvarcirie and ciliaryy anlacia or [|inAran'e dicaace




28.A kit for use in measuring the activity of CF7FR or a fragment thereof in a biological sample in vitro

or in vivo, comprising:
one of claims 1-18;

(i) a composition comprising a compound of Formula (I) according to any
(ii) instructions for: a) contacting the composition with the biological sample; b)

measuring activity of said CFTR or a fragment thereof. 29.The kit of claim 28, further comprising
instructionsyfor: a)ieenéastingaeadditiona serreundwith-heRiglqgica) sample; bl measuring the
activity of said CFTR or a fragment thereof in the presence of said aofdltlonal compound, and thereof
in the presérBEBFAEBHIBDERBHSOESHAINE Y Rctarening 16 BRijHne Bfchaingst1Isre80. The kit of
claim 29, wheaeindhe stapioficamparing thesaetivity of sald G kR fragmentrthereqfprovides a

measure of the density of CFTR or fragment thereof. 31. A method of modulating CFTR activity in a

biological sEFfpfEIE

PSSP BmsbitiadtingTsaili e PRR wilic Arcofissuay. detlerding to any one

of claims 1i4&rtility caused by congenital bilateral absence of the vas deferens (CBAVD), mild

pulmonary disease, idiopathic pancreatitis. allergic bronchopulmonary aspergiliosis

(ABPA), Iiver disease, hereditary emphysema, hereditary hemochromatosis,

coagulation-fibrinolysis deficiencies, such as protein C deficiency, Type 1 hereditary

angioedema. lipid processing deficiencies, such as familial hypercholesterolemis,

Type 1 chylomicronemia, abetalipoproteinemia, lysosomal storage diseases, such as I-

cell disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tav-Sachs, Crigler-

Najjar type II, polyendocrinopathy/hyperinsulemia, Diabetes mellitus, Laron

dwarfism, myleoperoxidase deficiency, primary hypoparathyroidism, melanoma,

ghycanosis CDG type 1, congenital hyperthyroidism, osteogenesis imperfecta,

hereditary hypofibrinogenemia, ACT deficiency, Diabetes insipidus (DI),

neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome, Perlizaeus-

Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,

Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuclear palsy,

Pick’s disease, several polyglutamine neurological disorders such as Huntington's,

spinocerebullar ataxia type I, spinal and bulbar muscular atrophy, dentatorubal

pallidoluysian, and myotonic dystrophy, as well as spongiform encephalopathies, such

as hereditary Creutzfeldt-Jakob disease (due to prion protein processing defect), Fabry

disease, Straussler-Scheinker syndrome, COPD, dry-eve disease, pancreatic

insufficiency, osteoporosis, osteopenia, Gorham’s Syndrome, chioride

channelopathies, myotonia congenita (Thomson and Becker forms), Bartter’s

syndrome type Ill, Dent’s disease, hyperekplexia, epilepsy, lysosomal storage disease,

Angelman syndrome, Primary Ciliary Dyskinesia (PCD). PCD with situs inversus

(also known as Kartagener syndrome), PCD without situs inversus and ciliary aplasia,

or Sjogren’s disease.

23. ‘The use according to claim 22, wherein said disease is cystic fibrosis.
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32. A process for preparing a compound of Formula (Ic). R2 0 0 ¢ N' IH or phadiaceutically acceptable
salts thereof, comprising the steps of: (a)reacting a compound of formula 2a with an amine of
formula 3 to provide a compound of formula 2b  (6)converting the compound of formula 2b to the
amine of fotinula 2c via reduction

24, Use of a compound according to any one of claims 1-18 for the preparation of
a medicament for freating or lessening the severity of a disease in a patient, wherein
said disease is associated with reduced CFTR function due to mutations in the gene
encoding CFTR or environmental factors, wherein the disease 1s cystic fibrosis,
chronic bronchitis, recurrent bronchitis, acute bronchitis, male infertility caused by
congenital bilateral absence of the vas deferens (CBAVD), female infertility caused
by congenital absence of the uterus and vagina (CAUV), idiopathic chronic
pancreatitis (ICP}, idiopathic recurrent pancreatitis, idiopathic acute pancreatitis,
chronic rhinosmusitis, primary sclerosing cholangitis, allergic bronchopulmonary
aspergiliosis, diabetes, dry eye, constipation, allergic bronchopulmonary aspergillosis

(ABPA), bone diseases, or asthma.

