MODULATORS OF CYSTI C FI BROSI S TRANSMEMBRANE CONDUCTANCE REGULATOR

CROSS- REFERENCE TO RELATED APPLI CATI ONS [1] The present application

cl ai ns t NOBBHEMBR260f priority under 35 U.S.C. 119 to BET{ESA0S06ISEL
Provi sional Application Serial Nunber 61/107,830, filed Cctober 23, 2008
and entitled "MODULATORS OF CYSTI C FI BROSI S TRANSMEMBRANE CONDUCTANCE
REGULATOR," the entire contents of which is incorporated herein by
reference. TECHNI CAL FI ELD OF THE | NVENTI ON [2] The present i nvention
relates to : 5,01 CVSE I ¢ DL s LI ansoenorane conayct
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present invention aI o) reI at es tom Rf treati ng d| seases u5| ng
modul at ors of CFTR. BACKGROUND OF THE TNVENTION [3] ATP cassette
transporters are a famly of nenbrane transporter proteins that regul ate

t he_ transport of a wrgeskHEmRENIE PORIRCHPAPPRIC AUORS, potentially
toxi c drugs, and xenobiotics, as Well as anionS. They are honol ogous
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agai nst Cé(}ﬁﬁﬁ ?ﬁeé’%# 8 ve been

i dentified and groupe ?gﬁw d ?tggg a%ngs fs"H&{Ehgel{nr% gl%cgﬁ%%ml entity and
functi on.refefed¢e. One nenber of the ATP cassette transporters famly comonly
associ ated with disease is the cAMP/ ATP- nedi ated ani on channel, CFTR CFTR

is expressed in a variety of cells types, including absorptive and
secretory epithelia cel ' BECHNErAL FIELDEQH TMEBDVENTION | ux across the
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I n pati erat® mmfheclyasbdmtﬂmxlosmem identigtand fimciion. CFTR endogenously expressed
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[ 7] Sequence anal ysis of the CFTR gene of CF chronosones has reveal ed a
variety of disease causing nmutations (Cutting, G R et al. (1990) Nature
346: 366- MW 209H4B526M et al . (1990) Cell 61:863:870; an@CRASMIOBIE et al .
(1989) Science 245:1073-1080; Kerem B-S etal. (1990) Proc. Natl. Acad.
Sci. USA 87:8447-8451). To date, nore than 1000 di sease causing nutations
in the CF gene have been identified

(http://ww. genet. sickkids,on.cal/cftr/ The m)st preval ent nutation is a
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inability the nutant protein to exit R, and traffic to the pl asma
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supra; Pqegd arndphaaketith dyd@AHrosis] muliohs m@mf‘@ﬂbgeﬁaﬁly hPredsedW) . I n
addition to 61508-CFTR, R117H %FTR and Gb51D CFTR, ot h%r di sease gausi ng
mut at i on<eIPIFAETRIfHiIe4dda fRdpcsd ppisal aniqn; Sﬁge[t‘t"aﬂa\“ﬁ‘%g@‘n‘ alageqingiasd and/ or

channel gRafid Rghsp&OUTTHE r@s@lttﬁ@ﬂe&éasgﬂy‘ﬁndxﬁ%klﬂ&ﬁﬁnﬁr@uﬁé toRih@HREOMUSACT et i on and
nodi fy di sease progression_and/ or severity HQ)A Al t houqh CFTR transports a

Vari ety GroUREinbGe e Aad heisrpmRanying Biobislintpationt BAYUIRMAELYAIE I ol o (the

transpor tgemth iR0F PhFontsC It MdikhR 8 RdpRA&IREN_LED pdiRRE SRANS s@Re relement in an
i mportant mechanism of transporting ions and water across the epithelium
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that are responsible for the uptake of chloride into the cel 10] These
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present agesittimee amhoma mléndadtzhyéraamdreslﬂmg\fmm Idtamﬁﬁasgermpﬁrpxmmdm@khec hannel s

expressed ql at ele rfa th Secondary active
transportrel(a)l ec’fﬁ?%h?g%c?c ?1%%515' ‘ﬁlﬁt na H‘g‘mﬁa '8¥s to the accumul ation of
i ntracel [{6&Ar cﬂ&hlmnmjmalyﬂﬂsbﬁmemmmmoﬁﬂédumabwnieehmwdabdmerhﬂletyofa Cl ion

Co-t 1 ansibt g e e SRR o R b NS B P SR R channe s

on the basagdoaten al: ssamoamei Iaaelmm‘SRem (1489) lsuemaw somttmooxdemane t he

secretion h n de. Be er is

pr obabl y eﬁ@Z/Q‘égéﬁ{r &‘%ﬁ ‘g?“glzg‘iﬁo‘?@egpgfigu%l) |1t% 34 Htﬁr% i‘g’o\é\gﬁ% i a
depends QaudidgWuthtich %eft OFgkhdhave Sedtiigtige@di ents generated by the bul k
fl ow of sodiumand chloride. [11] Defective bicarbonate transport due to

nut at i ondhiti/weryreened sichidt %%%"é/a 1o mayi s veieptaptaionds gesletionfsecret ory

functi Onstyhexgﬂ’ﬁanu?eﬂp@sm@’ﬁ)@o@t}i‘e'dﬁmdﬁm hAi® gﬁ&@e bdn@@sr&%@énﬁv RfLkeld on and
mucovi sci'dosis,” Paul M Quinton, Lancet 200 372: 415-417. [12]

Mut at i ongs M5Q§:¢ﬁrl{h§b“ ANEALAE SeRT B0 SBPTaKimatelb resscat ditiTreagspof aYsSEi on ar e
al so evi gfptsid 4 %&&&E&Wﬂe@&@%&ds&ms that share certain di sease

mani f est at i ons W t
[008] The deletion of residue 508 in AFS08-CFTR prevents the nascent protein from
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 nmeet the diagnostic criteria for CF. These include congenital bilateral
absence of the vas deferens, idiopathic chronic pancreatitis, chronic
bronchi t i¥O 28HWP48Rboni ¢ rhinosinusitis. O her diseases PRTIMRA/M$BANt CFTR
is believed to be a risk factor along with nodifier genes or environnental
factors include primary sclerosing cholangitis, allergic bronchopul nonary
aspergillosis, and asthma. [13] G garette snoke, hypoxia, and

environnental factors that induce iQf-/.pOXi c _signaling have al so_been

denonst r deBARANPOPTYFA IR CRlsFIRPP S Vi tya%QFﬁ%ygtfes*ﬁ_ tiop futmpaires Edheldns forms of
respi r at Qphy mi{aB6@RSults I §lle @S e CRHARI kY, ONGRhEd fie rddusQBRBDHet FhadiRY ipe due
to defective CFTR function but do not neet” the diagnostic criteria for CF
are char dbe membege andl tordaeqtise gating lewd deeeduesd anipn gpnspert agreistepidelieo cystic
fibrosi s, c/imitthablelfyedbn £ HRiPk Vel YOIRYorDP. MEQGH CF RLEH P1: 3dger di seases
not directly caused by nutations 1n R, such as secretory di seases and
ot her pr d¥7éVn Stwligibage diowedwesveretipaherdiyed @rmbers GFAR0BeghRirgechl ori de
and bi car r - ' ' S fluid
movement , Hoap e MpRERE el 5, BB MELoE P IR TOMRAE, (o AR [ )

Def ect s iImon@FPR: §26~528aDemnidg @ ak ayerapPasiykh endafaskeaty(1895)du Ctls. Biochemng70or gans,

i ncludin iver, and P t rs COFPPY ds .t hat enhance
the gati %1&5%2§ (#)\'/;f”f ?/ddéﬂfonég$%g?)f§§£%‘tﬂlﬁﬁt¢1}? c%rde é]{nsgr%r ane.’ ﬁglseéﬁsgease whi ch
i nvol ves datiigk@iatichs @i CFIR th edssls ini dafraii vearehffidkini gl s yneigsik afntdonchanigdai red mucus
cl earance, .or bllggked dgcts Iefldi ng to inflammti on a@&éji ssue destruction
coul d be BR&SRIARF BP1o5 Ao Tesaied g pller anipy sqcrepign and mp EFB3%ut are not
limted tRegréRivaRh@oRsdrityict i ve pul nonary di sease (COPD), asthma, snoke

i nduced D, chronic bronchitis, rhingsinusjtis, constipation, dry eye

di sease, G0 sjHusn SFEY HapsaRws 2 yaiety® molsspls giewddition £9 aiyony; ik s glear

gal | st onagat ki€l thetFRERPSS anRARH chiBfid SHABIAFR6nAOWBHreh i @AS Blembidiad S
characterized by airflowlimtation that is progressive and not fully

rever si bligportané meshapiserof (apsppaing ¢ensjaad Weater cgespihessithalivar Jbe PYET on,
emphysent. e iRhRRGH éﬂiﬂhéllia'?’ NaPahYAINZ, Na*/DUE /&M Lo Bhnspbked; hyDR.CFTR of fer

a potential treatnment of nucus hygersegretl on and inpaired nucociliary

cl ear anceATHesg purep agrhobrsplatcebpembspe Ki thanasls.phat predespansilie fos Hieowtakecr et i on
across CRjr dibrifi®¥ed RCedi tate fluid transport into the airway surface liquid
to hydrate tlhe mucus and optim zed periciliary fluid viscosity. This would
| ead t o dfHncldhesnadondnks worl tagedar rckeverdiestionaldrresposiracioss thh epithehpnons
associ at L] addi t4 0n. - ' [ ' ' nd

o 1 a8 hd fobllzadth, B RELLT ARG b it BHeERC,
or sl ow thysheaetitadativitestENaE andICFIR firksentainrtivagpicahsemblane acltthe Na'es
enphyseng,.a reduce orreverse the increase.in mUcUs creti cel | nunber
and 2t go AT PR AR oL TR hBSeL B PERR G e R o BliPh Seiy Ve
di sease istiehamginsficiletdddfron tiddaméabddd lnads eathe agqueaniltsiop bbuitradel lalar and

abnor nal ar, filmlipid, protein and cin.profiles. There are ma causes
o v oyl i oo eBinaRiE e BT VY R Qi sesh el el S
medi cat i afgspoet @\¥ta6gdnidnb of NE 2K NG, traabpoetet) NS K" AP ol o@SAR theuch as

cystic fibrosis and Sjogrens's syndrone. Increasin ni on secretipn via
GFTR vioul S URFEHRENALG - SRR e PRBiHcr ATEa6r ALE F DhaisarTan 8l | s and
secr et Or YooBldAfkthSscreAb el dhthrid 91a8ER 6h the RinGAS 8ide OBERALe W&HidhroRdbly Thi s
would help to alleviate the s tonms associated with dry eye di sease.

Sj ogr ens' i§vaiaRivebhiEansRorigr itselt ¢p Havdeross withdie depenghpr iyt Fosepithelie system

att acks rﬂahﬁﬁéléx%di_l%ﬁtﬁ’gélﬁ{*a'&gl_@'tﬁé‘ﬂﬁk}19\5%%9}1‘:5aﬁtﬂ‘?ﬂ&ﬁ@)’, including the eye,
mout h, skin, respiratory tissue, liver, vagina, and gut. Synptons, include,
dry eye, [fbUt h Defertive bigirhenategsangear] dugdo mytagjorsiis €XIR is iypethgsizeddg eavse al so
associ at it !';gﬁ,g I £1.S,. o5 S¥; Fifraki .  ¢c.scl erosis,
and pol yqngggiéﬁ?f({s#gl&h%? nyO'Estliogigssécb%?'écﬁsgglgrro%# gyﬁmtrerﬁa ‘%I cE?tﬁg is

bel i eved scoctvaesd musevistiders & aulf Mr QuinioohLance 2008 #72:clibiddihs are |imited.
Modul at or f . ACt 1 M . E i .affll,cted by the
i seace. A0 EAS LY it SOHEE Bl T RRS e US4 00, Y5 1
cystic fidvidestis piteews withowndicots thgissare esstaof disenteasdnifiesthtionb stith (it buodo and

hi gher i1ncidences of rectal polapse, gallstones, gastro-esophageal reflux
di sease, G nualignancies, and inflammatory bowel disease, indicating that
CFTR function may play an inportant rpole in preventing such diseases.
[0161As di scussed above, it is believed that the deletion of residue 508 in
\ F508- CFTR prevents the nascent protein fromfolding correctly, resulting
inthe inability of this nutant protein to exit the ER and traffic to the
pl asma nmenbrane. As a result, insufficient anounts of the mature protein
are present at the plasma nenbrane and chloride transport within epithelial
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WO 2010/ 048526PCT/ US2009/ 061882 [18] In addition to up-regulation of CFTR
activity, reducing anion secretion by CFf R nodul ators may be beneficial for
the treatWBR010H8¥6cret ory di arrheas, in which epitheli LTSRN/ 06188hspor t
is dramatically increased as a result of secretagogue activated chloride
transport. The nechani sminvol ves el evati on of cAMP and stinmulation of cvm
[19] Although there are nunerous causes of diarrhea, the nmjor conseguences
of diarrheal diseases, resulting fromexcessive chloride transport are

conmon t dehpeet thediagnastic aakeriaden oF - afheshinclyde eppgenital hilaiezgl pbsenef Qfilienvaand

deat h. AcdétRer@NdiophRRhfoniRAGTERRAS, hRRIER&IMI, ANBIcRonBEhSMusE 0bhRM i n
many areas of the world. Diarrhea is both a S|gn|f|cant factor in

mal nut ri tdissasea fowhigempEadCRER ishekeved fo etk fagtorgbmeooth raehfitigesesgF) in
children Jd,688ndie tcio¥Ein AR irfdr§ sc,ler[aﬁ.f)é cé%%% QfiYr fé' @&{cﬂgﬁém&{a?y al so a

dangerous condition in patients Wwth acquire ode I ci'ency syndrone
(Al DS) arrdpesgitions, end sstimgrmat or y bovvel di sease (I1BD). Sixteen nillion

travel er 3| i ﬁgg&&{%sﬁrﬂ,kg%wg&ﬁé on E}QM%&&@‘#&FE&&%%‘)&E?%&;@&%% year

devel op everl?y and nunber or cases varying
dependi ndraenalsdieeco demonsyraadth i laxpem CH Rifnzotien and rpmqonﬁ:ﬁm@rtd cerglin/formhhafre i s a

need for potent and sel CtIV tiat t t ant
forms of "RUNAN CRER® esaseChﬁﬁ l eﬁ% I(S)?asn%(?tl‘aﬁérfaﬁge duebutd\égef‘:tévenot imted
to, AFSOEfdﬁitl,on GoixdoDot fekdt Tile cﬂxagnaﬁ&gzﬂ%am CF {2 2harddneized asCEIR elaedieed f or
nodul ators of CFTR activity, and conpositions thereof, which can be used to
nodul at e Y58 ctivity of the CFTR in the cell rrenbrane of a mammal . [ 23]

There is [alqeexda&dﬁxronrtebmdbemfsxsm@caﬂatm ofICBER aQ5i9 atay &d bbnefion! &t b@er i n CFTR
[ I V] 24] There is a need for nethods

usi ng such rmdul ors of TR activjt

of nodul deAYyS Bt eﬁ&q‘%ﬂg@ywtﬁmw Ewaﬁ SCeERTY 418256% a9 Atheral |
SUMVARY %otﬁu%ldinwﬁ%hmdlﬁt%i;y CFTkaSFmR%éaﬂz@da cheHBdaddidarionpeuRds of
this invention, har maceuti cal | y acceptabl e conpositions thereof, are

useful agCrBHiE swlt%lrega off many| oIty ql Jluid Ry e RS D BIGHHS SRR 2T MHEWer al

Formul a (Jigeosi R@ and enzyme ac@amtp haéfea@ﬁlttﬁmaméa@e %@ka?gb |o?th§%{r$v§y &Jb%@of
wherein RI, are described generally a I n classes and
subc| assdB ngay Wm mcludmg the liver and pancreas. Potentiators are compounds that enhance

the gating activity of CFTR present in the cell membrane. Any disease which involves
thickening of the mucus, impaired fluid regulation, impaired mucus clearance, or blocked
ducts leading to inflammation 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 Sjogren’s Syndrome, gastro-esophageal reflux disease, gallstones, rectal
prolapse, 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 CFTR offer a potential
treatment of mucus hypersecretion and impaired mucociliary clearance that is common in
COPD. Specifically, increasing anion secretion across CFTR may facilitate fluid transport
into the airway surface liguid to hydrate the mucus and optimized periciliary fluid viscosity.
This would lead to enhanced mucociliary 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 underlyses mucus hypersecretion in airway



[ 26] These conpounds and pharnmaceutically acceptabl e conpositions are
useful for treating or |lessening the severity of a variety of diseases,

di sor der sVO@P10{#BIPt i ons associated with nutations i n CRERUSBEYAFISED

DESCRI PTI ON OF THE | NVENTI ON General Description of Compounds of the

I nvention: [27] The present invention relates to conpounds of Fornula (1)
useful as nodulators of CFTR activity: (l); or pharnaceuticall y accept abl e
salts thereof, wherein: ring Ais sel ected from R is -CF3, -CN, or

~ Ca- CCH2 NiseR1sy- 2Dryreve fiseas i arapferizegiyg a deerease in tegy aqugous pyadeytion pad | g

hydr ogen, gpaddial tearFtildipid 'bro'tégl\lan&ﬁﬁ’é{ﬁ ghofics NBferdoRs HmBanﬁwé oR@h‘yQ'&@ sHak

si mul t aneousl y hydrogen. Conpounds and Definitions:” [28] Compounds of this
i nventi oref derdudetaes d-asilk sEG supesay, gehréiisamedicationy ehempipd/tharmalfhymsher

il1lustr ataﬂgr theH?ls +SQ§S§1§§1’2}S ‘E*&Q !ﬁﬂﬁ)?ﬁ%nd ﬁ]'agﬁeﬁpﬁ Bt %(ft_lré?éﬁg altﬁGﬁel n. As

used herein, oW n nitions s I'y unl ess ot Rerw se
i ndi cat edecret[dzgﬂla@ﬁ"éRv@nmenhw finid rapipott drom tascm@élend@ﬂ@hﬂ cpliseand an

2B e SBLAA BELS o B LR LS, TR Lt one
alleviate the symptoms associated with dry eye disease. Sjégrens’s syndrome is an
autoimmune disease in which the immune system attacks moisture-producing glands
throughout the body, including the eye, mouth, skin, respiratory tissue, liver, vagina, and gut.
Symptoms, include, dry eye, mouth, and vagina, as well as lung disease. The disease is also
associated with rheumatoid arthritis, systemic lupus, systemic sclerosis, and
polymypositis/dermatomyositis. Defective protein 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 disease and may help to alleviate the associated symptoms.
Individuals with cystic fibrosis have recurrent episodes of intestinal obstruction and higher
incidences of rectal polapse, gallstones, gastro-esophageal reflux disease, GI malignancies,
and inflammatory bowel disease, indicating that CFTR function may play an important role
in preventing such diseases.
[016]  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, et al., Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., et al.,
Neurochem. International, 43, pp 1-7 (2003); Rutishauser, J., et al., Swiss Med Wkly, 132, pp
211-222 (2002); Morello, JP et al., TIPS, 21, pp. 466- 469 (2000); Bross P., ¢t 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-antitrypsin; non Piz variants), hereditary hemochromatosis,

<
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thereof is present in vivo or in vitro. The term "bi ndi ng domai n" as used
herein means a domain on the ABC-transporter that can bind to a nodul ator.
See, e.g.WORMMYSSZ®, C. et al., J. Gen. Physiol. (1998) PCTABL@PO6KE3Y- 90.
[30] The term "CFTR" as used herein neans cystic fibrosis transmenbrane
conductance regulator or a nutation thereof capable of regulator activity,
i ncluding, but not limted to, AF508 CFTR, R117H CFTR, and G551D CFTR (see,
e.g., http://ww. %enet si ckkids.on,ca/cftd, for CFTR nutations). [31] The
term nncfﬁf‘%‘(lqt‘ﬁﬁ‘f geolysisdefisiengiet syaban Broteie £ d5l5iensy ok yrad eedidatig by a
measur ablg,RBRRAL lipid bRedssihB Aei@E¥es, RO R farkflid FhypSlchol X rbRMiaCT R if uncti on”
as used herein neans w | d-type like CFTR with o}? any inpairnent due to
envi r onnehylamiqenenis sbaialpaPRE eIk I YIgsonBbitPiaes @)‘ﬁFaS%rsuéhw heellg t hat produces

i nfl ammtdls%se? @B%{driép%co élgélchlh@oskse(fdﬂé toﬁﬁ%%iﬁzﬁ EF Qhzyriegfduced CFTR
function' sed herein rregl [ ess than nor ‘F rﬁgess t han nor nal
CFTR fun(ﬂandiwffrai-SﬂthRblpthﬁrﬂlpmum&aSﬂr) HiriglérrNegiat iyphll (GMO(&W-‘!’tﬂ cal el errent S

versi on, iR B Rr SERRRRGE pUMRG IR RRIAARL SRl Dl IRURLTIRELS. O3

princi pl eiasutiﬁ raaepg}axr),i Icarcumamr&m §duauegrdwﬂldronmw receptod); gateoper@hidase str y"

Thomas So Uni versit cie ks, Sausalit 199 nd rch' S
Advanced EPgaI TPl SR R renoBi iR a5 Sonn
Wley & Sonsosiiesy Yo &Seﬁﬁ&i&ociahﬂ vdthithe latteehkesitER mfalfwi&nsxhara&ydamse;by

i ncor por by .ref erence. ations substituents envisioned by
i | e bt dr B ER i RO Bh it (P17 RAERR: SoBERIEL on of ot abl o
or chem GapdnhyfedshMsRogmpRoindeectd (e teTyPe TSI QMﬁocolla@nM&%dlw ein, refers

to compoynds_that are not s bstantl |1y alter ybjected to
condi t i ofYPYPrEPEBGMAHuG iR} Fln?ﬁeah@?} Cle&at(gwﬂ mHEPabl y t hei r

recovery DlMdsfiﬁsﬁﬁdds D), REMEbpH§Rall O (4SS vasophBkia h@ﬁn&rﬁéﬂ/%&@%ﬁs di scl osed
herein. In sone iments, a stable conpound or chemcally fea3| bl e

conpound PERIOHEC E’h@tle fosaapanoria dh<eharrof-Maris Tapth syndiorphelye kopstiphgrala

tenper at Y R1iR brokd2 D! PdrStus- Wrzb%c@ﬁ%%@ﬁet@@de?&ieﬁﬁl% BisQkesQLlLLs chem cal ly
react| ve condn tions, for at | east a week 36] The term "protecting
group”, aYzheieer siliscaseriduerte PAPE andprspendlige Parkineen’s diseasmpwyeiraphic laterab| ock one
or nore &ﬂn&éﬂ% rtain
enbodi mgﬁgioglgdpﬁégggsg%th I 5%5F§upd Ezgplﬁéalg%agﬂgédgwg&y%r era uro'l 13 of the
f ol | owi ndlisordgrszuchessitimiiggion’s spineceedbyllarataaittined] wlmahagﬁudbaymmlaro gi ve a
protecte ! b at one or

or e of - oty hahGub I BISFAAR hibureal B, R ARSI 2, 8"  n Good
yield by enwgdnpa@neshatchdmhmcxhtaat(Elactkfeldhéaht)égananadledo f.mmnmrpmmal group.

Exenpl ar rotectin s ar alled i Gin

" Pr ot ect ?{’ (£° iﬁ"“&j%é ﬁg'rﬂ%pg‘ﬁwa%e( %tfj %ngoéndl %ﬁc@s ﬁetﬁ-‘g %‘Vfd“ﬁx&rf%lf“&y & Sons,
New Yor K:syddd&fe (caBeb mpfpﬁfcesamgtdeﬁe@ iffertility panbeadkis, pzﬁhere@tﬁti infgficieyent s of

whi ch are hereby incor qallped b§ ref erence. Lagxg g}ess ot herw se st at ed,
St ruct ur OSCRRAIE BUCIWEN R yagomE Shiorife chappdlopaiics) PYPISHREMEN e, g,
enant i ONgThdmsofl aAS BEEOIIRNY) CBarfétth sGEQOME kype 1l Wen® Afseds8Blyb&BIHIdKNa, f OF B of
the structure; for exanple, the R and S configurations for each asymetric
center, (CE‘}CPéhd‘y?fE?kPéthi’oiYéOSSB&%HSt?fééﬁﬁéi‘eése aneelpe syadepmeel riganiCdliarat i onal

| soners. pReh&ioreD) %’mbvﬁh%;t@srxﬁ%ﬁ@f@l&ﬁinoh@‘amﬁﬁag@ﬁer‘éﬁ{drorﬁé) pAgNti oneri c,
di astereorreric, and geonetric (or conformational) m xtures of the present
corrpoundszﬁlPétW%ﬁVﬁSl{Stﬂédgk&l@W@PwlatmIMVPF\ﬁb‘i%ﬁe_on Unl ess ot herwi se stat ed,
al | taut qpy| Cdﬁr%eﬁfes Aok O RE6] i TR IR R AL dafeip} he scope

of the invention, . rrpou may exl st s tautoners:
(1) congenital b11atcra1 absence of the vas deferens, (CBAVD), mild pulmonary disease,

idiopathic pancreatitis, and allergic 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).



[38] Additionally, unless otherw se stated, structures depicted herein are
al so neant to include conpounds that differ only in the presence of one or

nore i sot\VPiI20HVA4§52enri ched at ons. For exanpl e, conpound®CRAPRHMY/061882 pr esent
structures except for the replacenent of hydrogen by deuteriumor tritium

or the replacenent of a carbon by a 13C or 14C-enriched carbon are within
the scope of this invention. Such conpounds are useful, for exanple, as

anal ytical tools or probes in b|0|098§ assa Such conpounds
parti cul dP18] cdnpédiveistoppaesuiasion af AT b ety %r?é“onr?ﬁ%fe ophy SR Rodi f i ed

met abol i GuRuPREE faf e béﬂ%ﬁ&ﬁl‘f@iﬂx@ﬂezﬁ%ezﬁ%@%&e@&y d%ﬁ%%ﬂ%mh dpfdiiall Ne present

i nvention provides a conpound of Formula (1): harnaceutlcally

accept abl veatey dtapsporthiedramaticailh grcespsed ap p Frgulnof ss';crg@g%fp é@Fl‘TﬂFed hloride () (b) (c¢) (d)
‘s Hatis GGHEN SrPwdr CF3, -OH, or

. CHon %ﬁ‘“’pm%? g{cé n, “?’g , é-;oé%i fion't CA- N Elpfr?’%\@fﬁlt S Rat both R2 and R3

are not d0HII t aéd@gugi tgzemyld:rr@lg@mus causes of dlarrhea 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 problem in many arcas 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]  Secretory 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 diarthea, with the severity and number 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 CFIR forms include, but are not limited
to, AF508del, G551D, R117H, 2789+5G->A.

[022]  There is 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 OF THE INVENTION

[025] It has now been found that compounds of this invention, and pharmaceutically

acceptable compositions thereof, are useful as modulators of CFIR activity. The compounds

&%@

have the general Formula (I):

\
]
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[040] In one enbodinent, ring Ais 5 1- (a). [41] In one enbodinent, ring
Ais [42] In another enbodinent, ring Ais (c). [43] In yet another
enbodi merVO 2P104Y8R6i s (d). PCT/US2009/061882

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.
DETAILED DESCRIPTION OF THE INVENTION

General Description of Compounds of the Invention:

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

CFTR activity:

@,

or pharmaceutically acceptable salts thereof, wherein:

\
1
L

ring A is selected from:

E’N%,“{N T

R'is -CFs, -CN, or ~C=CCH;N(CH3)s;

R? is hydrogen, -CH;, -CF3, -OH, or -CH,0OH;

R’ is hydrogen, -CHj3, -OCH3, or -CN;

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

‘8-



[44] In one enbodinent, R is -CF3. [45] In another enbodinment, R is -CN
[46] I n another enbodinment, Rl is -CECCH2ZN(CH3)2. [47] In one enbodi nent,
R2 is -C8O2pWAH8I2A anot her enbodi nent, R2 is -CF3. [49PCIrAUS3H8{0psH2
enbodinent, R2 is -OH [50] In another enbodinment, R2 is -CH2CH. [51] In
one enbodinment, R3 is -CH3. [52] In one enbodinent, R3 is -OCH3. [53] In
anot her enbodinent, R3 is - CN. [54] I n one enbodinent, R2 is hydrogen; and
R3 is -CH3, -OCH3, or -CN. [55] In another enbodinment, R2 is -CH3, -CF3,
“OH, or -t prasent imzivper iy e gEI. S Sinding dOSAEY 45 UEHBSHITRIAIS 20f ¢ he
present ifuaNdnQhe Aﬁb%nﬁ)o'rt%r t{at can bind to a modulator. See, e.g., Hwang, T. C. et al,,

J. Gen. Physiol. (1998): 111(3), 477-90.

[030] The term “CFTR” as used herein means cystic fibrosis transmembrane conductance

regulator or a mutation thereof capable of regulator activity, including, but not limited to,

AF508 CFTR, R117H CFTR, and G551D CFIR (see, e.g.,

http://fwww.genet.sickkids.on.ca/cftr/, for CFTR mutations).

[031] The term “modulating” as used herein means increasing or decreasing by a

measurable amount.

[032] 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.

[633] The term “reduced CFTR” or “reduced CFTR function” as used herein means less

than normal CFTR or less than normal CFTR function.

[034] 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" Ed. Additionally, general principles of organic chemistry are described in “Organic

Chemistry”, Thomas Sorrell, University Science Books, Sausalito: 1999, and “March’s

Advanced Organic Chemistry”, 5t Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons,

New York: 2001, the entire contents of which are hereby incorporated by reference.

[035] 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 altered 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 altered when kept

at a temperature of 40°C or less, in the absence of moisture or other chemically reactive

conditions, for at least a 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 multifunctional compound. In certain

embodiments, a protecting group has one or more, or preferably all, of the following

characteristics: a) reacts selectively in good yield 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

LB



, R is -CF3, R2 is hydrogen; and R3 is -CH3, -OCH3, or -CN. In other
enbodi nents, Rl is -CN. In still further enbodinents, R is -C=CCH2N( CH3) 2.
In one enOIHEMBI26R3 is -CH3. O, R3 is OCH3. O, R3 PETMUSRI00pI$8Y] | n
further enbodi ments of the present invention, ring Ais '2-, R is CF3, R2
Is -CH3, -CF3, -OH, or -CH20H, and R3 is hydrogen. In other enbodinents, R
Is - CN In still further enbodi nent s, RI S -CECCI—|2N(CH3)2 In one
enbodinent, R2 is -CH3. O, R2 is -CF3. is -OH O, R is -CH2OH
[058] | n remeable in gpasicldbr reges Bhafeiomoza@@ﬁlf ﬂ)ﬁmg@mra%funmml g5, R s

| s - C@( P‘é ]???C?r%%tq%@? ateSctalibPm GrekdeT. V@rW'ug\k’ ¢ fh %&&&w@@?&gg ments,

_ enmbodi ments, Rl i's - CECCHZN(CH3)2. I n one
errbodl merit Ormlqmﬂﬁm%'fh@ Edipgn,iJghn WHgy &Gons, Rwi ork CAP99, afdygher| n furt her

o7’ Mgl o5 e SRl R A B0 kot e 1 58

In still [63ft Welesenbodisrstated, stRittures de@oBThieif Gtd3)@. mdant tonm:heimabdl rrent , R2

is -G iscgmerilc::\)%e.ig.,serfanqi:c?merg dias%%‘egﬁerfcga_llid ggorhetﬁczz (oirscor-)fgr_rlx%a 1onal)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)
double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures 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., compounds of Formula (I) may exist as tautomers:

‘. A M

AT I

M @.
[038] Additionally, unless otherwise stated, structures depicted herein 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 of
hydrogen by deuterium 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

analytical tools or probes in biological assays. Such compounds, particularly compounds that

contain deuterium atoms, may exhibit modified metabolic properties.

