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the benefit under 35 U.S.C. 119 to United States provisional patent
application serial nunmber 61/012,162, filed Decenber 7, 200§;-145w0
entire contents of which are incorporated herein by reference.

TECHNI CAL FI ELSDEH) FGIEMSNVE 6-00N(2.2-DIFLUOROBENZ QPP B E SIII OXIOI 8

relates to s D@@Mﬁ I%IK'ZWL)BQE&?OICOXCID

3-(6-(1-(2, 24 NULGARBD:
2y opropanecar bovam dol. S gEL Y it ey AreslaBepzoleact d

phar maceut | Cal COprOSl LT OIS UIer eolr, difta 1ret rmous  tirer ew

BACKGROUND OF R ted
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i ncl udi ngprahsomqbpatmeamhldatwesmEat mm}bce@]u/fblﬁeibﬁ aﬁl@ﬁdlidcsnbmﬁie?@m |t1ne entire
regul ates, g 18%f{dﬁ%‘f(alg%{cﬁ?%ﬁra%eﬁ‘f{eﬂé@%b r&gr? e85 Well ‘as the activity of

ot her ion channe el ns elia cells, nornmal

functioning of CFTRis cr f electrolyte
transport throughout the B ﬁﬁhﬁm u Pﬁ%@%gwﬁ%@wand di gestive
tissue. CFTR igof omﬁssgm%em&aéﬂemsaka/m&éh%ﬂmaEﬂr Ega#@%glgstglnﬁé formms,

encode a prot el n a tandemrepeat of fra ne domal ns,
each cont &fi3nior{g (%?- ﬁlfhlprag@ﬁdﬁiﬂ aldioxplel-y1¢ exsloprppangcarberpaisiol-dtenchiy noltidi-2-

domei 1. THSettR: (L SAISRRARN R0CHRIRIGAS nBketn bidkatbabiheulidf 0, ol ar,

regul at ory rrultlpep ory ation sites that

regul ate channel activi gycaeRND glgqq{Etm@fENT@@Nng [4] The
gene encodi ng CFTR has been 1dentified and sequenced (See G egory, R

J. et al. (19963 Netrit & a%ﬁﬁﬁ?l?-gﬁ@mte&ﬁ& chighnePihat@d e)%}e-sseﬁ%%wg@fur e
347: 358-362), (R| ordan, I R et al. (1989) Science 5:1066- 107

def ect i n"eﬂlﬁWgesg@%dlt‘}&%%@twﬁﬁnéﬁc&’ﬁ%fy et 11y, gttt rpegylates a&%ﬂ}“&acm“
fibrosis fhe@embrand, BEWOPSthLRHINB Vs bakAbn SRRRYI M4d FHo%SRS & cgﬁulawz@ms
Cystic fibrosis affects ﬁ_?{trom mately one in everé 2,500 infants in
the Uni t efprapldpnstioning ¢fyiik lh@“ttfélrféfrté? mejitepange elrelielyls Gaupart Marnehuy the o
10 m Il QdeFei@@JuﬂngCr@{pﬁl){toﬁ}r a5l BELEivE BRYe. AfFTIRNE c&ﬁﬂo@&f(df\dﬁpt&@ﬂ%ewmﬂpm
apparent ill effects. In contrast, individuals with two copies of the
CF associ 4tiBacisiat sippdccs pretet)madn ap efcfpndemaencalf Hasmpmbiane ¢opraist caclpf
CF, incl chillfégurfgrbixqmlﬁnélﬁﬁi'ﬂleqlkl&%ﬁéﬂ anucleoude binding iBmARL TIRNGS tidhshidmbrane
cystic fibrosis, mutations in CFTR endogenously expressed in

respi r at ofaEsareHpkedby idargs pelar Feniatoad(Raspmain wathinginkaeghprtientiss ng

an i nbal apgeduiid @EnmdNgttifityind clifu@R &BGEking. The resulting decrease in
ani on transport contributes to enhanced nucus accurulation in the

lung and the qmpmw@eh@@cmlﬁgmmaswne@énhﬁaﬁanab@é\l fuerébd (S@@ngwryqauw
deathlncf‘F tion to reswatorg_. | sease, CF patients

Cypi cal | yISURRbNeRioi7 3R it Rishdarh el (BPBNERE A it MRED ) &

insuffici ﬁﬁ%’@? Baknce b45:108611018)! h&iefecbdn HiSeHé &aSisek huth@aisha CFT'R eéﬂﬁllhﬁg Qn,
the majori téﬁ%@#‘é es Wth cystic f br05| s.are_ infertile

fertilityd (e o BE B CERen § @tg SRPFLY dispase inchumags: ngsgc fiqrﬁsls affects

contrast dprokihucheMRiSeRb BSU0SniRdts Ike TR 8% WhRE tHefoe@Sa Vnttaf Qtes
gene, individuyals with a single copy of the CF associ ated gene

exhi bi t iffPRa4NeEP 'Pel@|“§9‘3ﬁ8‘“é’9{363%6f1%$1%°%&f the deferiiye pepe MoHOH @Rt Mg

from di ardes. In chffabtaRgvRydM RitliwatopiBeolliR] @t As¥RlaYedpesbultartsemey of

the CF gene within t he Ipo pul ati on.
debilitating and fatal effects of CF, including chronic lung discase.

[005] In patients with cystic fibrosis, mutations in CFTR endogenously expressed in
respiratory epithelia leads to reduced apical anion secretion causing an imbalance in ion and fluid

transport. The resulting decrease in anion transport contributes to enhanced mucus accumulation
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[ 6] Sequence anal ysis of the CFTR gene of CF chronosones has reveal ed
a variety of disease causing mutations (Cutting, G R et al. (1990)
Nat ure 346Y@8@9ABEI37 Dean, M et al. (1990) Cell 61: 863 PETHS2HBES5456
Kerem B-S. et al. (1989) Science 245:1073-1080, Kerem B-S et al.
(1990) Proc. Natl. Acad. Sci. USA 87:8447-8451). To date, > 1000

di sease ciatigilmngg anrdltlmtai:aomsariymgtdﬁerotﬁﬁl igenenh teeulfesely cdenddafh in €F patients.

o del SpAATOR RGP S i TR PR DR B0 |

sequence, paadﬂ'datllc msuﬁm&myl thyat, néh‘eﬁ mnte@tetlﬁesws IFs @8- ICRAMRI on] thie snajpuityadfingies

0%
gggg;ls a![ g\aﬂaﬁafthc éll:)r%Sésvaée%/ 1mzeatl{% d t%m? G& (?e%red%r}fl%éf%efle alrﬂ »Qirt ﬁ)bf? f?l{}gsé% 1
508 in AI-‘@G&SGSTIR spvmﬁ"ﬁ:m of h@ qoa:ss:dnhc @F u’smatedfgcmnlﬂomctim}a gvith a smglc
correct | ¥ Py gﬁfa&? ?sg?crleﬁ%d Q:né ! nbltqqcl%alsedt r¥51s? fncé Q) ch&%s %Q(i topcfel?Pfd?atlg{lt 0

exit the M AEHE WD

" nunmber of reﬂﬂt&lgﬁ&;hﬁd]mlesepirhapn exfiedning thb lramerelyﬂnlgﬁuﬁeqﬂaasssoﬂthmlz gins evithiad
incells tﬁxg %ﬁl ng wild-type CFTR. In addition to inpaired
trafficki "utation results in defective channel gating.
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def ectlve gati‘ng' | ea 0 re uced ani on“transport across epit
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o ochoos GEER el afle @ eqita D o mottpréilche

causi ng nmitafidnansddaletioChRetialtninees pbmtlanrm&leifth@CFTlléammafatﬁld sdquengs, and is

synthesis, and{or,.ch nne
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[8] Al't h%f@?stﬁlﬁ_ﬁﬁsiﬁﬁmsm&dlﬂeﬁviﬂai $eeéry dndaserDl ecul es in addition to
anions, it is clear that this role (the transport of anions)

represents ongoog| enertk deltiaoflirafioc 5Eh Aﬁ’&@ﬂqfaﬁfﬁlsmmltsttheammmbtaig fioons

and wat er_acr oss eI| m nt.s i et

epi t hel i aPldgg ¥ HeFﬁEENQ W’E@%ﬂ% hecfl&m%m Brﬁgemt te}g? fie Hlég#a%-?r%%f Pase
punp and thépladdmstdnstireicahs smani]m; ﬂlaauﬂiberof\ejamelssa;estrhatthamembmsqomfmildsi e
for the uptake of,.chloride |nt

el enent s ?li’s?r&eéléfl i e’fpdeségﬁ |C%%k[ i ondéfnofl Y %%%dg ragé:‘:kmg ﬁ? he

epi t hel i umutwtica rédnig in ds&ttezebhanaelgxmge%gahm ahdrelheedhundat ofhanmels i the t he
cell. Chloride ab

t t.he coordi nate of
ENaC and Wrﬁ@gégﬁ@e% IVF ﬁ%1n§Z(fa§ é re am 1) tranﬂ)d)rt aﬁross'\%)_'_he? &tl ,&%5%%
punp and ﬁfmhﬁ&l&iﬂﬂﬁﬂfﬁn&ﬁ@ﬁﬁﬁﬁ@@mﬁﬁntmﬁd b@@@] BABER. 45 2r00axye7)oStuditrehave
cell. Secondary active tr ort of mth e
| eads to T"RE™ al’)é‘é’ﬁ‘f?ﬁlﬂéatt hSﬁ WPP%&pﬁﬁ%ér& ?ﬁlnb el %W}e ¢ lacltlontaﬂen
passi vel yalbeitdsse tliahenldejpie QFITR (Dalehan aeils(199r1§33\1ahne Ingndi 354a526e28 dPdnaing
transport rran f / ostr +K+ AT
punp and fftﬁ@ SB%@ %POS#%%P g‘ﬁlj @Lgﬁ M mlajgﬁ glgg%ﬁgo)baso %Foa‘iﬁ%%g
surface a@EIrR;Bﬂ[Br difbaiel’b&u%hltgrﬂlmaionsdeTtRGMtdeeﬂlﬁh&iefeb@ve&ﬂaﬁiokh@mynméms
chl ori de vi

never act ?W&F gF ?‘%ﬁ@ﬁ’é F?lg Wps &f ?Ownfrtegu]?Eég tWla% A1 Secreﬂf) ,}1_'91 e ﬁélesﬁ &

on tiny tgrageeipnhti@bisaderigsnoti c gradi ents generat ed by t he buI k flow
of sodium and chl ori de. [ 0010] As discussed above, it is
bel i eved t hat [oU8¢ d&theighmTﬁfnan@sftduarE@&fhmleAHEﬂiBa@Tdﬁ tpammanit'sctelae

nascent protein f rect suI y of

this nuta ',El,t %F ]60(166 lﬁql]iagspg F g} réﬂesen% 8n? 1‘1;%1‘5 111 ;()%rl:allt Técﬂ msnl !)tt

menbr ane. traéhSpoaturgeaulahd watalsacfdsa; the epithebumnuTitestinf elélh@ltmﬂuﬂeehq:)&'pﬂihﬂlamar e

present ac 1anne? ERllaésl{l’rB'/.Z%?}El rcg'—rt]r%ns%gxqer,clg %lf%d- atsg I?ixrr]ns and t1:he\@)"asola’ceraﬂ membrane
K* channels, that are responsible for the uptake of chloride into the cell.
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[ 0013] Conpound 1 and pharnaceutically acceptabl e conpositions

t hereof are useful for treating or |essening the severity of cystic
fibrosis. wo2ome731spect, Conpound | is in a substanti alHOr/@eysogd4bd ne
and salt free formreferred to as Form| as described and
characterized herein. [ 0014] Processes described herein can be
used to prepareod] heTieegasdntsi vamsto@dthdr iy Khienyd@nttical easdrtiasiosghd-or m | .