25, Use of a compound according to any one of claims 1-18 for the preparation of
a medicament for treating or lessening the severity of a disease in a patient, wherein

said disease is associated with normal CFTR function.

26.  Theuse of claim 25, wherein the disease 1s chronic obstructive pulmonary
disease (COPD), chronic bronchitis, recurrent bronchitis, acuté bronchitis,
rhinosinusitis, constipation, chronic pancreatitis, recurrent pancreatitis, and acute
pancreatitis, pancreatic insufficiency, male infertility caused by congenital bilateral
absence of the vas deferens (CBAVD), mild pulmonary disease, idiopathic
pancreatitis, liver disease, hereditary emphysema, gallstones, gastro-esophageal reflux
disease, gastrointestinal malignancies, inflammatory bowel disease, constipation.

diabetes, arthritis, osteoporosis, or osteopenia.

27. The use of claim 25, wherein the disease is hereditary hemochromatosis,
coagulation-fibrinolysis deficiencies, such as protein C deficiency, Type | hereditarv
angioedema, lipid processing deficiencies, such as familial hypercholesterolemia,
Type 1 chylomicronemia, abetalipoproteinemia, lysosomal storage diseases, such as I-
cell disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-
Najjar type 1L, polyendocrinopathy/byperinsulemia, Diabetes mellitus, Laron

dwarfism, myleoperoxidase deficiency, primary hypoparathyroidism, melanoma,
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[(__, 02N -7 -MH2N-- -M--- RiRi 2b2c ; and (c)reacting the amine of formula 2c with an acid of foiniula
id to provide a compound of Formula (Ic) wherein Hal is F. Cl, Br, or [;

glycanosis CDG type 1, congenital hyperthyroidism. osteogenesis imperfecta,
hereditary hypofibrinogenemia, ACT deficiency, Diabetes insipidus (DI},
neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome, Perlizaeus-
Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuclear palsy,
Pick’s disease, several polyglutamine neurological disorders such as Huntington's,
spinocerebullar ataxia type 1, spinal and bulbar muscular atrophy, dentatorubal
pallidoluysian, and myotonic dystrophy, as well as spongiform encephalopathies, such
as hereditary Creutzfeldt-Jakob disease {due to prion protein processing defect), Fabry
disease, Straussler-Scheinker syndrome, Gorham’s Syndrome, chloride
channelopathies, myotonia congenita (Thomson and Becker forms), Bartter's
syndrome type [1, Dent’s disease, hyperekplexia, epilepsy, lysosomal storage disease,
Angelman syndrome, Primary Ciliary Dyskinesia (PCD), PCD with situs inversus
(also known as Kartagener syndrome), PCD) without situs inversus and ciliary aplasia,

or Sjogren’s disease.

28, A kit for use in measuring the activity of CFTR or a fragment thereof in a

biological sample in vitro or in vivo, comprising:

{1) acomposition comprising a compound of Formula {1) according to any

one of claims 1-18;
{i1) instructions for:
a) contacting the composttion with the biological sample;

b) measuring activity of said CFTR or a fragment thereof.

29. The kit of claim 28, further comprising instructions for:
a) contacting an additional compound with the biological sample;

b) measuring the activity of said CFTR or a fragment thereof in the

presence of said additional compound, and

¢) comparing the activity of the CFTR or fragment thereof in the presence

of the additional compound with the activity of CFTR or fragment

1
i



OR HN, and ring A is selected Ra0 HitORa A or ,N -"L (a)(b)(c)(d) wherein

thereof"in the presence of a composition of Formula (I) according to

any one of claims 1-18.

30, The kit of claim 29, wherein the step of comparing the activity of said CFTR

or fragment thereof provides a measure of the density of CFTR or fragment thereof,

31, A method of modulating CFTR activity in a biological sample comprising the

step of contacting said CFTR with a compound according to any one of claims 1-18.