Description of Exemplary Compounds:

[039] The present invention provides a compound of Formula (I):

w&w@“

@

\
)
K
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[60] In several enbodinents of the present invention, ring Ais, R is
CF3, R2 is hydrogen; and R3 is -Cl-13, -OCH3, or -CN. In other enbodi nents,
R is -CNVORA10/048326| furt her enbodinents, Rl is -G - =CCREZI(USHYPR6I8Bh one
enbodiment, R3is -CH3. O, R3is -OCH3. O, R3is -CN. [61] In further
enbodi ments of the present invention, ring Ais V, R is -CF, R is -CH3,
-CF3, -OH, or -CH0H, and R3 is hydrogen. In other embodinents, R is - CN
In still further enbodinments, Rl is -CCCHZN(CH3)2. In one enbodlnent R2 is
_CH3. Or, R2 {Ephappareuiggally pereptable gylis thoreof,pgheedni. CHPOH. [62] I n sever al
enbodi ment s of thenﬁgg§§ﬁhw&a%%gylon ring AisV ,R is -CF3. R is
hydrogen; and R3 is -CH3, -OCH3, or -CN. In other enbodinents, R is -CN
In still further enbodinents, Rl is CCHEN( &H3) 2. Ho ewe enbodi ment, R3
is -CH3. O, R3 is -0OCH3. F%i CN. 3] In furfher enbodi ments of
the present invention, ri hS N N

POQUNTER NS
(a) {b) (©) d)
R' is -CF3, -CN, or -C=CCH,N(CH:)y;
R? is hydrogen, -CHj, -CF3, -OH, or -CH;OH;
R’ is hydrogen, -CHj, -OCH;, or -CN;

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

A

{a).

A

{041] In one embodiment, ring A is %

[6406] In one embodiment, ring A is E-/

(b).
HO, H

N

[042] In another embodiment, ring A is %
(c).
H__OH
[043] In yet another embodiment, ring A is %
(d).

[044] In one embodiment, R!is -CF;.

[045] In another embodiment, R' is -CN.

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

[048] In another embodiment, R%is -CF3

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

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

-11-



-CF3. R2is -CH3, -CF3, -OH, or -CH2OH, and R3 is hydrogen. In other
enbodi nents, Rl is - CN. In still further enbodinents, Rl is

- C=CCH2N(WO2) /04886 0ne enbodi nent, R2 is -CH3. O, R2 i CTES0090p188R2 | s
-01-1. O, R2is -CH20H. [64] Representative conpounds of the present

i nvention are set forth belowin Table 1 below. WD 2010/048526

PCT/ US2009/ 061882 Table 1 WO 2010/ 048526PCT/ US2009/ 061882 Cener al

Synt heti ¢c_Schenes ) 3,
[051] In one embodiment, R’ is -CH;.

[052] In one embodiment, R? is -OCH;,

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

[054] In one embodiment, R%is hydrogen; and R? is -CHj3, -OCH;3, or -CN.

[055] In another embodiment, R%is -CHs, -CF3, -OH, or -CH,OH; and R® is hydrogen.

16

N
[056] In several embodiments of the present invention, ring A is kY R R'is
-CF3, R? is hydrogen; and R? is -CHs, -OCHj, or -CN. In other embodiments, R! is -CN. In
still further embodiments, R} is -C=CCH,N(CH3),. In one embodiment, R3is -CH;. Or,R%is

-OCH3. Or,R’is -CN.

{057] In further embodiments of the present invention, ring A is H’:N ,Rlis

-CF3, R? is -CH,, -CF;, -OH, or -CH,OH, and R is hydrogen. In other embodiments, R is -
CN. In still further embodiments, R} is -C=CCH;N(CH;). In one embodiment, R? is -CHs.
Or, R?is -CFs. Or, R%is -OH. Or, R? is -CH;OH.

[058] In several embodiments of the present invention, ring A is %/N , R'is

-CF3, R? is hydrogen; and R’ is -CHj3, -OCH;, or -CN. In other embodiments, R' is -CN. In
still further embodiments, R! is -C=CCHyN(CH3),. In one embodiment, R? is -OCH;. Or, R?
is -CHs. Or,R’is -CN.

[059] In further embodiments of the present invention, ring A is ¥ " ,Rlis
-CFs, R%is -CH;, -CFs, -OH, or -CH,OH, and R%is hydrogen. In other embodiments, R'is-
CN. In still further embodiments, R! is -C=CCH,N(CH;),. In one embodiment, R%is -CH;.
Or, R” is -CF3. Or, R?is -OH. Or, R is -CH,OH.

HO_ H

N

e
[060] In several embodiments of the present invention, ring A is % ,R'is
-CF3, R? is hydrogen; and R® is -CHs, -OCHs, or -CN. In other embodiments, R' is -CN. In

12



10651Conpounds of the present invention are readily prepared by nethods
known in the art, and as depicted in Schene 1-3. Schene L Preparation of
ConpoundsWe20gHazea (1) . O N HOEt Hi Hal a CEt Hal | BCTABR@A/O0pISSE or b, d
R1

still further embodiments, R' is -C=CCH;N(CH3),. In one embodiment, R?is -CHs. Or, R}
is -OCHs. Or, R%is -CN.
HO_ n

[061] In further embodiments of the present invention, ring A is &’:N ,R'is
-CF3, R? is -CHj, -CF3, -OH, or -CH,OH, and R? is hydrogen. In other embodiments, R'is -
CN. In still further embodiments, R is -C=CCH;N(CH3). In one embodiment, R? is -CHs.
Or, R?is -CF;. Or,R?is -OH. Or, R?is -CH,OH.

H,_oH

N
[662] In several embodiments of the present invention, ring A is kY ,R'is

-CFs, 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(CHs),. In one embodiment, R? is -CHj. Or, R®

is -OCH;. Or, R’ is -CN.
H. _OH
peg

[063] In further embodiments of the present invention, ring A is k1 ,R'is

-CFs, R%is -CHs, -CF5, -OH, or -CH,0H, and R?is hydrogen. In other embodiments, Rlis -
CN. In still further embodiments, R is -C=CCH,N(CHj),. In one embodiment, R? is -CHs.
Or, R?is -CFs. Or, R?is -OH. Or, R?is -CH;OH.

[064] Representative compounds of the present invention are set forth below in Table 1

below.

-13-



00 a) (C2R) 2CH=CH(OR), tol uene, heat;
reflux, N2 atnosphere; c) Renova

(e.g. -CWO2PpH/@ss2p2, EtOH; d) renoval
acid; e) CH3CN, Et3N, heat;

phosphoni ¢ acid cyclic anhydride (T3PQOD),
nmet hyl t et r ahydr of ur an.
depicts a convergent approach to the

rep
(1) from substituted benzene derlvaﬂﬁgbs.la and 2a.

b) Dowt her m or di phenyl
of hal ogen bl ocking group if present

of protecting gr8GHURWY/0pEBEL or
f) Pd/C, H2, EtOH; HATU, Et3N, DVF or propyl
pyri di ne,
WO 2010/ 048526PCT/ US2009/ 061882
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reduction jof 2b\provi des am ng| 2c.

d saponiftication (st

me 1.

| agi im cat al'yzed

he

e, X r
:@Eirm

-4
n
b}
==X
n
-
-
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Schenme 2. Preparation of Conpounds of Forrmula (I) a) DVBO, K2CO3, 80C;
b) N, N-di et hyl prop- 2-yn-1-am ne, Pd(PPh3)2C12, Cul, DM, TEA, 80C, c) Fe,
FeSO4, HMOGPI0A48S26cOH, H20; d) HATU, Et 3N, DVF or propVCTARae8Mes8: aci d
cyclic anhydride (T3P(r)), pyridine, 2-nethyltetrahydrofuran. [069] Schene 2
depicts the synthesis of conpounds of Fornula (1) bearing a propynyl am ne
si dechai n. Thus, coupl ing of nitrobenzene 2a, wherein Hal is brom de,
chloride, or.the ALj Ke.. W ‘ i3 AS dF‘fl ned herein.in the presence

pot assi um cal e ¥n DMEQ pribvides confound 4 Pdlladium.cdfalyzed
coupling o corrpound 4 W|th N . rret hyI prop 2- yn 1fani ne, followed by ijfron
or zinc al yzed reduction ofthe nltrFo noi ety, ptjovi des arp ne 5 Cou%l i ng
g g i R rpgund
) N
r

C aQppoulfid 6 whi gl 4
|- Hr eppar at i On @ d?r of For ma & ¢ R

is Hor O

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.
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a) DVMBO, K2CO3, heat or CH3CN, TEA, heat; b) PGX such as TBDWVSCl, base such
as imdazole, DMF, c) H2, Pd/C, EtOH, d) HATU, Et3N, DMF or propyl

phosphoni WO281048326| i ¢ anhydride (T3P(r)), pyridine, PCT/US2009/061882

2-met hyl tetrahydrofuran; e) deprotection of PG such as HCl, EtOH PG =
Protecting group; X = leaving group. Lin% A ; [70] Schene 3 depicts the

synthesis of a conpound of Fornmula (1) wherein "'--' 3 1is
7-azabi cycl o[ 2. 2. 1] hept ane, ‘optlonall__bearlng an exo or endo hydroxy group
at the 2- position. YehemeddBreparationel Compoundsaf Kergnula ().

(+)-endo-7-azabj cycl o[ 2. 2. 1] heptan-2-ol, (-)-
endo- 7- azablcym?o[z 2. 1] hept an- 2- ol ,
(+)-exo-7- a[at:_yclo[2.2.1]heptan-2-o|, and (-)-exo-7 -
azabi cycl o[ 2] ﬂheptan-2-o| can be prepared using procedures as descri bed
in Fletcher, \S_ R ﬁt al., "Total Synthesis and Determ nation of the
Absol ute Cbnf|uuré¥ dn of Epi batidine," J. Org. Chem 59, pp. 1771-1778
(1994). 7-Azabymyclo[2.2. 1] heptane itself is comercially available from
Tyger Scientifjc IH. 324 Stokes Avenue Ewing, NJ, 08638 USA. [71] Thus,
as with the series of transformati ons summarized in Schemes 1 and 2,
coupling of conpound 2a with the bicyclo[2.2.1] am ne 7 provides conpound
8. If a hydroxy group is present in conpound 8, it may be necessary to
protect the hydroxy group wth a protecting group prior to subsequent
transformationgsz Thus, treatnent of conpound 8 with tert-butyl
dinethylsb&yl *hl ori de using known conditions provides the protected
conmpound PrA Oy t 0 redgcetion of the nitro noiety to provide the am ne 10.
Am de formati ith Idji(cf. Schene 3) and renoval of the hydroxy
protecting gro@gp edegr provides conpound 11 which is a conmpound of
Formula (1). Uses, Fo | ati on and Adnlnlstratlon Phar maceutically
accept abl e coﬁ%%§|tﬁbnsﬁEF72] | Arape %spect of the present invention,
pharmaceuticaliy acceﬁhable conposilti ons*ar p$ yi ded, wherein these
conpositions c¢ gprlse any ijl"a?o ounds --descri bed herein, and
optionally co §8r%dpharnaceut gaffy acceptaBle carrier, adjuvant or
vehicle. In ceftain enbodi nents, ,these conpositions optionally further
conpri se one o[ nore addi ti onal tlherapeutic agents. [73] It will also be
appreci ated t ipat *ertﬁln of the gdéhpounds of present invention can exist in
ROLALT eat neRt . or wher appropriate, as a pharmaceutically
acceptabl e deri atijye §tHa prodr ug thereof According to the present
i nvention, a-pHargeceutically acceptab$e derivative or a prodrug includes,
but is not linitedHto, pharnmacettheall-y-“acceptable salts, esters, salts of

such esters, @Hapry ot her addu'n derivative which upon adnlnlstratlon to

thereof. [74]) dsraised herein, thefterm "pharmaceutically acceptable salt”
refers to those salts which are, thin the scope of sound nedical

j udgnent, suitiable for use in co act-wi'th the tissues of humarfs ahd | ower
ani mal s wi thout undue toxicity, |rr|taL40h aIIerglc response and the li ke,

.....

a conpound as |ot herwi se descri bg h:erein or a netabolite or residue

ester of a nOﬁh' ) C&h' gﬁ**,s N OO 2t N lon to a
reci pi ent, iis_egapalb i ) ndRrectIy, a
conmpound of this Niwventi on UrmewrﬁﬁﬂﬁﬂﬁTTﬁiIy”actmme metabolite or residue
thereof. [75d Pharmaceutically %cceptable salts are well known in the art.
For exanple, S. M Berge, et al. describes pharnadeutlcally accept abl e
salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated
her ei n by ebsr pORECHRIRY, PoReaE Hefalb) Doaﬁﬁﬁﬂbﬁ&b&nsywtﬁ@ eflud, kg conpounds  of
thi's i nvephdphert; n%zuﬁhavau REBAoFAHIOERR o LFRPSHEseAlt 8. JONOP@ENHE, FROH; & gani ¢
aci ds andeaw®st pr @tmglg@él bPHAE BP&SH d) €N, E@Ne}maabimcn@pﬁmc‘g aci d
addi ti on BRtUSEA DR Eﬁmgﬁ pﬁBsﬁBHﬁxBQ&gEﬂ%@ HIRIRBSMPRY, jyRaREANI ¢ aci ds such
as hydr qutﬁ)}meﬁa@g}o@mmh robromc
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acid, phosphoric acid, sulfuric acid and perchloric acid or with organic
acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric
acid, suc¥WPRPV/M8328 or nul onic acid or by using other nBCRAH30099et$82 n t he
art such as ion exchange. [76] Qther pharmaceutically acceptable salts

i ncl ude adi pate, al ginate, ascorbate, aspartate, benzenesul fonate,
benzoate, bisulfate, borate, butyrate, canphorate, canphorsulfonate,
citrate, cycl opentanepropionate, digluconate, dodecylsulfate, edisylate
(et hanedi sul fonate), ethanesul fonate, formate, funmarate, glucoheptonate,
gl ycer ophgggihalsenentt HEQRAL a@@onb@rgaﬁ u{;ﬂr@&cﬁ to 18 PEPRARSFof CG%omQ 8t e,
hydr oi odi de, 2-hydroxy-et hanesul'fonate, |actobionate, |actate, | aurate,
lauryl sorraele (1) framatibstityied kearane derivagiviestle and@a.hirtbsvilimeis staasformation,

napht hal engsud, In‘?zﬂi%h%la &hﬁlﬁ%lo@%g y’ﬂh%&&‘?& wifllafifileSe thﬁrle QEﬁm ARhgtate,
panpat e, pectinate, pers te, ?Ep enyl propi onat'e, osp a?e, picrate

pi val at e Fopndpilpnat ke, aCBEecﬁrlmng,eithﬂdb(hmbﬁnzgtdhmkﬂe'l) -, a/rlt’ ™t e, thiocyanate,
Pt UG A A PANSRA Rl A EEA) o Mo ATl dilShy Sal (o

derived froma propria al’i Ine‘earth neta
anmoni u mfemdmhﬂe( (DMFI)aJIr pyobysubfadnicsacidldyckic anhydridel (ﬂiB\P@) a8 pgmhns indhs t he

quatem zati.on of basji c, ni cont ai s of.. the unds

i sct osedaiDhefn e Gl S B P e FfSr i iiad et RRD Do

obt ai ned beizehd ddrivativt 17 8idq0thce Remesantwaith at-mbkiakd c@idedhiial ofria ear t h
metal salts include sodjum Jithi ssium _cal ci magnesi um and the
li ke. Furtihei® PBH9PTHE B P@ﬁ@@hb@?&&& whirgia Ry i, 2 ‘E}E{épgr%?gﬂc propriate,
nont oxi C niRGHtHMor EHéaike) b provinmoni um and ami ne cations forned using
counterions such as halide, hydroxide, carboxylate sul fate, phosphat e,

nitrate, P&ler Siompound At ‘éﬁ‘é&"@“%‘& carpoxylicapid ddaian thiee 3tep soqueggsdndlydingy above,
the phar npegiidcaRt ExligkieR Bﬁ&%&uw&ﬁk% Do Rfm BMpEHh?lS&EHr (ddpugnt i on

addltlonally conpri'se a pharmaceuti cal | g acceptabl e carrier, adjuvant, or
vehi cl e, follivwed by aemeyabaf needes) af the hlorkiae al&&ﬁ?“ﬁ(ﬁ@?&ﬂ pndes pllsdtuan- di | uents, or

other i %Hﬂa@rzé’cﬁ&h&lb na@éé&%ﬁ&n%bx?srhn%cxﬁ%% BREZLAN & dBonifflibRAERpIG! THE agent S,

i sotoni c agénts ckening or enul sifying agénts, preservat|ves sol
bi nders, ordsppf &ademotesiion@ahésapprification siepy eagde W)’etsh‘b 1paptep e gimecclosage f or m

desired [ i ences, Sixteenth Edition, E. W
Martin (I\‘?Ialz\)@)gé %&%ﬁgl sﬁfﬁg?@?&&égssggéﬁmﬁéa. , 1980) di scl oses various carriers
used in fle68tul Refemgngoizainria ehemeciahhilinexderiepivale sarcapeiradifoors and known

t echni ues 1.0 f t i ent i onal
carrier iararehEs A SAREAM s aloleh “Rvs AR HEEH AR Al BRI O
by produ0|ng any. unde5|rable bi ol ogi cal effect or otherwise interacting in
a del eterious franner with any other conponent(s) of the pharmaceutically
accept ablaenmﬂo%om t3 asefineddreresreinitiee presenesmp igtindanioe pvides ¢tvimpotie2ls cope  of
this inv e f r whi ch can serve as

phar rrace(é{alﬁ%aglfl?fﬁgl”%ed %i%nﬁgf§fa@rqr§$§e%laﬁ'§+e J’e but are not limted to, ion
exchangers, alum na, alum num stearate, |ecithin, serum proteins, such as
human serum al bum n, buffer substances such as phosphates, glycine, sorbic
acid, or potassiumsorbate, partial glyceride m xtures of saturated
vegetable fatty acids, water, salts or electrolytes, such as protam ne

sul fate, disodi um hydrogen phosphate, potassi um hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, nmagnesiumtrisilicate, polyvinyl
pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropyl enebl ock

pol ymers, wool fat, sugars such as | actose, glucose and sucrose; starches
such as corn starch and potato starch; cellulose and its derivatives such
as sodi um car boxynet hyl cellul ose, ethyl cellul ose and cell ul ose acetate;
powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter
and suppository waxes; oils such as peanut oil, cottonseed oil; safflower
oil; sesane oil; olive oil; corn oil and soybean oil; glycols; such a
propyl ene glycol or polyethylene glycol; esters such as ethyl oleate and
ethyl laurate; agar; buffering agents such as magnesi um hydroxi de and

al um num hydroxi de; al ginic acid; pyrogen-free water; isotonic saline;

Ri nger's solution; ethyl alcohol, and phosphate buffer solutions, as well
as ot her non-toxic conpatible lubricants such as sodium |l auryl sulfate and
magnesi um stearate, as well as coloring agents, releasing agents, coating
agents, sweetening, flavoring and perfum ng agents, preservatives and
anti oxi dants can al so be present in the conposition, according to the
judgment of the formulator. Uses of Conpounds and Pharmaceutically
Accept abl e Conpositions [78] In yet another aspect, the present invention
prOV|des a nethod of treatlng or Iessenlng t he severlty of a condi tion,

______ T 1 | g pe———— . g = . _,J__.,;__,_‘._




manmal an effective anount of a conposition conprising a conpound of the
present invention. [82] According to an alternative preferred enbodi nent,
t he preseWMO 20HNMEB200on provi des a net hod of treating cysPCEUSREHEISE2
conprising the step of adm nistering to said nmanmal a conposition
conprising the step of admnistering to said manmal an effective anount of
a conposition conprising a conpound of the present i nvention. [83]
According to the invention an effectlve anDunt of the compound or

phar maceuti cal | y accepiems e Kuispaug _ » f K¢ abffective for
treating or | essening the severity of one or npre- of t he di seases,

di sorders or c'ggl jabns as recited above. [84]‘&he conpounds and
conpositions, -ordlng to t he aret hod of tke present invention, may be
adninisteéeg Ag ahM unt~aﬁd~any ro of “adni ni stration effectlve for
treating | esise@iang Hhe “Severity oé S nore of the diseases,

di sorders or cdditions & recited a gge [@5] In certain enbodlnents t he
conmpounds and conpositions of the presentfﬁnventlon are useful for treating
or | essening the severity of cystic fibrgsis in patients who exhibit
residual CFTR activity in the apical nenprane of respiratory and
non-respiratory epithelia. The presence job,¢esidual CFTR activity at the
epithelial surface can be readily detecyed using nethods known in the art,
e.g., standard el ectrophysiol ogi cal, bi‘ochem cal, or histochem cal

techni ques. Such nethods identify CFTR /act{vity using in vivo or ex vivo

el ect rophysi ol ogi cal techni ques, neasureAent of sweat or

sal i varyconcentrations, or ex Vi 4chenlcal or histochem cal techni ques
to nonitor cell surface density. g such nethods, residual CFTR activity
can be readily detected in pajpe et erozygous or honpbzygous for a
variety of different nutatlon§ | udg ng patients honbzygous or

het er ozygous for the nost common tati on, AF508. [86] |n another,

enbodi ment, the conpounds and conpgsitions of the present |nvent|on are
useful for treating or lessening the severity of cystic f|bros’sﬁ|1

pati ents who hav&®’re§ 3 u51ng

phar macol ogi g8l jge the anount
of CFTR present erto absent
CFTR activity ik ent or augflenting thel exilstihg | evel} of ,residual
CFTR activity in a p§&|ent [87] In one enboo|neHH t he Cnhpo nds and
conpositions of thi present invention are useful or treatijngNor—| esseni ng
the severity of cy Q|c fibrosis in patlents wi t hi § certain genot ypes

eXthItI%'D&%ﬁﬁqyeb qﬁhy %ﬂ? aired
TR R R

regul ati Aﬁ
r educ

b
\Y
Imljf ?tl (B0 PPPC AR cj(?lcf/mlh d??ré{)?pgn ansrre Hrdgt ance Regul at or

Def ects and Opportunities of Therapy; Current Qpinion in Pul nonary Medicine
6: 521 - 9863 2(0Mdme Ddpits lﬁaﬁjlﬂﬂklsgﬂdﬂﬂﬁgbﬁﬂdi dﬂﬁaﬁmea(m béating e propuall CFI R

activity include patients hono ous for e clas

ot e 02y GBS VEEHE . b L S 2 POFE N3 Goiriog, SACHe oF the
mut ations, class J.| nutations, or a nutation that Iacks cIaSS|f|cat|on.
[088] I n one enboduﬁent t he conpounds and conpositions of the present

i nvent i onikaywitl S8 Ul 3 ardefin@iteratginahe llnes&:aaarpdm;mhﬂﬂ&aﬂ;eﬂm intiMed cysti c
fibrosis in.patients cert |n clinjca heno , a noderate
Loty s ompiad: P by e SlpE B e PRoaeLd BN B’ amount o
resi dual d@ﬁ&ﬁy]ﬁ&blwyﬂ—}/ amhe| f08oREd Wigikon R Rk 20elyadd reqictibiedi e nidd albigfienot ypes

i ncl ude patients_exhibiting pancreatic insufficiency or patients dlagnosed
with idi d’ﬁ%‘tl‘f‘ﬁs EmyKe rCé)é‘P]i“lE of agiing 5:‘6%%‘?‘1’%(110 #id 14 proxidesgomueurd §rhiche “vas
deferensqsngﬁ@ﬁghbymgmghggase [0891The exact anount required wll vary
from subject to subject ependi ng on the
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speci es, age, and general condition of the subject, the severity of the
infection, the particular agent, its node of adm nistration, and the |ike.
The conpo¥RP8104H82he i nvention are preferably fornul at e@CTAISAWIQGB3UNI t
formfor ease of adm nistration and uniformty of dosage. The expression
"dosage unit fornf 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 totaI dally usage of the conpounds and conposi tions of

t he present | RCARCHRE gpanation ofjcempeynds of Fermula {Id \Whexg Risdior@Hn within the
scope of sound nedlcal judgnent The specific effﬁptlve dose |l evel for any
particul ar patient or organism depend upon asyvariety of factors

i ncl udi ng the dlsorder belng tn ted and the sey r ty of the disorder; the

activity of the sp
enpl oyed; the age
patient; the g% 3

enpl oyed; t cific conposition
dy me| neral seX and diet of the
%%rtnlstrgtlon ) adntnlstra ion, “and rate of
excretion of t i ¢ conpound e@ﬁﬂoy-‘; he duratlon of the treatnent;
drugs used in conbination or coincidental th t he specific conpound
enpl oyed, and |like factorspwell known in the nedical args. The term
"patient", as used herein,gsneans an ani mal, preferably, mammal , and npst
preferably a human. [090]f pharmaceutically acceptaljl g conpositions of
this invention can be (stered to humans and ot

ally, intraperitoneally,
gh), bucally, as an oral

rectal ly, parente atdyy, acistemally, intr
topically (as by | ers 0| nt-rent-s;—drops or l

or nasal spragy, Ncn Iike depeﬁdlng on Hile sgVeypty of the infection
bei ng treat ed. qf ain enbodi nents, the co unds of the invention may
be adntnlstered orallly or parenterally at dosage |evels of about 0.01 ng/kg
to about 50 ng/ kg and preferably fromabout 0.5 ng/kg to about 25 ng/kg, of
subj ect body wei ght per day, one or nore tines a day, to_©btain the desired
t herapeutic effect [091]L|qU|d dosage forns for oral ad istration

i ncl ude, but are no% I?nlt-d to, pharnaceutlcally acceptahbl e enul si ons,
nicroenulsionsR3 6 I In addition to
the active conpo ntain inert diluents
commonl y used in tpea J or cher sol vent s,

sol ubi l'i zi ng agents andHetdul si fier alcohd i sopropyl

al cohol , ethyF‘EﬁTﬁﬁ‘ﬁT@“““Tﬁyl ac nzyl aRgohol, benzyl benzoat e,
propyl ene glycol, 1,%®butylene glycol, dﬂﬂeﬁhylfornanlde oils (in

particul ar, cottonseed groundnut, corn, germ olive, castor, and sesane

i 1), giay DRIEP, KoL R harhlCABGNT Ui heal ELROK SuchosJBINSCnBasgPYaR s and fat t y
aci d est dmislaggle. JYVIB; @) dp, PARAEMB ) HATY, MW%P ghqsplgnic 3id uent's, the
oral conpsaeiaanbydside SFP@)spyridine reethyliptephadroirany ehdegeotegdon pirRS.aydinss,
erul si fyitHg, B sR{s p&rieqiige gtpent X = leanengiesdilpng, fl avoring, and perfuning
agents. [0921Injectable preparations, for exanple, sterile injectable
aqueous or_ol eagi nous suspensions may be formul at ed accordanjtb t he known

art usi ndOHli t Mehamef} depiatssthe gynghesinef @ Forapoupd pf Kormplg Mudsesindi ng"agblits. The
sterile i he sol ution,
suspensi Jﬂhgg‘k’z‘?r‘l& %?gﬁpﬁﬁégbﬁ(&?ﬁgg?gh%%} g’ﬁ’t%reg Fhjdd gegrl)ddggalt %Qdi | uent or

sol vent, positionmxXErediydrox psubstigiidipddunts (+hertdo3]- mblané@[ildl Uhﬂmtmr?golt he accept abl e
vehi cl es enpl ution,
IR e o A e e e e L S L O S
oi | s ar e acaniayelv{. bmmbﬂxtw-éwpbanmdw@ared usiog pentducs as d&smbadumﬁlerdach SR, For
this purp can agyed..i ncl udi hetic nono-
o di g1 yebrhdL0m Pt pod BileRhing B B BE AP BLRC Rk B B e T

t he prepaymgt Cm, 89, ppnj”E’Qtku €1994). [7O8%abidyelof ). Hhélﬁbicétsélf)rs Ruinakeickilly can be

Fiter - avipyin i Stiemticdbe spf Pkt rgon8ing NE RBSIIRAGT otori e solid
corrpositl[m WTIhGE) a§ﬁiﬂhﬂﬁsQﬂté‘sE‘dﬂkrﬂ&%rﬁﬁtx&is%@tﬁfxﬁﬂﬂ:dhﬂs&kﬁfebk&nd/\@,ter or ot her

sterile injectahle nmedium prior to use, In order to, praolong the
ef fect ofco@pl egﬁgmjmuemwhﬁw&%tof% Mlewm% propvidey orpopat ol r abl e to

sl ow t he 138RRY Bloup T Réschthg c&faﬁsmw BGit aPBR ﬁéé@@mtya@mt&t @& hjddblyagrpgeul ar
injection. This nay be acconp i shed by the use of a |iquid suspension of
crystalline or anorphous naterial w {d{i poor water solubility. The rate of
absorption of the conpound then depends upon its rate of dissolution that,
in turn, may depend upon crystal size and crystalline form Alternatively,
del ayed absorption of a parenterally adm nistered conpound formis
acconpl i shed by dissol ving or suspending the conpound in an oil vehicle.
Injectable depot forns are nade by fornlng ntcroencapsule natrlces of t he

imals orally,




[96] Solid dosage forns for oral adm nistration include capsul es, tablets,
pills, powders, and granules. In such solid dosage forns, the active
conpound WO 2HMM820i t h at | east one inert, pharnmaceuti cRCMPSIOEEHISED| e
exci pient or carrier such as sodiumcitrate or dical cium phosphate and/ or
a) fillers or extenders such as starches, |actose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for exanple,
carboxynethylcellulose alglnates el atin, poI |nylpyrrolld|none
sucrose, YEHPR BERElng sTeup mwrrmuawageng H&rﬁfoa@a'gqrvcih 4 tregyenyof pompogpdd i ng
agents sugh @8- bﬁ@ﬂ&me@@?s‘ﬂyl &Rk UhERRNBh&tioMPréMides Me fratpl@fa starch,
alginic acid, certain Silicates, and sodi um carbonate, e) solution

r et ar di ng:oa)gelmdé’ BYigE P raéuqblan af the pitroanaiess én providnthg eminedaaride formations

eyl ol Rl SR SO Tal Y AN B0 pRaEE Rl B b MR AT ¥ ana

bent oni t ecogipayad ldrvdmh)ls kybmpomdiosFenwte @s tal c, cal cium stearate, nagnesi um
stearate, solid polyethylene glycols, sodiumlauryl sulfate, and m xtures
thereof. In the case of capsules, tablets and pills, the dosage form may

al so corTrIVsieseFobwilizMrim@ngwmtsanon[ 97] Sol id conpositions of a simlar type
may al so be en‘p}J ed as l lers, in sof , and hard-filled gelatin capsul es

usi ng such exci JFEHE«Ke X%ccfpgeleé?mprﬁq ®"5ugar as wel | as hi gh nol ecul ar

wei ght pqbyAt hyh eﬁmasgéq 6bdhs paesht inventlobkgharnidveutially d:c@kﬁ&aaganﬁmsm'o‘nsof

tabl ets, drage a ills, and ranule can be pr

Cont | ngs Saoere! MERRRCASE coBhesuftine SEURF AOLo TR RGO ARFIIGE wel I known
in the phefefeatépieallly @mpbad pagmaklticall) 8eptible OffiérpNHkalit & FBRidlk nIn

opaci fying agents and can also be of a cor$05| tion that they rel ea?e t he
active i rfgraifiFERedqimenty these C‘HPP%P’QP%%‘HP?IB( Kpher compyise Op¢ %‘irﬁorﬁéﬁi‘i““ma t he