The ampbunts_.and t.he features of .t he conponent.s.used.jn th rocesses

woul o be SRDERELYi? et “Heefing orepsigniind ogeitam oy thin B coph Ehlppda APRgERLion

[ 00 1F] Fi gudslate b)Sthé‘tBocﬁGiﬁzﬁ?d zﬁii‘fifyroiﬂﬂlalia@ Ando@ETRepreseGdnahd dpic@bnéniimeand

single crys structure o ou 1 in Fo |. J0O0O16] Figure 2 is

on" St uel N PAIE Bl R R TR BN apetsP OC b B GG Req g T el |

[ 0|017} Fi %éd:?ﬁia@ dcﬁve_’otfhnlqwﬁrok alyorﬁilfe ﬁa»]t?l the mﬁﬁmadéécﬂd‘léai@td tﬁéla(ﬁﬁﬂﬁla[dci} of

calcul ated fr a.si. .crystal of oun in.Form], apd an

actual X- Flé{%/ceﬁ@]&’tféﬁmag f“ﬁ‘f"ﬁé ihein lb"é%“fegf IHEVSfL‘j“e(SBﬂ}wEH c??’ﬁm“F]ﬁ’ l'ﬁSBBPﬁ% fra

[08018] gi {%ﬁdfoﬁalérahébolﬁ. ﬂﬂrénfgaﬁ@mg%xzdﬁzeg@mrabmg%s@_aﬂt@mm+¥mp(am ptalilﬂifhe of
nmpoun I.Nn rmi. + I gur |1 S or t1onal

o st AHErins &7 chrhle o8 Hs e A iy eI & Radiogal side

eé(r)l al ysi 3 cloo_rdinalt:e[tﬁé)s%lﬁ)ﬂeg&i @gmeri& ﬁ@CliarR: omihe mafflﬁai)l(gaal Bepmlé Water ©brobably
nmpoun In Form as on stngle cry ta -ra ana SI, as a .

di mer f or PRYEF %HY%%SR%‘? EseHy! .aema%ﬁp&ﬁﬂw&alrf@fis n tiny tm%ﬁ@@ iefial esretice

7 is a cogh@EdiBgdneranll bpihe bulk Bowfor GanpOaNd@NnIdriddd Form | based on single
crystal X-ray analysis showi ng that the nol ecul es are stacked upon

each ot her. [0010] AOOiRLsclhigive gt i8 bélevaiahdt terBleti @ lrespiue 508 i@ ABF08-CFTR

Conpound 1 in Form | based_.on single cr sta@ X-ray. anal ysis showi ng a
Gi 11 e ent PETEBY eBRRE ) rein from I8 safrecty Gapling T & nfbHy AR ZRY o1 <
of Conpougéteih tb Bxift¢ BR | and fraffic 5th&plagiha mémtbandeAdytesult, insufficient amounts of
ceIIquse-goI sorbate 80 susp nsi on at TQO). : e
thé mature protein are present at the plasma membrane’and chloride transport within epithelial
tissues is significantly reduced. Infact, this cellular phenomenon of defective ER processing of
ABC transporters 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 a/., Neurochem. International, 43, pp 1-7

3

(2003); Rutishauser, I., er al., Swiss Med Wkly, 132, pp 211-222 (2002); Morello, P er ¢/,

TIPS, 21, pp- 466- 469 (2000); Bross P., et al., Human Mut., 14, pp. 186-198 (1999)].

[0011] 3-(6-(1-(2,2-Difluorobenzo[d][1,3]dioxol-5-y1) cyclopropanecarboxamido)-3-
methylpyridin-2-y)benzoic acid in salt form is disclosed in International PCT Publication WO
2007056341 (said publication being incorporated herein by reference in its entirety) as a
modulator of CFTR activity and thus useful in treating CFTR-mediated diseases such as ¢ystic
fibrosis. However, there is a need for stable solid forms of said compound that can be used

readily in pharmaceutical compositions suitable for use as therapeutics.

SUMMARY OF THE INVENTION

[0012] The present invention relates to solid forms of 3-(6-(1-(2,2-
difluorobenzo[d][1,3]dioxol-5-y]) cyclopropanccarboxamido)-3-methylpyridin-2-yl)benzoic acid

(hereinafter “Compound 17°) which has the structure below:
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[0024] Figure 10 is an I HNMR anal ysis of Conmpound 1 in Forml in a 50
ng/ mL, 0.5 net h}/ cel l ul ose-pol ysorbate 80 suspension stored at room
t enper at ur¥ORMP3HShours. [0025] Figure 11 is an | HNVR B&TASp48@856
Conpound 1 HCl standard. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0026] Definitions [0027] As used herein, the follow ng definitions
shal | apply unl ess otherw se indic p028] The term "CFTR'
as used herein neans cystic § j Aqeoeionduct ance

regul ator or a mutation tH:e;(eo pabl e regul ator activity,
including, but not linitedFto; RFand 055° | D CFTR (see, e.g.,
http://ww. genet. si ckl cids.on. cakftd, for CFTR nutations).

[ 0029] As used herein "crystalli ne"CqﬂlﬂOélesl to conpounds or

conposi tions where the structural units are arranged in fixed
geometri c pat 1¥HAECyrPquad { prdgharmgsentipally agqeptabla compnsitigny thereofpeppsetpl fg5 d

long r ang@eaaﬁgi&rlesseI e & s"e{rl&ftyB@yst}émeo%lst t}a&newaat C&Hﬁcﬁn& hgigsystal
structure can be atons, nol ecul és, ions. Crystalline solids show

def i ni te Tbiteitialy wt%h@ and salt free[f@meﬁm% ag BT I"aﬁé%ﬁﬁllﬂ%f’tilaﬁ‘bﬂha&é"eﬂ%eéd
herei n megps, i ncreasing or decreasing, e.g. activity, by a neasurable
amount. [0031I] In one aspect, the invention features a form of

346- 042, 2- di 40197 PRER%S dés@ﬂlbeh:hex%in cah BRdd é‘pYe}-))ue the compositions of this
cycl opropanecar boxani do) - 3- net ridin-2-yebenzoic acid

char act er MYSHOBOTREPIRE Forml The alp@@éﬁ?}l d ths feghbbestod the & rppRtee ied iHBe m |

I S char acl;gfck28dohlY ORI LIPS Peaks at 15.2 to 15.6 degrees, 16.1
to 16.5 degrees, and 14.3 to 14.7 degrees in an X-ray powder

diffraction obtai ned usi EHRIEEDKSERPTION @di @H DRAWINGS [ 0033] In

anot her enbodi nent, Form | is characterized by one or nore peaks at
15. 4, 16. 3, aneb13pripuagt &€X-ray diffraction pattern calculated from a single crystal structure

of Compound 1 in Form L.
[0016] Figure 2 is an actual X-ray powder diffraction pattern of Compound 1 in Form L

[0017] Figure 3 is an ¢overlay of an X-ray diffraction pattern calculated from a single
crystal of Compound 1 in Form I, and an actual X-ray powder diffraction pattern of Compound 1

in Form L

[0018] Figure 4 is a differential scanning calorimetry (DSC) trace of Compound 1 in

Form 1.

[0019] Figure 5 is a conformational picture of Compound 1 in Form I based on single

crystal X-ray analysis.

[0020] Figure 6 is a conformational picture of Compound 1 in Form I based on single

crystal X-ray analysis as a dimer formed through the carboxylic acid groups.

[0021] Figure 7 is a conformational picture of Compound 1 in Form I based on single

crystal X-ray analysis showing that the molecules are stacked upon each other.

[0022] Figure 8 is conformational picture of Compound 1 in Form I based on single

crystal X-ray analysis showing a different view (down a).

[0023] Figure 9 is an "HNMR analysis of Compound 1 in Form I in a 50 mg/mL, 0.5

methyl cellulose-polysorbate 80 suspension at T(0).
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[0034] In another enbodinent, Form| is further characterized by a
peak at 14.6 to 15.0 degrees. [0035] In another enbodinent, Forml is

further chapaeémrszed by a peak at 14.8 degrees. OS2 bosloBs 156
anot her enbodi nent, Form | is further characterized by a peak at 17.6

to 18.0 degrees. [0037] In another enbodinent, FormT is further
characterized bﬂﬁctf‘]?@ﬁ?é‘l(ﬁg art MR GEHIRR D Compaund | i ﬁ&%&hn 4 50 ﬁ%@ﬁh%

enbodi nent, Form further characterized by a peak at 16 to 16.8
degr ees. methyl cellylorgpolysqrpatepibtuppensiemiiesed #aenm emperpte fpr4hgusher
characterized by a peak at 16.4 to 16,8 degrees. 040] I n anot her
enbodi ment, FJPYAS] Flegre Hyris ﬁbﬁﬂﬁ%@%&szﬁpig@apw a° &ﬂ&&ﬁa@@l d16. 6

degr ees. [ 0041] ln_another enbodlnent Forn1| Is further
characterized by a peakD A n anot her

enbodi nment further characterlzed by a peak at 7.8 degrees.
[0043] In anoth@k Qﬁ%%&ﬁﬁe Form | |s further characterized by a

pock 3ﬁarsatéﬁ%ﬁfééaseﬁ%fgﬁs%ab(ﬁo?% L e

anot her enbodi Form S er. charact er. eak at 21.4
to 21.8 degre é@&% The térm dFT'R as use& {]erem means Cystic fi r031s traXsmemBrane

conductance regulator or 2 mutation thereof capable of regulator activity, including, but not
limited to, AF508 CFTR and G551D CFTR (see, e.g., http://www.genet.sickkids.on.ca/cftr/, for
CFTR mutations).

[0029] As used herein “crystalline” refers to compounds or compositions where the
structural units are arranged in fixed geometric patterns or lattices, so that crystalline solids have
rigid long range order. The structural units that constitute the crystal structure can be atoms,

molecules, or ions. Crystalline solids show definite melting points.

[0030] The term "modulating” as used herein means increasing or decreasing, e.g.

activity, by a measurable amount.

[0031] In one aspect, the invention features a form of 3-(6-(1-(2,2-
diflucrobenzo[d][1,3]diox0l-5-y1) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid

characterized as Form L

[0032] In another embodiment, Form I is characterized by one or more peaks at 15.2 to
15.6 degrees, 16.1 to 16.5 degrees, and 14.3 to 14.7 degrees in an X-ray powder diffraction

obtained using Cu K alpha radiation.

[0033] In another embodiment, Form I is characterized by one or more peaks at 15.4,
16.3, and 14.5 degrees.

[0034] In another embodiment, Form I is further characterized by a peak at 14.6 to 15.0

degrees.
[0035] In another embodiment, Form I is further characterized by a peak at 14.8 degrees.

[0036] In another embodiment, Form I is further characterized by a peak at 17,6 to 18,0

degrees.