32, A process for preparing a compound of Formula (Ee),
LA
SO BN
Ry AN i Y =
L
N
H
(Te)

or pharmaceutically acceptable salts thereof, comprising the steps of:

{a}) reacting a compound of formula Za with an amine of formula 3 to

provide a compound of formuia 2b

Fn, Yy
o T
K1 | E
S —— P
O,N E OQN 5
R, R,
2a 2b

(b} converting the compound of formula 2b to the amine of formula 2e¢ via

reduction
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Rlis -CF3, -CN, or -CE-2-CCH2N(CH3)2I R2 is hydrogen, -CH3, -CF3, -OH, or -CH20H; R3 is
hydrogen, -CFB, -0C1-13, or -CN; provided that both R2 and R' are not simultaneously hydrogen. and
Ra is hydrogen or a silyl protecting group selected from the group consisting of trimethylsilyl (TMS),
tert-butyldiphenylsilyl (TBDPS), Teributyldimethylsilyl (TBDMS), triisopropylsilyl (TIPS), and [2-
(trimethylsilyBethoxylmethyl (SEM). - 33: The process of claim 32, wherein the amine of formula 3 in
step (a) is generated in situ from the amjne hydrochloride salt. .34. The process of claim 33, where
n122 is TBDMS. 35. The pr pe?s% of claim_34, wheggin step p)\o curs’in acetonitrile in the presence
of triethylamine. 36. The, £ ;of claim 32, wherein s;_tg,g ; curs in the presence of a palladium
catalyst, wherein the solvent C(Q{nprises methanol or ethanol. %7. The process of claim 32, wherein
step (b) occurs in water in the gffsence of Fe and Fe504 or Z% c%md AcOH. 38. The process of claim
32, wherein step (c) occurs in &'5olvent in the presence of ; and
0-(7-azabenzotriazol-1-y1)-NAININ1-tetramethyluronium hexafluorophosphate (HATO) and
triethylamine or in a solvent in the presence of propyl phosphonic acid cyclic anhydride (T3PS) and

pyridine. 39. The process of claim 38, wherein the solvent in step (01) comprises N.Ndimethyl
fonnamide (DMF){@thyl AB3KakE. BF sopetisyiteiranift6tidhan acid of formula 1d to provide

a compound of Formula (Ic)

.
]

N LA
i o ‘\_"/ R2 ? e tea-
HQN/‘-/ T T W

Fl?* = N) R’

H
id 2¢ (Ic)

wh{_are_in HalisF, Cl, Br,or [}

2,
"
HN=1
the amine of formuia 3 is . : , or
H
OR®
N
&\ . and

ring A 18 selected from:

~ % R2 &,oaa

whereln
R’ is -CF3, -CN, or -C=CCHN(CHa s,
R? is hydrogen, -CHs, -CFs, -OH, or -CH-OH;

R is hyvdrogen, -CHs, -OCH5, or -CN;
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40. The process of claim 39, wherein RI1 is TBDMS. A is(C), or(d), wherein 1Z8 is a silyl protecting
group, to HO  (d) 02N 42.A compound which isRi, wherein ring A is

provided that both R? and R? are not simultaneously hydrogen. and

R® is hydrogen or a silyl protecting group selected from the group consisting
of irimethylsilyl (TMS), rers-butyldiphenyisilyl (TBDPS), rert-
butyldimethylsilvl (TBDMS), triisopropylsilyl (TIPS), and [2-
(trimethylsilylethoxylmethyl (SEM).

33.  The process of claim 32, wherein the amine of formula 3 in step {a) is

generated in situ from the amine hydrochloride salt.

34, The process of claim 33, wherein R* is TBDMS,

35, The process of claim 34, wherein step (a) occurs in acetonitrile in the presence
of triethylamine.
36.  The process of claim 32, wherein step (b} occurs in the presence of a

palladium catalyst, wherein the solvent comprises methanol or ethanol.

37.  The process of claim 32, wherein step (b} occurs in water in the presence of Fe

and FeSO4 or Zn and AcOH,

38.  The process of claim 32, wherein step (¢) occurs in a solvent in the presence of
O-(7-azabenzoinazol-1-y1)-N N N’ N'-tetramethyluronium hexafiuorophosphate
(HATU) and triethylamine or in a solvent in the presence of propyl phosphonic acid

cyclic anhydride (T3P®) and pyridine.