I nt esti NaherhigeGd age@Rt i Onal ly, in a del ayed manner. Exanples of enbedding
conposi tions that can be used include polyneric substances and waxes. Solid
conposi t il oflt willstlseibeaprregiped fatcespia of Bis camprusyieds Riesent inyedten ¢ soft and
har d-fi | l&d: 9&lakbih CARSIMNER, MSIHE @H&Enﬁé%H'p&‘ﬂ%n%c&%czhﬁ%&%&bf&r m |k sugar
as wel |l as high nol ecul ar wei ght (E)olet yl ene glycols and the like. [98]
The act i \dsrigasivp ounpredwa thezol o Apeording t¢ithe pressakipsentian.achpraseusically one or nore
exci pi ent , es,
capsul es, a§ce%ﬁlbﬁ% é@p?gﬁﬁmé@gé@g’ldﬁg bgﬁgggtﬁle R ﬁﬂt{l:%%%lgigﬁgﬁ%#?aggl | s such
as enter |seltscgmrs rsgies, of rsmh@a@es ooy othiet addgctcmdcmwgge which opdseadmarpsitatiogs wel |
known in j a | i e forms the
nctive o8 uRaPIREEHticart: bt Bbidedlccuy B Mty fofhpRRAEE 1 o

sucr ose dﬂmisséesmibeﬁthalre'uhor Huchbdosagesifwrthgeafay al so conprise, as is

nor mal i cey ad i.0 sub t ances rt uent
tabl eti n 6?‘{]br| Caits eéifﬁ Qﬁl Eﬁ]a%lflacfa uncaﬁ%l?cﬁgptgbqe fﬁal referégo P s’allist ear at e and
m cr ocr ysilati axﬂevxmei ﬂhellsan@eof donnd imedlc:ﬂmgﬁfentcmbﬂbm usé mb:lomtast vatldhepl I s, the

contain BHE Pt g ane R el &b e SRS el olEHe PRV Al r el ease

the acti vee 1h1{a:gmﬁ1direem1(rﬁémmiewumarreﬂbﬂéwm&ﬁt&iskyaud 9\ q;h@ﬁxﬁdcanmalgart of the
intestinal tr tional del ayed manner. I es. of epbeddi ng

conposi tlaﬁ?%’t"s]l’?éf“ FiiHan ’Of‘ﬁé‘ﬁhﬂ a]bBﬁ %"rf’éﬁef%fas‘i?ﬁg’f"é Adhis HyeRiRes. [ 99]

Dosage f QrdiBupbRbdhi@Rire@dn t8h rédiPér A8 Edpable 3l prolidiis! @thkOdircefly & if@iFRAWRAd of
this invention include ointnments, pastes, creans, |otions el s, powders,

sol ut i ongomgpngyof this Wﬁ%tlaﬂ%alblflhlbﬁ'?féhé%tlveﬂféﬂbali‘telov@S@B‘?@G’ﬁ’ it is admi xed
under st g4 ePﬁﬁHQ&éu'u@ﬂl%r a\é& DR sRIRGOREE W dvarhlie ACHRPLARIR Sayri er and any
needed preservatl ves or ers as may be required. ht hal m ¢ fornul ati on,
ear dr ops Bmetey@ew@p%pw@cautwllbwmw slte én detaibis iV nlhapinedericad he scope of
this inv e e use of
transder ?ngfeh%g’tl&lﬁggd& \i/\,glg?hé%% rLtQ&‘ &élﬁgge ot éa%%alggco?%ﬁow%{aﬁ% Sélggnt rolled
del i very ofthcaxompopds nﬂthtsomtmaorbmdlyde @g&rmedm@dgen fwiahls izorganprasgd argadichy

di ssol vi e r tion
enhancersn‘igléign aag% %2‘5’9 &d tg%?%{félsj%lﬁéeﬂ?%lé)n&ﬂﬁ{lfgg&'hmx%@ﬁgﬁggr 0ss the
ski n. Thealtsatf@an emmolgroupdntnicdl widdinbrgarec adids supht aliydraalodc aad élydt«)htorxmt l'ing
menbrane or by dispersing the conpound in a polyner matrix or gel. [0100]
The activity of a conpound utilized in this invention as a nodul at or of
CFTR may be assayed according to nmethods descri bed generally in the art and
in the Exanples herein. [0101] It w al so be appreciated that the
conpounds and pharnaceutically acceptabl e conpositions of the present

i nvention can be enployed in conbination therapies, that is, the conpounds
and pharmaceutically acceptabl e conpositions can be adm nistered
concurrently W|th prlor to or subsequent to ~one or nore ot her de5|red

T . I — . R T . Y . o




oxopyrimd in- | -y1)-3 -hydroxyoxol an-2-yl ] met hoxy- hydr oxyphosphoryl |
[[[(2R, 3S, 4R, 5R)-5- (2, 4-di oxopyrimdin-I-yl)-3,

4- di hydr oXQ3BVMBS29- y| | met hoxy- hydr oxyphosphor yl i oxyhydPEXHSRUWSOMEEY | |

hydr ogen phosphate), or bronchitol (inhaled fornulation of mannitol).
[01071 In anot her enbodi nent, the additional agent is an anti-inflamuatory
agent, i.e., an agent that can reduce the inflammtion in the |ungs.

Exenpl ary such agents useful herein include ibuprofen, docosahexanoic acid
(DMA),  siacidephesgtioric peifmbericncid andmershloric prig gr Vit orgasc aqigeRus’ JFAvFlEs qu| ne,

or si mavas{iadiallc a ;9 1dic !i(ﬂd AR eEa PR AT B cinik B&d 8EKhIbhRAGH of reduces
the activity of the epithelial sodi um channel bl ocker (ENaC) eit

directly UngthetmﬁthgiStlhed iolzraeduclyps iomeiahergel y by nodul ation of pr ot eases
that | ea i:

channel - gct rvati n %@gt&ggésagg %&%ﬁ%E%Ra(r%/éf%&tfgﬁq’gwe%?gﬂ?r?c{()%of n%tgt at (a
trypsin- Iblemmpmtf@m&s berwn:he,lhwtulfat)é,, bo@ubn&atﬁsanﬂ@ratﬁsa@mwlfbm 4995,

Aerol ytic

epi thot i a1 Lo T EReh Rl Bio AR PRl AR SRl IRBEGS Y b

Publ i cat |edﬂné‘d01foﬁﬂ&2ﬁﬁﬂét@7ﬂﬁﬂﬁte theoleptonate ghyentophdsphand, gmomtalm are

osor | beaeREplRh bR o BHEe b1 Gl bR e eR G e Biainas of

For mul a lactA¢) thuddi€ Musyl tshiddte, n@OUIE endldae, ﬁﬁlotwtb,tryetmfnedﬁﬁaﬁt@ae use fOI‘ treating
Liddl e's syndrone, an infl ammat or%/ % al | gigl condition including cystic

fibrosi s, apphaleesHLionste.AHGPURRIE RS PR atec pabif RaBHIBHJIMOPE; PEHI®hi ¢

obst r uct ipdRulP4é, NKRAYipEpisRAE ShoddihtB Poratt G ildié pedpiorhtepddaritél s@eirans, | ung
carci noma xer OSt on a and ker at oconj unctivitis si re, respi rat ary tract

i nf ect i ondlfgacuaedhigcRRrER- E’lue{}?st‘g?“aéf’mﬂn‘lﬁ%’t"étte1 vafopate sl 49R hediFci nona.

[0110] Cagphi fiattPRsmAbproprldte PREMhAL®! fkaliSHAR, ARalme eRAUAME, dhmbaGAUl 2 1, and
agents that reduce the activity of ENaC are also useful for treating

di seases 2n i Gh etk sptso dlisdevepfion g fé‘ﬁﬂ“t"lﬂéﬂieél!la@i‘}ﬂi‘mﬂ ABBnk®Ic al so i ncl ude
di seases g]tf%t . ctrttﬁﬂm g&mgg HBE YorHoR RAIER 10sdiPerddt %&%%lﬁtﬁ%mﬁ h abnor nal

fluid regu on acr pi thelium perhaps 1 nvol ving abnor nal

physi ol oglyspeﬁlbtetmoctw:btr@cfthe\pbtamd brewhianefennirgtion Repessentaiiye plgleor e g.

xer ost om t Furt her nor e,
bl ockade ng;fu[%}r]e epl %%lefl %’%ﬁn&c afri:lﬁleFé{tlhgrstluﬂh%lﬁlﬁglngﬁgng%%mgleﬂ%sed to

pronot e dikar Bgihsr ptmintd@emcaby a¢qaptahie salts m;qbnkewbanweplepm@emompml 1] Asthma

i ncl udes both.intrj SIC I i ergic)
ast hmma, r?‘lntntf’munt ﬂuat IS GEY aqtr}'leu%gts??%%%sc%\%oe’? g@m & ﬁmag(&%h%ﬁ% iE‘?Aczlsasthrra
exerci se-hmmh,lhﬁiioﬁéé, harbox ybeoe wyilédid, phasphas tfitrage, vebralsi! knionatecdod el f ol | owi ng
bacteri al ll[fnf ection. Treatnent of asthma is also to be understood as

enbr aci ngd %t ment of subjects, e.g., of less than 4 or 5 years of age,

exhi bi ti r[mmhee%ideg:nsydwoomh@ﬂﬂnﬁﬁcagmnmbc@mm agntmsmbxhseofama ;‘:‘ruﬂaﬁezy

i nfants", an_estahl LS atient cate of cal concern and now
often i dé’i’t‘fef‘t“?wﬁﬁ’é’n c‘io p@hetaé}}a”"%cﬁt“?‘i?ﬁ%ﬁ‘%fg%tr@éfmt ?‘Jé'évam( Bore 5: veni ence
this par twidh, & usa$hdiom} ih6ludR A8y hidill sobvefitefdlnes of exhasiqighesicl; i nf ant
syndrome” .) Prophylactic efficacy in the treatnent of asthma will be

evi dencedilsﬁfffs‘to&BE%EP“PW%a@é’r?BVa‘E‘}I"‘C%‘@\P@FW ysoumiGaEsps-Shgkanine Nt ack, e.g., of

acut e astiBifyfgpenty, BREFPANES blldifier2 fubA&dats dnRHeQM8 B RLitddo teng finction
or inproved airways hyperreact|V|ty It may further be evi denced by reduced

requi r en@atticpler desegedpim depirpd dypringiony HagpgceuticabScienceie S et diditsm. Ent ended
to restr il yehinRREL Pﬁﬂ:@iﬂhgﬁ@t BsigH, i’@ci@i%mg\,lés%s Plriold Sarridts fsed in
anti-inflammatory (e.g., cortico- st eroid) bronchodi | atory. Prophylactic
benefit |fmtm“hmceunwllﬁa}ﬁtﬂpwbleaipmp@eﬂwpp@# knowvnj terhsighgsder e prone to

"mor ni ng i rome,
conmon t&’qé;fqghgrgthgrﬁt’ I'a ﬂ%ﬂe?rggl;ta?ggg@o Aot I{rzrigtgalﬁllgtlfs} anglréﬁar E@ﬁ’é‘?@ﬁg by

ast hma attheacdmpoen@ of tHeetwwesn, sivh ahbupmdmngmumdmrﬁblamolqgwel effegtora ti me

nor mal | Y g ubst an di ant from any, pr ousl ered synptomatic
ast hma t Rerapy* h?l (?etl)an?rtzousé S U(‘:Vt{tf]\‘/a‘le1 put non O&q |sefgﬁse i ncl udes
chronic bhmmhtﬂmﬂlymee@y@t&mmmﬁﬁm itatieeds t:dmrmqmwmto be pthyrstberscopast wel | as
exacerbation of airways hyperreactivity consequent to other drug therapy,
in particular, other inhaled drug therapy. In some enbodi nents, the

conbi nati ons of CFTR nodul ators, sucky as conpounds of Formula I, and agents
that reduce the activity of ENaC are useful for the treatnent of bronchitis
of whatever type or genesis including, e.g., acute, arachidic, catarrhal,
croupus, chronic or phthinoid bronchitis. [0113] In another enbodi nent, the
additional agent is a CFTR nodul ator other than a conpound of formula I,
i.e., an agent that has the effect of rmdul ating CFTR activity. Exenpl ary

I T e o, 1L N7 ~A /™ A



[ 01151 The anount of additional therapeutic agent present in the
conpositions of this invention will be no nore than the anount that woul d
nor nmal | y WO 284326t ered in a conposition conprising t hACTUR0A(0e1$8? ¢ agent
as the only active agent. Preferably the anmobunt of additional therapeutic
agent in the presently disclosed conpositions will range fromabout 50 %to
100 % of the anmount normally present in a conposition conprising that agent
as the only . therapeutically actl ve agent. [0116] The conpounds of this

i nvent i ot VSHATRCR CrEAey L Aipls ich ‘E?Bﬁ‘i%“ststﬂhéﬁ%act“ﬁ@?%%cc??é%}’ €l so be

i ncor por abfrd iAE18dC MRRSA: 1iRiked {00 fonEReHah§9s, Bnlidi hiamiRR KehRdi&ahindevi ce,
such as prostheses, artificial valves, vascular grafts, stents and

cat het er SeTURERIBieH fyFlyas human serameafirumin pistien sybstarices siefbetbosphase alycitencl udes
a conposi AR nd of
the pres esh){b@b?arfsde%lt %%Elgglgmg%gr ?meag%’gﬁje(rﬁaﬁﬁgﬁ&%g\%ﬁw%g%é}%bﬁ asse?gand
subcl assexatétesalis or, clestrdlyies cich asgprotgmine abifase, fdsedivmdtydregens pliodptiaiep| ant abl e

devi ce. an

ol ant b ES oty SOGRI e SRRl e SRRl B Ol BRRHSERNT of the
pr esent mmhmtd, pviyaisyldnersrohddmeebogwnwmdﬂ \yawb,@wb/ethahde poiywimsme&neand

subclass q carrier Syl t 8oat|ng id |np ant abl e
. ymei's W Ol 1d bl,l§ Ia SP(f_}ll as 1ac OSC UCOSC and SUcroscostar; CS such a COrn
devi ce. coatrngs generat preparationh of coa i npl ant abl e

devi ces aatmmhaﬂ@matmemhrcm cﬂﬁl@ﬂhﬁhﬂtaﬁdcﬁvﬁ%s &6R as ﬁdﬁ&ﬁcz@lﬁﬁ:ynﬂthgﬂ 5,304, 121.
The coatin are | | meric mat |.s such as a
hydr ogel Cﬁ %?thyl %‘t} taﬁ?/ togqs%g?gfhepo‘ﬁ‘grﬁfy ‘&?I“ﬁ‘c{‘t% e?a&}i?gt hyl ene

gl ycol, patipicas idh aaledlxdm Bﬁﬁ?)ﬂh&ﬂ@pwnﬁw wagetgat axchamﬁeaghwiumﬁmteh@b?of. The
coati ngs opt.jonally, ur.t her covere a. sujtabl e topcoat, o

[ tor o IR i s B Iva U oo By AR Sl Y0l Soh o LBIRBIED ERE o

combi nat i RpslyétARAERATydoD ekteRahéh 48 @ebyT &kdt@ﬂtd&lﬁ)ﬂ?%ﬁtt&Bgdralﬁifﬁhh§ﬁge§§ in the
conposition. [0117] Anot her aspect. of the invention relates to nodul ating

CFTR act is¥fit 3 magnesium Bydserideandaliumipem hydrgxide;aieinie aqid nyrogen-freg Wales or i n
vivo), wht&&ht@etlh@qtutgmmm @tﬂﬁ'aﬁﬂoﬁéleﬁddrlﬂxoiﬁﬂa&emﬁffaé.%luﬁ&‘is, afkelcgNt acting
sai d biological sanple with a conpound Formula (1) or a conposition
conpri si rvgwsa%t%wgaamblc Iphgcapis spgh %lséfilbfgllwl sylfate prd magnesivig s§amer ei n,

i nCl udes . Wielt RO o dgMeh AL, rQBasirESlbnt S Wb §5endl sv6kch et favbifE &0F 5 i opsi ed
mat eri al agbteal nedofrgor% a rrrarrr%a% grntex ragt%mt h%er eof i?h%an%l bléood sal i va,
urine, faedumingagents, presdyyivepmdanieridisbdyn plsqbelpressnt inthe compesitiprer eof .
[0118] i gical sanple is useful for a variety of
pur poseg/%?wrﬁﬁg%% Udgﬁéﬁ&{g‘ﬁg‘)ﬁ%ﬁl Il in the art. Exanples of such

pur poses include, but are not limted to, the study of cFTR in biol ogical
and pat hol. g heno and th al4 ve eval uation of new

nodul at o&ls g?f%fnfp nd}[a”%?'g? aheuilé a'%gfr”rlﬂgéle go %‘fimf%tht a met hod of

nodul at i @78 ct |hwy¢t3anmheraspeanﬂmrpr@hranmehmnprwmam xmthod’nf\llieutdn,g ars provi ded

conpri si the step of contacting said nd of Fornul a
(P 1 siite eRads of REtion, R, e aRg meitaled v§ GHRRMBEC nel " or a
bi car bonatgais babeihentd, mldxiraem uwemfxat pxechd&rﬁmethmadsﬁtﬁ:anﬁgwcoaﬂimm channel is a
chl ori de g¢hannel 12 [ to an al nat i.ve enbqdi ment, .t he
present et ?rﬁobgbwpﬁ‘ége‘g ti‘ﬂrg’&imb}f Ofinth Fggé AHY Y Hbe MGHBE FoBRrisignct i onal
CFTR i n adp@iieaRe @mhpdsite dom;ﬁx@lﬂ'ghlc&hﬂﬁmﬁ beFstRR @F oaaikjéd ! fréferabiglad cel |

wi th a conpound of Fornula (1) 121] According to another preferred
enbodi nedtampengesd hereqf of t he CFTR i s measured by measuring the
transmenjgmie MRLAAG RSN Ihe phREN SvERIonTRRTAS aRebiidaRr Wedin@ge potenti al
acr oss menbrane in the biological sanple may enpl oy any of the known

met hods |¢r§e@%easa¢qlate%welhreé§ceéﬁﬂ@@nﬂeﬁﬁﬂemmﬁm@m ¢ g $nsedsE ot her

el ect 1 oplyiRahialiftmeRBl ORS00 1Rdle) THReBALEA!indRIDEARC AR S MhicRlc assay
utilizes voltage-sensitive F Sensors descri eﬁ by nzal ez "and Tsi en
(See.J. Brorghitis.Recuvtentbsonghitis 1896 pronchitis, aepde intenditn gaused ) erogendielence

resonanc f I 72-80, and
Gonza oz ISRl BB s 4B BHAVIE, feiple SHARY Sundeadecnd 2P

menbr ane apghendfithd utttnsatndasginh (UAUY3, 0dinpahic elstoma paeranias GUPL idomfhér " Chem
Biol 4(4): 269-77) in conbination with instrunentation for nmeasuring

fl uorescence changes such as the Voltage/lon Probe Reader (VIPR) (See,
Gonzalez, J. E, K QOades, et al. (1989) "Cell-based assays and
instrunmentation for screening ion-channel targets" Drug Di scov Today 4(9):
431-439). [0123] These voltage sensitive assays are based on the change in
fl uorescence resonant energy transfer (FRET) between the nenbrane-sol ubl e,
vol t age-sensitive dye, D SBAC2(3), and a fluorescent phospholipid,

cc2- DIVPE whi ch |s attached to the outer Ieaert of the pl asma rrenbrane and

o g p— p— . S "




Processes and Internedi ates for Mking Conpounds of Fonnula (1) [0126]
Anot her aspect of the invention relates to a process for preparing a
conpound WO 2PHYMBA28 (1 c): (le) or pharnaceutical |y acc@bTAISPA961862

t hereof, wherein the process conpri ses: (a)reacting the acid of
formula id with an amne of fornula 2c to provide a conpound of Fornul a
(ft) wherein: Ring Ais selected from (a)(b)(c)(d) - 34 -

recurrent pancreatitis, idiopathic acute pancreatitis, chronic rhinosinusitis, primary sclerosing
cholangitis, allergic bronchopulmonary aspergillosis, diabetes, dry eye, constipation, allergic
bronchopulmonary aspergillosis (ABPA), bone diseases (e.g., osteoporosis), and asthma.
[080] In certain embodiments, the present invention provides a method for treating
diseases associated with normal CFTR function. These diseases include, chronic obstructive
pulmonary disease (COPD), chronic bronchitis, recurrent bronchitis, acute bronchitis,
rhinosinusitis, constipation, pancreatitis including 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, gasgtro-esophageal reflux disease, gastrointestinal
malignancies, inflammatory bowel disease, constipation, diabetes, arthritis, osteoporosis, and
osteopenia.

{081] In certain embodiments, the present invention provides a method for treating
diseases associated with normal CFTR function including 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 11,
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,
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, Gorham’s Syndrome, chloride channelopathies, myotonia congenita (Thomson
and Becker forms), Bartter’s syndrome type I, Dent’s disease, hyperekplexia, epilepsy,
hyperekplexia, 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, comprising the step of administering to said

S23.



wherein Rl is -CF3, -CN, or -C=CCH2N(CH3)2; R2 is hydrogen, -CH3, -CF3,
-OH, or -CH2OH, R3 is hydrogen, -CH3, -OCH3, or -CN, provided that both R2
and R3 arWOR8i0/483al t aneousl y hydrogen, and Ra is hydr o§&R/USR003/06188%|
protecting group selected fromthe group consisting of trinethylsilyl
(TM5), tert-butyl di phenylsilyl (TBDPS), tert-butyldinmethylsilyl (TBDMVS),
triisopropylsilyl (TIPS), and [2-(trimethylsilyl)ethoxylnethyl (SEM.
[0127] In one enbodi nent, the reactjon of the acid of fornula Id with the
am ne of MnHlaR eHectiye ampuntioha SOBRGSHER COMPFISifge GormPpewHcef s present

0- (7- azahgnapéd i azol - 1-y1) -/ V, N, APXt et r anet hyl ur oni um hexaf | uor ophosphat e
(HAM and triethylamne or in a solvent in the presence of propy
phosphonil@8Zci dicgqdingdo amsliraratitiepreirgpd PW?Oda‘ﬁﬁltﬁg? pgseRbnvesion Pf%(rdl‘?? gul arly,

L i i R S TR S

TBDVS. [ Gba@psition comptibieg therstsp of administeRag t@ammv@nal[ao eeqtive amaws oher
st ance RS § SRbLRES: A bbb BheAIBR, O o T D Checting
yl protecting

[083]  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.
[084] The compounds and compositions, according to the method of the present
invention, may be administered using any amount and any route of administration effective
for treating or lessening the severity of one or more of the diseases, disorders or conditions as
recited above.
[685] In certain embodiments, the compounds and compositions of the present invention
are useful for treating or lessening the severity of cystic fibrosis in patients who exhibit
residual CFTR activity in the apical membrane of respiratory and non-respiratory epithelia.
The presence of residual CFTR 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
electrophysiological techniques, measurement of sweat or salivary Cl” concentrations, or ex
vivo biochemical or histochemical techniques to monitor cell surface density. Using such
methods, residual CFTR activity can be readily detected in patients heterozygous or
homozygous for a variety of different mutations, including patients homozygous or
heterozygous for the most common mutation, AF508.
[086] In another embodiment, the compounds and compositions of the present invention
are useful for treating or lessening the severity of cystic fibrosis in patients who have residual
CFTR activity induced or augmented using pharmacological methods or gene therapy. Such
methods increase the amount of CFTR present at the cell surface, thereby inducing a hitherto
absent CFTR activity in a patient or augmenting the existing level of residual CFTR activity
in a patient.
[087] In one embodiment, the compounds and compositions of the present invention are
useful for treating or lessening the severity of cystic fibrosis in patients within certain

genotypes exhibiting residual CFTR activity, e.g., class III mutations (impaired regulation or

_24.



HO group, to generate a conpound of Fornula (le), whereinring Ais, O OH
(d). Typically, renoval of a silyl protecting group requires treatnment with
acid suchWa0HMBI26 acid or a dilute mineral acid or th&CTUS09&QPI8EBUgh

ot her reagents, such as a source of fluoride ion (e.g., tetrabutylanunoni um
fluoride), may be used. [0131] In the process, the amne of fornula 2c is
prepared froma conpound of fornula 2a conprising the steps of: (a)
reacting the conpound of formula 2a with an amne of formula 3 to provide

t he conpdatier)gtiass bY myraiopn(aligryd canduiangg). PHEass Jrpwatiens Sredycst mntesdh to the

am ne of f QIR0 4&mng) Pamela L., Zeitlin, Type I II, I, IV, and V cystic fibrosis
Tansmembrane Conductance Regulator Defects and Opportunities of Therapy, Current
Opinion in Pulmonary Medicine 6:521 - 529, 2000). Other patient genotypes that exhibit
residual CFTR activity include patients homozygous for one of these classes or heterozygous
with any other class of mutations, including class [ mutations, class II mutations, or a
mutation that lacks classification.
[088] In one 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., a moderate to mild 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.
[089] 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 a variety of factors
including the disorder being treated 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 in combination or coincidental with the specific compound employed, and like factors
well known in the medical arts. The term “patient”, as used herein, means an animal,
preferably a mammal, and most preferably a human.
[090] 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 patch), bucally, as an oral or

nasal spray, or the like, depending on the severity of the infection being treated. In certain
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R1R1 2b2c [0132] In one enbodi nent of the process for nmaking the am ne of
formula 2c, the amne of fornula 3 in step (a) is generated in situ from

t he corr eX¥AGAWVMHES2uat er nary amoni um salt, such as an EETAS2HYA@E8N] ori de
salt, although other ammoniumsalts (e.g. the trifluoracetate salt), nay be
used as well. [0133] In one enbodinment of step (a) for formng the am ne of
formula 2c, when the amne Ra0 ORa , Ra is hydrogen or TI3DVS. More
particularly, le is TBDMS. [0134] In another_ enbodi ment, step (a) occurs in
a pol ar Zpivgdimentsghe eqippoupds of shejpaptipr Bapbe ylmipisiered opallyer frreneraldy atExanpl es
of terti ) ' ; | '

i i sopr ongl S Ty~ ara gt 0P ReRE AREAFREhR eI B ﬁaa“ﬁ‘ffs‘?“e‘ﬂé“"@gﬁﬁfﬂk 3.

di azabi cybbw[25 mp/lag ohaibisctbody eveighmgy dayl ore ordhere times y d4yp fopobainthect ane

( DABCO) AV g c¢exanpl es of solvents that can be enpl oyed include
N, N- di et §/{T %%“’Ir‘%ﬁ%eg@i met hyl sulfox ide or acetonitrile. [0135] In one

enbodi neri@91]t hd-iquid dasageyforms floeotshaiministration atchyle i are no(104@tol n anot her
e e BB R R o' DY BLFOERRE Bt o
step (a) elisirhehwditiorap titeoactinatoaippuind, Ge dgdd dpapoformamey yor8sn @ert[ 0138] I n
AR T R TR T NN

agents 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, polyethylene 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 suitable 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.S.P. and isotonic sodium

chloride solution. In addition, sterile, fixed oils are conventionally employed 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 injectables.

{093]  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



[0139] In one enbodi nent of the process for making the am ne of fornula 2c,
step (b) occurs in a polar protic solvent or a m xture of polar protic

sol vent s WA 20H@4p26sence of a pal | adi um catal yst. Wien B&I/UEAP09401882 t he
catal yst, the solvent in step (b) typically is a polar protic solvent such
as an alcohol. Mre particularly, conprises nethanol or ethanol. [0140] In
anot her enbodi nent, step (b) occurs in a polar protic solvent, such as
water, in the presence of Fe and FeSO4 or Zn and AcOH. [0141] Anaqther
aspect ofdepends PpRRditrate Al digolitign thap inytugy a@éggpepeﬁp%%%ﬁ Pitg and ayvaliind of
Formul a (ghed.: Alt&ﬂl&x)vel?rdeﬂ)i'j@éi AReHUbA 684 éa‘x‘en@&ﬂ?yﬂidﬁrﬂxﬁcx%@b&ﬁ?&xh@ i

conprising the steps of: "(a)reacting a conpound of formula 2a with an am ne
of f or nulagcomplisheg by disselving ebsHsBRHmE e ompawidinap oil velpglopInjopble depot

2010/ 0485g6RGH H%qg/q{)%&g%roemapsulc matrices of the compound in biodegradable

polymers such as polylactide-polyglycolide. Depending upon 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
poly(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 release the active compound.

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

{6971  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 granules 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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(b)converting the conpound of formula 2b to the am ne of fornula 2c via
reduction 2b2c; and (c)reacting the amne of formula 2c with an acid of
formul a iYO281044826de a conpound of Fornula (Ic) whe PETTAISRRI00P S (|

Br, or I;

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. 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 can 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,
additional substances other than inert diluents, e.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,
inhalants 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.