[0037] In another embodiment, Form I is further characterized by a peak at 17.8 degrecs.
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[ 0046] In anot her enmbodinent, Form| is further characterized by a
peak at 21.6 degrees. [0047] In another enbodinment, Forml is
further chepaaberizzed by a peak at 23.1 to 23.5 degr eePCTIdR6b88356
anot her enbodi nent, Form | is further characterized by a peak at 23.3
degr ees. [0049] In sone enbodi nents, Form| is characterized
by a diffractijmaspatheihéd caubEhan Hoah 3 it biakactedzddbata podk At guEel 618
[ 0050] In_sone enbodinents, Form|l is characterized by a diffraction
pattern s§8$tsantially simlar to that of Figure 2. [0051] In
sonme enbodi nents, the particle size distribution of D90 is t
pmor |ess foﬁooﬁgl']i%ap‘f’tger embc’d‘m[’lﬁgg’?]’?fsrfu@:? aéaﬁ{‘}%‘idr]?ﬁﬁtpgﬁkattﬁgwom%z
particl e ghpwes. di stribution of D50 is about 30 pmor less for Forml.
[ 0053] In one aspect, the invention features a pharnmaceuti cal

conposi ti on CQyua0J Biangthdrembbdimanidrcam P BEuntRe ehatdceeikddbyagesiit ahb degrees.
carrier. [0054] In one aspect, the present invention features
a met hod of t [@&l) nagnah&kbRodimeiitatond I 4ifseas eharaoteaizdibyamedonPioitst.Ng
adm nistering to the human an effective anount of Forml.

[0055] | n"*86He enbodi ments, the method conprises administering an
additional th tic.agent.. 0 1 1.n.s I.e t he
di sease is seﬁ@g?ﬁé afl?%%%@@gqulngmfﬁ%?iésglssn,@heﬁg}atraaa%qgerd% r}gﬁ?g%]kyagg%ad?greés'
hereditary he i i [ brl 1S f1.Cl i
B e A S b S
processi niggates. i ci enci es, such as famlial hyperchol esterolema, Type
1 chyl om cronem a, abetalipoproteinem a, |ysosonmal storage di seases,
such as | - cel [00di#tlbagethysabobmpit Foam I isfutlep cheyastetietddiyiadeakeat 26.0 degrees.
Sandhof / Tay- Sachs, Crigler-Najjar type |1, )

pol yendocr i noéslIntapptberiembodimpntal oniyl iifuilees chngdeterizaddy aparkori 28442 31 % m
ny|l eoperoagh ase deficiency, primary hypoparathyroidism nelanom,

gl ycanosi s type 1, hereditary enphysena, congenital

hyper t hyr oi di $§946PRLGAIEREBAmMbMPRIh € &t fRrthel BB ekiBddby a peak at 21.6 degrees.
hypofi bri nogenem a, ACT deficiency, Diabetes insipidus (D),

neur ophyseal Rig47NRREQEGRIGodIment TRk Al fuler: EifirabREE b3)PEAOARS.1 to 23.5
Per | i zaeus- Mer zbacher di sease, neurodegenerative di seases such as

Al zhei nerdeges sease, Parki nson's di sease, anyotrophic |ateral
sclerosis, progressive supranuclear pl , Pick's disease, ral
pol ygl ut ani nel ﬁl’@laﬁgilirépbﬁ‘?‘@ﬁ‘ito%}r@léﬁzfﬁ% r GharagieHes tad’ﬁfﬁ‘ at 35§ Gegiees.
spi nocerebul | ar. ataxia type.l, spinal and blvjylsa? r cul ar atrophy,
dent at or ubal é‘iﬂ‘tﬁ ﬁ&Pﬂ?%‘%ﬁ?ﬁi}m%‘ﬁd ?W’gt‘%%'ia@"tﬂ %66%?“2‘8“ BEF" as
spongi f or fipeatiePhamras thaes Figateclh as heredi tary Creut zf el dt - Jakob

di sease, Fabry disease, Straussler-Schei nker syndrone, COPD, dry-eye
di sease, and $)030r Briiose eib®iasants, Form [ is {HAMDIETizckd by edefranibopiteent , t he
present in etnt.i]%'n.lgro%i es ?. nethod of treating cystic fibrosis in a
human, cosr‘l’)ésr?néll"1 N PE U FiSNT Y 0 said human an effective anount of
Form I [0051] In some embodiments, the particle size distribution of D90 is about 82 pm or less

for Form I.

{0052] In some embodiments, the particle size distribution of D50 is about 30 um or less

for Form L,

[0053] In one aspect, the invention features a pharmaceutical composition comprising

Form I and a pharmaceutically acceptable carrier.

[0054] In one aspect, the present invention features a method of treating a CFTR
mediated disease in a human comprising administering to the human an effective amount of Form

1
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[ 0058] In one aspect, the present invention features a kit conprising
Form |l and instructions for use thereof. [0059] In one aspect,
the presemygiawantisen features a process of preparing Fafmyd2008/085156
conpri sing dispersing or dissolving the HCl salt of
3-(6-(1-(2, 2-di fl uorobenzo[d][1, 3] di oxol -5- y1)
cycl opr opanecanhay AR kimBsdRI iR kiditlk Bordonty 2 éawaélﬁlgaaﬁaah]ﬁ&aﬁn
appropriate solvent for an effedtive anoun 60] In
one enbodﬁm@ﬁwﬁcﬁﬁ@tpresent invention features a process of preparing
Form |1 conpri si di spersi the HCl salt of ) ) _
3-(6-(1-(2, 2- dpqq%hgysg@é ﬁ@baecgqq}egtsgt}]g figsasg s 5(:[:3;:@):1 from cystic fibrosis, hereditary
cycl opr 0p@rﬁ[ﬁﬁ%ngomltg@)hel%o%m&sQ}’Edadﬂllﬁlog f%hﬂ@fﬁ?&ﬁ@lelﬁs@s dsublﬂas%?otem C
appropriate solvent fof an effective anount i me } n sone
enbodi mentaiciensye Toisorhspditay angiesdemn dipidgrogasiag deficiegeisy, éltﬂh@% afijaliad r
m xture. y ercholgsgépﬁahlal'ﬂyp%qr&ﬁyl@lﬂﬁ%&tﬁﬁ%@t&%&ﬂﬁ)tﬁ%@ﬂfsbs@}n@l s@hyent is
wat er or 50% methanol /water m xt ur e I n sone ‘enbodi ments, the
appr opr i afigcases| spetnas Licgll diagage/pseudo-Hurlef, mmomswcw#eseér%wpﬁ@%r%ach% he
appropri a@:ﬁg%%ﬁf‘?pé g, p%l)%a&}cl-!ﬁtﬁaaﬁ%%ehﬁéuﬁ%é%@b%é hanes, 1arkh RQfsm,
wat er . I n" 'some enbodi rent s, fective amount of tiIme
i s about rzayltegpewma@e dgfigigney, nrma@omombsdmﬁ@m r§elart0ﬁ@ glyqaaesis (12 Bie Lint
of ti e i Rer tem%h}s@m@QQﬂrﬁem%a@hMH zysrmd sth &%Een@ﬁpﬂ{yem ﬁere&nﬁﬁr
effective anount 'S to about 12 hours. n somé
enbodi rrenh@pﬁfelh@g@fem@efxpw éleﬁﬁmahtmwete@ ingipiduss (Ddh senrohysesl A agproggnic DI,
hour s. ]
Form of 3TNIa DD g oRon e PER ey IO NG T LRE n FRIE R FAR S
cycl opr op%ﬁn@é@?@@ﬁdﬂﬁﬁ@@)ﬂ‘gﬂﬁﬁé@ hshsw? la@wﬁm?hly@b@ﬁﬁ@ﬁfeﬁa@i‘%rﬁﬁﬁw ng a
monocl i ni g, 8&waéaﬁbla§yyﬁltc@ehlseas?%yeﬁl @9@&%9%@%&1 a@&dérpéshamsng
unit cell dinensions = 12.2
33. 075 ( 4hluntingtgn, ﬂpmrebptaarﬂtagla tm& spiyl and pelbar muscudpy atrr}érmmﬁir]ltawostbwods
of Prepari

@é)dr:n Q%XIZIY all]d myotonic d o 28z]s \Jeﬂ aQHﬁn?fﬁgﬁgf#{%B tlopaﬁ: %5 rghéh a’s

pr epar ed I spersi Iving a sa such CL, of
3-(6-(1- (lpr@twﬂrwf@} ‘e%k@{dﬁeﬁ% Bibei dsesic. Hrapssjer-Scheinker syndrome COPD dry-

cyclopropag%%@kpqﬁgg%gghﬁgme 't hyl pyridin-2-yl)benzoic acid in an
appropri at’e sol vVent r an ective anount of tine. In another

enbodi ment , qur] Tl Ghe %6&%&9 thd |98 iSRG RS ids § Bletholl 6f MBatiSHGRiAS
HCL, of 346 0- 2-di fluorobenzo[ d][ 1, 3] di oxol-5-y1)

cycl opr opﬁli’fé%!%mlﬁél%@ﬁﬁ QOTDTBINEAIRAISIOE & S91dIueR pnefBR Ve AaTountiof Form I
appropriate solvent for an effective anount of tinme. ]n_another
embodi ment, FdP4B] 1 age peperhetlie Betcatinysptien {gpfpres a kit comprising Form [ and

3-(6- ( 1-  RsiBedbrskuanoneasol dl [ 1, 3] di oxol-5-y1)
cycl opropanecar boxam do) - 3-net hyl pyridin-2-y1)-t- butylbenzoate and

an appropri at qoosgl HmnSHﬁﬁctatﬁe fn@ﬁeﬁ’ﬂ avantibifitcathis Fontnhe HCI
salt formof 3- -dif on

y4s]|
cycl opropm'a%g&'i%ﬁwwr d@“?hé‘t’% e ?"éi‘ioﬁgég'&lp e’n vq;folafe 133 fliqge!-5-
st a& ti R|g ﬁ??&lopﬁﬁ%ebﬂb&@ﬁlc}%ﬂ@%lﬁﬁﬂhdlii@fyljﬂ@nzﬁfc%&aﬁrﬁzd] BYrofOUPLIIREt BN
acCl C ori

poi ety wi_ith an am ne noiety according to Schenes 1-3.
an effective amount of time.

[0060] Tn one cmbodiment, the present invention features a process of preparing Form 1
comprising dispersing the HCI salt of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-y1)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid in an appropriate solvent for an

effective amount of time.
[0061] In some embodiments, the appropriate solvent is water or a alcohol/water mixture.

[0062] In some embodiments, the appropriate solvent is water or 50% methanol/water

mixture,
-7-



[ 00691 Schene 1. Synthesis of the acid chloride noiety. I

SCC12

WO 2009/073757 PCT/US2008/085456

[0063] In some embodiments, the appropriate solvent is water.

[0064] In some embodiments, the appropriate solvent is a mixture comprising 50%

methanol and 50% water.

[3065] In some embodiments, the effective amount of time is about 2 to about a day. In
some embodiments, the effective amount of time is about 2 to about 18 hours. In some
embodiments, the effective amount of time is about 2 to about 12 hours. In some embodiments,

the effective amount of time 1s about 2 to about 6 hours.

[0066] In one aspect, the invention features a crystal form of 3-(6-(1-(2,2-
difluorobenzo[d][1,3]dioxol-5-y1) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid
having a monoclinic crystal system, a P2;/n space group, and the following unit cell dimensions:
a=14.9626 (7) A ,b=122994 (1) A, c=33.075 (D A, 2 =90°, P=93.938 (9)°, and y =
90°,

[0067] Methods of Preparing Form 1.