39, The process of claim 38, wherein the solvent in step (¢) comprises N.N-

dimethyl formamide (DMF), ethyl acetate. or 2-methyltetrahydrofuran.

40.  The process of claim 39, wherein R is TBDMS.
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(a)(b)(c)(d) wherein Rl is -CF3, -CN, or CE-CCH2N(CH3)2. and Ra is hydrogen or a sityl protecting
group selected from the group consisting of trimethylsilyl (TMS), rert-butyldiphenylsilyl (TBDPS),
rert-butyletimethylsilyl (TBDMS), triisopropylsilyl (TIPS), and [2-ctrimethylsilyBethoxy]methyl (SEM).
wherein Rl is -CF3, -CN, or -C=CCH2N(CH3)2. and Re is hydrogen or a silyl protecting group
selected from the group consisting of trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS),
ren-butyldimethylsilyl (TBDMS) tritsopropylsilyl (TIPS), and [2-(trimethylsilyl)ethoxy]methyl (SEM).
44.A compaund offirerstlasélf) claid:® Qikbdr comprising a deprotection reaction when ring

Ra H
3 H ORe
k—Ng wN
A s © o d)  wherein R? is a silyl protecting group, to
HO
H
generate a compound of Formula (I}, wherein ring A is (€) , or
H
GH
”‘:«;NQ
(d)

, wherein ring A 18

; RO H o
E/NQ Nm %—Nﬁ %Ng
1 o N o
{a) (b} (c) (d}

wherein
R’ is -CFs, -CN, or ~C=CCH.N(CH3 ), and

R* is hydrogen or a silyl protecting group selected from the group consisting
of trimethylsiivl (TMS), ferr-butyldiphenylsilyl (TBDPS), rert-butyldimethyisily!
(TBDMS), tritsopropylsilyl (TIPS), and [2-(trimethylsilyDethoxy]methy! (SEM).
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FR3 1IH (IA); or pharmaceutically acceptable salts thereof, wherein: ring A is selected from(c), or(d)
wherein Rl is -CF3, -CN, or -Ca--2-CCH2N(CH3)2; R2 is hydrogen, -CF13, -CF:" -OH, or -CH20Ht R3
is hydrogen, -C112" -0CF13, or -CN:

D
HoN"
43. A compound which 15 R , wWherein ring A is
a H
QN S
o
NPT N %Nq %NQ’
¥ , R4 , ,or
(a) (b) (c) (d)

wherein
R’ is -CFs, -CN, or -C=CCH,N(CHs), and

R* is hydrogen or a silyl protecting group selected from the group consisting
of trimethylsilyl (TMS). rert-butyldiphenylsilyl (TBDPS), feri-butyldimethylsilyl
(TBDMS) triisopropylsilyl (TIPS), and [2-(trimethylsitylethoxy]methyt (SEM).

44, A compound of Formula (IA):

(TA);

or pharmaceutically acceptable salts thereof, wherein:

Ra0 H
H OR®
% Nq &;NQ
ring A is selected from & o (d)

wherein
R is -CFs5, -CN, or -C=CCH,N(CHz)»;

R? is hydrogen, -CHjs, -CF;, -OH, or -CH,;OH;
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provided that both R2 and R3 are not simultaneously hydrogen, and Ra is a silyl protecting group
selected from the group consisting of trimethylsilyi (TMS), tert-butyldiphenyisilyi (TBDPS),
tertbutyldimethy1silyl (TBDMS), triisopropylsilyl (TIPS), and [2- (trimethylsilypethoxyjmethyl (SEM).
R” is hydrogen, -CH;, -OCH3, or -CN;
provided that both R* and R are not simultaneously hydrogen, and
R® is a silyi protecting group selected from the group consisting of
trimethylsilyl (TMS), ter-butyldiphenylsilyl (TBDPS), teri-
butyldimethylsilyl (fBDMS), triisopropylsityt (TIPS), and [2-
(trimethylsilyDethoxvimethyl (SEM},
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