[0100] The activity of a compound utilized in this invention as a modulator of CFTR may
be assayed according to methods described generally in the art and in the Examples herein.
[0101] It will also be appreciated that the compounds and pharmaceutically acceptable

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

_28 -



and ring Ais selected from wherein Rl is -CF3, -CN, or
-C-7--CCH2N(CH3) 2; R2 is hydrogen, -CH3, -CF3, -OH, or -CH2OH, R3 is
hydr ogen, WOGMHI/04826H3, or -CN; provided that both R2 an&@CRIS3H08/0n($E2
si mul t aneously hydrogen, and Ra is hydrogen or a silyl protecting group
selected fromthe group consisting of trimethylsilyl (TMS),
tert-butyl di phenylsilyl (TBDPS), tert-butyldinmethylsilyl (TBDVS),
T O poincY imnd phatridceutieally hoceptable Compoaitions &oh b Adminliesad chncrronly
with, prior to, or subsequent to, one or more other desired therapeutics or medical procedures.
The particular combination of therapies (therapeutics or procedures) to employ in a
combination regimen will take into account compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be achieved. It will also be appreciated that
the therapies employed 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., control 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.”
[0102] In one embodiment, the additional agent is selected from a mucolytic agent, a
bronchodialator, an anti-biotic, an anti-infective agent, an anti-inflammatory 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.
[0103] In one embodiment, the additional agent is an antibiotic. Exemplary antibiotics
useful herein include tobramycin, including tobramycin inhaled powder (TIP), azithromycin,
aztreonam, including the aerosolized form of aztreonam, amikacin, including liposomal
formulations thereof, ciprofloxacin, including formulations thereof suitable for administration
by inhalation, levoflaxacin, including aerosolized formulations thereof, and combinations of
two antibiotics, e.g., fosfomycin and tobramycin.
[0104] In another embodiment, the additional agent is a mucolyte. Exemplary mucolytes
useful herein includes Pulmozyme®.
{0105] In another embodiment, the additional agent is a bronchodialator. Exemplary
bronchodialtors include albuterol, metaprotenerol sulfate, pirbuterol acetate, salmeterol, or
tetrabuline sulfate.
[0106] In another embodiment, the additional agent is effective in restoring 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 casily. Exemplary such
agents include hypertonic saline, denufosol tetrasodium ([[(3S,5R)-5-(4-amino-2-

oxopyrimidin-1-yl)-3-hydroxyoxolan-2-yljmethoxy-hydroxyphosphoryl] {[{(2R,3S 4R,5R)-5-

229



[0142] In one enbodinent, the am ne of fornula 3 in step (a) is generated
in situ fromthe correspondi ng quaternary amonium salt, such as an am ne
hydr ochl WPJ8104B326 al t hough ot her ammoni um salts (e.g. PERAIS2RNO0pI$8? acet at e
salt), may be used as well. [0143] In one enbodi nent of step (a) for
formng the amne of formula 2c, when the am ne Ra0 ORa Ra i s hydrogen or
TBDVS. More particul arly, Ra is TBDMS. [0144] In another enbodiment, step
(a) occurs in a | ar aprotic _solvent in the presence of a tertiary am ne

base. Exa(?nﬁrdé@marm’fl@m -Hpy Sidieryoralanca Imsshaxyhydips wphioppiropdiexy-
trl et hyl qlgmﬁ IQLﬂh%EWﬂB/Bng@ﬁ Bﬁfdsp@@)nﬁ,bréncﬁtcﬁlggﬁﬁ&i f‘éﬁﬁdlﬁ’c{cﬁx of nfEhAQNy;: 5- ene

dlazablcyclo undec- 7- ene
d| az ab| cyiB105] 2 Ip arythess emhedivopn dchwabggpmdii ﬁeantlfleﬁmsfpatpw age, eni#8di nent |

the ter ti.aey aftiseiRs telitndih gyl Al g‘hﬂ%r gy %&??x?ﬂ{lﬂ%&u?ﬁ@&g' ment ,

step (a) Occurs in acetonitrile in | am ne [0147] In
anot her endboltiibrpnefen, dheospheagnoicovid (Qﬁfe)y sitdgnafil,gfihadadeghutgthion, pidgbitapenen

appr oxi d tely 85 C. [0148] In another enbodi ment,

t he reagt%&&]oﬁ‘:ﬁor%u%g’ %%E%‘%%@s bet ween approxi mately 2 and appr oxi rratel y
30 hour s.[0108143% ariqm@nmbed‘dwmm:addnmdnat mntpechmeﬂgthe havivityrakihegpithealam ne  of

or ot 1o sarucBk @S bk Bt PRL L bERk i BE VIR o BrlVal i uim i &

t he cat alnysiujatibhef gokaenthat Iaadstb ap u(ctb)asdly EiNael abty[vuys(e 2., p@heapsroqaﬁs@t i ¢ sol vent

such as an al cohol. MNbre r cuIarI the s ent conprises t hanol or
et hanol . CF 6‘]“‘]"‘??“&&’6‘?‘%& #rb dh a§?‘1§spm?15§{ ° GEPEPs altﬂ’p?inﬂ)‘ge far protic
sol vent, psétedie ahibivak)SQAUILSS, TSBEOW(%B@IQ@IMAE% AbEbl R4 safilodle.and AcOH.
[0151] In one enbodi mant of ste ction of the acid of formula

o M ReReSs: tRdire demeied e Phe LB angtants! DIRekes 19%8c e of

0- ( 7- azahenBOtoih@ 26 ex dmyd b PENPIRcatidrals. an@20M0l005 915, thch@x abhsry gphosphat e

(HATU) and triethylamne or in a solvent in the
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
Liddle’s syndrome, an inflammatory or allergic condition including cystic fibrosis, primary
ciliary dyskinesia, chronic bronchitis, chronic obstructive pulmonary disease, asthma,
respiratory tract infections, lung carcinoma, xerostomia and keratoconjunctivitis sire,
respiratory tract infections (acute and chronic; viral and bacterial) and lung carcinoma.
[0110] 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 liquids 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 a hypotensive effect.

{0111] Asthma includes both intrinsic (non-allergic) asthma and extrinsic (allergic) asthma,
mild asthma, moderate asthma, severe asthma, 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 infants", an

established patient category of major medical concern and now often identified as incipient or
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presence of propyl phosphonic acid cyclic anhydride (T3P(r)) and pyridine.
More particularly, the solvent conprises N N dinethyl fornmam de, ethyl
acet at e, \¥P 2010/4g2hy| t et r ahydr of uran. [0152] | n anot her PERISAHENSS2 | e i s
hydrogen or TBDMS. [01531 In another enbodinent, le is TBDVS. [0154] In
anot her enbodi nent, the process conprises a further deprotection step; for
Ra0 instance, when ring Ais(0, or(d), wherein Rais a silyl protecting HO
group, to enerat e ound of Formul a, wherein rin

B sedicthlis

(d). Typi®eBYPyse FURBYP. (b RmUPHepFe i Fraic Bhis R0s SRR et atsmant i ¢
acid suchywasezaGethhtGy@fbtle O PRypHylhdik effithieih Me BeGiniknO6f dsthehaliik®e al t hough
ot her reagents, suc% as a source of fluoride jon (e.g., tetrabutyl arnnoni um
f1 uori de)evxdﬁwd By reduesd fregyeqey or severity of symptomatic attack, €.g., of acute asthmatic or
bronchoconstrictor attack, improvement in lung function or improved airways
hyperreactivity. It may further be evidenced by reduced requirement for other, symptomatic
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 subjects 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, i.e,,
at a time normally substantially distant from any previously administered symptomatic
asthma therapy.
[0112] Chronic obstructive pulmonary disease includes chronic bronchitis or dyspnea
associated therewith, emphysema, as well as exacerbation of airways hyperreactivity
consequent to other drug therapy, in particular, other inhaled drug therapy. In some
embodiments, the combinations of CFTR modulators, such as compounds of Formula [, and
agents 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.
[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 CFTR activity.
Exemplary such agents include ataluren (“PTC124®”; 3-[5-(2-fluorophenyl)-1,2,4-0xadiazol-
3-yl]benzoic acid), sinapultide, lancovutide, depelestat (a human recombinant neutrophil
elastase inhibitor), cobiprostone (7-{(2R, 4aR, 5R, 7aR)-2-[(3S)-1,1-difluoro-3-
methylpentyl]-2-hydroxy-6-oxooctahydrocyclopenta[b]pyran-5-yl }heptanoic acid), or (3-(6-
(1-(2,2-difluorobenzol[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-3-methylpyridin-2-
yl)benzoic acid. In another embodiment, the additional agent is (3-(6-(1-(2,2-
difluorobenzo[d}{ 1,3]dioxol-5-yl) cyclopropanecarboxamide)-3-methylpyridin-2-yl)benzoic
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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[ 0155] Anot her aspect of the invention relates to a conpound which is
wherein ring Ais Ra0O N,, or (a)(b)(c)(d) wherein Rl is -CF3, -CN, or
- CHECCH2 NV @83 0488ad Ra is a silyl protecting gr8GH/US200806E82 f r om
the group consisting of trimethylsilyl (TM5), tert-butyldiphenylsilyl
(TBDPS), tert-butyldinmethylsilyl (TBDws), triisopropylsilyl (TIPS), and
[2-(trinmethylsilypethoxy]methyl (SEM. A ; HN

[0115] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a
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.

[0116] 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 grafts, stents 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 subclasses 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, polymethyldisiloxane,
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 glycol, 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 vivo), which method comprises administering to the
patient, or contacting said biological sample with a compound of Formula (I) or a
composition comprising said compound. The term “biclogical sample”, as used herein,
includes, without limitation, cell cultures or extracts thereof; biopsied material obtained from
a mammal or extracts thereof; and blood, saliva, urine, feces, semen, tears, or other body
fluids or extracts thereof.

[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.
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[ 0156] Anot her aspect of the invention relates to a conmpound which is
wherein ring Ais wherein RI is -CF3, -CN, or -C-CCH2N(CH3) 2, and
Ra is a sWO@PIH8T26ct i ng group sel ected fromthe group ®6RIS3H(461883
trinethylsilyl (TM5), tert-butyl di phenylsilyl (TBDPS),
tert-butyldimethylsilyl (TBDVS), triisopropylsilyl (TIPS), and

[ 2-(trinmethylsilypethoxy]nethyl (SEM. [0157] Anot her aspect of the

invention relates to a conpound of Formula (IA):
[0118] In yet another embodiment, a method of modulating activity of an anion channel in

vitro or in vivo, is provided comprising the step of contacting said channel with a compound
of Formula (). In preferred embodiments, the anion channel is a chloride channel or a
bicarbonate channel. In other preferred embodiments, the anion channel is a chloride
channel.

[0120] 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 Formula ().

[0121] According to another preferred embodiment, the activity of the CFTR is measured
by measuring the transmembrane voltage potential. Means for measuring the voltage
potential across a membrane in the biological sample may employ any of the known methods
in the art, such as optical membrane potential assay or other electrophysiological methods.
[0122] The optical membrane potential assay utilizes voltage-sensitive FRET sensors
described by Gonzalez and Tsien (See, Gonzalez, J. 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 potential
that use fluorescence resonance energy transfer” Chem Biol 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).
[0123] These voltage sensitive assays are based on the change in fluorescence 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 membrane potential (V) cause the
negatively charged DiSBAC,(3) to redistribute across the plasma membrane and the amount
of energy transfer from CC2-DMPE changes accordingly. The changes in fluorescence
emission can be monitored using VIPR™ I, 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 vitro or in vivo comprising
(i) a composition comprising a compound of Formula (I) or any of the above embodiments;

and (ii) instructions for a) contacting the composition with the biological sample and b)
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A; is selected fron(c), or Rl is -CF3, -CN, or -C=---CCH2ZN(CH3) 2; R2 is
hydrogen, -CH3, -CF3, -OH, or -CH2OH R3 is hydrogen, -CH3, -OCH3, or -CN,
(d); V\her‘EQﬂOIWWiﬁded that both R2 and R3 are not si nuﬂ’?éﬁﬂ@é‘!%l‘)?lsﬁ%/drogen
and le is a silyl protecting group selected fromthe group consisting of
trinethylsilyl (TMS), tert-butyl di phenylsilyl (TBDPS),
tert-butyldinmethylsilyl (TBDMS), triisopropylsilyl (TI PS) and
[2-(trinethylsilypethoxyjrnethyl (SEM. [0158] Another t;j)lecf[ of the

i nvent i orfP§eENESEt iy %S@é%ﬁma&agmwmw (hl)onAeumme@}r pEK furbeeUt i cal | y

accept abl@mpates Snstri@ioBPfor aybvatelidl anHdBBiofal cSmpRIRANAM hé RBlogical 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 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 manner.

Processes and Intermediates for Making Compounds of Formula (I)

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

fiﬁﬁ”@/

or pharmaceutically acceptable salts thereof, wherein the process comprises:

Formula (lIc):

\
'
R4

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

compound of Formula (Ic)

R 0 O CA [ A
R? R 0 ©
[ OH & U R3
N
N HzN I H R
H Rt ”
1d 2¢c ¢

wherein:

Ring A is selected from:

N % K ”‘L”Q ‘f‘ﬂ”g

() (©) (d)
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(a)(b)(c)(d) wherein RI is -CF3, -CN, or -CECCH2N(CH3)2; R2 is hydrogen,
-CH3, -CF3, -OH, or -CH2OH, R3 is hydrogen, -CH3, -OCH3, or -CN

provi ded WR2MWYBROR2 and R3 are not sinultaneously hydﬂ’@@@ﬁl‘)ﬂﬁ/&@ésby any
of the processes disclosed herein. [01591 Anot her aspect of the invention
relates to a conmpound selected fromthe group consisting of:

wherein

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

R? is hydrogen, -CHs, -CF3, -OH, or -CH,OH;

R’ is hydrogen, -CHs, -OCHj;, 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), rert-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl
(TBDMYS), triisopropylsilyl (TIPS), and [2-(trimethylsilyl)ethoxy]methyl
(SEM).

[0127] In one embodiment, 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
presence of propyl phosphonic acid cyclic anhydride (T3P®) and pyridine. More
particularly, the solvent comprises N,N-dimethyl formamide, ethyl acetate, or 2-
methyltetrahydrofuran.

[6128] In another embodiment, R? is hydrogen or TBDMS.

[6129] In another embodiment, R* is TBDMS.

[0130] In another embodiment, the process comprises a further deprotection step; for

RaQ

ORa
ENQ/ %NQ/

© o ,wherein R® is a silyl protecting

HOH

instance, when ring A is

%N

group, to generate a compound of Formula (Ic), wherein ring A is (©) , Or
H

OH

@ | 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., tetrabutylammonium fluoride), may be used.
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. WO 2010/ 048526PCT/ US2009/ 061882 of the processes disclosed
herein. EXAMPLES [0161] Internedi ate 1:

4- ox0- 5- (WPi2P10/4BBfret hyl ) - 1, 4- di hydr oqui nol i ne- 3- car box PCTAIS3¢0@6138%7) . The
synthesis of the title conpound is depicted in Schene 4. Schene 4 [0162]
Preparation of diethyl 2-((2-chloro-5-(trifluoronethyl)phenylam no)
net hyl ene) malonate (14). 2-Chloro-5-(trifluoronmethypaniline 12 (200 g,
1.023 nnlé di et hyl 2- (ethoxynethylen mal onate 13 (276 g, 13 nol) and

tol uene (1959 my thgresessoitgiamang of ferel cd?WFB@%%&%?ﬁﬁ@ﬁﬁ%Wéofﬁﬂﬁm@ﬁ?ee neck,

1-L roundoRpkitigimntls@pdorequi pped with Dean-Stark condenser. The sol ution was
heated with stirring to 140 C and the tenperature was maintained for 4 h.
The reaction fxt ureactingdhecessivernd of fomeladad™ Hesaming eidformnly 3 {pogiow vy

added. The resultlggc&ha%&xopﬁ&nagqbred and allowed to warmto room
tenperature. The solid s collected by filtration, washed with 10% et hyl

acetate in hexane (2x 400 nlL) and then dried under yacuumto provide a
white solid (350 g, 94%yvyield) as theadesired condengatlon product di et hyl

2-02-chloro-5-(trifluorone wwhedv*anlno) me ne) mal onate 14. 11-1
NVR (400 MHz, DMSO d6) 8 8 (d, J* 13.0 Hz , 8.63 (d, J =13.0
O,N O,N
R, Hy
2a 2b
wherein:

Halis F, Cl, Br, or I, and
R3O

HN OR?
HN44;§ HN HN
the amine of formula 3 is

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

and

’ ‘| ? \'
i ) 1 7
v

A ,
. -
O,N H,N
R, Ry

[0132] In one embodiment of the process for making the amine of formula 2¢, the amine of
formula 3 in step (a) is generated in situ from the corresponding quaternary 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 step (a) for forming the amine of formula 2¢, when the amine

R20

H H OR?
HNQ HNQ/
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 include



17 44- Hz, 1H), 8.10 (s, 11-1), 7.80 (d, J =8.3 Hz, 1H), 7.50 (dd, J =
1.5, 8.4 Hz, 1H), 4.24 (q, 3 = 7.1 Hz, 2H), 4.17 (q, J = 7.1 Hz,2 H),1.27
(m 6H). VO2eyy4gx2epar ati on of et hyl PCT/US2009/061882

8-chl oro-4-ox0-5-(trifluoronethyl)-1, 4-di hydroqui nol i ne3-car boxyl ate (15).
A 3-neck, 1-L flask was charged with Dowt hern(r) (200 nL, 8 nug), which was
degassed at 200 C for 1 h. The soI vent was heated to 260 'V and charged in
portions over 10 mmw th diethy

2- 42- chl drgbPaping; 4“115%?12»%“49{'1}%bﬁﬂ%ﬁl%}olﬁ%@hwér@y WeBdhdi%e 14 (25 g,
0.07 ol )dnazl-lkl@yc'kﬁﬂ!b?dnﬂ& meféwmw@& (ﬁseaﬁﬂ'c%[@tz 2468 (bRBCE) Indrour s (h) and

the resulting ethanol byproduct renoved by distillation. The m xture was

al | oned tmlémémﬁyﬂmwfﬁ‘dv@@@hﬂ%@th@nr(lqm ipalyde WA -dimetw hformigitde. over 30

m nut es ((%a)l 1 shRo i @R A c¥nifile @ddi tional 200 ni L of hexane added in one
portion. % lurry was sti rred until it had reached roomtenperature. The
solid vvas[0135ﬂténentemmmt,mhﬂtthﬂlhmnmwasewniﬁmylamme and then dried under

i nyar oAy e RSy Xl bRl i h 0 B slchl i QBRI 6, o1y 11

NNR (400tM:ﬂhylarmVBOd6) 1. 91 (s, 1H), 8.39 (s, 111) 8.06 (d, J = 8.3 Hz,

29 (t, J =17.1
HZ 3H) ][?@% 4] E}"i}b"é ngﬁ?%xﬁll_%f thg{eﬁg,tllo(nqémperaturc 0% step (a) 1s|_l9ctween (
4- 0xo- 5- (abpﬂoﬁirﬂhfﬂlp?&‘t(h;ﬂd)apﬂﬂdxﬁhﬂtﬂp% fe- 3- car boxylate (16). A 3-neck, 5-L

flask wa rqe eth 8- chl ar o- ox0-5-(trifluoronethyl)-1, 4-
i e oo PR JE Sl PrBogimbttuing eftsgin fopsip R R ach SEPPES0g b 12. 5
nm./ g) an(inaapﬁ@ﬂmh@mmqmﬁgm m., 1.6 nol). The vessel was then charged with

10 g of 10% Pd/ C (50% wet) Bé 5 C. The reaction was_stirred vi g)orously
under hydPbén L prrsaphedioeent ofy the profess for sagsing the ammingypf fEFIYa #6 SERE)r eact i on

m xture %&us:m%mr F@Ja@%ﬁ&u@rmﬁﬂﬁ@ opﬁoxwat%bmﬁ@wthééﬁséﬁhe oflhe product,
et hyl 4-oxo-5-(trifluorometh - 1H qui nol i ne- 3-car box&gate 16, as_a slurry

with Pd/ @allwewn EHNMEH- W@@@llayhmms(&hetqq@lmme “glt"élﬁ in sten &5 [ypabhiseel®n of

4- 0X0- 5- ( &10 shHeﬁt@Ha%Aaxéh)arcahcﬁ g’idﬁ%’fiﬂ%ﬁrﬂr dnfisdhaherA! diangCi d (17) .

Et hyl 4- trifluoronethy ui no i ne-3-carboxyl ate 16 (58 g, 0.2
mol , cr ud@140éa leﬁheg P@b@%ﬂnemn‘ttﬁi (B} W@ulpd!ﬂ Tyoloppoasobient ethjph WHNSOIR (814 ni L
of 5 M I refl ux condenser and heated at 80 C
for 18 hAh“JTlp Héhée 5%%?1{3%% 40@2&?&%%%1%& 100 C for 5 h. The reaction was
filtered [Odlin tﬁmomqgwp@xaok@d ingehtiangelaes oeroess Pl Beparthgtalvem@enrnidiod was

ri nsed WIPIF_H yi\laC]-l The filtrate was acidified to about pH 1 to obtain a
thick, white p eCipitate. The precipitate was filtered then rinsed with
wat er and cold acetonitrile. The solid was then ‘dri ed under vacuumto

provi de 4-oxo-5-(trifluoronethyl)- 1,4-di r qﬁlnollne 3-carboxylic acid
17 as a white solid (48 g, 92%%i e¥d)? 11 NVR (400.0 MHz, DVBO d6) 8

15.26 (s, 1H), 13.66 (s, 1Hj 848, N 8.13 (dd, J = 1.6, 7.8 Hz, 1H),
8.06 - 7.99 (m 2H). [0166] medi atté 2R,

4-(7-azabicycl o[ 2. 2. 11hept an-7- 1)N2 (trifl Uor onet hyl )aniline (21). The
synthesis of the title conpound is depicted in Schene 5. Schenme 5 NPd/C, H2
Et OH, 12 h H214 CF3 187al9 (e

or pharmaceutically 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
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[0167] Preparation of 744-nitro-3-(trifluoronethyl) phenyl]-7-

azahi cycl o[ 2. 2. 1] heptane (20). To a flask contai ning

7- azabi cyNPSPW/@8PPphept ane hydrochl oride 7a (4.6 g, 34. RSTABAWO061$B2 ai ned
from Tyger Scientific Inc., 324 Stokes Avenue, Ew ng, NJ, 08638 USA under a
nitrogen atnosphere was added a sol ution of 4-

fluoro-1-nitro-2- (trifluororrethypbenzene 18 (6.0 g, 28.69 rrunol) and
triethyl am ne (8 7 g, 12.00 inL, 86. ) in acetonitrile (50 inL). The
reaction flask? masc%gfléaﬂlﬁtcorsmed@ﬁaému@Zhut?%@weé{fm}?&cm or 16 h. The
reaction gixlisy e was allowed to cool and then was partitioned between water
and di chl oronet hane. The organic |ayer was washed with 1 M HCL, dried over
Na2SO4, filtered, and concent rAat ed to dryness. Pur:1f| wcation by silica gel
chr omat ography (0-10% et cetate in hexane f‘ded 7- [4-nitro-3
phenyl ] - 7- azabi cycl o[ 2. hept ape—19—f. 2 g, ' oyield) as a yellow solid.
111 NWR (400.0 MHz, ) 6 8.03 (d, JrN9. AHz, 1H), 7.31 (d, J = 2.4
Hz, 1H), 7.25 (dd, J = 2./, 9.1 Hz, 1H), 459(:1$ 2H), 1.69 - 1.67 (m 4H),
1.50 (d, J = 7.0 Hz, 4H) ,,[0168] Preparation of, 4-(7-azabicyclo[2.2.1]

hept an-7-yl ) - 2- (tr|fI uororrethyl )aniline (20). A flask’ rged with
714-nitro-3-(trifluoronethyl)phenyl]-7- azabl cyclor.2.11lheptane 19 (7.07 g,
24.70 mml ) and 10% Pd/ C (0 71 6.64 nmol) was evacuated and then flushed
Wi th nitrogen ©Et hgAding tiea f\%ﬁ %a%wﬂaﬂaa%% frrouiia 1bie redda@ was fitted
with a h)@@ﬁ@gﬁﬂ@@b}rﬁ@@acﬁfter stirring vigorously for 12 h, the reaction
m xture was purged with nitrogen and Pd/ C was renoved by f||trat|on_ The
filtrate was _go enérated to a dark-oil under reduced pressure and,; e

resi due ngi byjsilica gel_c Orrht ogr aphy (O- 15,% ephyl ac AN
HH( /- aza clo[2.2.1] . &

hexanes)

hept an-7-y1 t i fl uorogg aniline 20 as a p @ %I 6 g, 91%
yield). 1HNNR(4bOO Mz, DMV d6) 6 6.95 (dd, J . 8 I—Iz1 111) 6.79

(d, J = 2.6 Hz, 1H), 672(dJ 88Hz 1H), 489(sH2H) 4.09 (s, 211),
1.61 - 1.59 (m1tH) and 1.35 (2 J = 6.8 Hz, 4H). [0169]ic) nternedi ate 3:
2-am no- 5- (7-azabi cycl o[ 2. 2. 1] hept an- 7- yI)benzonltrl l e (23). The synthesis
of the title conmpound is depicted in Schene 6. Scheme 6 02N CH3CN, TEA 60
C, 4 h 02N Paheeindal i) gL, Brgork n H2N

R20Q

HN OR?
HNQ g HN HN
the amine of formula 3 is

ring A is selected from:

e % e ““Q ”‘H—“q

(b)

and

wherein

R! is -CFs, -CN, or -C=CCH,N(CHs)y;

R? is hydrogen, -CHs, -CF3, -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), terr-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl
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217a 23 [0170] Preparation of

5-(7-azabicycl o[ 2. 2. 1] heptan-7-yl)-2-nitrobenzonitrile (22). To a solution
of 5-f1 udWVO-2010H826benzonitrile 21 (160 ng, 0.96 nmol) PRTAS28MPISE2 1 e (1
inL) was slowly added 7-azabi cycl o[ 2. 2. 1] hept ane hydrochl oride 7a (129 ny,
0.96 mmol) and triethylamne (244 ng, 335.7 pL, 2.41 mmol ). The reaction
was stirred at 60 C for 4 h. The reaction was quenched with water,
acidified with 1 NHOto pH 1, and extracted with dichl oronethane (3x 10
nL). The conbi ned TEJA¥SL tmw&w“ﬁérimﬁé@ﬁééﬁ {irnmpthigati diethogyimesdhydbver MySO4,

filtered and conce ted to provide 5-(7-azabicyclo[2.2.1] heptan-7-yl)-2-
ni trobenzonitrile 22 (205 fig, 87%yield). LCM mz 244.3 [M+H, retention
time 1.69 mn(RP— C18, 10- 99% CH3CN 0. 05% TFA over 3 min). [0171]

P t | 23
A hask Aol sl RN ONG §inRalfll SRt RSRERONIE) © 1 20)
2'2t (205 rvgug@?ﬁﬁ@quatmiab; annioxlx()%sﬁl@l/s@h(amn aymemymcmm;{s)amthmggghgd vmdt h
nitrogen an en. ev e er was added under

. 9 e rgg]ﬁmlpe Sgﬁ d(a &e?‘.'rntgs ac\étafé%f%% {nwgﬁpuste %)l/

ni trogen drogen ball oon. After
stirring [6b43] 13n oma entbodinkRait 6F sneps(a) forforaihghlye dmihd ofefbnmﬂa 20 evhsiothe aminewas
renoved under reduced &Yy essure t provi de 2-am no-5-(7-

azabi cycl o] 2. 2. 11hept HyI ) be ftzarl le 23 (170 ng, 95%yield). 1HNWR
(400.0 MHz, DVsO-d 02d 2.8, 9.0 Hz, 1H), 6.87 (d, J = 2.7 Hz,

1 6. 68 _(d, 6 (s 1.59 (d, J =
H) o Ajorinplaggs (d, J = 6”8 Hz, 4H§ R OMO%EHPE?W&@{ tﬁgfa: (
4 (7 azatyaﬁy;ﬁllaﬂ{, R*%s i’p]ab@[g an- 7- y1) 2- (3- (di met hyl am no) propl-ynyl)aniline

(2 T g R 1S nciney embodiment. sisp (3 Oubam 18 a polar hpFotic soivent in (e prevemee of
a tertiary amine base. Examples of tertiary amines that can be employed include
triethylamine, diisopropylethyl amine, 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU), 1,4- diazabicyclo[2.2.2]octane (DABCO) and
pyridine.

{0145] In one embodiment, the tertiary amine base is triethylamine.

[0146] In another embodiment, step (a) occurs in acetonitrile in the presence of
triethylamine.

[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 process for making the amine of formula 2¢, 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 particularly, 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 FeSO4 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 U-(7-azabenzotriazol-1-yl)-N,N,N' N'-

tetramethyluronium hexafluorophosphate (HATU) and triethylamine or in a solvent in the
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Scheme 7 [0173] Preparation of

7-(3-brono-4-nitrophenyl)-7-azabicycl o[ 2.2. 1] heptane (25). To a solution of
2- br ono- AVP1208¥M8326nj t r 0- benzene 24 (1.1 g, 4.8 mmvl ) aRETRBSWS/06188D ¢,
14.3 mmol) in DVSO (8.400 nL) was added 7-azabicycl o[ 2. 2. 1] hept ane 7a
(765.4 ng, 5.7 mmol ) portion-wi se. The reaction was stirred at 80 C for 24
h. The reaction was diluted with water to precipitate the product The
solid was redi ssol ved in dichl oronethane, washed with 1.0 N HC1, dried over

MySO4, f i Iesencscpt iepye Bhrsehmicacklryeke ahydnded TR Qg pariding - Mpter opheny1) - 7-
azabi CyC'ﬁh%ul%rl}]tﬁ@Rﬁ%@c&rﬁ)tﬁés I@I\lenglgl’ﬁ’)hﬂallﬁ)ic etlyacelatdgy Ar oduct was used
directly in the next step. , ‘retention tine 1.97 nin
( RP- C18, mghdgusiodgtneg. 05% TFA over 3 mn). [0174] Preparation of
345-(7-a thg{l@dz DERELANR T emnphenyl | - N, Ndi met hyl - prop- 2-yn-
1-am ne Z[gg%ﬁ % ﬂ?korm 4: nrltsr%Clr %eeny%3 N-P@azabr cycl o[ 2. 2. 1] hept ane 25
(500 ny, (81583 hmtbercmdeﬁmq@)kﬁizBMrrg 0.08 mmol ), and cuprous iodide
(9.616 7 ad.
N, Ndi et }5%} oqg Qx‘?d‘[her%mgég él%m?@gg)ocm%o xs%g ﬁg&.g.g&ﬁ:r 09%)(185 ste% ef%rasse d DVE (5
m.) and tri et hyI amne (5 mLRO The react |rb xture was m crowaved under N2
for 10 mmat 100 C. The rea H was with ethyl acetate, washed
with 50% sat urated sodi ukg bonathN ut| on (2x 20 nmL), water, and
brine. The solution was dri ed~over anhydtous Na2SO4 and filtered, |eaving a
red solid. Purification by sili ca geI chr omat ogr aphy (0-50% di chi or omet hane
i n ethyl isgstcetvdienyinglAded ¢ , , wherein R* is a silyl protecting
345- (7-azabi cycl o[ 2. 2. 1] hept an- 7- y1) 2- nrtrophenyl[ N, f di met hyl - prop- 2-yri
-l-amine 26 (400 nmg, 79%yvyield). LG MS mz 300.5 [ CNigualtentron time 1.11
p-

mn (RP-C18, 10-99% CH3CN 0. 05% TFA over 3 mn). Preparation of
4-(7-azabi cycl o[ 2. 2. 1] hept an- 7-y1) - 2- ( 3- di met hyl am 1- ynyl)aniline

(27).