[0068] In one embodiment, Form I is prepared from dispersing or dissolving a salt form,
such as HCL, of 3-(6-(1-(2,2-difluorobenzo[d][ 1,3 ]dicxol-5-y]) cyclopropanecarboxamido)-3-
methylpyridin-2-yl)benzoic acid in an appropriate solvent for an effective amount of time. In
another embodiment, Form I is prepared from dispersing a salt form, such as HCL, of 3-(6-(1-
(2,2-difluorobenzo[d][1,3]dioxol-5-y]) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic
acid in an appropriate solvent for an effective amount of time. In another embodiment, Form 1 is
formed directly from 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-
3-methylpyridin-2-yI}-t-butylbenzoate and an appropriate acid, such as formic acid. In one
embodiment, the HCI salt form of 3-(6-(1-(2,2-difluorobenzo[d]f1,3}dioxol-5-y1)
cyclopropanecarboxamido)-3-methylpyridin-2-y)benzoic acid is the starting point and in one
embodiment can be prepared by coupling an acid chloride moiety with an amine moiety

according to Schemes 1-3.



[0070] Schenme 2. Synthesis of the am ne nviety. | urea-hydrogen
per oxi de phthalie anhydri de Et0Ae, water WO

2009/ 073754BGHdld22898/ 085456 [0071] Schenme 3. ForpmaiuRHs0EsE&N
acid salt of 3-(6-(1-(2,2-difluorobenzo[d][1, 3]dioxol 5-y1)

cycl opropanecar boxam do) - 3- net hyl pyri di n- 2- yCbenzoi ¢ aci d.

CO21. BuCO203U [069] Scheme 1. Synthesis of the acid chioride moiety.

1. Reduction 1. SOCI1
:: 0 A0 on 2, RO o
O COH » NaOH Fo 2. Hy0 F o
1. NaCN
2. H,O
rO 0 NaOH O Bra~
X - F Cl 0
F OQKU\O“ FXO@KCN ~ X @L,CN
FoO
KOH
SOCl,
O
FX Ij 0
F O Cl
[0070] Scheme 2. Synthesis of the amine moiety.
1. K,CO;, Pd(dppf)Cl, N
N (HO),B 2. aq. MsOH IN’
(N:(B + @ 3. aq.NaOH
;
CO,Bu . CO,tBu

urea-hydrogen peroxide
phthalic anhydride
EtOAc¢, water

I

HoNTN° =
1. Ms,0, py, MeCN
COtBu 2. ethanolamine CO,tBu

o—=



acid [0072] Using the HO, for exanple, salt form of
3-(6-(1-(2,2-difluorobenzo[d][1, 3] di oxol 5-y1)

cycl opr opaneg@mbooxam do) - 3- met hyl pyri di n-2-yl ) benzoi ¢ RCTASHDS/BBI456
starting point, FormI| can be formed in high yields by dispersing or
di ssolving the HCl salt form of 3464142, 2-

di fl uor ObenZOEU%H]]Scﬁlrﬁié DX kmdidhbF an ac1d salt of 3-(6-(1-(2,2-difluorobenzo[d][1,3}dioxol-
cycl opropanecar boxam do) - 3- net hyl p in-2-yQbenzgoic acid in an

appr opr i ar¥d) @slopwatnessshoxanidari- é’@fhﬂillf’énqi%d@l’e"é?wﬁ?lﬁe Cther salt forms
of 3464142, 2- difluorobenzo[d]] 1, 3]d|ox01 5-

cycl opr opangcag boxani do) - 3-[ek h | pyLFd Gt beﬁx y
m neral or orgaﬁl% acyd
er h the

used such ri exanpl BN dt h
ot her salt rd8sult from hydr ol ysis of the t-butyl est

cor r espondi ng acid. Cther acidsf¥&"t forns include nitric, sul fB#fc,
phosphoric, boric, acetic, benzoic, nal on;/?m/tehe i ke. The salt
<2

form of 3-(6-(1-(2,2-dif|uorobenzo[d][1,3]d' 32-y1)

cycl opropanecar boxam do) - 3- net hyl pyri di n-£- yQbenzoi ¢ acid may or may
not be sol ubl e dependi ng upon the sol vent used, but |ack of
solubility does not hinder f y 0B jForm | . For exanple, in one
enbodi nent, the appropriate gﬁi ) ter or an al cohol /water
m xture such as 50% net hanol / wat er “hitxt ur even though the HCl salt
formof 3-(6-(1-(2, 2-difluorobenzo[d][1;3] doexol-5-y1)

cycl opropanecar boxam do) - 3- nethylpyrléln 2-ypbenzoic acid is only

sparingly sol yabg wdhgnad HC} fdr@x@fl(ﬂk , AR HEING- (11(®edamwoe@fzb[ax[e3]dmxol-
he

solvent i s water. ef fective anpunt of fPQ
For mat | ori 6] SHEGPIPRIHFeAFEOE) Sl Po i Brylgerzge act # a Sarting point, Form T

(1- (2, 2- diuf ba'RrREAR E%B Sﬂe[dl bﬁhﬁ%@éﬁ@m@rs}ﬂb}mg the HC] salt form of 3-(6-(1-(2,2-

cycl opropanecar boxam d pyridin-2 ben‘z C ?“e% can .be
ARG vt et R S M AR e e e e
hours is iRQH afpRPHASE sé19enORr B FFfddii @ imoud ot Sime.- @&%saltlﬂiﬂns 6ET-{GR(12,2-
solvents nmay require greater armunts of tine. s al so-é-a;ﬁ'{aﬂg' zed

Chat t he GiRSERPeTBIIN TS IR PR EFRLe A ﬂméda?ﬂexleﬁgrﬂ pic acid

t enper at Hﬁﬁr be Ut sudtSas, ﬁ)h&(aﬁiblﬁ hefer by rd] SPREARS arﬂoﬁﬂse ThesBedshimrneeded
to affect dissociatio acid to form Form | e spol ven

water, stPytifog ltyﬁ@lydisé’B@FéP‘Hﬁl P Vb e SXTSRANNng a%ﬁ 5ﬁ8&ff§15/a%t1fo%ﬂm

t enper at UphQuddin#AS, siAHE) ﬂl_ioﬁbh@ﬂc BB, QockiBakiolt, A8y, a8d the liké. EheSelt ﬂ)hh@ﬂ
of the salt formof 346- S 2-dj f1 uorobenzo %&\é S(Jé)sjl oxQl- 5- é

cycl opr opaped4?: B@i@%\'ﬁi"%}zﬁ’[ﬁl ﬁk‘ﬂqwll DYY FYRIGPropagss B ARy igd 1 ed
for procegmeRdicREE &y ofRaPhd@ batddibld @FRRIALIYELhERIvARLusHS Bt ladkfdfer
stirring the _solution for an effective am)upi)q of ti t the el evated

t enper at ueBbilingdaesagt hinderformation Rf SO & oA FFPNG: B e o %ﬂtrtt SAPPIPPHUF e
forms of &GREMNay bk W2RPE RRREKHIARRE mi-8uB GicaBE $03b hythRiol/@atefhRtse, kten

greater than_about 90% purity. ln another substantial ly
pur e ref dheughghedidspleforn g ARG &e- d@ﬁ‘%"’ﬁﬁ‘?zpf‘i}[l%ﬂﬁoxﬁﬂgﬁ’ﬁer enbodi nent ,

subst ant '@Elbﬁ!roﬁ&ﬁ'é&ﬁo%&ﬁlﬁ@ 1 Re@yIBAEE-2yNBEzab adid is ¥BB0spatinklyolubld in water.
anot her enbodi nent, substantia g”éture refers to greater than about
(%

99% pur i t§ onererbodiRag isEpRaPrEd 9 dSY:I@Efends in part on the sol vent

used and is well within the c Ll s of s of . or |nar SI||
in the art to lYdtkthsisfectve ﬁmﬁ‘ﬁ‘g g‘ f *l“onf’ﬁ]ge Pgﬁﬁ@tg‘f (}%3

bet ween reqppideRAbazdfdH 1 3Tkbxabeyl) cfoptopahddardsatiid)- 3&ﬁﬁﬂqﬁbyﬁﬁﬁiﬁt2— t he
tenperature i s, between room er at ur %aand about 40 I n agltf‘ gg
I n

enbodi mentiberagic aF’ér?f)‘é‘?%“ﬁPE‘eﬁ’gt & O ST COBER é{b%?ﬁter
anotC her exdards mﬂéadect tbebﬁaemrﬁélme%%) bﬂw@moﬁhmuma@eqﬁmagwhtabout

80 C [0074] In, sonme enbodinents, Hn %% efurLY i
puri fi ed BYPUREEE YaE: At isi a%achagi“%efléw %Jﬁala?lg%l trnedisrdrd fy InveEselRipReLtiogl to
organi ¢ s@b ¥epbatute) Ghbtde thebitheAh€tePbratutethd 16 tinf neddell WedTRet disdsadt@n of

acid to form Form I. When the solvent is water, stirring the dispersion for approximately 24
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desired. Rem ngton's Pharnaceutical Sciences, Sixteenth Edition, E.
W Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various
carriers Wwyetosom75@5 mul ati ng pharnaceutlcally accept ablgraanRmEikONS
and known techniques for the preparation thereof. Except insofar as
any conventional carrier nediumis inconpatible with the conpounds of

the invengd,an, ro%HPt@m?e?arp% %?ﬁdﬂﬁl'lqganaﬂ)}froﬂfﬁg?eﬂ g@?&l@ldbiﬁl sgﬂh&%f tRfshect

or otherw se Interac Hh& in a deleterious manner Wth any o

conponent {osy 0b3-(G-He23 W@W[d&ﬁﬁﬂ@?@bwbpm@o%mgﬁaﬂl% 3' i t S use
I's cont em%ﬁ&”gfl:&upz Pﬁbé%&g'ﬁcnd 5 'aé‘mé&fb? Ero@éss hlh‘béseé By Qg'\ta'teg'i‘emp%ﬁﬂﬁe may be
exanpl es o erial's which can serve as armaceut i cal l'y ‘accept abl e
carriers Waél die, btnml@g thg seluiit fon dnreffeetiye mourtt ohtinesct herelpsrted tempepiga,

al um num @E@g\m@}mo Icb&ing vic @Hmam;a@whm@mﬁ CEForRS, R RSB,

al bum n, er su ances such as phosphates, glycine, sorbic acid,
or pot as ssuum@eﬂbm-tr@wfq@atptgr%el dipryehoni W&o ikt U exothst embadiment, sgbstantially
veget abl e

or ot am ne” Lo BB R LPBl o, Ih R LS USRI D rofe o
phosphat eg ereagesdhanrsb e PEH mu@y I anethergmbedimensi $Ub$t@malhsﬁ>ur¢ regers tm@m‘@sihwm
trisili CaliBut 9@@’1 yﬁﬁ\ﬁ fyﬂhe LJE fé@t’ed 9 eYRGH ﬁ(dr?&n‘%ﬁe soWBAGRed and is well
polyethylenepol pr opy ymer s fat, sugars such as
| act ose, yithiethssarmhditieynd smne @&@qhnfmesklg incthe arstogletemning. dn @np epgdiysttat o
starch; c o Qﬁmy I
celIuIoseﬁkeﬁkgﬁﬁﬂﬁFPJ?%éégggl Fﬁﬁﬁggg&gﬁg?éfgghMgkgéﬁe ay&ﬂy