3-[5-(7- Agalg ﬁysg%hér&@a%oﬂi&&ﬁﬁto@%&lﬂa% ShBield Rngh%lyll -8, N- djret hyl prop- 2-yr
i-l-amne 2 , iron (634 ny, 11.36 rrrml) and ferrous
sul fate hept Igte (316 ng, 1.136 mmol) were suspended in water (1 nlL)
and refl uxed/féor 20 rnM The reaction was filtered and the solid washed

w th nethyy nd dichloronetharie. The filtrate was concentrated and
purified by sitica gel chromatography using (0-5% nethanol in

di chl or onet haQ to _provide

4- (7-azabi cycl'o %2 2 Typieadlyt remoyalpd 3 syl pooieging g1eyP ERvP RSBl Willbetd | | ne 27
(148 ny, sﬂ&@s%hélc%rd olrgjdhﬁemlﬂergl Qi &Mﬂé'é’altfl&} %RHc?FEdg s mﬂ:h%?arrm (RP-C18,
10-99% Cl - 13CN 0. 05% TFA over m n) er medi 5:

exo0- 4- ( 2-speree @ifbmrsie inreg! hserrsbutxlhr@mwmmﬂuorlde) may be used.

azabi cycl o[ 2. 2. 1] heptan-7-y1)-2-(trifluoronmethyl)aniline (30). The
synthesis of the title conpound is depicted in Schene 8. 18GF3 280 F329
C F3

O,N
[0155] Another aspect of the invention relates to a compound which is Ry

RQ \
N % ke Q E”q QOR

(b)

wherein ring A is

wherein

R' is -CFs, -CN, or -C=CCH,;N(CH;); and
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[0177] Preparation of
exu-744-nitro-3-(trifluoronethyl)phenyll-7-azabicyclo[2.2.1] heptan-5-ol
(28). To WORPH4KSR6Nt ai ni ng exo- 7- azabi cycl o] 2. 2. 1j hept ERTAS309/PpI8D. 86 ¢,
5.74 mmol ) under a nitrogen atnosphere was added a sol ution of
4-fluoro-1-nitro-2- (trifluoronethyl)benzene 18 (1 g, 4.78 nmmol) and
triethylamne (1.45 g, 2.0 nL, 14.35 mmol) in acetonitrile (8 nL). The
reaction was heated at 84 C under a nitrogen atnDsphere for 22 h. The
reaction nixt &és el BofestiRgETowp selssled Siom e SRUpALSIERE PiTBABHS Mt ween wat er
and et hyl éTth@rtt %utyﬁﬁxehﬂéﬁ%ﬂ ETHES, ﬁﬁ%{ﬁ&ﬁ%@@%{lkhﬂD%‘ﬁﬁ% prop§fyl Was

extracted twice Wt acetate. The ‘conbi hed organi ¢ | ayers were dried
over Na2$©ﬁ’5)fﬁnﬁ1[%ﬂé@€tha dylmé}mm &FEMb dryness. Purification by silica
gel chromatography (0-50% et hyl acetate in hexanes) provided exo-7
-[4-nitro-3-(trifluorornethyl)phenyl]-7 -azabicyclo[2.2.1] heptan-5-ol 28
as a yellowsolid (0.67 g, 46%yield). LOGM riilz 303.3 [ Mrl- Lr ‘retention
time 1.51 mn (RP-C18, 10-99% CH3CN 0. 05% TFA over 3 mm). 7 L_/
Preparation of
exo-tert-butyl -di met hy14744-nitro- 3- (trifluoronethyl)phgn

7- bi 102 h I
Tert -but JPLRAT 4P5Rr RBRATT Be b T RG Dlteous wish was Sdded 10 a
sol ut i on vdfereddtingidazol e (144 ng, 2.11 nnDI) in DVF (0 5 mnm). After the

sol ution stopped bubbling, exo-744-njtro-3-(trifluoronethyl)phenyll-7-
azablcyclo[z 2. 1] hept an- 5- ol 28 ( ny, R4 Mol ) was added as a sol ution

in DM (0.6 nm.) and stlrr ro tenper He for Rﬁhe reacti on was
quenched with water an di ethy her, dried over
MpSH4, filtered and co entr téd to a, coI eSSl rlflcatlon by silica

gel chromat ography (O- 40% dj chl or onget hane in hexanes) af f or ded
exo-tert-butyl-di methyl - [[7ﬁﬂ-n|troﬁé (trlthoronethyFPphenyl] 7-azabi cycl o
[2.2.11heptanvgmmyﬂony]silane 29 (318 ng, 90% vyield) as a yellowoil. 1H
NVR (400.0 MHz, DWVSO- d6) f%ﬁé 2 Hz, 1H), 7.29 (d, J:2.4 Hz, 1H)
7.19 (dd, J=2RbisgChsEN, q_r|=§-—C@ qr{3)2a314 4.4 Hz, 1H), 4.47 (d, J = 5.2 Hz,
1H), 4.07 (dd a 1FD 1.71
S 147 (m R ‘}sasﬂéfl the@m)%g éijgup su'&bed ;IO%A{}](( Q‘été};_ﬁ?on‘;m@n& f t&l%ctﬁ?r_l')kﬁyl 01701
Pr epar at |(6M5®fteréh@f-ywm{lxlg (’Eﬁl@liﬂ)(tdmbety&pymytbvlmyyl]@&lym mISOpmpylsﬂyl

azabi cycl nethyl)anlllne (30). A flask
contalnlégh§g%P&tp§ﬁ&g§ygﬂ %%g%%éﬁé%ﬁ{) (10 wt% 30 ng, 0.28 nmol) was
evacuat edP157lir gedthai asheduRf tha inyentirargets Wi a domposm afthoonulaflA):

exo-tert-butyl-di nmethyl4[744-nitro- 3-
(trifluoromethyl)phenyl]-7-azabicyclof 2. 2. 1]hépAan 5-yl |l oxy] silane 29 (301
mg, 0.72 mmol) in ethanol (3 nRp, dheofl 5-evacuat ed and then was

equi pped with a balloon of &R ahd &tise 4 h at roomtenperature. The
m xture was filtered and concg at e(d t% diyness to yield
exo-4-[5-[tert-butyl (di nmet hyp oxy- 7/ -Bzabicycl o[ 2. 2. 1] heptan-7-y11- 2-
(trifluoronmethypaniline 30 (268 ngH 96% yield) as an off-white solid. 1HNWR
(400.0 MHz, DMSO- d6) 8 6.92 (dd, J L.4, 8.8 Hz, 1H), 6.77 (d, J = 2.6
Hz, 1H), 670(d J =8.8 Hz, 1H), 4. ’(s, 2H) , 411(t J= 4.4 Hz, 1H),
3.91 - 3.89 (mpiaH)lacelltlcalzyé@dptablcsaiftsmerebﬂ viherm: 1H), 1.54- 1.39 (m 3H),
1.20 - 1.16 (m 2H), 0.79 (s, 9H),. .0.02 (s 6k) . [0180] Internediate 6:

endo- 4- (2- (tert-butyl di rrethylsH@w oRe

azabi cycl o[ 2. 2. 1] heptan-7-y1) |tIuoro ypaniline (34). The
preparation of the title conpth depﬁb in Schene 9. Schene 9 [0181]
Preparation of 7Aazab|cyclo[2 2. 1]heptan 5-one (31). To a solution of
oxal yl di chl ot de- (&Qés fak31- U 1. 27 mol jdyi n d# %Lgrornethane (3 n)

under a nitrogen atnosphere at -78 C Was added a sb ron of DVSO (199 ng,
180 p. L, 2.54RMmisoCF; -ONdorcEECCHA(BRe (0.7 nl) dropwise. The reaction

m xture was a to s then a sol ution of
exo-744-nitrob39?ga¥$ﬁh %ﬁe%ﬁyl “%H@%ﬁ - azabi cyclo[ 2. 2. 1] hept an- 5- ol 28
(320 ngy, 1. 06RAsHyliroigen, dCEHIOCHERE KaMe (2.5 nl) was added dropwi se. The
reaction was stirred for an additional hour at -78 C, and then
triethylamne (536 ng, 738 [IL, 5.30 nol) was added dropw se and the
reaction was warmed to roomtenperatyye. The reaction mxture was dil uted
wi t h di chl oronet hane, partitioned between dichl oronet hane and water, and
the | ayers were separated. The aqueous | ayer was extracted once nore with
di chl oronet hane. The conbi ned organic |ayers were dried over Na2SO4,
filtered and concentrated to a yellow oil. Purification by silica gel

chr omat ogr aphy (O-3096ethy| acetate in hexanes) prOV|ded 7-

— o o "~ O~ oA o . = o ”~ A L NS




[0184] Preparation of endo-445-[tert-butyl (di methyl)silyl]oxy-7-

azabi cycl o[ 2. 2. 1] heptan-7-y1]-2-(trifluoronethypaniline (34). A flask

cont ai ni NYORAIVMEI2am on acti vated carbon (10 w % 24 ngPCOHUS2008(m 883 was
evacuated and then purged under a nitrogen atnosphere. To this was added a
solution of endo-tert-butyl-dinmethyl-R7-
[4-nitro-3-(trifluoromethypphenyl]-7-azabicycl o[ 2.2.1] heptan-5-yl|oxylsilan
e 33 (240 ng, 0.58 mmpl) in ethanol ,(5 rnL). The reaction mxture was
evacuated, then eqifPpidedithaltom B BAR’ GErnoppimplignegudy Bydregeaciifior 4 h at room
tenperature. Rhg 1PSri ot ci@Serbiyd %&E@Q f&ﬂﬂh@@%ﬁﬁ%&@ﬁ@ot{tﬂm%yﬁ%ﬁs toyield
endo-445-[tert-butyl(dineth %ﬁ XYy -

azabi cycl o[ 2. 2. 1] hdpiSnter- Bﬂmdlﬂhf(ﬂb’}sﬂylI('QBDB%MWWNDMIBASQ&I @BPM¥y, 100%

| d ff- 6.95 (dd, J =
2% ba o by, Copfepgits ik sND (il R RRE, 0 2T T 8
(s, 211), 424- 4.19 (m 1H), 4.06 - 4.03 (m 2H), 2.12- 199(m 2H) ,
5% LT e bbbl bt Syl gt 122 10,
N-(4-(7-azabicyclo[2. 2. 1] heptan-7-y1) - 2- ;
(trifluoronethyl)phenyl)-41- oxoRZS- trbfl u tﬁyl ) - 1, 4-di hydr oqui nol i ne- 3-
Deunty 3~ 01§60

car boxam de. The preparatloasof the title pound i s depicted in Schene
10. H2N F3CF3 C 1720Exanpl e "Cgf 6] To a sol ution of

4- 0x0-5-(trifluoromethyl)-1H duiggl ilne-B-carboxylic acid 17 (9.1 g, 35.39
mmol ) and 4-(7-azabicyclo[2.2.1 heﬁtan 7-y1)-2-(trifluoronmethypaniline 20
(9.2 g, 35.74 mmol) in 2-nethy|tetra2&drofuran (91.00 nL) was added propyl
phosphoni c acid cyclic anhydride (T3FD350% solution in ethyl acetate, 52.68
nL, 88.48 ol siaRfadRddaly E&eﬁtgblésﬂts tierebf Wherei0- 78 mmol ) at room
tenperature The reaction heated at 65 C for 10 h under a nitrogen
at nospher e. AFF@#\édékﬁﬁbﬁw@ roon1tenperature the reaction was then
diluted with ethyl acetate and gquenc saturatﬁd Na2CO3 sol ution (50
m.). The | ayers were separa ed an he a u | aye § extracted twice
nore wth ethyl acetate. orga i Iayers re washed with
water, dried over thSC%g é. ONT rat tan solid. The
crude solid product was slurriedin eth&# acetabe dlethyl ether (2:1),
col l ected by vacuun1f|Itratkgn and shed(tmnce nDreagnth et hyl

acet at e/ di et hyl ether (2:1) 0 prOV| e the ﬁhoduct as light yell ow
crystalline peheleln. The powder was dissolved in warm ethyl acetate and

absorbed onto_ el jte. Purifi i _silica gel chromatography (0- 50%

et hyl acetateRiﬁ"gkbﬁ?gﬂﬁﬁéfﬁ§h§§23g§vided

?-(4ff7 azabiﬁ&??@%%g&a?@%ﬁpmaﬁ{ﬂiy&)??ﬂJH hyl ) -1, 4-di hyd I 3-
trifluoromethyl)phen 0 uor onet hy i hydr oqui nol i ne-3-c¢
ar boxani de as aSWHWng Gt 3 68Hh€ (Qﬂld (13.5 g, 76%yield). LCMS ni/z
496.0 [MHH ', ret e;s}bhaéumﬂmﬂﬂk%dmafe%t@ﬁﬁmé@u &N 0. 05% TFA over 3
mn). 111 NVR (400.0 M4z, DWVSO-dg) 13. 08 (s, 1H), 12.16 (s, 1H), 8.88 (s,
1H), 8.04 (ddmadeby sypf the progegses digglosedhgsin. 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, J = 6.9 Hz,

4H),1.44 (d, J = 6.9 Hz, 4H). [0187] Exanpl e Conpound 3 Form A HCl Salt
N-(4-(7-4 Egi Cf@p@npgaspeqpﬁ@pmﬁntmyg_lytes to a compound selected from the group

2- (trlflgg&%ﬁﬁ%gyl)phenyl) -0X0-5-(tritluoronethyl)-1, 4-di hydroqui nol i ne-3
- car boxam ydrochl oride (Form A-HC1). Exanple Conpound 3
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Form A Hydrochloride Salt (FormA-HCl) |. Pd/C, H2 (g) 2-MeTHF HC HCl
(g) CF3 20 NCI [0188] Preparation of 744-nitro-3-(trifluoronethyl)
pheny11- AWORHWHBRE| o 2. 2. 11hept ane (19). PCT/US2009/061882
4-fluoro-1-nitro-2-(trifluoronethyl)benzene (18) (901 g) was added into a
30 L jacketed vessel. Sodium carbonate (959.1 g) and 5 L di net hyl sul f oxi de
(DVBO) was added and the mi xture was stirred under a nitrogen atnosphere.
7- azabicycl o[ 2. 2. 1] hept ane hydrochl oride (7a) (633.4 g) was added to the
vessel in portions. The tenperature of the m xture was gradually raised to

55 C, and the reactlonﬂmas nDnltorg Py HEL When the substmate was | ess
than 1% AUC, thel react.Ngpwas consi er&dic-@ﬁ ete. The mx t s then
diluted with 10 yolx yltetra rofu nd mash vol . water
three tines unli r empd " the ac emned by
HPLC, to gi 742-nitro-3-§tri ronet hyl )

phenyl]-7- i cycl o[ 2. 2. 1] hept (19) in 2- yItetrahydrofuran

(approxi mat el Y*95% yi el d). [0189F; Preparation o ydrochl ori de salt of
4-(7-azabicyclo[2.2.1] heptan-7-yl)-2- (triflueronethyl)aniline (20HC).

Pal | adi um on carbon (150 g, 5 %ww was charged into a Biichi Hydrogenat or
(20 L capacity) under a nitrogen atnosphere, ufoll owed by the addition of
714-nitro- 3- (trlhluorompthyl) phenyl] Faz akl" o[ 2. 2. 1] heptane (19) (1500
g) and 2- nethyt uran (10.5 > drogen gas was charged
into the cl osed c,l0 a pr reo ObF bar. A vacuum was applied
for about 2 mm | | owad by theri oduction ofF hydrogen gas to a pressure
of 0.5 bar, I'S process was repe d 2 tinmes. Hydrogen gas was then
continuouéF%?Sgarged to the mxturgyat a pressure of 0.5 bar. The m xture
was then stirnmed at a tenperature Btween 18 and 23 'V by cooling the
vessel jacket. A vacuumwas applied to the vessel 'when no nore hydrogen gas
was consuned and when there was no further exotherm Nitrogen gas was then
charged into thg vessgl at 0.5 bar and a vacuum was reapplied, followed by
a second chargelaf, 0.5 Aar nitrogen gas. Wen the HPLC of a filtered

al i quot shgwed .ta .ftthnf the 744-nitro-3-(trifluoronethyl) phenyl]-7-
azabi cycl o w-dhhethne (19) remained (e.g., < 0.5%, the reaction mxture
was transf ed to a receiving flask under nitrogen atnosphere via a filter
funnel usi a Celite filter. The Celite filter cake was washed with

2-met hyl tetrahydrofuran (3°L, 2 vol). The washings and filtrate were
charged into a vessel equipped with stirring, tenperature control, and a

ni trogen atnnsphere. AM HC1 in 1,4- d¢oxaner(1 vol ) was added contlnuously
over 1 h into tfat B_F) was stirred for an additional
10 h (or er ni gi 2- et hyl tetrahydrofuran (2
vol ) and e ?!s hl oride salt of

g € NY%
4- (7-azabi o[ 2. 2. 1] hepta A (trlfluoﬁonethypanlllne (2011C1) as a
white crystdlline solid (app tely 97% vyiel d).
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[0190] Alternative preparation of hydrochloride salt of

7-14-am no-3-(trifluoronethyl) phenyll-7-azabicyclor?2.2. 11hentane

(20' HC1) .WO201W®3893¢] In a Bilchi Hydrogenator (20L capa®CiipPS20094p1884i um on
carbon (5% ww) (150 g) was introduced under nitrogen foll owed by the
addition of 744-nitro-3-(trifluoronethyl)

phenyl ] -7-azabi cycl o[ 2. 2. 1] heptane 19 (1500 g) and 2-net hyl t et rahydr of uran
(10.5L, 7 vol). Hydrogen gas was charged into the vessel to a pressure of
0.5 bar. A vacuumwas briefly applied (2 m r;L), foll owed by the introduction
of hydrogen gas to a pressure of 0.5 bar. ’I’hﬁ; process was repeated 2 nore

times, and then hydrogen gas harged to t@e hydraggenator continuously
at 0.5 bar, and stirri ng ywa | c nced. The t rrperalur the reaction

m xture was nai nt a| n C by cool iRy j acket. A vacuum
was applied to HTDT € @ gl S ronsumed and when

there was no fu er exotﬁ m t rogeRn &5t ien Ocharged to the vessel,
and a vacuum wag re-applied,) followed bffa nitrogen gas charge at 0.5 bar.
The reactiPt®lwas deened corrpl\ete wherd an' HPLC of a filter ednadeibyaoy showed
that 7-] t thyl) phenyll-7- azabicyclo[2.2.1] heptane was
not det eéfﬂl&p&gcegs éa}ég&lééfﬂggrrgggctl on m xture was then filtered through
Celite. The remaining slurry was transferred to a receiving flask under
nitrogen gas via a filter funnel @gkm@ a Celite filter. The Celite
cake was washed with 2- nethyltetr an (3L, 2 vol). The filtrate and
t he washijopgs] we[n&rmedm&fle r4-exb §-@rifiueemsathylpididipaitoquihblire-tarboxylig

mechani sm r and a .ni tm)s here. 4MHC1 in

e s e 0P S e SRl e PR B 2 SHRRAD o, oM PSH 0 o
The resul ting mxture was stirred for an addltlonal 10 h, filtered and
washed with 2- nethyltetrahydrofur g (2 vol) and dried to generate 1519 g
of 744-am no-3-(trifluoronethyl) ph ‘?WF‘F% azabi cycl o[ 2. 2. 1Thept ane
hydrochl oridg (201101)as a white crystglline solid. [0192]¢, o

N-(4- (7-azakjcyclo[ 2, 2. ]hept@ﬁ@ I- yl) -(trifluor t hyl ) phesy 1) 4- oxo- 5-
(trifluorofretlhyl+) -8 2Ydi ¢& d T B- car hoxa Be g I|8e(Form
A-HO . 2- MEthyttetr r of uran” {0. 57 NITD W81 )?WaSEharged into a 30 L
j acket ed re%‘ct gr vessel,, fol | owed by tohe béi on of the Hydrochl oride salt

of 4-(7- azablcyclo[z 2. f] heptarl 7-y®B - 2- (trlfluoronethypﬁ%iline (2011C1)
(791 g, 2.67 nmol) andg [ ot hyl ) -1, 4-

dlhydrqu|n®%ﬁﬂ@ 3-cal f__ﬁ, 578 g 2.23 mol) and an additional
5.2 L (9.0-vBFY ef - nt Hyl OBt r ufan] $ti P¥ing commenced, and T3P in
2- nethyltetﬁ%ﬁ?&rofu ANN(2. 84 kg, ¥A746 not)Nwas added to the reaction

m xture over™¥5 nin. a%rldlne (534.0 g, S4p. "o m., 6.68 nol) was then added
via an addition funnel™dropw se over 30 mm The m xture was warned to 45 C
over about 30 mmand stirred for 12-15 h. HPLC anal ysis indicated that

4-0x0-5- (trifluoronethyl)-1,4-di thr ogw nol i ne- 3- car boxyl i ¢ acid was
present ilBl62h Jirpearation iethik2-63chiprerSiitrifTuoremethilpheanlaptePed o room

t enper at %ahynznéY%Mai%laFWdﬁﬁws analdtoMehyilke 12)20MRs 1addednf ol | owed by

water (6.9 he tenger ature’was nai ntai ned bel ow 30 C. The

vater | aMhMiemwm@ﬁmqlmtedﬁd Hi & 113apel) andisluera @iy waktshed twi ce
Wi Mo Rk WAL RS BRUERNS ROl L Be BE. 19 ARl Sol @Y f p RS Ahashed
WW CItr

with 10% I C aci and Yy Wth water
m xture \mnﬁmrk sindensey. ITEl@rseldu@nwaStheamWethrsmnngm b0 hoant dire tanpervwsel . Seed

t al b t
?'[ %I;Sf Fluzrvga(i %I{té?&ihf_‘)%ﬁ) lrﬁé/%%}cg{oé "ﬁ?tgl%ef %ocrg{)}ﬁ% hyI f?"‘f“ Hexc?n?'u((sgr oqw "0l i ne-3-¢
ar boxam déviy edded hThe iesidtifg-durny washGirgd @8l @B Wedjio warBii0 rqmoﬂe)npémtum an earlier

ot rred opsonohs e Bupon Il B8R < SRl B e BT 1 © ™

2- net hyl taat ﬂahyldécbﬁndeamc@&nvmﬂyr)mdsmozhimmltdr(ismig ang yialddras e desiredit 60 C unti |

const ant ener at | tan 7-

y1) - 2- (trcf”f“#eg t t)dﬁﬂg'ﬁ%(& &11 3”%&“? Q"?qﬁlﬁi’h‘ﬂéﬁﬁﬂ}‘ﬁ"ﬁ?ﬂwk Hhydr oqui nol i
ne- 3- car&%ﬁumﬂe ‘HWR Jm(mnaeDME@tdg) &1 HEY (a, 1183 HEXaNME 63 @oreasind 3 Form
B HCl Salt N-(4-(7- azabl cycl o[ 2. 2. 1] heptan-7-y1l) -
2-(trifluoronethyl)phenyl)-4-oxo- 5- (trlfluoronethyl)-1,4-dihydroquinoIine-3
- carboxam de hydrochloride (FormB-}). HCIHC Exanple Conpound 3Exanpl e
Compound 3



Form A Hydrochl oride SaltForm B Hydrochl oride Salt (Form A-HCl) (Form B-HCl)
[0194] 2-Methyltetrahydrofuran (100 nL) was charged into a 3-necked fl ask
havi ng a WORAWYEBS2at nosphere equi pped with a stirrer. ER&R3IS20020M$8UNd 3
Form A-HC1 (Exanple 3B, 55 g, 0.103 nol) was added to the flask, followed
by 349 nlL of 2-nethyltetrahydrofuran, and stirring conmenced. 28 nL of

wat er was added into the flask and the flask vvas warmed to an internal
tenperature of 60 C and stirred for 48 h. The ask was cooled to room

t enper at % 1Hh@ G- $04d, 4=18.3 Hnd B &atd (06 'mlé?t Yt Sz §4¢iurh= i | ter ed

until the {ih R £aKg 1as, ﬁgyZH'thﬁg,l kgh filter cake was washed with
2-net hyl tetrahydrofuran (4 vol) ‘tw ce. T)he solid filter cake renai ned under

vacuum su8i63bn Breparatigreef eyl rchigyoroxoeb-(itifluoremetind) - va-dlihydseninglined to a
d t t
rying rﬁé’arh&éﬁaé%glszeégﬁr%guﬂ‘é}?ga&rwbﬁ@h&% éﬁvﬁpﬂﬁ&&@ﬁn@é‘@(ﬁm '}{E’E/% vacuum a

60 C, to give For as a white crystal e solid
(49 g) (appeoxasrdegsbed 0009430 fok dh. Thos9Ehnt Frdivpled taAPSEUnd clBrgefriepar at i on of

N-(4-(7- i
Ny amoone ToRUng e 2 & il BERRS Bobloks Sxuituotomennypphemytaminor. o 1y,
g r5 g gg( at irrmﬂhyjeinel;ﬂme!ortatd6 14&8? gg@@bmdl)J Ehefiemltmgadxmw vBohomed 4260 °Gichéife 11
a 0O a,s ut
22 o T hpths TR ey e sihol bpats et B u fistasion. e vas, o go
(r)mgl)) an:jﬂlawednormmﬁy Cobl az&inCe yHdkade 120 ] hepd sinsw@«ay@ﬂeﬂacm xtﬂnudee(xﬂﬁ) (170 ng,
nmo

aci d oycltPLordydh Rl BOARLHF ol hesi Hobd inpre aivbe Do oy Siftea ] 65

mrol ) andinfYit hali Ia@shédl%@mamp&&are[ Ehe slid6asTimetel, wasmﬁwmemtah@@ MEsH capped
and heated at 100 C for 65 mn with mcrowave irradiation. The reactlon was

cool ed t Ao hedsicd apdar acuym ey idgiey T BERpTo-4ere-atElpargmeity)-1diq
quenched dm)dequ a.bmeai eﬂb&@m S0l et sdpia ((ﬁg %rﬂg% yididf '@ 9RIRi @00 RYR! was

dried over | tered and concen rification bﬁ;l |1 ca gel

chr omat od?héﬁﬂgﬂq?blh%b/@eﬂﬁyﬁ 3%&%!%1 8 OF’rﬁd d'l -c?rﬁ Stzo kil A&k &9, /57 B¢

N-(4-(7- @ZﬁQQCbeQ[I?z %H}hr@RE 9“— 71 H]z?ﬁ)' cyanopheny1) -
5-net hyl -4-0 droqui nol | ne- 3- car boxani de (157 nmg, 49%yield).

LC/ MBS 1 allﬁlmg Psemmn Ofrtéhlé HraxerP-triflsorpmethyhri H-gpingline-3cartegylateH3CNV/ 0. 05%
TR v gy A Gl PRI b2 T e 3.5 1)
8.0 Hz, Hiydrogipaliei-carboxyl@lH00 £443 mpl)Xhapdd 1230 mL, 12.Bml) andz, 1H),
R L A
N+1 ( 7 azedti @ YCC oI Be @adioh eyt atrred-wigorewdly(1Bider hydrogen atmosphere for 20 h at 5
0 et S LB B LBERK G P AL A RIE sl gl e >
12. mL. The product, ethyl 4-oxo-5-(trifluoromethyl)- 1H-quinoline-3- carboxylate 16, as a slurry

with Pd/C, was taken directly into the next step.

[0165] Preparation of 4-0x0-5-(triflueromethyl)-1,4-dihydrogquineline-3-carboxylic

acid (17). Ethyl 4-oxo-5-(trifluoromethyl)- 1H-quinoline-3-carboxylate 16 (58 g, 0.2 mol,

crude reaction slurry containing Pd/C) was suspended in NaOH (814 mL of 5M, 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 to remove Pd/C and

the Celite was rinsed with 1 N NaOH. The filtrate was acidified to about pH 1 to obtain a

thick, white precipitate. The precipitate was filtered then rinsed with water and cold

acetonitrile. The solid was then dried under vacuum to provide 4-oxo-5-(triflucromethyl)-

1,4-dihydroquinoline-3-carboxylic acid 17 as a white solid (48 g, 92% yield). '"HNMR
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Schenme 12 T3P, pyridine 2- MeTHF 1727Exanpl e Conpound 13 [0198] To a

sol ution of 4-oxo-5-(trifluoronethyl)-1H quinoline-3-carboxylic acid 17 (19
nmg, 0.07 WRSPI0/EBR6 PCT/US2009/061882

4- (7-azabicycl o[ 2. 2. 1] hept an- 7-y1) - 2- ( 3- di et hyl am noprop-1- ynypaniline 27
(20 nmg, 0.07 nanol) in 2-tnethyltetrahydrofuran (190.9 pL) was added T3P
(118 ng, 0.19 nnDI) and pyridine (12 ng 12 pL, 0.15 nmmol ). The reaction
was heated at owave irradiation. The reaction

was di | utl@- QAMH% Em&ddﬁdS&éé%éﬁédmﬁt(h oI ablib¥ds/ A8 (50

nal .). Thg!hﬁ%%qg Wweemsepfar at ed, and the aqueous layer was extracted tw ce
with EtOAc e conbi ned organlcs were washed once with water, dried over

Na2SO4, fwm%r dntermediate?s dr(7 agahieyclofha 1 heptanciey N trifinarpmethryDsniling or se
phase HPL(E][) %ﬁﬂgs_@ N e %J}Edﬁ)]d ESQieglcﬁéﬂ in Scheme 5.
abi cycl0l2

N44-(7-az 0 2. 11hept an-7/-

y1l) - 2-(3-di net hyl am noprop-1-ynyl ) phenyl1l-4-oxo-5-(trifluoronethyl)-1H quin
ol i ne-3- carboxam de (8 nmg, 17@6y|q%g% CYNB ni/z 509.7 [ MMH[ +, retention
time 1.06 nm (RP-CL8, 10- 99% CH3CN E‘%TFA over 3 nin). 11-1NMR (400.0
MHz, DMBO d6) 8 13.23 (d, J=6.8 Hz, lkb 12 (s, 1H), 10.31 (9 1H), 8.96

(d, J= 6.6 Hz , 8. qﬂgd, =9 06 ( N 07 (dd,
J="1.5 He, 8, ,+1 o&'-*icﬂffg 8Pd'C§ 1525 09 ([ J2H) , 4. 49 (s,
2H), 4.29 P&, 2. s, W) 6N 654 J— 7. ftqb&12h4H)2N 44 (d, J=7.0
Hz, 4H). [0199F5Exanple Conpound 5: CFs CF;

Endo NA44(5S) 4g0- Rert - but¥l(d|nethyl)3|lyljgxy 7-

azabi cycl of 2. 2 1] hept an- trifluoromethyl)phenyll-4- oxo S-(trifluoro
net hyl ) - 1071 nSreppsationcef; T Pﬁ“c@e(tf‘ﬁh@'ome&lp’é)rldleﬂﬂgﬂof the title conpound is

depi ct ed dzﬁblé‘imﬂg.lﬂlﬁptangqm.n?o %Qlask containing 7-azabicyclo[2.2.1]heptane
hydrochloride 7a (4.6 g, 34.43 mmol, obtained from Tyger Scientific Inc., 324 Stokes
Avenue, Ewing, NJ, 08638 USA under a nitrogen atmosphere was added a solution of 4-
fluoro-1-nitro-2-(triflucromethyl)benzene 18 (6.0 g, 28.69 mmol) and triethylamine (8.7 g,
12.00 ml., 86.07 munol} in acetonitrile (50 mL). The reaction flask was heated at 80 °C under
a nitrogen atmosphere for 16 h. The reaction mixture was allowed to cool and then was
partitioned between water and dichloromethane. The organic layer was washed with 1 M
HCl, dried over Na;SO,, filtered, and concentrated to dryness. Purification by silica gel
chromatography (0-10% ethyl acetate in hexanes) yielded 7-[4-nitro-3-(trifluoromethyl)
phenyl]-7-azabicyclo[2.2.1]heptane 19 (7.2 g, 88% yield) as a yellow solid. 'H NMR (400.0
MHz, DMSO-d¢) 6 8.03 (d, J = 9.1 Hz, 1H), 7.31 (d,J = 2.4 Hz, 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-(7-azabicyclo{2.2.1] heptan-7-yl)-2-(trifluoromethyl)aniline
(20). A flask charged with 7-[4-nitro-3-(trifluoromethyl)phenyl}-7-azabicyclo{2.2.1jheptane
19 (7.07 g, 24.70 mmol) and 10% Pd/C (0.71 g, 6.64 mmol) 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
and Pd/C was 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[2.2.1] heptan-7-yl)-2-(trifluoromethyl)aniline 20 as a
purple solid (5.76 g, 91% yield). 'H NMR (400.0 MHz, DMSO-dg) 6 6.95 (dd, J = 2.3, 8.8

4.



Exanpl e Conpound 5 [0200] Preparation of

endo-N-[4-[(5S)-5-[tert-butyhdi methyl)silyl]oxy-7- ,

azabi cycl\¥P200/083Rept an- 7-y1] - 2- (tri f |l uor onet hyl ) phenyl PCEUSRPOH61862 i f | uor o
met hyl ) - 1Hqui nol i ne- 3- car boxam de. To a sol ution of
4-0x0-5-(trifluoromethyl)-1H quinoline-3- carboxylic acid 17 (148 ng, O0.58
mmol ) , 0-(7-Azabenzotriazol-1-y1)-N,N,N ,N - tetranethyl uroni um

hexaf | uor ophosphat e ( HAT 5306 m% 0.81 m’ﬂ)lzi in 2- methyltetrahydrofuran
(2.2 ni) ReadBaddedd.erindodizs 1Tl &rR (it 5 § Bdlanbilh 8P &5 2, 43 (s, 210), 1.61 -

azabi cycliodoZng af) REPL Pa/7 LE|g Bz, Wiy f | uoronet hypaniline 34 (222 ng, 0.58
nmmol ) followed by triethylamne (146 ng, 201 [IL, 1.44 rnnol). The reaction

m xt ur e VBE%he dntermedia®3: C-2minoiB(Tazalfigeclolddiihaptamy-yDbenzopirileg2owed t o
cool to r q%;hﬁ , It en
2- et hyl t@? r y%lrggo? Eireg{rtll?\ﬁgﬁg%n Bg%ég%%tggﬁggﬁg&ﬁe aqueous | ayer was

extracted once nore with 2-nethyltetrahydrofuran, the organic |ayers were
conbi ned, dried over Na2SsO4, fil ter&%ex%g% concentrated to dryness.
Purification by silica gel chromatography (0-30% ethyl acetate in

di chl or onet hane) afforded
endo- N44-11(5 F[tern-%ytyl %di met hyDsj | yf y-7- N%

azabi cycl o[ 2. hept azﬁ Ly P TER Y f | orret yIP¥fHEny 11- 40- 5-Ctrifluoro
met hyl ) - 1Hg® nqgl i ne- boxaw.de (Z/5~0, 79%medDeliayin | M (400. 0 MHz,
DMSO-d6) 8 13. 017 (s, 111), 12.16 (s, 1H), 8.88 (s, 1H), 8.04 (dd, J= 2.2,
7.3 Hz, 1H), 7N95 -7.89 (in, 3H), 7.22 {dd, J = 2.4, 8.9 Hzny 1H), 7.16 (d,
J =2.6 Hz, 1Hyy 4.29 (34, 3H), 2.16 - & 07 (m 2H), 1.62 -24..43 (m 3H),
1.05- 1.01 (m 1H), 0.89 (s, 9H), 0.08 (d, J = 1.4 Hz, 61-1). [0201]
Preparati on of endo-N- E4-[(5S)-5-hydroxy-7-azabicycl o[ 2. 2. 1] heptan-7-y1] - 2-
((jte“ f 1 uongiml hyl-yphemnlde strdsaniey b2l gt ARV dinbbedidhitAle (38: FoGar boxam

EndoNL4- [spls8)n of- Rcro-Bunityobparoniitileybé 160yme, §:86-rmmel) intsicetppitrdlp o1 mLY vitept an- 7-y1

]-2- o .
(trifl uorsg)r‘rﬁé %%ﬂesj gﬁéﬂ)ff’ fl-oglz-%i](l)l? %til?ethl'yidﬂgolcﬁlglf%ena(ﬁ)z/? Sn-g 1?—'86(:1{?{“&1)) Ialrl(ri]e- 3- car boxam
de (281 rgsthamBe (ﬁ#éln)g,ﬁ/%? dls3 6]l wawhi Tha %aei0in/viEes lvames at 60 “@riforgfh. _1131’&7/ w)

ol ut i on B P LNEEAERwEh W RRBARIPEL LS 3 and@cflacdRotl L 00 11 2

white precipi reaction was er and
filt ered.dichiheomahdne 31D mb). i Thewambilicd sxghnie thyem wetdwishateitlatvetes dtied at ed

aqueous NaH olL.ytion., The S _Were ar at t he ous | ayer
o RIS ktirk o Ghenl BT o ortBlCs PPRAREI Sota SN MR ARIEOS 1oVl
twi ce W tnitrabadz@hitrild 22 €205aiE 187 Wagsd¥ LA/MStet 24t A+ P neenticiediee1.69 dr yness
to yield endo- N44- -5 - - .

aza)t;i cyclr’ﬂ)‘[‘g[.?%.wilgj }%%%gkfgggédés%#gioﬁr&o@&ﬁm hyl ) phenyl ] - 4- oxo-5- (trifl uoro
N 1) e O 7.4
o1y Sistogareed il o razaigpoor 3 e T30 phigobgiinds 2epS me, 487 -
2.6 Hz, :hlﬁi)lol) 51(:91@‘7&ljd/C\MFﬂig,a).Wmmbﬁ)wasﬂuaﬁdwiﬂl-ni@b Mhndldin evdevdted- 4. 19 (m
1H), 4.16 - 4.13 (m 1 .15 -2.08 - 1.55 (m_ 111), 1.47-

m 1H) (m 2H), 1.6
1. 44 (m upderyagiym. Meshanohe, mb)-was agdedypder nifyogen pimosphepogmithediask yes cal  dat a

for the GRERPQUAGSy@bactAMIGon! Afer SRPNE (5N, daPY/e was RAdWRE 8y GRARGKND No
LG W Mi-1 LC RTa mnutes :
and solvent was removed under reduced pressure to provide 2-amino-5-(7-

azabicyclof2.2.1Theptan-7-yl)benzonitrile 23 (170 mg, 95% yield). 'H NMR (400.0 MHz,
DMSO-dg) 6 7.02 (dd, J = 2.8, 9.0 Hz, 1H), 6.87 (d, J = 2.7 Hz, 1H), 6.68 (d, J/ = 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).

[0172] Intermediate 4: 4-(7-azabicyclo[2.2.1]heptan-7-yI)-2-(3-(dimethylamino)prop-
1-ynyl)aniline (27). The synthesis of the title compound is depicted in Scheme 7.
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NAIR 1 456.50 1.76 ill NAIR (400.0 MHz, DMSO-d6) 6 12.94 (d, J = 6.1 Hz,
111), 12.36 (s, 111), 8.80 (d, J = 6.8 Hz, 1H), 8.13 (s, 1H), 7.98 (d, J
8.9 Hz, IWP2010/@826 7.63 (m 2H), 7.10 (d, J = 8.5 Hz, PHAJ/US2009061882 1H),
4.28 (s, 211), 2.48 (s, 311), 2.02 - 2.00 (m 2H), 1.86- 1.77 (m 5H), 1.45
- 1.42 (m 1H), 1.31 (d, J = 11.1 Hz, 211). 2 458.20 1.20 |11 NWR (400.0
MHz, DMSO-d6) 6 12.89 (s, 111), 12.43 (s, 1H), 8.79 (s, 111), 8.00 (d, J
8.9 Hz, 1H), 7.72 - 7.68 (m 211), 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 (d, J = 6.9 Hz, 4H), 1.43¢4fluel = 6.9 Hz, 4H). 3 496.0 1.48
11- INMR (400.0 MHz, DVMSO-d6) 6 13.08 (s, 1H), 12.16 (s, 1H), 8.88 (s, 1H),
8.04 (dd, J = 2.1, 7.4 Hz, 1H), 7.95 - 7.88 (m 311), 7.22 (dd, 5 8.9
Hz, 1H), 7.16 (d, J = 2.5 Hz, 1H), 4.33 (s, 2H), 1.67 (d, J= 6N9L%z,
4H),1.44 (d, J = 6.9 Hz, 4H. 4

F H Pd(PPh;).Cly

. N DMSO, K;CO; N Cul ON
OpN lb B0°C,24h QN OME. TEA I

Br Br 80 °C e

24 7a 25 26
Ad

Fe, FeS0O, HN

H20, 100 °C i 27
'f/

[0173] Preparation of 7-(3-breme-4-nitrophenyl)-7-azabicyclo[2.2.1]heptane (25). To
a solution of 2-bromo-4-fluoro- 1 -nitro-benzene 24 (1.1 g, 4.8 mmol) and K,CO3 (2.0 g, 14.3
mmol) in DMSO (8.400 mL) was added 7-azabicyclo[2.2.1]heptane 7a (765.4 mg, 5.7 mmol)
portion-wise. The reaction was stirred at 80 °C for 24 h. The reaction was diluted with water
to precipitate the product. The solid was redissolved in dichloromethane, washed with 1.0 N
HC, dried over MgSO,, filtered and concentrated to provide 7-(3-bromo-4-nitrophenyl)-7-
azabicyclo[2.2.1Theptane 25 (1.1 g, 78% yield). The crude product was used directly in the
next step. LC/MS m/z 299.1 [M+H]", retention time 1.97 min (RP-C,5 10-99%
CH3CN/0.05% TFA over 3 min).
[0174] Preparation of 3-[5-(7-azabicyclo[2.2.1]heptan-7-yl)-2-nitro-phenyl]-N,N-
dimethyl-prop-2-yn-1-amine (26). To 7-(3-bromo-4-nitro-phenyl)-7-
azabicyclo[2.2.1]heptane 25 (500 mg, 1.683 mmol), Pd(PPh;),Cl; (59 mg, 0.08 mmol), and
cuprous iodide (9.616 mg, 1.708 pL, 0.05049 mmol) was added a solution of N,N-
dimethylprop-2-yn-1-amine (420 mg, 538 puL, 5.05 mmol) in degassed DMF (5 mL) and
triethylamine (5 mL). The reaction mixture was microwaved under N; for 10 min at 100 °C.
The reaction was diluted with ethyl acetate, washed with 50% saturated sodium bicarbonate
solution (2x 20 mL), water, and brine. The solution was dried over anhydrous Na;SO4 and
filtered, leaving a red solid. Purification by silica gel chromatography (0-50%
dichloromethane in ethy! acetate) yielded 3-[5-(7-azabicyclo[2.2.1}heptan-7-yl)-2-nitro-
phenyl}-N,N-dimethyl-prop-2-yn-1-amine 26 (400 mg, 79% yield). LC/MS m/z 300.5
[M+H]", retention time 1.11 min (RP-Cg 10-99% CH3CN/0.05% TFA over 3 min).
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458.50 122 ' 111 NMR (400.0 Mtz, DMSO-d6) 6 13.12 (d, J = 6.7 11z, 1H),
12.50 (s, 1H), 8.78 (d, J= 6.8 Hz, 1H), 8.10 (d, J = 9.1 Hz, 111), 7.78 -
7.72 (m WOROI0p4886(d, J = 7.7 Hz, 1H), 7.39 (d, J = 7. BCEAS2009061882 33 (s,
111), 5.20 (s, 2H), 4.47 (s, 2H), 1.74 (d, J = 6.7 Hz, 4H), 1.51 (d, J =

7.1 Hz, 4H). 5 512.50 1.55 | HNMR (400.0 MHz, DVSO-d6) 8 13.07 (s, 1H),
12.15 (s, 111)888(s 1H) 804(dd J= 2.2, 74Hz 1H) 7.95 - 7.88
(m 3H), 719 J= 2.4, 111%; 7.12 J= 2.6 Hz, 1H), 5.00 (d,
J= 4.2 HAOITHY) &P‘E’BUO'H"fl‘BW( ?ﬁabmmlolw heptan7-y ?(@rdlmll)ylammmmﬂl e

Conpound Jﬂ?l)alhglé\@ﬂ\.m’jl[5~(7-A4ablcyclo[2.2. 1}heptan-7-yl)-2-nitro-phenyl]-N,N-dimethyl-
prop-2-yn-1-amine 26 (340 mg, 1.14 mmol) , iron (634 mg, 11.36 mmol) and ferrous sulfate
heptahydrate (316 mg, 1.136 mmol) were suspended in water (1 mL) and refluxed for 20 min.
The reaction was filtered and the solid washed with methanol and dichloromethane. The
filtrate was concentrated and purified by silica gel chromatography using (0-5% methanol in
dichloromethane) to provide 4-(7-azabicyclo[2.2.1]heptan-7-yl)-2-(3-dimethylaminoprop-1-
ynyDaniline 27 (148 mg, 48% yield). LC/MS m/z 270.3 [M+H]", retention time 0.25 min
(RP-Cig, 10-99% CH3CN/0.05% TFA over 3 min).

[0176] Intermediate S: exo-4-(2-(tert-butyldimethylsilyloxy)-7-
azabicyclo[2.2.1]heptan-7-yl1)-2-(trifluoromethyl)aniline (30). The synthesis of the title
compound is depicted in Scheme 8.

Scheme 8

HO. H

HO TBDMSO
. b H H
HN
N TEDMSCI N
[
O2N CH3CN, TEA Imidazole
CFs  s4°c,22h  OoN DMF, 161 ooN

18 CFs 28 CFa 29
TBDMSQ, |,
PA/C, Hy Ng
EtOH, 4 h N ,@ 30
CF3

[0177] Preparation of exo-7-[4-nitro-3-(trifluoromethyl)phenyl]-7-azabicyclo[2.2.1]
heptan-5-ol (28). To a flask containing exo-7-azabicyclo[2.2.1]heptan-2-0l 7b (0.86 g, 5.74
mmol) under a nitrogen atmosphere was added a solution of 4-fluoro-1-nitro-2-
(trifluoromethyl)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;SQy, filtered, and

concentrated to dryness. Purification by silica gel chromatography (0-50% ethyl acetate in
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LC RTa m nutes NM R
1H), 1.47 -1.44 (m 2H) and 1.03 (dd, J = 3.4, 12.3 Hz, 1H
1PRCT/UR2009861382 1H)

1.55 (m

399. 30 1.WOQ29mW/0#8RKR (400.0 MHz, DVSO-d6) 5 12.77 (s,

8.77 (s,
8.0 Hz,

1.42 (d,

4.16 - 4.13 (m 1H), 2.15 - 2.08 (m 2H), 1.61 -

6

1H), 8.11 (d, J= 9.1 Hz, 111), 7.64 - 7.60 (m 111), 7.55 (d, J=

1H), 7.34 (d, J= 2.8 Hz, 1H), 7.27 (dd, J= 2.8, 9.1 Hz, 111),
(d, J= 7.2 Hz, 1H), 4.32 (s, 21-0, 2.91 (s, 311), 1.65 (d, J= 7.2 Hz,

J=6.8 Hz, 4H). 7 453.0 1.62 ] ,
hexanes) provided exo-7-[4-nitro-3-(trifluoromethyl)phenyl]-7-azabicyclo[2.2.1] heptan-5-ol

28 as a yellow solid (0.67 g, 46% yicld). LC/MS m/z 303.3 [M+H]", retention time 1.51 min
(RP-C;3, 10-99% CH3CN/0.05% TFA over 3 min).

[0178] Preparation of exo-tert-butyl-dimethyl-[[7-[4-nitro-3-(trifluoromethyl)phenyl}-
7-azabicyclo{2.2.1]heptan-5-yljoxylsilane 29. Tert-butyl-chloro-dimethyl-silane (197 mg,
1.267 mmol) was added to a solution of 4H-imidazole (144 mg, 2.11 mmol) in DMF (0.5
mL). After the solution stopped bubbling, exo-7-[4-nitro-3-(trifluoromethyl)phenyl}-7-
azabicyclo[2.2.1}heptan-5-o0l 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
extracted twice with diethyl ether, dried over MgSQy, filtered and concentrated to a colorless
oil. Purification by silica gel chromatography (0-40% dichloromethane in hexanes) afforded
exo-tert-butyl-dimethyl-[[7-[4-nitro-3-(triflucromethyl)phenyl]-7-azabicyclo[2.2.1 }heptan-5-
ylloxylsilane 29 (318 mg, 90% yield) as a yellow oil. 'H NMR (400.0 MHz, DMSO- dg) &
8.01(d,J=92Hz 1H),7.29(d, /=24 Hz, 1H), 7.19(dd, 7=2.6,9.2 Hz, 1H), 4.60 (t, J =
4.4 Hz, 1H), 447 (d, J=5.2 Hz, 1H), 4.07 (dd, J = 2.0, 6.8 Hz, 1H), 1.94 (dd, /= 6.4, 12.8
Hz, 1H), 1.71 - 1.47 (m, 3H), 1.39 - 1.32 (m, 2H), 0.65 (s, 9H), 0.03 (s, 6H).

[0179] Preparation of exo-4-[5-[tert-butyl(dimethyl)silyl]oxy-7-
azabicyclo[2.2.1Theptan-7-yl}-2-(triflucromethyl)aniline (30). A flask containing
palladium on activated carbon (10 wt%, 30 mg, 0.28 mmol) was evacuated, purged with N»,
and charged with a solution of exo-tert-butyl-dimethyl-[[7-[4-nitro-3-
(triftuoromethyl)phenyl]-7-azabicyclo[2.2.1 Jheptan-5-yljoxy]silane 29 (301 mg, 0.72 mmol)
in ethanol (3 mL). The flask was evacuated and then was equipped with a balloon of H, and
stirred for 4 h at room temperature. The mixture was filtered and concentrated to dryness to
yield exo-4-[5-[{tert-butyl(dimethyl)silyljoxy-7-azabicyclo[2.2.1}heptan-7-yl}-2-
(trifluoromethyl)aniline 30 (268 mg, 96% yield) as an off-white solid. 'H NMR (400.0
MHz, DMSO- dg) 6 6.92 (dd, J= 2.4, 8.8 Hz, 1H), 6.77 (d,/=2.6 Hz, 1H), 6.70 (d, /= 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, /=7.1, 12.3 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-

azabicycle[2.2.1]heptan-7-yl)-2-(trifluoromethyl)aniline (34). The preparation of the title

compound is depicted in Scheme 9.
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1H NMR (400.0 MHz, DMVBO-d6) 5 13.28 (d, J= 6.4 Hz, 111), 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, 111), 8.01
(d, J= 8.\®OR10/0#852¢)  7.91 (d, J= 8.7 Hz, 1H), 7.28 (d, POEUB2@94061882 H)
7.22 (s, 1H), 4.38 (s, 2H), 1.69 (d, J= 6.4 Hz, 41-1), 1.46 (d, J= 6.9 Hz,
411). 8 512.10 1.35 1H NWVR (400.0 MHz, DMSO- d6) 5 13.07 (s, 1H), 12.13 (s,
1H), 8.88 (s, 1H), 8.05 - 8.02 (m 1H), 7.95 - 7.86 (m 3H), 7.18 (d, J=
9.0 Hz, 1H), 7.12 (d, J= 2.5 Hz, 111), 4.74 (d, J =5.2 Hz, 1H), 4.33 (m
1H), 4.11 (m 1H), 377(m1H) 1.%chep¢® J= 7.3, 12.5 Hz, 1H), 1.56 -
1.48 (m 3H), 125 H) 94421012016-INIVR(4000M-|Z D\VBO- d6) 5
12. 84 (s 1H) 12. 8.81 (s, 8.12 (s, 1H), 8.00 (OHy= 8.9
Hz, 64 m aozzr;owd J= .EN o ng,ecgnhg 7.15 (g = 2.6 Hz,
1H), 432(s ), @ Il of 4 d, J= 6.9
Hz, 4H). 0140 (400 X '?5 ! (s 1H), 12.41
(s, 1H), 8275(C$r 794(d = 89 ,1H) 7.63 =77.60 (m_111), 7.54
(d, J= 7.8 Hz, 8 7.23 - 7.20 (m 2M),3%.15 (d, = 2.7 ° 1H8f, 4.33 (s,
211), 2.89 (s, 311) 1.67 (d, J= 6.7 Hz, 4H),1.44

H OTBDMS H_oTBOMS
TBDMSCI N‘gzg _Pd/C,Hz Nﬁggg
imidazole EtOH,4 h
DMF.16h o HoN

CF; 33 CFj 34
[0181] Preparation of 7-azabicyclo[2.2.1]heptan-S-one (31). To a solution of oxalyl
dichloride (165 mg, 113 pL, 1.27 mmol) in dichloromethane (3 mL) under a nitrogen
atmosphere at -78 °C was added a solution of DMSO (199 mg, 180 puL, 2.54 mmol) in
dichloromethane (0.7 mL) dropwise. The reaction mixture was allowed to stir for 30 min and
then a solution of exo-7-[4-nitro-3-(trifluoromethyl)phenyl]-7-azabicyclo[2.2.1}heptan-5-ol
28 (320 mg, 1.06 mmol) in dichloromethane (2.5 mL) was added dropwise. The reaction was
stirred for an additional hour at -78 °C, and then triethylamine (536 mg, 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 aqueous layer was extracted once more with dichloromethane.
The combined organic layers were dried over Na,SOy, filtered and concentrated to a yellow
oil. Purification by silica gel chromatography (0-30% ethyl acetate in hexanes) provided 7-
[4-nitro-3-(triflnoromethyl)phenyl]-7-azabicyclo[2.2.1]heptan-5-one 31 (266 mg, 84% yield)
as a yellow solid. '"H NMR (400.0 MHz, DMSO- dg) 3 8.06 (d, / = 9.1 Hz, 1H), 747 (d, ] =
2.4 Hz, 1H), 739 (dd, J=2.6,9.1 Hz, 1H), 498 (t, / =4.5 Hz, 1H),4.84 (d, = 5.4 Hz, 1H),
244 (d,J=3.1 Hz, 1H), 2.23 (d, /= 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-[4-nitro-3-(trifluoromethyl)phenyl]-7-azabicyclo[2.2.1]
heptan-5-ol (32). To a solution of 7-[4-nitro-3-(trifluoromethyl)phenyl}-7-
azabicyclo[2.2.1]heptan-5-one 31 (261 mg, 0.87 mmol) in THF (11 mL) at -55 °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 quenched with methanol
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(d, J = 6.9 Hz, 4H. 11 444.0 1.30 1H NWR (400.0 MHz, DVMSO-d6) 5 13.55 (s,
1H), 13.31 (d, J= 7.2 Hz, 111), 11.58 (s, 1H), 8.86 (d, J = 6.9 Hz, 1H),
8.01 (d, WO2010p48526 1H), 7.66 (t, J = 8.2 Hz, 1H), 7.29PCH/USIIQ6E8Hz, 1H),
7.23 (s, 111), 7.17 (d, J= 7.7 Hz, 111), 6.80 (d, J= 7.5 Hz, 1H), 4.39 (s,
2H), 1.69 (d, J= 7.3 Hz, 4H), 1.46 (d, J= 7.0 Hz, 4H). 12 510.5 1.95 1H NMR
(400.0 MHz, DMSO d6) 5 13.16 (d J— 5 7 HZ 1H) 12. 07 (S 1H), 8.87 (d, J=
6.6 Hz, 1H),8.05 dd, Jr= 2. , 96 - (m 2H), 7.87 (d,
J=9.0 11.2]91]))1 at*° ég Tbgreagwngmitu[:qzwasmabrmlox;edd@t\(@n d@bororaetlgge/(w@ter,z H, 2.02 -
2.00 (m dakdted and FXAPLSR 15RIROLOG N (vhild MEte with dichloromethane. The

organic layers were combined, dried over Na;SOy, filtered, and concentrated to dryness.

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

[4-nitro-3-(triflucromethyl)phenyl}-7-azabicyclo[2.2.1] heptan-5-ol 32 (222 mg, 84% yield)

as a yellow solid. "H NMR (400.0 MHz, DMSO- ds) 6 8.01 (d,J = 9.1 Hz, 1H), 7.27 (d,/ =

3.0Hz, 1H), 7.22 (dd, J = 2.6, 9.1 Hz, 1H), 5.17 (d, J = 4.4 Hz, 1H), 4.49 (t, / = 4.9 Hz, 1H),

444 (t,J=4.5Hz, 1H), 4.16 - 4.10 (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-

(trifluoromethyl)phenyl}-7-azabicyclo{2.2.1}heptan-S-yljoxy]silane (33). Ters-

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

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

nitro-3-(trifluoromethyl)phenyl}-7-azabicyclo]2.2.1heptan-5-0l 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 quenched with water and extracted twice with diethyl ether, dried over MgSOy, filtered,

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

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

(trifluoromethyl)phenyl]-7-azabicyclo[2.2.1]heptan-5-ylJoxy]silane 33 (251 mg, 84% yield)

as a yellow oil. 'H NMR (400.0 MHz, DMSO- d¢) 3 8.01 (d, J =9.1 Hz, 1H), 7.32(d, J =

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

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

2.6 Hz, 6H).

[0184] Preparation of endo-4-[5-[tert-butyl(dimethyl)silyljoxy-7-

azabicyclo[2.2.1]heptan-7-yi]-2-(trifluoromethyl)aniline (34). A flask containing

palladium on activated carbon (10 wt%, 24 mg, 0.23 mmol) was evacuated and then purged

under a nitrogen atmosphere. To this was added a solution of endo-tert-butyl-dimethyl-[[7-

[4-nitro-3-(trifluoromethyl)phenyl}-7-azabicyclo{2.2.1heptan-5-ylJoxylsilane 33 (240 mg,

0.58 mmol) in ethanol (5 mL). The reaction mixture was evacuated, then equipped with a

balloon of H, and stirred for 4 h at room temperature. The mixture was filtered and

concentrated to dryness to yield endo-4-[5-[tert-butyl(dimethyl)silyl]oxy-7-

azabicyclo[2.2.1]heptan-7-yl}-2-(trifluoromethyl)aniline 34 (222 mg, 100% yield) as an oft-

white solid. 'H NMR (400.0 MHz, DMSO- ds) § 6.95 (dd, J=2.4, 8.8 Hz, 1H), 6.79 (d, J =

-52.



M+l LC/ RTa mnutes NI VIR 1.88 - 1.73 (m 5H), 1.45 - 1.42 (in, 1H,1.31

(d, J = 11.6 Hz, 2H).
WO 2010/048526 PCT/US2009/061882

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 - 1.36 (m, 2H),0.96 (dd, J = 3.2, 12.2 Hz, 1H),
0.87 (s, 9H), 0.05 (s, 6H).

[0185] Example Compound 3: N-(4-(7-azabicyclo[2.2.1]heptan-7-yl)-2-
(trifluoromethyl)phenyl)-4-ox0-5-(trifluoromethyl)-1,4-dihydroquineline-3-
carboxamide.

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

Scheme 10
Fa %
N
&Tﬁ\OH . T3P, pyrldme /©/
N HaN T aMeTHF
H CF3
17 20 Example Compound 3

[0186] To a solution of 4-oxo-5-(trifluoromethyl)- 1H-quinoline-3-carboxylic acid 17 (9.1
g, 35.39 mmol) and 4-(7-azabicyclo[2.2.1}heptan-7-yD)-2-(trifluoromethyl)aniline 20 (9.2 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 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 Na;COj; solution (50 mL). The layers
were separated, and the aqueous layer was extracted twice more with ethyl acetate. The
combined organic layers were washed with water, dried over Na;SQy, filtered and
concentrated to a tan solid. The crude solid product was slurried in ethyl acetate /diethyl ether
(2:1), collected by vacuum filtration, and washed twice more with ethyl acetate/diethyl ether
(2:1) to provide the product as a light yellow crystalline powder. The powder 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-yl)-2-
(trifluoromethyl)phenyl)-4-oxo-5-(trifluoromethyl)-1,4-dihydroquinoline-3-carboxamide as a
white crystalline solid (13.5 g, 76% yield). LC/MS m/z 496.0 [M+H]", retention time 1.48
min (RP-Cjg, 10-99% CH3CN/0.05% TFA over 3 min). '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, 74 Hz, 1H), 7.95 - 7.88 (m, 3H),
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1H NMR (400.0 MHz, DMBO-d6) 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), 8.40 (d, J= 9.0 Hz, 111), 8.08
- 8.06 13WQEO10/0483206 (m H), 8.07 (dd, J= 1.5 Hz, 8.1 HPCTASPO09QSI3H2 -

7.22(dd, 2.5, 8.9 Hz, 1H), 7.16 (d, J = 2.5 Hz, 1H), 4.33 (5, 2H), 1.67 (d, J = 6.9 Hz,
4H),1.44 (d, J = 6.9 Hz, 4H).
[0187] Example Compound 3 Form A HCI Salt N-(4-(7-azabicyclo[2.2.1]heptan-7-yl)-

2-(trifluoromethyl)phenyl)-4-0x0-5-(trifluoromethyl)-1,4-dihydroquinoline-3-
carboxamide hydrochloride (Form A-HCI).

F H DMSO S; N i. Pd/IC, H; (9) %
N Na,CO4 N 2-MeTHF N
ON Lme . - HCI
2 ii. HCI
CF4 ON | (9) HoN

18 20 HCI
CF, O OH
i [ O N . Ho
' N
H 17
T3P, pyridine, 2-MeTHF CFs O HN oF
ii. HCI (g) I o 3
N
H

Example Compound 3
Form A Hydrochioride Salt
{(Form A-HCI)

{0188] Preparation of 7-[4-nitro-3-(trifluoromethyl) phenyl}-7-
azabicyclo[2.2.1]heptane (19). 4-fluoro-1-nitro-2-{trifluoromethyl}benzene (18) (901 g) was
added into a 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 (7a) (633.4 g) was added 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 times until no DMSO remained in the aqueous layer as determined by HPLC, to
give 7-[4-nitro-3-(trifluoromethyl) phenyl]-7-azabicyclo[2.2.1]heptane (19) in 2-
methyltetrahydrofuran (approximately 95% yield).

[0189] Preparation of hydrochloride salt of 4-(7-azabicyclo[2.2.1] heptan-7-yl)-2-
(trifluoromethyl)aniline (20 HCI). Palladium on carbon (150 g, 5 % w/w) was charged into
a Biichi Hydrogenator (20 L capacity) under a nitrogen atmosphere, followed by the addition
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7.95 (in, 2H), 7.15 - 7.09 (m 2H), 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, 4H).
WO 2010/048526 PCT/US2009/061882

of 7-[4-nitro-3-(rifluoromethyl) phenyl]-7-azabicyclo[2.2.1Jheptane (19) (1500 g) and 2-
methyltetrahydrofuran (10.5L, 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 0.5 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 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 charged into the vessel at 0.5 bar and a
vacuum was reapplied, followed by a second charge of 0.5 bar nitrogen gas. When the HPLC
of a filtered aliquot showed that none of the 7-[4-nitro-3-(trifluoromethyl) phenyl}-7-
azabicyclo[2.2.1]heptane (19) remained (e.g., < 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 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 continuously over 1 h into the vessel
at 20 °C. The mixture was stirred for an additional 10 h (or overnight), filtered, and washed
with 2-methyltetrahydrofuran (2 vol) and dried to generate 1519 g of the hydrochloride salt of
4-(7-azabicyclo[2.2.1] heptan-7-yl)-2-(trifluoromethyl)aniline (200HCI) as a white crystalline
solid (approximately 97% yield).

[0190] Alternative preparation of hydrochloride salt of 7-[4-amino-3-(trifluocromethyl

phenvl]-7-azabicyclo[2.2.1Theptane (20 HCD.
% i) 5% PA/C, Hy (g), QA

N 2-MeTHF) N HCI
ii) 4N HCl in 1,4-dioxane
O,N HoN

CF, CFs
19 20-HCI
[0191] In a Biichi Hydrogenator (20L capacity), palladium on carbon (5% w/w) (150 g)
was introduced under nitrogen followed by the addition of 7-[4-nitro-3-(trifluoromethyl)
phenyl]-7-azabicyclo[2.2.1]heptane 19 (1500 g) and 2-methyltetrahydrofuran (10.5L, 7 vol).