t r agacant kmperaiire;is bpsieeniroem tempeaturgxod giostis’Cs &@woalgr agwdianehutheer and
supposito I r
o T s app RS pedch s BoakAieko 3 mafhirQRBRAHR he AR LEAFT
propylenemﬁvaébmwﬁo%bﬂ#@bﬁyﬁ@ﬁé gl ycol ; esters such as ethyl oleate
and ethyl laurate; agar; buffering agents such as magnesi um hydroxi de

and al uni num HYQAbisame exbagimens, Bermd: mayybe Sether gurified binteerystalizatipro fipre an
sal i ne; F%r@&%so&eaomma&of%;glam seHaRiude AR RASRIRE ©, RiHtfeh& Cumene,
solutions, as well as other non-toxic conpatlble l'ubricants such as
sodi um | aqxwle hhvtﬁlwﬂ ésopredylpestitre Situiedittedsoarie] acaigteviethyl dbutytithsy.irprihyl
agents, rgeLRfskdtheaS9 N rSpanSiRdr 18 vAARE tdios)S ]%&EH{II‘Q g‘ray fué f’i’s\é@ hd Qe BRE

perfunlng agents, preservatives and antioxidants can be present
in the cothowsifor srempleciopelPmpdiresnt, liem h@gm‘tedeﬁ Hﬂﬁ@wﬂ @iﬁﬁu%ﬂl@rﬂ is
[0079] Usgg, %ﬁa&&@%@%@ﬁ?ﬁ@ﬂﬁ%@ﬁ% kA AVt ARRERIOBNE OIS HS

[ 0080] In et anot her aspec resent 1 nvention providés a neth d
of treati dbanébh@hﬂmBHBB@ﬂﬁﬂ@§@““ﬁm di sorder inplicated by CFTR In
certain enbodi ments, the present invention provides a method of
treating a conl®7f] Hees. fwruwader andddinggedesy | nplicated by a deficiency
of CFTR activit t he net hod conpri sing adm nistering a comnposition
conprising a é@fphP@Yﬁ@@"@ﬁﬂhﬂ%ﬁpqﬁﬁﬁﬁwwaﬂ@gﬁr|bed herein to a

subj ect, preferabl in need there

" CFTR- nedi at eﬁ“tﬁf’ kéé’?%‘ eréépeﬁ's‘%&‘eﬁ’é"rq%‘}‘ H“’F%“OH @P@%‘é@@cé]éflaé@l’fé@ef rom
cystic filmPséions hl%r;ﬂdﬁlde@r%e&ﬁmdﬁy@esaposhbﬁ@wxﬁpaﬁwdﬂﬁmmha&@rmed Bé&éif, and

Coagul ati on- Flbrlnol defi ci encies, such as, Protein C deficiency,
Type 1 hethdgni ]é(PWBﬁ‘fy 8 H@ﬁ‘&““‘i?ﬁbﬁ‘iﬂ’e%?%%‘é’gé‘if iUy or vegigle; @cs%? es,

such as Famdoldinghts W &E cehsShsapAbRIT Burthdyddpisetiy bOibe k@ieihidherapeutic
Abetallpoprotelnenla Lysosonmal storage di seases, such as |-cel

di sease/ P¥&¥dto- Hur | er, NUcoponsaccharldoses Sandhof/Tay Sachs,
Crigler-Najjar

t endoc nopat h nsul em a, abet es
el T fue e 7RSS festited R B ey ARG oA Bom ST s
hy pﬁpar at 1Iﬁydamb.da<ﬁimond.\ngl o@ﬁ@ﬁﬁﬁ pﬁmﬁadﬁﬁsdusj abdbialbly peeﬂe:l: ad}dama ](cilrtvalﬁMe
enpnysens, | t I‘OI .eo enes er
T oot ¢ AT BOFP B et Y Reel S, Y. Ty e e S s, agrsion
(D), Neusr@pdpyrssedlaids) s,urf‘a\&réétﬁl@a@@es @bmnl@agern&%rcmﬁﬂge)rI@ﬁn&mylﬁg/ageﬁtgne,

preservatives, solid binders, lubricants and the like, as suited to the particular dosage form
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bi ochem cal or histochem cal techniques to nonitor cell surface
density. Using such nmethods, residual CFTR activity can be readily
det ect ed i WOpRaWI0EI™®E het er ozygous or honobzygous for a VEITVER08H85456
different nutations, including patients honbzygous or heterozygous
for the nost common nutation, AF508. [0087] In one enbodi nent,
Form | dedHSfréd)Eéinllngtbﬁ!i PhaghacautjghiScivacs Bitteakl Fdithme BV aldbein ¢agkosi t i on

th f t | t he s. [ f t
TN IR e R R
CFTR act i pliatrifacerticg]ly, acedp@able cbinpositishadnd dnewi{ fecimajueeidr the grdpaition mheof.

ti , £l t at t d duct _ | \
ot at | bhs PR AREEERUR PHOET A cr e el oh by e e S ss ot e,
Type |, |inyentibd, sudh\s bﬁipldd&émgsasy tuedefitablefdl @ichbetienesriotharvescGotd etz amne e

Regul at or . fects and unities nion i.n
Pul monar y I RETEL ¥ “Y§ 157 CooH6e5™ (S)(% H’érp?%’??e«%‘fa 168??81@6%%0‘?3‘?%‘{10“
exhi bi t r&siseisabntéhplRedtte within thmbpedﬂtmﬁhveﬁnbls Shmmyﬁpwsfﬁwwrmme of

t hese cl asses or hete ot.her ons
e oV Bine s tmer o bpBRY R et B L ad it G104 1o
gac ks (t:) I gﬁ@hafngﬁ'ﬁ,faluﬂﬂna aluminum[s@aR&] Iedl:lf]urQE@uIﬁﬁhﬁh(ti)i}sﬂﬁlﬁlﬁ as Hu@fafikdrum albumin, f
escri pe rein or a eutICa Cceta e CcOo |t|0nt (0]
oS e o1 EE St PR R EE R PG AT R By s hor D SRl L e S
i nI gat : e Nin&tundston bddurated t@uﬁbl@ Edttpiaciad, rvﬁh@@ﬂfs)bpﬂ&ctro@i@, S,uclaasl]ﬂ%iﬁfnaé &ulﬁamf
m clin not e at t | C coO ates.wt e .anount o
Tt dunl " OREBEr G s Bro ks By nfesh Bh &t Focih tilet et

phenot ypesolibiasllsiide nﬂ@hdsﬁm Bisiidid, Pollyving pPaslRIoRR bol@acrylsierf %vam,@awthglene-
pati ents di agnose

i opat hi ancreatitis and con
bi | at er al PARSEIRRYIgE ioﬁlép 3o raé(\fogf%ﬁguga&su(iaﬁalsha Oﬁmélumsg g(ggsgcrose starches
[ 0089] Thackexanin staiEnbal pmet@utaroagcewmbie v rts/dd‘nmme§ubh eCdodinh catbbjy@edihyl

dependi n n the i es, ener ondi tjion of the subject,
RGOS RS o PR R S s Y S R AR

admi ni st r ékiptents s@hds tdrea bﬂtieEandEh@o@wﬂsp@sz)ﬂ@iuch Bepdaiit @t dodthseddeil;

pr ef er abl %FFI or mJLat ed | g gosage uni.t for se ofh adm | st {atl on
Bnd uni f oAIoRT B StiRs gl o SyB o] Bhboan gL iEo e  BPmes e hGLed
hﬁr einr eﬁcﬂ!jfeﬂlylege Qlytflill;}éSﬂeQahcth}as dﬂh?lftﬂ%’te&ndl gﬂhpl lmﬁata;ggm ARAfch@h&hhor
t he atient to t w e u er st. ver e
el Poenetun Bt S gtriymi yroaria e Sy saa b Tt totefine:
i nvent i ONRkdrk sdmlodeﬁmﬂeldolw ahdghosa@biifiGoRbyS] Sivall aWbﬂhlSH If()n-&d’)ﬁb scope

of sound nedi c effective dose |eve any
par t1 Ul 4P TP SR ART LR HLPe AR TR YRR e Vol o R GRS
11 ncl ugl ngag%iﬁtg réleing dedntsP@iatigy atgelﬁatseelet@m@ ﬂ:henﬁ@merpbwmﬁ@ adeh®,

Spect 11 ¢ WEHRECTE Ftntianl e S e SE BRSO Te G soais it Hudemen
sex and défete fofmildd®. patient; the tine of adm nistration, route of
adm nistration, and rate of excretion of the specific corrpound

enpl oyed; t he [@T9alied Bf @dmpohedstand Bkarenateurichily gaceprabld Compastrivhs nat i on or
coincidental with the specific conpound enployed, and |like factors
wel | known i n [008@] T amaﬁlemspest th‘Elpeeser&rmﬁtpapfoemlbsamathodﬁedathgraei n,
nmeans an ani referabl nm refera a hu
[ 0090] Th%’llﬁlﬁglr’ r(%gge?jtolr 815’1 " hca{r{m‘ﬁpléﬁgolr?ﬁgs?l |mot?105d B FYﬁ re|S'err11vent| on
can be admwemnslt mo‘edestaondﬂwdwﬁsremnglaontdmmn,ajmamjardcsmalbﬂ ipnplicageitoglal v,
Pg;?g;ﬂ yf!le{ X en S%v\%éétgq Ot%leyn etho{cro%\{)lal‘ ﬁ%aﬁénﬁléﬁteﬁl%&%g egsfltgo%régm%rlsbfﬂrgﬁ
or nasal spd atytp fcnm df Fernd 1 desgribekbloeesin toragsubjnctf mefemﬂyennatmnad)ﬁn tdae thereof.
infection being treated. In certain enbodi nents, the conpounds of the
i nventi on nmay [W81ANCRTRedigtd drsasﬂasosedyhanemn& edladabwseabtedjﬂsragastibevel s

of about @ 01 ﬁgreglgdry emp 19596‘1%&1 eredtBh kl%mo& olhi§h:E angu}émglg Pﬂmcﬁyms

deficiencies, such as Protein C deficiency, Type 1 hereditary angioedema, Lipid processing
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[ 0095] Solid dosage forns for oral adm nistration include capsul es,
tablets, pills, powders, and granules. In such solid dosage fornms,
the acti vewpanpadsdsi s m xed wth at | east one inert, pcT/US2008/085156
pharmaceutical |y acceptabl e excipient or carrier such as sodi um
citrate or dical cium phosphate and/or a) fillers or extenders such as
star ches, défﬁ%&&esucﬁ!a!sc}fa%ﬁﬁal hﬁJelé‘ﬁQI%é?erol@B %p‘%‘bchﬁﬂu@hcﬁdnbhﬁ' c acid, b)
bi nders such for exanpl e,” carboxynet | ose %lnates

gel atin, ﬁbqtglmppryle@ymraowsasqwh%oramﬁe@% Sucéir@éll aellisease/Pequdprbtvden ant s
such as olgcshBlaccibligtles SIROR Atk AGRILNGHOTpAR, a0ar - - agar,

cal ci um carbonate, potato or tapioca star ch 8| nic acid, certain
silicat esPolsﬁﬂdO@@@naﬂmI@@Pmnlam@, Dighetesgnallitin hatop aar@bmgwﬂg‘mqt%ldsmh as
paraffin, gds) ﬁruea ApRHEH 1%fd?sBPM%l§ D AafURHAFHY 1, 2TERRLY M
corrpounds 1c§$}3 1 ti r:g g‘%ognt sl,suc ¢ ?llgr Cgicgrrp l e, g? al cohlgl and
gl ycerol w@@aﬁi@ltcemta yypalﬁiy@rl@@m@t@g@ﬁmaenmé@ﬂt% He@ﬁléhrbe ntonite
clay, andyjbabiREdEAR! 8CFUERi@Sy, DtEtes FRb&bBIS Ne@bAlySen BRURFDLME DI,
stearate, 1)’5))?[5 51 yefﬁy?enelg /col slEeS BI uﬁ@l zury 1‘}“sy%fﬂf at’e, Eland

m xt ur es Ekpegogdfarie [poth padeameel’ zaelﬁ@éw@gherﬂatﬂswsuradﬁeetmah%dme@msuch
dosage fogs%%%én@ls%ge&erﬁam& bisbdo6L hiflo ARl sctro osis KA EkivSO! 1
conpositions of a simlar type may a Foe s fitlers in
sof t and fvaragudiqar plasy, Biek aﬂmasq;a@sm ecdy alpgrpige mmioge@abﬂlmr@qﬁ& ASUGHRAS

| act ose ofy, i ber@Rntiekd Tttt RkBbaNe
gl ycol s and tn#én_’l%lﬁgg.erThe so%qagjsp %h]a forms o " pg,Odrlagtees
capsul es, palindoms’smanmi Myetpui¢ és@tlemhsr, abewbrae Peangidorv mlhepb@ianailmssuelmf

shel I's sug ek g L RS l

phar maceut | cﬂﬁ forlr?r&uil}eg% :ﬁl(r?lcgIS !eial?%% P‘%%Brf%% (%ptl éﬁ%ﬁ@ﬂl@%gnéx{&%@%éﬁb tdﬂe
opaci f yi ngyediesse.ondfigssan datso be of a conposition that they rel ease
the active ingredient(s) only, or preferentially, in a certain part
of the intest il82] Inrcariain cigpadinagais) thy prepaat @v%prag@wdwmod ofeatipEes of

embeddi No-PRIRESLMH 88&sd fﬁ]%thuﬁﬁpcolﬁﬁmk’iﬁgﬁle Sidfy bf‘ﬂiﬁuﬁﬁ&%ﬁ% L& miRakances
and waxes. Solid conpositions of a simlar wge may al so be enpl oyed

as fill erdfcptiveqafopntahg covanogitipn ¢qmpaisige Ferm Iegaaipedteadin.usi ng such
exci pients as |actose or mlk sugar as well as hlgl nol ecul ar Wewg
pol et hyl ene gIlY483] Accgpting tan plicgslive preferreq eyhgdimenty Be Rrepqny EVebiAd Bg

can al so Dethéli HtehBRRGAR TR & Ll cWhbib iR Kp FTRIRNBREIPLRAES as
not ed above. The soljd dosage forns of tablets, dragees, capsules,

pi | |'s, andngngsomeaesitiongoprrispedpar bepseiibeh hapiat i ngs and shells such as
enteric coati nqq(w rel ease controlling coatings 9 ot her coati nq
wel | known i n [§958] FFQF%@JFH‘&V&P“OF]&PMEF Catleoant lfqsmd Qe wphagpacgatically

dosage f Oicﬁﬁ)tébik&oﬁlﬁﬁdltﬁﬁ 1RPHR AU afiBoNnt BfecB Tox @GN drllestdnire@RSdev @MEOS
inert diluent such as sucrose, |actose or starch. Such dosage forns

may al so WYRHIEiscaseidesicd A¥eml practice, additional substances other
than inert dil uent tabl eti | ubricants . and o ab) et.in
ai ds such a mi@}ﬁ Ef‘?mlelé)? éBli‘aé‘f‘%ce’é\tffapﬁ‘icé?pé@lr{efé’?’%i‘tllor‘i‘éheé%g B%am"?‘ﬁe'gﬁe
case of capguhesmoinaiideh$ raRbs RithihBiratioh @ffelAsaGR M FBr BRI tBOseverity

conprise bufferin ents. They may optionally contain opacifying
agent s an%f(’&%ﬂr%?rEB?tg%d‘é?ﬂseér?i?}%‘b%’g%ti on that they rel ease the active

i ngredi ent (s r . preferentjall certai art

ntest | nal &1 A0l tyshnEniasThoih. bed sspule et iy petcprae
errgeddi NOcoBPOROS) théreyTss dsb@t foﬁ?fhﬁb@mﬂ&s@dmigﬁﬁé slédﬁltji)@ﬂdcﬁfﬁrﬂbﬁoé&hhbﬁdluaﬂg es
and waxes. t w ate that, Form

descri bed"Meraibi réﬂd“ﬁl (]pﬁ:l[&ar?ﬁ‘é‘@’d’tl %é‘?ﬁa F%P“E@ﬂ%g PO-ESRPIRIOSY eof
can be englitByiRd Thepre@ndd dTadsidesl GFITRI23MiH St tht Bgithelisd surfadd ¢ lbe EaMlyhRtected
adm ni stered concuyrently wth, ior to, ubsequent .t one or
mor e ot heYsTgdRgtiodsionarin e a4t e S@Pd%ar-@ap 1>ﬁ+0%&ah1918%hemm harticul ar
conbi nat i gaodbtmichiatdpiqes. $ilch alctpeLitidtisy OF TROAHCROURS) viQoePhey i N a

electrophysiological techniques, measurement of sweat or salivary Cl concentrations, or ex vivo
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derivative that exhibits CFTR nodul ation activity or a benzopyran
derivative that exhibits CFTR nodul ation activity. [00103]1n anot her
enbodi mentwobhenmdedi ti onal agent is a conpound di scl oPead/USE08/085456
US7202262, US6992096, US20060148864, US20060148863, US20060035943,
US20050164973, W2006110483, W2006044456, W2006044682,

W0200604409.m W 2P ReRAEREA1 temgc@t@sﬁtg AR celPEurORA4 R such MEhods,
2009/ 073757PCT/ US2008/ 085456 0104‘] I n anot her enbodi nent, the

addi t i onaksidigb@rTR actixity eabe radiledeiscien Snptipnis WaiRperyRYs @ytyomozygous for a
V020041110%4. VHAOAS03RALA, llmagggaﬁg@%&mwg&gm&aﬂ%%mmm@seezsa
W2006127588; or W2007044560 105] I n anot her enbodi ment, the an
addi ti onaﬁonm@emut%leﬂ,@@ﬁ% from corrpounds disclosed in U S. Patent
Application Serial No. 11/165, 818, published as U S. Puplished Patent
Appl i cat i on NAOSZI00 G Trginsent, Fommpesqiived beacin orpmharmasentise etsgeptable

i ncor por at g Byon" ¢ il ket 1hd felicsivhedi tats t he
addi t | Ongjto gaﬁlnon t?é(é&{l\l-%?%&uh!yﬂ{’ ﬂ(l)éxagné& ébﬁe% n)étl s@ne?@yoc? 2§t1c i REnts

4- 0x0- 1H-yitlimesrpinge®nss @@J&Etﬁﬁgdeﬁlduﬂ@s"@ f@bwbi A&t Pléiﬁéﬂa}“@tlelése(fnﬂﬂaﬂf%r
treating 1%?% atfdh %fa%%ﬁg)eggs? & ﬁ1ﬂ%q?1ﬁﬁ51%éa c'oﬁlﬁ'cédgdeﬁlg;r EYS N SuthidE B8diRed

These conbinati on SO use in the ts"descri bed herein.
1001061 Therntaenisy iee & ChepdKeanigoPranela Ihe?ﬁeeﬁb@d’ﬂfpe:f HoBh{V. pré K erstic fibrotihe

conpos 'nE)'r ﬁn@?’ &) %&J} ﬁnméﬁlrﬁ’@&te frt%gla}% ok, afe&?aﬁh%ﬁ}%? HnihiS Tm@mﬁ@’!ﬂ%¥ OFH%F1

osrtion conprising

t her apeutlné’ulag)em Medicingd: 334 I—W%@@‘P(l)é)thg @atient grnaiypsy 9X111'h@esa%hﬁlfT%f
addi ti Onazicu{g &&ggﬁﬁ&g%ﬁfa; gjiﬁ‘s NG RE SR Mas O m‘eh(% s GRTRRSdthdrONS

will range 0% t 00% of the amount normally present in a
conposi t | dass cﬁmlpa’flos& riep ludingtcleaglanutatipss. ches 1o muiatipseoragauiation ghet icksct i ve
agent .

classification,

[0088] In one embodiment, Form T described herein or a pharmaceutically acceptable
composition thereof is 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.

[0089] 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 case 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
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[ 001071Form | described herein or a pharmaceutically acceptable
conposition thereof may al so be incorporated into conpositions for
coati ng anwopipdeani7apl e nedi cal device, such as prost hesgSsyuaidsiosissd al
val ves, vascular grafts, stents and catheters. Accordingly, the
present invention, in another aspect, includes a conposition for

coating agbehﬁpm%am é?n;ﬁ(%)é& GRd ﬁ&rmstbrgkv@mkmm hleql@eafemlah@qusrﬁi nor a

phar maceuti cal | y ‘accept abl e conposi tion thereof in classes and
subcl assePaReEteprusedifdein meaps uapinglivreiuptdy ¢ wﬁm@éa%qdn@o%%rp@rably a human.
i npl antabl e device. In still another aspect, the present invention

i ncl udes an |r{?ﬂ9ﬁh?1é9dﬂ’émé?é%“€*él}’@6‘"§?@|€i‘eWI?I?PS%EOM?HB%W‘TDBW EB°pr i si ng

Form | desfihiedd REhsials £ oﬁlepﬁ%ﬂ@&@w kel YaReeany, alleiseRapesi tion
thereof, and a carrier suitab for coating said i nplantable device.