Hydrogen gas was charged into the vessel to a pressure of 0.5 bar. A vacuum was briefly
applied (2 min), followed 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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| HNVR (400.0 MHz, DMBO-d6) 6 12.63 (s, 2H), 8.75 (s, 1H), 8.38 (d, J=
1H)
7.21 (d, WO210048526 1z 1H), 6.96 - 6.93 (m 2H), 4.24 (ECTHBL09081SD (s,

8.8 Hz,

1H), 7.62 - 7.58 14 455.7 1.04 (m 1H)' 7.52 (d' J = 8.1 Hz,

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 charged to the vessel, and a vacuum 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-(trifluoromethyl) phenyl]-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-
methyltetrabhydrofuran (3L, 2 vol). The filtrate and the washings were transferred to a vessel
equipped with a stirring mechanism, temperature control, and a nitrogen atmosphere. 4M
HCl 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 to generate 1519 g of 7-{4-amino-3-(trifluoromethyl)
phenyl]-7-azabicyclo[2.2.1]heptane hydrochloride (2'HClas a white crystalline solid.
[0192] N-(4-(7-azabicyclo[2.2.1]heptan-7-yl)-2-(trifluoromethyl)phenyl)-4-0x0-5-
(trifluoromethyl)-1,4-dihydroquinoline-3-carboxamide hydrochloride (Form A-HCI). 2-
Methyltetrahydrofuran (0.57 L, 1.0 vol) was charged into a 30 L jacketed reactor vessel,
followed by the addition of the hydrochloride salt of 4-(7-azabicyclo[2.2.1] heptan-7-yl)-2-
(trifluoromethyl)aniline (200HCI) (791 g, 2.67 mol) and 4-oxo0-5-(trifluoromethyl)-1,4-
dihydroquinoline-3-carboxylic acid (17) (573 g, 2.23 mol) and an additional 5.2 L (9.0 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 mL, 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-
(trifluoromethyl)- 1,4-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) 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 NaHCO; saturated aqueous solution. The organic layer was then washed with 10% w/w
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]heptan-7-y1)-2-
(trifluoromethyl)phenyl)-4-oxo-5-(triflucromethyl)- 1 ,4-dihydroquinoline-3-carboxamide
hydrochloride (Form A-HCI) (3.281 g, 5.570 mmol) from an earlier batch were added. HCl
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2H), 2.92 (s, 3I1), 2.28 (s, 611), 1.65 (d, J= 7.0 Hz, 4H), 1.39 (d, J=
6.8 Hz, 411). 3 Retention Time [0203] Assays for Detecting and Measuring
AF508- CFTWRORB104H8328t i on Properties of Conmpounds [0204] RERBISAHE/0pEBENt i al
optical nethods for assaying AF508- CFTR nodul ati on inperties of conpounds

[ 0205] The assay utilizes fluorescent voltage sensing dyes to neasure
changes in nenbrane potential using a fluorescent plate reader (e.g., FLIPR

[11, Mblecular % as a readout for increase in functlona
AF508- CFTR (1A e wérvébleféPYeéZ PR Mgy IoHEed psmigHe Thewpdiiae is the

creati on QfpefsiGhWa filted RRshSl A4th @thethyleGMYdtIREhA Ql“vdl‘f bltiGh@dasihd 86dnl vation
by a S|ngle |IgUId addltlon step after the cells have previously been

treated wiieha eongiql EHg geresHinE $68  atid4W -aaebigydlel2iZadeepsnsi ng dye.
[0206] | W-t&ﬂﬁ&tﬁﬁﬂy@ﬁheﬁ)ﬁ —@—%@(b-@t(gfﬂum%dﬁét-dlhydroqumolme~3—
carboxamide hydrochloride (Form A-HCI).
[0193] Example Compound 3 Form B HCI Salt N-(4-(7-azabicyclo{2.2.1]heptan-7-yl)-
2-(trifluoromethyl)phenyl)-4-oxo-5-(trifluoromethyl)-1,4-dihydroquinoline-3-
carboxamide hydrochloride (Form B-HCI).

N'Hel N He
v
2-MeTHF, e ‘
O HN H,0 O HN
SOAN SO
N N
H H
Example Compound 3 Example Compound 3
Form A Hydrochioride Salt Form B Hydrochloride Sait
{Form A-HCH) {Form B-HCI)

[0194] 2-Methyltetrahydrofuran (100 mL) was charged into a 3-necked flask having a
nitrogen atmosphere equipped with a stirrer. Example Compound 3 Form A-HCl (Example
3B, 55 g, 0.103 mol) was added to the flask, followed by 349 mL of 2-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 flask was cooled to room
temperature and stirred for 1 h. The reaction mixture was vacuum filtered until the filter cake
was dry. The solid filter cake was washed with 2-methyltetrahydrofuran (4 vol) twice. The
solid filter cake remained under vacuum suction for a period of about 30 minutes and was
transferred to a drying tray. The filter 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 Compeound 6: Preparation of N-(4-(7-azabicyclo[2.2.11heptan-7-yl)-2-

cyanophenyl)-5-methyl-4-ox0-1,4-dihydroquinoline-3-carboxamide. The preparation of

the title compound is depicted in Scheme 11.

_57-



[0207] To identify potentiators of AF508-Cl- IR, a double-addition HTS
assay format was devel oped. This HTS assay utilizes fluorescent voltage
sensi ng yOF01P48asure changes in nenbrane potential oRCTAS2(0/0p4882 || as a
measurenent for increase in gating (conductance) of AF508 CFTR in

t enperature-corrected AF508 CFTR NIH 3T3 cells. The driving force for the
response is a cr ion gradient in conjunction with channel activation with
forskolin in a single liquid addition step using a fluorescent plate reader
such as FLIPR H after the cells hafBeme¢ &yi ously been treated with

pot enti ator conpounds (or DMSO vehicle control) and subsequentl oaded
with a redi trobubl on dye. [0208] ;Sol utions Bath Sol ution #1: @ reiM
NaCl 160, 1 A 5 (“451012 2, HEPRGidhe, p
Chl ori de-f bdhsolt:rtlon Iorldemr’n Bat i
substituted i nA gl uconatigi szt s 02 | tuﬂe [W21
fibrobl asts st &bl y expressing, AF508- CFTR are useds f%r opt i measur ement s
of nmenbrane potential. The c®|ls are maintained at 37 Cin 5% CQ2 and 90 %
humidity in Dulgecco's nodifigd Eagle's nmedi um sugRh@apRUtdshoimlils 2 MM
glutamne, 10 %fetal bovine serum 1 X NEAA, 3-Mg, 1 X pen/strep, and 25
iNnMHEPES in 175 cnR2 culture flasks. For all optical assays, the cells were
seeded atyg m%g %%\Aﬁlhbn bfs- ﬁé&]ymbkomtdmﬁl uﬁlgﬁﬁ@ﬂcm)@)w% 28095 ¢ight ured for
2 hrs at 37 before culturin q2 rs e potenti ator
assay. Fong ORe ool ank2- @nma§s(g;ﬂ§ab1m@[2:élllhgptméyé:)mm:zgmtrde a(29nmg. or 37 C
with and gy eli} I Assays
for assayin a&@%&? TG Lmdhg&Ffe#ﬁﬁl 0(}1 5%14]8*1;8#??::&1 %lr(ﬁ%i @%9 g%%(f CB[QH(XEI?LAZ] Usi ng
Chanber Aslssalyld{: @)quolubnmgetbﬂambm %Qéerh i ge7sh] snnvé)ra@d}pwdm (gdmgnidsol ari zed
ai rway epit i_al 5|n erize the
AFs05. cot heg it § el Bl PR ﬁgea“%cl Tof sgfsoggg R RSN &

ai rway epirddigloballweeetios whsattc&tbdfw mmhemperhmmL dmutas‘meh ethyllat:uateleaﬁL)

previ ousl descrl be Gal i A., Sacco,

b " Romarfe Afenched 38 a0, sl 6 dn 158 Grennts by Vs AR 0155 ol - Dev.

Biol. 34 Na4§(34-, ﬁ&élr}d ain@ngdnated Puwifizat@ciyail@h Selaghvehdicmaphly (0-85% ethlyht wer e
precoated with N.I-13T3-conditj di a. rfour_days the apical nedia
e o et Ao R e R e N T rseyelod & ety 7 Y S reaens 2L 4
days pri qrmétﬁylus@m-ﬂ hidﬂlya@)quﬁhblaﬁ 3-tarboxamnRl(aymane, abgf wtilly 1di/ksenent i at ed
columar cells were ciliated, features that are characteristic of

ai rway er?iggﬁéM*éH F\iS‘fP“@t“FBE 4 RRGin {3 % CHRCNBHOGERA oxer3min) i d not
have any 'HevR Igl(w‘(glvl‘lilzsBR?ISQ) -d§51bBE eHS 10 $9|(ﬁt1ﬁ§i 8f7"7Q§nllPﬁt8 £Nidsy Benpzygous
for AF508- CFl [0214] HBEUgr own on Cost %@Sna pwel | TM cel |l culture

i nserts W& &Hhd ¥t d0i. B, U fidy Jon &Rk ”(‘P yéibVoy#-& Henbidk didéfdds/ = nc.

San Di eg0,g 6A)H,, 3 71R]4 LI 2728R) tlﬁ?'él'ﬁl(‘; hesiBs1aRCanaNgs &NPLLT £ip Ccui t
current in the presence of a basolateral to apical cr gradient (I SC) were
measur ed 4mi kg @ Usl6tlde4EDanp system (Department of Bi oengi neeri ng,
University of lowa, 1A). Briefly, HBE were exam ned under vol tage-clanp
recording conditions (Vhold = 0 nV) at 37 C. The basol ateral solution

cont ai ned0197h EypmbledCddaEund(i3s N-[RER@abicScle 2RHIRP4an- 74D 2-®CL2, 1.2 CaCl2,

10 d uco h api cal

sol ution c@on‘?‘g hﬁgﬁ’? é}ﬂm%ﬂé‘%ﬁg@ ucoﬁ%“mo%%%ﬁﬂ%@ gaClZ, 10

gl ucose, cafboxiaiids. (Théipmgdarasdnod theaitle. c@mponrtdhs p@itdd. in SORDLE] 121 dent i fi cati on of
Pot enti at or Conpounds [0216] Typical protocol utilized a basolateral to
api cal menbrane C - concentration gradient. To set up this gradient, nornmal
ringers was used on the basol ateral nenbrane, whereas apical NaCl was

repl aced by equi nol ar sodi um gl uconate (titrated to pH 7.4 with NaOH) to
give a large a concentration gradient across the epithelium Forskolin (10
nM and all test compounds were added to the apical side of the cell
culture inserts. The efficacy of the putative AF508- CFTR potenti ators was
conpared to that of the known potentiator, genistein.

#1 are
Nl H3T3 npuse

X
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[0217] Patch-clanp Recordings [0218] Total a- current in AF508-N H3T3 cells
was nonitored using the perforated-patch recording configuration as

previ ous| YO8 MBBed (Rae, J., Cooper, K, Gates, P., &PUA{USRYPI/0/188F 1991)

J. Neurosci, Methods 37, 15-26). Voltage-clanp recordings were performnmed at
22 C using an Axopatch 200B patch-clanp anplifier (Axon Instrunments Inc.,
Foster Cty, CA). The pipette solution contained (in m\) 150

N net hyl - D- gl ucam ne (NVMDG) -Cl1, 2 Cl2, 2 CaCl2, 10 EGTA, 10 HEPES, and
240 pg/ mL anphotericin-B (pH adj ust Beme1% 35 with HCl). The extracel |l ul ar
medi um contained (in rnM 150 N Cl, 2 mCl2, 2 CaCl2, 10 HEPES (pH
adj ust ed t ocH;. 65 pith HCl). Pul se deneration, data ach|S|t|onﬁi;g?
anal ysi s weke or med usi Er\@qmspmadmw t hcra @i g da 0~A/ D
interface ' . ) .
activate NCFTR, 101HN
bath and the cUrrent-voItage
| dentification of Potentiato
potentiators to increase the roscopi ¢ AF508- CFTR CF currenf (IAFsos) in
NIl H3T3 cel I s stably expressingl AF508- CFTR was al so investigaﬂed usi ng
perforated-p h-recordi ng tq@hniques. The potentiaFors nt%L|§q3fron1the
optical assays evoked a dose-dependent increase in WOt el il ar

pot ency d0iP8ef fllocaolntiob sbs-vesS(miflhdremothlyi)ddl-qassiay-S-catboxgidacdd7l($9 exam ned,

t he reversal ote I n t i, at Ilca ion was around
T30 v, VR %“ad 4'{)’?%0%%@‘&%5%‘ @gr?f)?) fn%??ﬁl VERPRORAGH s o [02221
\T/lhll 13T3|y|i’(pll)k«ﬁﬂnfcl2m(ﬂbﬂn§,31($7 mmlaf)luyzmeuryﬁsmgmﬁﬁﬁﬂ@@b& azﬁseadkls(E'lZBIf or 4 90

ol e-ce rec ce are i ne in 5% an %
P ity 1 BEACRSEAoR b g o B . B TEHEGAR B R 3 |
gl ut am nemo1@f%?abemhn&@mlﬁewswlﬁmlatﬂonxmﬂ%uoﬁ&aMnutéd WP Al ep, and 25
mv HEPES in 175 cn? cul ture flask | e-cell recordings, 2,500 -
5,000 celduenched withsaspaad aweﬁl&ﬂ‘)lﬂfkcwg? H%«%E%ftléwr@wa@ée@w@p adthe’ and

cul tured aﬁ@é’ou@ﬂ er Wi ehiretedliwid wWith FROAE EThIS@nibheli @8danich ReRGhdsNddtdhcOf
potenti at ors; and i ncubated with or without the correction conpound at 37 C

for measutifritpterndried ovpiNNa§O0 filtersd pad paseentrafed o hq respprives ORERRRY r ecor di ngs
[0224] Gatend ﬁﬁ&k WLU(IOQ‘WA/@H%\T/BO%GF#AQQD%@W4% CAHi&e e MR8 &F1 R
expressed in I's was™ observed using excised inside-out menbrane
patch r eG’@r’lh(3ﬂ§§1€6}§1wr@ukml)mb§b’ﬂr%@d) $-Oeifleoremethyind H-@anobing 3- P. |

oo 90 midel 178 B Ll SR e P o

Axopat ch czgom%%mncuvmm% ARl dved “emu()A&&wMR]@mméHz PMBO:d)) 5 TH2S (3] pet t e

EPES ( pr=xf Her i E50 ot Rl o A B R E T RANGY R T mh - 1

NVDG- C1, 18)NyU8L-R 0 nE @) /A8.01@dTES,.5 Hiads. 1 #z,TYH)S8.0@s .o phl 1)) Tss €709 @n,7. 35

with I'l1C ter I 0 n 0 r cti ed by adding
1 mvwv Né)"%‘g }ﬁwi?%?(st ﬂré) 2%&2‘? ;gh)?fgfuﬁ ?23: m“gég Zﬁh Zprotein

ki nase ( Rk, Pronega Corp. Madison, W), and 10 nM NaF to inhibit protein
phosphat ases, which prevented current rundown. The pipette potential was
mai nt ai ned at 80 nV. Channel activity was anal yzed from nenbrane patches

cont ai ni 1g199] L x@mpleCofipGinac; SEmzl;tre [nﬁssmmenmmﬁtdx&fetb%l)mﬂlfoﬂﬁqp“S

openlngs det er m ne € nunpber of active channels” during the course of an

exper i mereabiqslafa2d fheptaa-1-Hd-2«triflparompty hphenyllrd-exor 5- ﬁﬁlﬁﬂptquéhylﬂﬂ dat a

r ecor ded girfindAQatRhiafifad THOBrERARbAG  ildeotBiuld it befigth nStiedd " at 100
Hz and then used to construct "al'l-point anplitude histogramns t%at wer e
fitted with multigaussian functions using Bio-Patch Anal ysis software

(Bi o-Logic Conp. France). The total mcroscopic current and open
probability (Po) were detemined from 120 sec of channel activity. The Po
was determ ned using the Bio-Patch software or fromthe relationship Po =
/i (N), where | = nean current, i = single-channel current anplitude, and N
= nunber of active channels in patch. [0225] Cell Culture [0226] N H3T3
nouse fibroblasts stably expressi ng AF508-CHR are used for exci sed-nenbrane
patch-cl anp recordings. The cells are maintained at 37 Cin 5% CO2 and 90 %
hum dity in Dul becco's nodified Eagle's nedi um suppl enented with 2 mv
glutamne, 10 % fetal bovine serumgg X NEAA, 13-Mg, 1 X pen/strep, and 25
rnM BEPES in 175 cn2 culture flasks. For single channel recordings, 2,500 -
5,000 cells were seeded on pol y-L-Iysinecoated glass coverslips and
cultured for 24 - 48 hrs at 27 C before use. [0227] Conpounds of the
invention are useful as nodul ators of ATP binding cassette transporters.
Exanples of act|V|t|es and efflca0|es of the conpounds of Fornula (I) are

o ~ —— o I |

To
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Example Compound 5

[0200] Preparation of endo-N-[4-[(55)-5-[tert-butyl(dimethyl)silylJoxy-7-

. azabicyclo{2.2.1Theptan-7-yl}-2-(trifluoromethyl)phenyl]-4-oxo-5-(trifluoromethyl)-1H-
quinoline-3-carboxamide. To a solution of 4-oxo-5-(trifluoromethyl)- 1H-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 mL) was added endo-4-{5-[tert-butyl(dimethyl)silyljoxy-7-
azabicyclo[2.2.1}heptan-7-y1}-2-(trifluoromethyl)aniline 34 (222 mg, 0.58 mmol) followed
by triethylamine (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-methyltetrahydrofuran, the organic layers were combined, dried over Na;SOy, filtered
and concentrated to dryness. Purification by silica gel chromatography (0-30% ethyl acetate
in dichloromethane) afforded endo-N-[4-[(58)-3-[tert-butyl(dimethyl)silyljoxy-7-
azabicyclof2.2.1lheptan-7-yl]-2-(trifluoromethyl)phenyl] —4—oxo~5—(triﬂuoromethyl)— 1H-
quinoline-3-carboxamide (285 mg, 79% yield). '"H NMR (400.0 MHz, DMSO-de) 6 13.07 (s,
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=24,89Hz, 1H), 7.16 (d, J = 2.6 Hz, 1H), 4.29 (m, 3H), 2.16 - 2.07 (m, 2H), 1.62 - 1.43
(m, 3H), 1.05 - 1.01 (m, 1H), 0.89 (s, SH), 0.08 (d, J = 1.4 Hz, 6H).

[0201] Preparation of endo-N-[4-[(58)-5-hydroxy-7-azabicyclo[2.2.1}heptan-7-yi]-2-
(trifluoromethyl)phenyl}-4-oxo-5-(trifluoromethyl)-1 H-quinoline-3-carboxamide. Fndo-
N-[4-[(5S5)-5-[tert-butyl(dimethyl}silyl Joxy-7-azabicyclo[2.2.1 }heptan-7-y1]-2-
(trifluoromethyl)phenyl]-4-oxo-5-(trifluoromethyl)- L H-quinoline-3-carboxamide (281 mg,
0.45 mmol) was dissolved in 1% HCVEthanol (2 mL of 1%w/w) solution and allowed to stir
a room temperature for 16 h, resulting in a white precipitate. The reaction was diluted with

diethyl ether and filtered. The collected solid was dissolved in ethyl acetate/saturated
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aqueous NaHCOs solution. The layers were separated and the aqueous layer was extracted
once more with ethyl acetate. The organic layers were washed twice with water, dried over
Na,S0, filtered and concentrated to dryness to yield endo-N-[4-[(55)-5-hydroxy-7-
azabicyclo[2.2.1]heptan-7-yl]-2-(trifluoromethyl)phenyl]-4-oxo-5-(trifluoromethyl)-1H-
quinoline-3-carboxamide (190 mg, 83%). 'H NMR (400.0 MHz, DMSO-dg) 6 13.07 (s, 1H),
12.15 (s, 1H), 8.88 (s, 1H), 8.04 (dd, /= 2.2, 7.4 Hz, 1H), 7.95 - 7.88 (m, 3H), 7.19(dd, J =
2.4,9.0Hz, 1H),7.12(d, 7= 2.6 Hz, 1H), 5.00 (d, J = 4.2 Hz, 1H), 4.25 - 4.13 (m, 1H), 4.21
-4.19 (m, 1H), 4.16 - 4.13 (m, 1H), 2.15 - 2.08 (m, 2H), 1.61 - 1.55 (m, 1H), 1.47 - 1.44 (m,
2H) and 1.03 (dd, J =34, 12.3 Hz, 1H).

[0202] Analytical data for the compounds of Table 1 is shown below:

Table 2

Example LC/MS [LC/RT® NMR
Compound No. | M+1 |minutes
"H NMR (400.0 MHz, DMSO-d¢) 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, 1H), 7.68 -
1 456.50 | 1.76 [7.63 (m,2H), 7.10 (d, J = 8.5 Hz, 1H), 7.01 (s,
1H), 4.28 (s, 2H), 2.48 (s, 3H), 2.02 - 2.00 (m, 2H),
1.86 - 1.77 (m, 5H), 1.45 - 1.42 (m, 1H), 1.31 (d, J
= 11.1 Hz, ZH).
'H NMR (400.0 MHz, DMSO-d¢) 6 12.89 (s, 1H),
12.43 (s, 1H), 8.79 (s, 1H), 8.00 (d, J = 8.9 Hz,
1H), 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 (d, J =
6.9 Hz, 4H), 1.43 (d, J = 6.9 Hz, 4H).
'H NMR (400.0 MHz, DMSO-dg) 6 13.08 (s, 1H),
12.16 (s, 1H), 8.88 (s, 1H), 8.04 (dd, J = 2.1,74
3 496.0 | 148 [Hz, 1H), 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,
= 6.9 Hz, 4H),1.44 (d, J = 6.9 Hz, 4H).
"H NMR (400.0 MHz, DMSO-dg) § 13.12 (d, J =
6.7 Hz, 1H), 12.50 (s, 1H), 8.78 (d, J = 6.8 Hz,
1H), 8.10(d,J = 9.1 Hz, 1H), 7.78 - 7.72 (m, 3H),
7.65(d,J =7.7Hz, 1H), 7.39 (d, / = 7.3 Hz, 1H),
7.33 (s, 1H), 5.20 (s, 2H), 4.47 (s, 2H), 1.74 (d, J =
6.7 Hz, 4H), 1.51 (d, J = 7.1 Hz, 4H).
"H NMR (400.0 MHz, DMSO-dg) & 13.07 (s, 1H),
12.15 (s, 1H), 8.88 (s, 1H), 8.04 (dd, /=2.2,7.4
5 512.50 | 1.55 |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, 1H), 5.00(d, J=4.2
Hz, 1H), 4.25 - 4.13 (m, 1H), 4.21 - 4.19 (m, 1H),

2 45820 | 1.20

4 458.50 | 1.22
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Example LC/MS |[LC/RT® NMR
Compound No. | M+1 |minutes
4.16 - 4.13 (m, 1H), 2.15 - 2.08 (m, 2H), 1.61 -
1.55 (m, 1H), 1.47 - 1.44 (m, 2H) and 1.03 (dd, J =
3.4, 12.3 Hz, 1H).

TH NMR (400.0 MHz, DMSO-dg) § 12.77 (s, 1H),
12.75 (s, 1H), 8.77 (s, 1H), 8.11 (d, J = 9.1 Hz,
1H), 7.64 - 7.60 (m, 1H), 7.55 (d, J = 8.0 Hz, 1H),
6 39930 | 147 [7.34(d,J =2.8 Hz, 1H), 7.27 (dd, J = 2.8, 9.1 Hz,
1H), 7.23 (d, J = 7.2 Hz, 1H), 432 (s, 2H), 2.91 (s,
3H), 1.65 (d, J = 7.2 Hz, 4H), 1.42 (d, J = 6.8 Hz,
4H).

'H NMR (400.0 MHz, DMSO-dg) 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, 1H), 7.91 (d, J = 8.7 Hz, 1H),
7.28 (d, J = 7.8 Hz, 1H), 7.22 (s, 1H), 4.38 (s, 2H),
1.69 (d, J = 6.4 Hz, 4H), 1.46 (d, J = 6.9 Hz, 4H).
"H NMR (400.0 MHz, DMSO- dg) & 13.07 (s, 1H),
12.13 (s, 1H), 8.88 (s, 1H), 8.05 - 8.02 (m, 1H),
7.95 - 7.86 (m, 3H), 7.18 (d, J = 9.0 Hz, 1H), 7.12
8 51210 | 1.35 |d,J=2.5Hz, 1H),4.74 (d, J = 5.2 Hz, 1H), 4.33
(m, 1H), 4.11 (m, 1H), 3.77 (m, 1H), 1.82 (dd, J =
7.3, 12.5 Hz, 1H), 1.56 - 1.48 (m, 3H), 1.25 (m,
2H).

"H NMR (400.0 MHz, DMSO-dg) 8 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 (m, 2H), 7.21 (dd, J =
2.5,9.0 Hz, 1H), 7.15 (d, J = 2.6 Hz, 1H), 4.32 (s,
2H), 2.47 (s, 3H), 1.67 (d, J = 7.4 Hz, 4H), 1.43 (d,
7 = 6.9 Hz, 4H).

'H NMR (400.0 MHz, DMSO-d) 6 12.68 (s, 1H),
12.41 (s, 1H), 8.75 (s, 1H), 7.94 (d, J = 8.9 Hz,
1H), 7.63 - 7.60 (m, 1H), 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),1.44
(d, J = 6.9 Hz, 4H).

'H NMR (400.0 MHz, DMSO-dg) 8 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 (t, J
11 4440 | 1.30 |=8.2Hz, 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, 2H), 1.69 (d, J = 7.3 Hz, 4H), 1.46 (d,
J = 7.0 Hz, 4H).

'H NMR (400.0 MHz, DMSO-dg) § 13.16 (d, J =
5.7 Hz, 1H), 12.07 (s, 1H), 8.87 (d, J = 6.6 Hz,

12 5105 | 195 |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,
1H), 7.00 (s, 1H), 4.28 (s, 2H), 2.02 - 2.00 (m, 2H),

7 453.0 | 1.62

9 44210 { 1.20

10 442.10 | 1.40
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Example LC/MS |LC/RT® NMR
Compound No.| M+1 |minutes
1.88 - 1.73 (m, 5H), 1.45 - 1.42 (m, 1H),1.31 (d, J
= 11.6 Hz, 2H).

"H NMR (400.0 MHz, DMSO-dg) § 13.23 (d, J =
6.8 Hz, 1H), 12.40 (s, 1H), 10.31 (5, 1H), 8.96 (d, J
= 6.6 Hz, 1H), 8.40 (d, /= 9.0 Hz, 1H), 8.08 - 8.06
13 509.7 | 1.06 (m, H), 8.07 (dd, /= 1.5 Hz, 8.1 Hz, 1H), 8.00 -
7.95 (mn, 2H), 7.15 - 7.09 (m, 2H), 4.49 (s, 2H),
4.29 (s, 2H), 2.94 (s, 6H), 1.67 (d, J = 7.2 Hz, 4H),
144 (d, J=7.0 Hz, 4H).

'H NMR (400.0 MHz, DMSO-dg) 5 12.63 (s, 2H),
8.75 (s, 1H), 8.38 (d, J = 8.8 Hz, 1H), 7.62 - 7.58
(m, 1H), 7.52(d, /=8.1 Hz, 1H), 721 (d,J=7.2
Hz, 1H), 6.96 - 6.93 (m, 2H), 4.24 (s, 2H), 3.70 (s,
2H), 2.92 (s, 3H), 2.28 (s, 6H), 1.65 (d, J = 7.0 Hz,
4H), 1.39 (d, J = 6.8 Hz, 4H).

14 455.7 1.04

% Retention Time
[0203] Assays for Detecting and Measuring AF508-CFTR Potentiation Properties of

Compounds

[0204] Membrane potential optical methods for assaying AF508-CFTR modulation

properties of compounds
[0205] The assay utilizes fluorescent voltage sensing dyes to measure changes in

membrane potential using a fluorescent plate reader (e.g., FLIPR 111, Molecular Devices,
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 voltage sensing dye.

[0206] Identification of Potentiator Compounds

[0207] To identify potentiators of AF508-CFTR, a double-addition HTS assay format was

developed. This HTS assay utilizes fluorescent voltage sensing dyes to measure changes in
membrane potential on the FLIPR III as a measurement for increase in gating (conductance)
of AF508 CFTR in temperature-corrected AF508 CFTR NIH 373 cells. The driving force for
the response is a Cl” ion gradient in conjunction with channel activation with forskolin in a
single liquid addition step using a fluorescent plate reader such as FLIPR I after the cells
have previously been treated with potentiator compounds (or DMSO vehicle control) and

subsequently loaded with a redistribution dye.
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(a)(b)(c)(d) wherein: Rl is -CF3, -CN, or -Ca-CCH2N(CH3)2; R2 is hydrogen,
-CH3, -CF3, -OH, or -CH2OH, R3 is hydrogen, -CH3, -OCH3, or -CN, provided
t hat bot WR20HMH8RE are not sinultaneously hydrogen. Th&CERIFRBEIQENSEEcor di ng
to claiml1, whereinring Ais 3. The conpound according to claim1,
wherein ring Ais WD 2010/ 048526PCT/ US2009/ 061882

[0208] Solutions

Bath Solution #1: (in mM) NaCl 160, KC1 4.5, CaCl, 2, MgCl, 1, HEPES 10, pH 7.4 with

NaOH.
Chloride-free bath solution: _Chloride salts in Bath Solution #1 are substituted with
gluconate salts.
[0209] Cell Culture
[0210] NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for optical
measurements of membrane potential. 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
% fetal bovine serum, 1 X NEAA, B-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. Electrophysiclogical Assays for assaying AF508-
CFTR modulation properties of compounds.
[6212] Using Chamber Assay
{0213] Using chamber experiments were performed on polarized airway epithelial cells
expressing AF508-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.J.V., Lantero, S., Gazzolo, A., Sacco, O.,
Romano, L., Rossi, G.A., & Zegarra-Moran, O. (1998) In Vitro Cell. Dev. Biol. 34, 478-481),
and plated onto Costar® Snapwell™ 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
columnar cells that were ciliated, features that are characteristic of airway 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.
[0214] 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 short-circuit current in the presence of a basolateral to apical CI' gradient (Isc) were
measured using a voltage-clamp system (Department of Bioengineering, University of Iowa,
IA). Briefly, HBE were examined under voltage-clamp recording conditions (Vpge = 0 mV)

at 37 °C. The basolateral solution contained (in mM) 145 NacCl, 0.83 K;HPOy4, 3.3 KH,PO4,
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4. The conpound according to claim1, wherein ring Ais 5 The conpound
according to claiml, whereinring Ais (d). 6. The conmpound according to
any one OVOZPHVIHES29-5 wherein R is -CF3. 7, The conpouRETAS2P@P18§2t 0 any
one of clainms 2-5, wherein Rl is -CN. The conmpound according to any one of
clainms 2-5, wherein R is -CEECCH2N(CH3) 2. 9, The conmpound according to any
one of clains 6-8, wherein R2 is hydrogen. 10. The conpound according to

any one ar> Bk age WGHER, Bl @hoase orfEs VRRBHRSAERE ai ng 1o

any one abical saluiien borainddd inl mM) QkE NAGlucdiae:, €amigiTly d . 22C4Tly, dD plcdse, @ny one of

clainms 6- erein IS,z 4. The conpound according to any one of
claime 10t hGuR e e T byt T e g to any

[0215] Identification of Potentiator Compounds

[0216] Typical protocol utilized a basolateral to 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 uM)
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.

[0217] Patch-clamp Recordings

[0218] Total CI current in AF508-NTH3T3 cells was monitored using the perforated-patch
recording configuration as previously described (Rae, J., Cooper, K., Gates, P., & Watsky, M.
(1991) J. Neurosci. Methods 37, 15-26). Voltage-clamp recordings were performed at 22 °C
using an Axopatch 200B patch-clamp amplifier (Axon Instruments Inc., Foster City, CA).
The pipette solution contained (in mM) 150 N-methyl-D-glucamine (NMDG)-CI, 2 MgCl,, 2
CaCly, 10 EGTA, 10 HEPES, and 240 pug/mL amphotericin-B (pH adjusted to 7.35 with
HCI). The extracellular medium contained (in mM) 150 NMDG-CI, 2 MgCl,, 2 CaCl,, 10
HEPES (pH adjusted to 7.35 with HCl). 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 AFS08-CFTR, 10 uM forskolin and 20 uM
genistein were added to the bath and the current-voltage relation was monitored every 30 sec.
[0219} Identification of Potentiator Compounds

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

CI' current (Iarsos) in NIH3T3 cells stably expressing AF508-CFTR was also investigated
using perforated-patch-recording techniques. The potentiators identified from the optical
assays evoked a dose-dependent increase in 1Apsgg 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 E¢; (-28 mV).

[0221] Celi Culture
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15. The conpound according to any one of clains 9-13, wherein R3 is -CH3.
16. The conpound according to any one of clains 9-13, wherein R3 is -OCI—|3
17. The NAp8IWMH8Recording to any one of clains 9-13, WRETAISAV0RD6ISE2 -

WO 2010/ 048526PCT/ US2009/ 061882 18. A conpound sel ected from

[0222] NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for whole-cell
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 % 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 to test the activity of potentiators; and incubated
with or without the correction compound at 37 °C for measuring the activity of correctors.
[6223] Single-channel recordings

[0224] Gating activity of wi-CFTR and temperature-corrected AFSO8-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., Dreyer,
D., Crystal, R.G., Pavirani, A., Lecocgq, J-P., Lazdunski, M. (1991) Narure 354, 526 — 528)
using an Axopatch 200B patch-clamp amplifier (Axon Instruments Inc.). The pipette
contained (in mM): 150 NMDG, 150 aspartic acid, 5 CaCl,, 2 MgCl,, and 10 HEPES (pH
adjusted to 7.35 with Tris base). The bath contained (in mM): 150 NMDG-C], 2 MgCl,, 5
EGTA, 10 TES, and 14 Tris base (pH adjusted to 7.35 with HCI). After excision, both wt-
and AF308-CFTR were activated by adding 1 mM Mg-ATP, 75 oM of the catalytic subunit of
cAMP-dependent protein kinase (PKA; Promega Corp. Madison, WI), and 10 mM NaF to
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 channels 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, =
I/1i(N), where 1 = mean current, i = 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% CO; and 90 %

humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM glutamine, 10 %
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19. A pharnmaceutical conposition conprising a conpound according to any one
of clains 1-18 and a pharnmaceutically acceptable carrier or adjuvant. 20.
The phar MO0tV ME8326 conposi ti on according to claim19, fRETASR00HMIB? si ng an
addi ti onal agent selected froma nucol ytic agent, a bronchodi al ator, an
antibiotic, an anti-infective agent, an anti-inflammatory agent, a CFTR
nodul at or other than a conpound of Formula (1), or a nutritional agent.

21. The pharnaceutlcal cQ sition .according. to cl 20, .wher,ein said
2ddi 11 ondFaLERE srumyl IS oF PP, 2 et B S o T o o (1)

22. A method. @br {ihgabiaAge] @fcot @58 5009 Stdi}@ cBIRRrk §3¢dQf orfpdl-Ba33R-1 N a
patient, wherein said disease is sel ected from cystic flbr05|s ast hma,
snoke i ndn@éﬁglwnwef@hFGMQﬂer@kﬂ% i48 hry $1i2A 5S bpfigss uses, const | pati on,
pancreati [ C

congeni ta{f’iz?) I ate n@bggﬁ@%&{'éﬁéﬁg%@ ag%k‘glrﬂétﬁlfq %Ek\?ﬁﬁan%acld?sggpul monary
di sease, tadspopers hEgamyaesoif @ativiitigs sind wﬁbm&yoﬂlbrcompmmbmmny Bspergillosis

( ABPA) , I ver, |$e edi tar her edi & hronat03|s
Coagul at (BT P FETLs £ e PhRhe R TRl o2 LR ey Type 1
her edi t amycasngd t@&é@cﬁﬁthah 240i M preaC ﬁ&smg/ wiB fnhe@b 1RO Io®S frosT fiMAS Sfoaqumt) i al
hyperchol esterol emi a, Type 1 chyl om cronem a, abetalipoproteinem a,

6 9%

| ysosomal“+S ifGFafe vers sreaitsed todg @Fpaigs than § QIUM.dPd SasiEPp & Has $¥aHatle. The
mucopol Y$#&s étnﬂeﬁﬁéd WiR nﬂmflr Efﬁxacg Q%alcﬁtl:(g{oqfe ~oNBlkdr flan YOG, - J,+" if

pol yendocr i nop é erinsul ema abetes nellitus, Laron dwarfism

myl eoper @f(fn«:de)swamfw fedrie e flpmllﬁﬁﬁg/wﬁ)iﬁ’epar eftelff}qaey mmcuiquaﬂ berigss

gl ycanosig, GG, ta)ﬁgeﬂ-“xfn‘?ﬁéw%é 5&&@3%%‘&)’({&'&3& SOREOE ls d mperfecta,
heredltary hypofl ri nogenem a, deficl ency, es 1 nsi us (D),

neurophyssahmﬁhnsnapcdg@nﬁtWEh44@ﬁa&@dﬂpMHwLéHTQUVhlSyhﬂmuﬂe,

Per | i zaeus- Mer zbacher di sease, neurodegenerative di seases such as

Al zhei ner' s di sease, Parkinson's disease, anyotrophic |ateral sclerosis,
progressive supranucl ear pal sy, Pick's disease, several polyglutam ne
neur ol ogi cal disorders such as Huntington's, spinocerebullar ataxia type I,
spi nal and bul bar muscul ar atrophy, =&eftat or ubal pal |l i dol uysi an, and

nyot oni ¢ dystrophy, as weTTE@@mﬁ@ongL&@w&ye1g halopathies, such as

heredi tary Creut zf el dt - Jpkahpding 8@s EECHYEmS P ‘Hglﬁﬁyprotein processi ng
defect), Fabry disease, Straugslier-pchgipkef syndrone, COPD, dry-eye

di sease, pancreatic insufficigncy, pstgpporpsis;osteopeni a, Gorhant s
Syndrone, chloride channetopaghies; nyg;pnla congemijt a (Thonson and Becker

forns), Bartter's syndrope—typge—tit L§¢¢ S ﬁlQﬁg:b, hyper ekpl exi a,
epi | epsy, hyperekpl exi a, totr-age JiSiAEC, Angel man syndrone,
Primary G liary Dyski nespa—R ; W-R—B SR er SUS (al so known as
Kart agener syndrone), POb-w-tHout f“t+*n",rs§§+anf ciliary aplasia, or

a)

Sjogren's di sease, said petho i-sthf-the step of adnministering to said
patient an effective anpunt of nfﬁﬂ atcorftingito any one of clains
1-18. 23. The nethod acpordifly to clatt 22] whidrein said di sease is cystic
fibrosis. 24. A method pf tr¥hting| or+tesseni fgtth severity of a disease
in a patient, wherein said dikkase |s #ssoc|ated witlh reduced MK function
due to nutations in the gene Ehcodi hg €4 R br emviragnmental factors, said
nmet hod conprising the step of1ladm n| ster+ Ng|to 4sai d [patient an effective
amount of a compound accordingito any ene of clains {1-18. WO

2010/ 048526PCT/ US2009/ 061882 25. The nethod of claim 24, wherein 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 vagi na (CAUV), idiopathic chronic pancreatitis (I1CP)
idiopathic recurrent pancreatitis, idiopathic acute pancreatitis, chronic
rhinosinusitis, primary sclerosing cholangitis, allergic bronchopul nonary
aspergillosis, diabetes, dry eye, constipation, allergic bronchopul nonary
aspergillosis (ABPA), bone diseases, and asthnma. 26. A nethod of treating
or lessening the severity of a disease in a patient, wherein said disease
is associated with normal CFTR function, said nethod conprising the step of
adm nistering to said patient an effective anount of a conpound accordi ng
to any one of clains 1-18. .67 -
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27. The nmethod of claim 26, wherein disease is chronic obstructive

pul monary di sease (COPD), chronic bronchitis, recurrent bronchitis, acute
bronchi t iWO2PHVMEBOnusitis, constipation, chronic pancr 8&TIGSRYI06E8Ur r ent
pancreatitis, and acute pancreatitis, pancreatic insufficiency, nale
infertility caused by congenital bilateral absence of the vas deferens
(CBAVD), mld pul nonary di sease, idiopathic pancreatitis, |iver disease,
hereditary enphysema, gallstones, gasgtro-esophageal reflux disease,
gastroi nt @ﬂ%@@“ﬁ&ﬁrgnanC|es i nfl ammat ory bowel di sease, constipation

di abetes, arthritis, osteoporosis, and osteopenia. 28. The nmethod of claim
26, wherein the disease i s hereditary henochronatosi s,

coagul at ifon- f rompokystfdogedlp ienci es, such as protein C deficiency, Type 1
heredi tary angi oedema, |ipid processing deficigencies, such as famlial
hyper chol esterol em a, Type 1 chyl om croneni_a, -abetallpoprotelnenla

| ysosonal storage di seases, suc | Ocel ['sease/ pseudo- Hur | er,

nmucopol ysacchari doses, SandR gler-Najjar type |1

pol yendocr i nopat hy/ hyperi nsul ,mellitus, Laron dwarfism

nyl eoper oxi dase defi ci ency, pri ﬁ hypoparat hyroi di sm nel anong,

gl ycanosis CDG type 1, congenital HRyperthyroidism osteogenesis inperfecta,
heredi tary hypofibrinogenen a, ACT deffyci ency, Diabetes insipidus (D),
neur ophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrone,

Per | i zaeus- NbP&H&Eﬁﬁ?mﬂﬁgﬁﬁ§gxﬂﬂﬁﬁW@&Eﬂ?ﬁéﬂ&FWbe di seases such as

Al zhei ner' s diiagaseselddaldftdagon’ s di sease, anyotrophic lateral sclerosis,
progressi ve supranucl ear pal sy, Pick's disease, several polyglutam ne
neur ol ogi cal disorders such as Huntj1gt on'H§) -|noceH boll ar ataxia type

I, spinal and bul bar nuscul atro dent at or ubal Ildoluy5|an and
rnyot oni ¢ dystrophy, as forq ephalmtJ; ies, such as

heredi tary Creut zfel dt - Fgakob |§£ase (dag to pri,pk; protein processing
defect), Fabry di sease, Straussler-Schéinker syndrone Gor haml s Syndr one,
chl ori de charnel opat hi es, mf®t oni a dbhgeni t{& ( Thonson(dind Becker forns),
Bartter's syndrone type Ill, Dent's disease, hyperekplexia, epilepsy,
hyper ekpl exi a, |ysosomal storage di sease, Angel man syndrone, Prinary
Cliary Dyski mésiem: (PCD), PCD with situs inversus (also known as Kartagener

syndrone), out...Si t Us and ciliary aplasia, or S ogren's

di sease. 29. ngP EFbr&HSé ?ncggggﬁifzg the activity of CFTR or a fragment
thereof in a Riztslnygiogai -GH{PCH;, HOHWrtCH,@H; i n vivo, conprising: (i) a
conposition ¢ ri a Formula (1) according to claim1; (ii)
i nstructions gﬂf §5g%bﬁ?§tgﬁﬁgﬁﬁﬁe an05|t|on wi th the biol ogical sanple;
b) measuring acti vpbyided thsaoth ICRInR ROaretnok kia@MBRbud yRydsden. 30. The kit of
claim?29, further conprising instructions for: a) contacting an additional
conposition with the biological sanple; b) neasuring the activity of said
CFTR or a fragnment thereof in the presence of said itional conmpound, and
c) conparing the activity of the CFTR in the presengngf t he additional

compound ot Th.t e, G038 S0boBing T i 8, IR HST R D = composi ti o of

{a).

A

/
3. The compound according to claim 1, wherein ring A is k1

(b).
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31. A nethod of nodul ating CFTR activity in a biological sanple conprising
the step of contacting said CFTR with a conpound according to any one of
clai ns 1-WO.2082048526r ocess for preparing a conpound of FEEWISA000/0%1882 WO
2010/ 048526PCT/ US2009/ 061882 or pharmaceutically acceptable salts thereof,
wherein the process conpri ses: (a)reacting the acid of fornula id
with an amne of formula 2c to provide a conpound of Formula (1) wherein:
ring Ais selected from

HO. H

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

{c).

H,_OH

e NQ

5 The compound according to claim 1, wherein ring A is "

(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 2-5, wherein R! is -C=CCHN(CHa),.
Q The compound according to any one of claims 6-8, wherein R? is hydrogen.

10.  The compound according to any one of claims 6-8, wherein R? is -CH.

11.  The compound according to any one of claims 6-8, wherein R? is -CFa.

12.  The compound according to any one of claims 6-8, R? is -OH.

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

14.  The compound according to any one of claims 10-13, wherein R? is hydrogen.

15. The compound according to any one of claims 9-13, wherein R’ is -CHi.

16.  The compound according to any one of claims 9-13, wherein R® is -OCH;.

17.  The compound according to any one of claims 9-13, wherein R? is -CN.
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wherein Rl is -CF3, -CN, or -G ----- ECCH2N(CH3) 2; R2 i s hydrogen, -CHS3,
-CF3, -OH, or -CHOH R3 is hydrogen, -CH3, -OCH3, or -CN, provided that
both R2 WM 2RB/MBBONot sinultaneously hydrogen, and | e PSTRPANIHESSDr a
silyl protecting group selected fromthe group consisting of trimethylsilyl
(TM5), tert-butyl di phenylsilyl (TBDPS), tert-butyl dinmethylsilyl (TBDWVS)
triisopropylsilyl (TIPS) and [2-(trinethylsilypethoxy]nethyl (SEM. 33.
The process of claim 32, wherein the reaction of the acid of formula id
with the &ni nd ®Ompogadasiested &omcurs in a sol vent in the presence of

0- (7-azabenzotriazol -1-y1)- N, N, NcY-tetranet hyl uroni um hexaf | uor ophosphat e
(HATU) and triethylamne or in a sol vent in the presence of propyl
phosphoni ¢ aci d ecycl 'l? anhydri de QTS r ) and pyri d| he process of
claim 33, wher &frfy hg vent co di met hyI oﬂ m et hyl

acet at e, 2- 0t t a yd of ur, 40/ 04852 T/ §ISZ@0PL 061882 35.
The proces aim 32, e i ydr oge NTBDMS. 36.F The process
of claim 3%,/ wherein Rals T . 37. The proces f cIa|m32further
conprising a deprotection st to renmove the eryI

F
£ n F FH IH n
F—-F N Ho
i N
N N 0 OF—F /@
o O F Qg 0O
H
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ORa protecting group when ring Ais(c), or(d), wherein Rais a silyl HO
protecting group, to generate a conpound of Fornula (1), wherein ring A

i s(0, or WO20Hy04886The process of claim 32, wherein theP&kilUs008/06¥882 nul a 2c
is prepared froma conpound of forrmula 2a conprising the steps of:
(a)reacting the conpound of fornula 2a wwth an amne of formula 3 to
provi de the conpound of formula 2b

s 5”0,.
5
<

mﬁf\?

/‘\ mm
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 mucolytic agent, a bronchodialator, an antibiotic, an anti-
infective agent, an anti-inflammatory agent, a CFTR modulator other than a compound of

Formula (I), or a nutritional agent.

21.  The pharmaceutical composition according to claim 20, wherein said additional agent

is a CFTR modulator other than a compound of Formula ().
22. A method of 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
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2azb wherein: Hal is F, O, Br, or I; and WO 2010/048526PCT/ US2009/ 061882

(b) reducing the conmpound of fornula 2b to the am ne of fornula 2c. R R1
2b2c WO 2010/048526 PCT/US2009/061882

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 11, 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, 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-eye
disease, pancreatic insufficiency, osteoporosis, osteopenia, Gorham’s Syndrome, chloride
channelopathies, myotonia congenita (Thomson and Becker forms), Bartter’s syndrome type
III, Dent’s disease, hyperekplexia, epilepsy, hyperekplexia, 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, said method comprising the step of administering to said patient an effective amount

of a compound according to any one of claims 1-18.

23.  The method according to claim 22, wherein said disease is cystic fibrosis.

24. A method of treating 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, said method comprising the step of administering to said

patient an effective amount of a compound according to any one of claims 1-18.
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39. The process of claim38, wherein the amne of fornmula 3 in step (a) is
generated in situ fromthe am ne hydrochloride salt. 40. The process of

cl ai m 38, WORBHEHES2Ra i s hydrogen or TBDVS. 41. The pr o®€34/S34090p 8B 38,
wherein Ra is TBDMS. 42. The process of claim38, wherein step (a) occurs
in a polar aprotic solvent in the presence of a tertiary am ne base. 43.
The process of claim42, wherein step (a) occurs in acetonitrile in the
presence of triethylamne. 44, The_process of claim 38, wherein the
reaction %e rrpérlhﬁf’iﬁ%@d 8f claimels, phsreindissasevipenstiaBRptkichionis Wyonehitis and

appr oxi mMgt&déndhrodenitis Aute BRICRiQ GeRSinRitif) Bt conb&hiel Bllatchf abRAGL 1 ON ti e
i's between approximately 2 and approxi mately 30 ‘hours. 46. The process of
cl ai m 38,of {iisenefleferspse(EBAYD o tematesinferilify grypesbyongeanttalabsopegel thewieme presence
of a pall adi . hRbihid feculdBg el he sol vent
in step (ﬂgﬁi w%gg&rfa;(ﬁAg)L\gf %%pﬁégcoﬁﬂ%%%{n aﬁg‘%.(ﬁpl’gbi%?ﬁm%coc es 3 gﬂéc?ea%Pgi m 38,
wher ei n sdiepatliib peutcprncssatiitis, ehrgrod Bhingempsiiic piohyenlerasing chdappitssdisegc of Fe and

R R T S A S

pr epar i ngspergdogxoABdP A0f boRe disedses, frkdcgsthma.

26. A method of treating or lessening the severity of a disease in a patient, wherein said
disease is associated with normal CFTR function, said method comprising the step of
administering to said patient an effective amount of a compound according to any one of

claims 1-18.

27.  The method of claim 26, wherein 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 deferens
(CBAVD), mild pulmonary disease, idiopathic pancreatitis, liver disease, hereditary
emphysema, gallstones, gasgtro-esophageal reflux disease, gastrointestinal malignancies,

inflammatory bowel disease, constipation, diabetes, arthritis, osteoporosis, and osteopenia.

28. The method of claim 26, wherein the disease is 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 II,
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
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A (lc) or pharmaceutically acceptable salts thereof, conprising the steps
of: (a)reacting a conpound of fornula 2a with an amne of fornula 3 to
provi de aWVeeAPIUBRoof fornula 2b 2a2b (b) converting PREUSMHBOKE2 of
formula 2b to the am ne of fornula 2c via reduction

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 III, Dent’s disease, hyperekplexia, epilepsy,
hyperekplexia, 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.

29. A kit for use in measuring the activity of CFTR or a fragment thereof in a biological
sample in vitro or in vivo, comprising:
(i) a composition comprising a compound of Formula (I) according to claim 1;
(i1) instructions for:
a) contacting the composition with the biological sample;

b) measuring activity of said CFTR or a fragment thereof.

30.  The kit of claim 29, further comprising instructions for:
a) contacting an additional composition 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 in the presence of the additional
compound with the density of CFTR in the presence of a composition of

Formula (I).

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 (I):

w&a@’”

(I¢)

I
1
R
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Rl 2b2c; and (c)reacting the amne of fornula 2c with an acid of fornula id
to provide a conpound of Fornmula (le) [|d2c wherein Hal is F, C, Br, or |
ri ng A | SWORPHYM826f r om PCT/US2009/061882

or pharmaceutically acceptable salts thereof, wherein the process comprises:
() reacting the acid of formula 1d with an amine of formula 2¢ to provide a

compound of Formula (I)

R2 0 0 A { A
R3 s A RZ O O T-
[ OH —— R3
N
N HoN N T
H R! H
1d 2¢ (Ie)
wherein:

ring A is selected from:

_N N %N N
¥ - Sk o
(a) (c) (d)

(b)

wherein

R! is -CF;, -CN, or -C=CCH,N(CHs);

R? is hydrogen, -CHj, -CF3, -OH, or -CH,OH;

R’ is hydrogen, -CHj, -OCHj, 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), terz-butyldiphenylsilyl (TBDPS), fers-butyldimethylsilyl
(TBDMS) triisopropylsilyl (TIPS) and [2-(trimethylsilyl)ethoxy]methyl
(SEM).

33. The process of claim 32, wherein 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,N,N',N'-tetramethyluronium hexafluorophosphate (HATU) and triethylamine or in a
solvent in the presence of propyl phosphonic acid cyclic anhydride (T3P®) and pyridine.

34, The process of claim 33, wherein the solvent comprises N,N-dimethyl formamide,

ethyl acetate, or 2-methyltetrahydrofuran.
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wherein Rl is -CF3, -CN, or -CECCH2N(CH3)2; R2 is hydrogen, -CH3, -CF3,
-OH, or -CH2OH, R3 is hydrogen, -CH3, -OCH3, or -CN, provided that both R2
and R3 arWOR8i0/483al t aneousl y hydrogen, and Ra is hydr o§&R/USR003/06188%|
protecting group selected fromthe group consisting of trinethylsilyl
(TM5), tert-butyl di phenylsilyl (TBDPS), tert-butyldinmethylsilyl (TBDMVS),
triisopropylsilyl (TIPS), and [2 (tri nmet hyl si | ypet hoxy] nethyl (SEM. 51.
The procegs of claimb5 e am pe of a3dinstep (a) is
gener at ed>in EPFBIQF?SB ‘Eﬁ‘@‘ A Ere ‘Bg]}‘f{}%ﬁi“d’étrgng 52. The process of
cl aimb51, V\,herei n Ra is hydrogen or TBDMS. 53. The process of claimb52,
wherein Ra is_TBDVS. WO 2010/ 04852QPCT/ US2009/ 061882 54. The process of
cl ai m 50, %efré?ﬁroﬁ?séﬁf‘(l%})n HerbipginRy 5 TBHMY aprotic solvent in the
presence of a tertiary am ne base. 55. The process of claimb54, wherein

step (a) occurs in acetonitrile in the presence of triethylam ne.
37.  The process of claim 32 further comprising a deprotcctmn step to remove the silyl

RaQ

ORa
% Nq =N
protecting group when ring A is , Of , wherein R* is a silyl
H
ST

protecting group, to generate a compound of Formula (I), wherein ring A is © , or

H

OH

N

()

38.  The process of claim 32, wherein the amine of formula 2¢ is prepared from a
compound of formula 2a comprising the steps of:
(a) reacting the compound of formula 2a with an amine of formula 3 to provide

the compound of formula Zb

Hat AN L ; A
3
O,N O,N
R, R,
2a 2b

wherein:
Halis F, Cl, Br, or I; and
R30

HN OR®
HN HN HN
the amine of formula 3 is
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56. The process of claim50, wherein the reaction tenperature of step (a)
is between approximately 75 C and approximtely 85 C. 57. The process of
cl ai m 50, WORBHEHES26he reaction tine is between approxi MREE[UP2GIQMI$S2
approximately 30 hours. 58. The process of claimb50, wherein step (b)
occurs in a polar protic solvent in the presence of a palladium catal yst.
59. The process of claim58, wherein the solvent in step (b) conprises

met hanol or ethanol ., .60, The process Qqf i m50 erein step (b) occurs
in a polar pri)l%i c SO pe F?{nlfoﬁﬁgﬁffé’é“é‘ﬁﬁag&ﬁath%%m‘é‘ﬁay\%é‘g%ﬁa&r Zn and AcOH.
61. The process of claim50, whéerein the polar proti-€ solvent is water.
62. The process of claim5Q, W s 4m a solvent in the
presence of 047- azabenza anet hyl ur oni um

hexaf | uor ophosphat e (Hﬁ{-‘ ; a solvent in the
presence of propyl phoSphogic acid cyclic anhydrdde (T3P(r)) and pyridine.
63. The process of claim62' wherein the solvent in step (c) conprises

N, N- di met hyl fonrnam de (EV ), ethyl acetate, or®2-nethyltetrahydrofuran
64. The process of claim62, wherein Ra is hydrogen or TBDMS. WO

2010/ 048526PCT/ US2009/ 061882 65. The process of claim 64, wherein Ra is
TBDVE. 39.  The process of claim 38, wherein the amine of formula 3 in step (a) is generated in

situ from the amine hydrochloride sals.

40. The process of claim 38, wherein R® is hydrogen or TBDMS.

41.  The process of claim 38, wherein R* is TBDMS.

42.  The process of claim 38, wherein step (a) occurs in a polar aprotic solvent in the

presence of a tertiary amine base.

43.  The process of claim 42, wherein step (a) occurs in acetonitrile in the presence of

triethylamine.

44.  The process of claim 38, wherein the reaction temperature of step (a) is between

approximately 75 °C and approximately 85 °C.

45.  The process of claim 38, wherein the reaction time is between approximately 2 and

approximately 30 hours.

46.  The process of claim 38, wherein step (b) occurs in a polar protic solvent in the

presence of a palladium catalyst.

47. The process of claim 46, wherein the solvent in step (b) comprises methanol or
ethanol.
48.  The process of claim 38, wherein step (b) occurs in a polar protic solvent in the

presence of Fe and FeS04 or Zn and AcOH.
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conmpound of Forrmula (I), wherein ring Ais(C, or(d) wherein R is -CF3,
-CN, or -CaCCH2N(CH3) 2, and Ra is hydrogen or a silyl protecting
group sel¥O2BW/HBPM t he group consisting of trinethylsi PEI/USTINBN61882
tert-butyl di phenylsilyl (TBDPS), tert-butyldi methylsilyl (TBDWVS),
triisopropylsilyl (TIPS), and [2-(trimethylsilyeethoxy]nethyl (SEM.
wherein RI is -CF3, -CN, or -CECCH2N(CH3) 2, and Ra i s hydrogen or a
silyl protecting group selected fromthe group consisting of trimnethylsilyl
(TM5), tert-butyl di phenylsilyl (TBDPS), tert-butyldinethylsilyl (TBDVbS)
triisopraogyl sithy brocdss BB aindd8] wherelnl the pRirpydiii sovp@tifaxyy mret hyl (SEM . 69. A
conpound of Fornmula (1A): (1A); or pharmaceutically acceptable salts

t hereof, wherein: Ra0 ORa

50. A process for preparing a compound of Formula (Ic),

e

A}
A ]

'

N -

R, O O -
Rs .
I H

¢
1

R4

I=

(Ie)

or pharmaceutically 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

Hal HN._A,,: '
3
OQN/Q/ O,N |
R, R,
2a 2b

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

2

reduction

- -
I’ ~ L4
' A ’

! [
~ Id

N
Al
A Al
s

-

OgN HoN
Ry Ry
2b 2¢

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

; and

compound of Formula (Ic)
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ring Ais selected fron(c), or(d); wherein Rl is -CF3, -CN, or
-CF---ECCH2N(CH3) 2; R2 is hydrogen, -CH3, -CF3, -OH, or -CH2OH, R3 is
hydr ogen, WOGMHI/04826H3, or -CN; provided that both R2 an&@CRIS3H08/0n($E2
si mul t aneously hydrogen, and Ra is a silyl protecting group selected from
the group consisting of trinmethylsilyl (TMS), tert-butyl di phenylsilyl
(TBDPS), tert-butyldinmethylsilyl (TBDVS), triisopropylsilyl (TIPS), and
[2-(trinethylsilypethoxy]methyl (SEM. 70.A conmpound of Formula (I)--. (1);
or phar rraceutgzcaélyoaccept abl e sa)rts t hereof, wherein: ring Ais $e&ect ed
from A R 0 O
. RB
N
| H

1
N R
H
1d 2c (c)

wherein Hal is F, Cl, Br, or I;
R0

E P OR?
HN
the amine of formula 3 is

ring A is selected from:

N % Ee ”‘L“Q ”‘H—”g

(b)

and

wherein

R! is -CF3, -CN, or -C=CCH,N(CH;),;

R? is hydrogen, -CHj, -CFs, -OH, or -CH,0H;

R’ is hydrogen, -CHj, -OCHj, 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), ters-butyldiphenylsilyl (TBDPS), ters-butyldimethylsilyl
(TBDMS), triisopropylsilyl (TIPS), and [2-(trimethylsilyl)ethoxy]methyl
(SEM).

51.  The process of claim 50, wherein the amine of formula 3 in step (a) is generated in

situ from the amine hydrochloride salt.
52.  The process of claim 51, wherein R is hydrogen or TBDMS.

53.  The process of claim 52, wherein R* is TBDMS.
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(a)(b)(c)(d) wherein Rl is -CF3, -CN, or -Cl=-CCH2N(Cl 3)2; R2 is hydrogen,
-CH3, -CF3, -OH, or -CH2OH, R3 is hydrogen, -CH3, -OCH3, or -CN

provi ded WR2MWYBROR2 and R3 are not sinultaneously hydﬂ’@@@ﬁl‘)ﬂﬁ/&@ésby t he
process of any of clains 45-61. 71. A conpound which is selected fromthe
group consi sting of 9

54.  The process of claim 50, wherein step (a) occurs in a polar aprotic solvent in the

presence of a tertiary amine base.

55.  The process of claim 54, wherein step (a) occurs in acetonitrile in the presence of

triethylamine.

56.  The process of claim 50, wherein the reaction temperature of step (a) is between

approximately 75 °C and approximately 85 °C.

57.  The process of claim 50, wherein the reaction time is between approximately 2 and

approximately 30 hours.

58.  The process of claim 50, wherein step (b) occurs in a polar protic solvent in the

presence of a palladium catalyst.

59.  The process of claim 58, wherein the solvent in step (b) comprises methanol or

ethanol.

60.  The process of claim 50, wherein step (b) occurs in a polar protic solvent in the

presence of Fe and FeSO, or Zn and AcOH.

61.  The process of claim 50, wherein the polar protic solvent is water.

62. The process of claim 50, wherein step (c) occurs in a solvent in the presence of O-(7-
azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyluronium hexafluorophosphate (HATU) and
triethylamine or in a solvent in the presence of propyl phosphonic acid cyclic anhydride

(T3P®) and pyridine.

63.  The process of claim 62, wherein the solvent in step (c) comprises N,N-dimethyl

formamide (DMF), ethyl acetate, or 2-methyltetrahydrofuran.

64.  The process of claim 62, wherein R? is hydrogen or TBDMS.
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made by the process of any of clains 50-66.

WO 2010/048526 PCT/US2009/061882

65.  The process of claim 64, wherein R* is TRDMS.

66.  The process of claim 50 further comprising a deprotection reaction when ring A is

2
R3O O
© , Or , wherein R” is a silyl protecting group, to generate a
H
1 H OH
E—NQ N
compound of Formula (I), wherein ring A is (© , OF

Y

A J

67. A compound which is , Wherein ring A is

g
A

R H H OR?
Q i%./ ’HLN:Q/ o %NQ/
(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
trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl (TBDMS),
triisopropylsilyl (TIPS), and [2-(trimethylsilyl)ethoxy]methyl (SEM).

68. A compound which is Ry , wherein ring A is

.81-



WO 2010/048526 PCT/US2009/061882

g R3O ORS
™ % ke E“Q “‘L”Q

(b)
wherein
R’ is -CF3, -CN, or -C=CCH,N(CH3), and
R* 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-(trimethylsilyl)ethoxy]methyl (SEM).

69. A compound of Formula (1A):

(IA);
or pharmaceutically acceptable salts thereof, wherein:

RaQ

ORa

ring A is selected from (<)

, O >

wherein

R! is -CF3, -CN, or -C=CCH,N(CH3)y;

R? is hydrogen, -CHs, -CFs, -OH, or -CH,0H;

R’ is hydrogen, -CH;, -OCHs, or -CN;
provided that both R” and R? are not simultaneously hydrogen, and

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

70. A compound of Formula (I)
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fwg

or pharmaceutically acceptable salts thereof, wherein:

ring A is selected from:

(@) (b) (©) @)
wherein
R' is -CF3, -CN, or -C=CCH,N(CH:)3;
R? is hydrogen, -CHj, -CF3, -OH, or -CH,0H;
R? is hydrogen, -CHj, -OCH;, or -CN;
provided that both R? and R are not simultaneously hydrogen;

made by the process of any of claims 45-61.

71. A compound which is selected from the group consisting of
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Hool C
N n l
/@ O OF F
N C‘%CW ¢ %7” 0 0
N
AN , and

made by the process of any of claims 50-66.
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