Sui t abl e BHAEERYY. alﬁapeflﬁwe?d@n@plaqllnﬁ%woyﬂwﬁr?lr&me%s@alt@@SD RptelRtea L e
devi ces ag@ HasGr dph§Tori it 1S, (P ﬁélﬁﬂl%%n ﬁaeQ&%néﬁE thenfB&Bn B&Rs r@Rd. In certain
5,304, 121. The coatings are pically bioconmpatible polyneric

mat er i al seBkpdiments. the prpenoglsiof éswﬁlﬁwn i by s ipiyei grafly Rappecnterally at

pol ycapr ohagd.q081s oPRES. @Vﬁﬂ%to&hb’ﬁ@b mef@laid i fela@l yardnPabof 1Ny about
vinyl acetate, and m xtures ereof. The coa g 0@% opt| onally be
further c¥viewlke obsubigcihody Bight nebify oRe Obm‘"felt%ﬁé b focdtpén the desired

pol ysaccaﬁlb,gﬁe%m palyet hyl ene glycol, phospholipids or conbinations
thereof to inpart controlled rel ease characteristics in the

conposi tion. [0091] In kA& 88Bodken@l ﬁl@ﬂosfa%@én%cﬁlh@flpsﬁﬁmhltmo%ﬁGﬁxt faflis

herein may be nore fully under st ood ol ow ng exanpl es ar

et
forth. |tTenédlme kel W9deg Ji srnher prakodimras dreclesnep RGP Oy 3 from 200 rog

i1l ustrati;weo R BOMSHeMbdiRRek, Ak oA ant@AnE FERNBE HURB 08 Sgltd gnotnhgﬂqn
this invention in any manner VPLES

[ 00109] Mettigeenbofiicat fheidgsagy erroyf Forme |8 o408 mede 3991‘?‘&91“65?%% netry

(DSC) embodinf¥Ail #rtlioskBSarkbunf SrERRA I AlFroi 50 mggw 691ﬁ1h?r inetry (DSC) data
of Form| were collected using a DSC QL00 V9.6 Build 290 (TA

I nstrunents, w2 CagdklaBle Eagaranoﬁemeerxahpié %te&‘%ﬁnﬁﬁ&ﬂl@i@&&ﬂoNl&dgmbﬁHjl um
and heat capacity was ca rated with sapphire, Sa of, 3-6

were wei g%‘él?f“?‘?l‘%sdméilbﬁﬁ?r% ﬁeB&?Fé’rdt“}gé? ﬂkﬁé}l‘é""barrf Wﬁ’@&“‘fr}’gler’ﬁésp??‘&% ORF §HEL
pi N hol e. agkhte afiiiefSng\Richts Sithe BB ifjécaibledadpatafond@il ald@tbed sf@ﬂ&tmjagaw@t e
of 1.0C mn and with a nitrogen gas purge of 50 m /mn. ? %

col | ect ed>HylomTBPREIONAN GRREISY D AHOREKIC BRFNFHILY A eRbE dZIHBmQEl &Bf tY%har e

and anal ya@gplyas WabMesnsiall 3%%5@@18Aﬁ@lfgtM@z{ceep«@lewema1e§anhaol(v&ﬁs that may be
| nstrunents, w Castl g, | The_reported nu g@ers ent s

anal yses. “ieyed o Wﬁws@r%wt%\%%}’ P ivrogies wychlon 5o ufierp 11 %f’ﬂ’e

X-Ray di fitéla@tfb;éuﬂolfsm@bnﬁahﬁaan; 96 y8d s MRNRNCAIshspeidark rﬁﬁauﬁl Botkigr D8
DI SCOVER povvd ffractometer with Hl - STAR 2-dj nensi onal éft?eCt or
and a f|aﬁur@qsaﬁwbﬂ@ AEsEbRRTa8 e ergployed inclidine sypthelis nop 195 dieyCrifss-at i on
was used i), e acRi Bifvh af BiBic AT RIcRSc IR IR pRip@e6sh Inj&ebrs. backgr ound
silicon wafers at 25C. For each sanple, two data franes were
collected at 16@3peRandsaafimabtiods cinfok efefiMed G3r xBEIpIe Ly Htrailda thidugh The
data were integrated wth GADDS software, and rrer?lggfvviéth . .

o ateagzéth

DI FFRACTPPASSEYACE B (P O W Beomomting pedifngaseipn

POsi t i ONSconipBsitidhs Fhit@QEERSdissolved or disp&ElIdtdrerie WatelerQti{et Qetile! jectable
bi s(2- met hoxyet hoxy) al um num hydri de [or NaAlH2( OCH2CH2OCH3) 2], 65

wgt % sol UBFEIM PHOTIOPSene) was pur chased from Al drich Chenmi cal s.

00115] 2,2-Di 3- benzodi oxol e- arbo I c a r chased
rom o £ oo et Apdstion B RewE gl ibdaitp f iy Soadeh e

Anywher e Wwhick & bp bRpasd bﬁxﬁﬁhig&l@ddoﬁlﬁomﬂﬁﬁf&hlalmalﬁﬁan &ith BuiC0FPOLHIE tattRy
not correct] e structure of Ehe conpound, the str Eure

descri be t
super se de’e %a@ts ﬁéﬁaérlf:‘éﬁﬂlc BYOFpcbutter, 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.
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WO 2009/ 073757PCT/ US2008/ 085456 [00117] Synt hesis of
3-(6-(1-(2,2-difluorobenzofdl E1, 31di oxol-5- Y1)

cycl opr opameeewsaiiaim do) - 3- met hyl pyri di n- 2-yl ) benzoi ¢ XENAS20D3CH456
[00118] Acid Chloride Miety [00119] Synthesis of

(2, 2-di fluoro-1, 3- benzodi oxol-5-y1) - net hanol . [ 00120]
Commercial ly z[aﬂm‘n'] &ﬂﬂdelos%gafodhf fouolﬂtndﬂrﬁrﬁstiaémzmdh@@abmes,-tm&gp'»tlyI [ c
acid (1.0 e I s slurri uene Vitride(r.

Rdded vi Pt RO FRRn B o ThRR ¥ e o iid Biiksebn ey
15-25 C. &k uiehﬁplﬂﬂﬁhcaftlcﬁi]j(hctapﬁhletehrﬁplbmﬁp&ﬂﬁﬁrﬂuﬁcﬁ ak sodivaceieds edlitatrivb C
for 2 h then,10% r ef ul dded v

i 1 on TOTHEEE SR N i e iSRS o, and

stirring dilitc @i, a)dﬂmderscmai as,30r emampﬂte&s;botﬁmtﬂympﬁnlmeaﬂgnaésl, galed, t o
separate at ani c

ase. tg 20C th shed.wi th
separ At o Gy R BB SoERR T AR R
afford cragdl&s {udh s abiif lagm@}chnBeaMnZt@djotamh@wpa)tarcmghﬁmﬁd tératn i s
used direct in, t e ne ste 001 n
5 oh or ortcls o oGP iopEE 2P sonaR S Bkt S b Sargfinygbporppan
equi v) DMaRIdraof Tuchasl iivaterMHBEmiaoniwo bgmpounds, 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.

[0096] 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 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,

[0097] The active compounds can also be in microencapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragecs, 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
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2. water (4 vol) FxO0 OH 82-100 %yieldF 0 C [ 00122]
(2,2-difluoro-1, 3- benzodi oxol-5-yl)-nethanol (1.0 eq) is dissolved in

MIBE (5 vowp 2é@sdsal ytic anount of DVAP (1 nol % is attiecke03asS6812
(1.2 eq) is added via addition funnel. The SOCl2 is added at a rate

to maintain the tenperature in the reactor at 15-25 C. The

tenperat u ﬁl%feke%tléll}cﬁﬁ%ﬁﬂn b &Qhe@ntte.ﬂirnal]trabpbﬁtlohﬁ@nm(é%ia% Iﬁ@Ln&OE:Qn{pré@ n

water (4 vol) is’ ad via addition funnel maintaining

t enper at uﬁ%enﬁﬁdql%@mpﬂsaﬁ*pns@a@ankﬁ g ingfude pcrlwgerwr'b%ﬁﬁceé&&i W?’@Pral 30

m nutes, the layers are allowed to separate. The organic |ayer is
stirred and 1dfﬁ9@wt\>’°5ﬂl alge bagperqcipted ﬂla\/lgan)lI#gscabf&élarem/serfﬁeParglﬁqu?anig f or

15 to 20 pacEiittESoordpbHdnaANQESE oM 1R RIpIRVEH cbRALIRARAMREDics, HAR SOF S c8n be
phase is then drie (thSCﬂi filtered, and concentrated to afford

crude 5- cHiTgpsieiee Ropeurrently wWifnsnrigh fopor sUbSHISALABANG RiNere gk depised fhosppeutics

directly pimddi@l f6eetiured. €Re parfiiht 2slbinaYiBh Bﬁﬁérﬁ)l&f(tllerapeutlcs rocedures) to
(2,2-difluoro-1, 3-benzodi oxol-5-yl)-acetonitrile C&

equi v) Dw@l?xgm\%:pgmlg@poggegg@a} willdake into account compatlblhty of the deblreg 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 normaily administered to treat or prevent a
particular disease, or condition, are known as "appropriate for the disease, or condition, being

treated".

[0099] In one embodiment, the additional agent is selected from a mucolytic agent,
bronchodialator, an anti-biotic, an anti-infective agent, an anti-inflammatory agent, a CFTR

modulator other than a compound of the present invention, or 2 nutritional agent.

[00100]  In another embodiment, the additional agent is a compound selected from
gentamicin, curcumin, cyclophosphamide, 4-phenylbutyrate, miglustat, felodipine, nimodipine,
Philoxin B, geniestein, Apigenin, cCAMP/cGMP modulators such as rolipram, sildenafil,
milrinone, tadalafil, amrinone, isoproterenol, albuterol, and almeterol, deoxyspergualin, HSP 90

inhibitors, HSP 70 inhibitors, proteosome inhibitors such as epoxomicin, Iactacystin, etc.

[00101]  In another embodiment, the additional agent is a compound disclosed in WO
2004028480, WO 2004110352, WO 2005094374, WO 2005120497, or WO 2006101740.

[00102] In another embodiment, the additiona agent is a benzo(c)quinolizinium
derivative that exhibits CFTR modulation activity or a benzopyran derivative that exhibits CFTR

modulation activity.

[00103]  In another embodiment, the addditional agent is 2 compound disclosed in
US87202262, US6992096, US20060148364, US20060148863, US20060035943,
US20050164973, W0O2006110483, W02006044456, W02006044682, W02006044505,
W02006044503, W02006044502, or W02004091502.
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2. water (6 vol) MIBE (4 vol)FxO F CN 95-100%vyield [00124] A
solution of 5-thloronethyl-2,2-difluoro-1, 3-benzodioxolc (1 cq) in
DVSO (1. 25ve@abop/orwsadded to a slurry of NaCN (1.4 eq) ipeTDSBOSHS 450! )
mai nt ai ni ng the tenperature between 30-40 C. The m xture is stirred
for 1 hour then water (6 vol) is added followed by MIBE (4 vol).

IAf ter stirri ngmﬁo:g SQHﬁﬁds/lﬁ%tEﬁeoldngmrﬂse @ﬂmﬁmp@rffs & dompoed disleedi
ayer is extracted wt .8 vol). The I.ned _or I.c .l ayers
ar & was heNORERM R Y OREYBat TR h g veR R0 g
concent r ajvedodspodish o O2@sUEBSE, &r Rrab0b1049390: 1, 3- benzodi oxol-5-y1) -
acetonitrile (95% that is used directly in the next step. [001251

Synt he_S is of [00105] 1In another embodiment, the an additional agent selected frc_nn compounds

(2,290 Lot o B SRecch OLoLsSc0: el R RRARSSRE RSO bl

equi v) 70A8hEestRE NoC006/0074075, filed June 24, 2005, and hereby incorporated by reference in its
entirety. In another embodiment, the additional agent is N-(5-hydroxy-2,4-ditert-butyl-phenyl)-
4-ox0-1H-quinoline-3-carboxamide. These combinations are useful for treating the diseases
described herein including cystic fibrosis. These combinations are also useful in the kits

described herein.

[00106]  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.

[00107]  Form T described herein or a pharmaceutically acceptable composition 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
Form I described herein or a pharmaceutically acceptable composition thereof, 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 Form I described herein or a pharmaceutically acceptable composition thereof, 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.

[00108] 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.
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5<0 FO CN OCN 88-100%yield [00126] A m xture of
(2,2-difluoro-1, 3-benzodi oxol-5-yl)-acetonitrile (1.0 eq), 50 mt %

aqueous KGwoﬁammwgg) 1- br ono- 2-chl oroethane (1.5 eq), qaﬁwﬁgmﬁmayog
(0.02 eq) is heated at 70 C for 1 b. The reaction mxture is cool ed

then worked up with MIBE and water. The organi c phase is washed with
wat er and brine then the solvent isgkgipyed to afford
(2,2-difluoro-1, 3- benzodi oxol-5-yl)-cyclopropanecarbonitrile.

[00109] Methods & Materials

[00110] Differential Scanning Calorimetry (DSC)

[00111] The Differential scanning calorimetry {(DSC) data of Form I were collected using
aDSC Q100 V9.6 Build 290 (TA Instruments, New Castle, DE). Temperature was calibrated
with indium and heat capacity was calibrated with sapphire. Samples of 3-6 mg were weighed
into aluminum pans that were crimped using lids with [ pin hole. The samples were scanned from
25°C to 350°C at a heating rate of 1.0°C/min and with a nitrogen gas purge of 50 ml/min. Data
were collected by Thermal Advantage Q SeriesTM version 2.2.0.248 software and analyzed by
Universal Analysis software version 4.1D (TA Instruments, New Castle, DE). The reported

numbers represent single analyses.

[00112] XRPD (X-ray Powder Diffraction)

[00113] The X-Ray diffraction (XRD) data of Form | were collected on a Bruker D8
DISCOVER powder diffractometer with HI-STAR 2-dimensional detector and a flat graphite
monochromator, Cu sealed tube with Kg radiation was used at 40 kV, 35mA. The samples were
placed on zero-background silicon wafers at 25°C. For each sample, two data frames were
collected at 120 seconds each at 2 different 8, angles: 8° and 26°. The data were integrated with
GADDS software and merged with DIFFRACT?™EVA software. Uncertainties for the reported

peak positions are £ 0.2 degrees.

[00114] Vitride® (sodium bis(2-methoxyethoxy)aluminum hydride [or
NaAlH:(OCH>CH;OCH3),], 65 wgt% solution in toluene) was purchased from Aldrich

Chemicals,

[00115] 2,2-Difluoro-1,3-benzodioxole-5-carboxylic acid was purchased from Saltigo (an

affiliate of the Lanxess Corporation).

[00116] Anywhere in the present application where a name of a compound may not

correctly describe the structure of the compound, the structure supersedes the name and governs.
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[00127] Synt hesis of

1- (2, 2-di fluoro-1, 3- benzodi oxol-5-y1l)-cycl opropanecar boxyl i c aci d.
CN 1. 6 MWa@o(8376nui v) EtOH (5 vol), 80 degrees C 2. PITBE2§030s348d )
di cycl ohexylamine (1 equiv) 3. MIBE (10 vol) 10% aq citric acid (8
vol) 69% yi el d [00128]

(2, 2-difluor o-[aulii?]@ﬂm@sis M-(B@giﬂﬁ'ﬁmﬁdh@@ mg@mﬁmml}t rileis

hydr ol yzed hanaql . ) at 80 C
] -and et hanol is

over ni ght £¥<PE 3
evapor at ed uncﬁgduﬁ(ﬂ udug}llo mee?v due Is taken into water and

[00119] Synthesis of (2,2-difluoro-1,3-benzodioxol-5-yl)-methanol.

1. Vitride (2 equiv)
PhCH; (10 vol) .
FXO 2. 10% aq (w/w) NaOH (4 equiv) . FXO
F O F O o

CO,H 86-92% yield

[00120] Commercially available 2,2-difluoro-1,3-benzodioxole-5-carboxylic acid (1.0 eq)
is slurried in toluene (10 vol). Vitride® (2 eq) is added via addition funnel at a rate to maintain
the temperature at 15-25 °C. At the end of addition the temperature is increased to 40 °Cfor2 h
then 10% (w/w) aq. NaOH (4.0 eq) is carefully added via addition funnel maintaining the
temperature at 40-50 °C. After stirring for an additional 30 minutes, the layers are allowed to
separate at 40 °C. The organic phase is cooled to 20 °C then washed with water (2 x 1.5 vol),
dried (Na,S0y), filtered, and concentrated to afford crude (2,2-difluoro-1,3-benzodioxol-5-yl)-

methanol that is used directly in the next step.

[00121] Synthesis of 5-chloromethyl-2,2-difluore-1,3-benzodioxole.

1. SOCI, (1.5 equiv)
DMAP (0.01 equiv)
MTBE (5 vol)

2. water (4 vol)

KT o — —— I

0 82-100 % yield

[00122] (2,2-difluoro-1,3-benzodioxol-5-y1)-methanol (1.0 eq) is dissolved in MTBE (5
vol). A catalytic amount of DMAP (1 mol %) is added and SOCI, (1.2 eq) is added via addition
funnel. The SOCI, is added at a rate to maintain the temperature in the reactor at 15-25 °C. The
temperature is increased to 30 °C for 1 hour then cooled to 20 °C then water (4 vol) is added via
addition funnel maintaining the temperature at less than 30 °C. After stirring for an additional 30
minutes, the layers are allowed to separate. The organic layer is stirred and 10% (w/v) aq. NaOH
(4.4 vol) is added. After stirring for 15 to 20 minutes, the layers are allowed to separate. The
organic phase is then dried (Na;SQy), filtered, and concentrated to afford crude 5-chloromethyl-

2,2-difluoro-1,3-benzodioxole that is used directly in the next step.
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MIBE, 1 M HC1 was added and the |ayers are separated. The MIBE | ayer
was then treated with dicycl ohexyl am ne (0.97 equiv). The slurry is
cool ed t o WoGposforttser ed and washed wi th heptane to gi veedie2008/085456
correspondi ng DCHA salt. The salt is taken into MIBE and 10%citric
acid and stirred until all solids dissolve. The |ayers are separated
and the MIBE |goes) Sﬁlﬂ_ﬂlemSm,d-dml_ldﬂo-w,@tﬁmﬁmﬂmbs-ll/ﬂ-@cetﬁﬂirﬂént swap to
hept ane followed by filtration gives 1-(2,2-difluoro-1, 3-

benzodi oxol-5-y1) - cycl opr opanecarbeyii §.4aghi¢h after drying in a
vacuum oven at 50 C overni ght. DM$O B Synt hesi s of

1- (2, 2-di fl uoro-1, 3- benzodi oxol- 5- gdMocy@teepr opanecar bonyl chl ori de.

[00130] 1-(2,2-difluorqg-1, 3-benzadivexoit®iyl)-cycl ogr opanecar boxyl i c
acid (1.2 eq) is in tol uedTRR(5000! ) ankt mure heat ed
to 60 C. SOCL2 (1A added via addrtron T ungfeh: oNuene and

SOC12 are distilled fromthe react 96100k xicltk e after 30 m nut es.
Additional toluene (2.5 vol) is added and distilled again. [00131]
Am ne Mi ety [[002824 sdBytivh b&Stigoromethyl-2,2-difluoro-1,3-benzodioxole (1 eq) in DMSO

tert-buty)-3-(3=nethyl pyridin-2<yl.) benzaqat .. [00133]
2B o e Ry IRy B e SRR USRAIHR0 v migrin b boagys
K2CO3 ( 4. @tegh 3040 &0dEk hiaturaipaitred oridtoer théiBwaen(6hyl) mnddet fidlomedkbur e
heated to under.a stre f.N2 for 1 hour. .

3- Q But OX%//@%EE% ‘ﬁé/]?)“%%eé ﬁ‘f}PB%f‘l’gh r&nnaélleéaytzrf _aﬁgepeaq teclar"{ 33 aqueous layer is extracted
Pd( dppf ) Giizth MHBEX P 8 (*6L).01% cempinad @giriclayadde dashadiwitheatan (X Bwob, drisd
heated to fter hour s he. heat . i.s.,t,ur ned f t .S added
(35 Vol y Ok b raf e ooty ol G PER ShimabBebr D nase
i s then wastoeitileoSts) wat Buseddirbetlyd the and stepxt ract ed wi th 10% aqueous
met hanesul fonic acid (2 eq MsOH, 7.7 vol). The aqueous phase is nade
basi ¢ wi t h 5099HE3siSyathednd2.2Rlifbop) o-d3eh eestdicxokBol)-wyddpriDAcrh@rityidd. ) .

1-bromo-2-chloroethane (1.5 equiv)
50% KOH (5.0 equiv)
Oct,NBr (0.02 equiv)

£ O 70 degrees C FXO
X :©\,CN o CN
F 0

38-100% yield

[60126] A mixture of (2,2-diflucro-1,3-benzodioxol-5-yl)-acetonitrile (1.0 eq), 50 wt %
aqueous KOH (5.0 eq) 1-bromo-2-chloroethane (1.5 eq), and OctyNBr (0.02 eq) is heated at 70
°C for 1 h. The reaction mixture is cooled then worked up with MTBE and water. The organic
phase is washed with water and brine then the solvent is removed to afford (2,2-difluoro-1,3-

benzodioxol-5-yl)-cyclopropanecarbonitrile,

[00127] Synthesis of 1-(2,2-difluoroe-1,3-benzodioxol-5-yl)-cyclopropanecarboxylic

acid.

1. 6 M NaOH (8 equiv)
EtOH (5 vol), 80 degrees C

2. MTBE (10 vol)
FXO dicyclohexylamine (1 equiv) FXO i
% CN T F o OH
3. MTBE (10 vol)

10% aq citric acid (8 vol)

69% yield
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-22- WD 2009/ 073757PCT/ US2008/ 085456 The organic |layer is
concentrated to afford crude

tert - but yIW@2@OREshy| pyri di n-2-yCbenzoate (82% that PETESS/085456
directly in the next step. [00134] Synthesis of

2- (3- (ten-but oxycar bonyl ) phenyl) - 3- met hyl pyri di ne- 1- oxi de.

[ 00135] tert- Pauys]{32(3knmet mﬁbqmy@di«ﬂdons-a})wc)lqﬁqmommoﬁiﬂrilé)is(hgdroiysed using

di | d j .6, . . t o 3 | i dded b

0 20 Ve ARl S i Rt AR MR e

porti on- WemperatSreand hdnd! ik @vap*adamﬂ ander tdeeurh.eNipatadua isgtaken ntth e/aueeaamit or

bel 45 f ht hal ddi ti

oo o SR SR afden S Be 1Belt 17 perh R of S TR B EL i ien el v

t 23 heat c]!]s;rctdiéxy&dmmf(ﬁ 57 e)WTHe datyeie usoldiad 80, f{itkred asdiyashsd wanitdmhaue_: a

a ition unn ur,e 1S
ot ea N g bR T i e St SRR R Pt aoch Bt G

o] ][ gani c | aiyred wit al$§dhg§ ﬁﬁho&?dTHﬂﬁw are searathih 2@ WM2BEAgyet Wasaﬁhdm:[wlth

After stirrin m Nnut es e 0,.Sepa e

Theor oanvieifia bae, 3B S sepete SR B iR S T e RRRELS, ¢

then fil tensadicaods-gipamtuptdpaiabégliabdidafr dryingén a vacuum oven at 50 °C

2-(3- (tert but oxycar bonyl ) pheny1l) - 3- net hyl pyri di ne- 1- oxi de (95% t hat
is used d¥BEFy in the next step. [00136] Synthesis of

tert-butyl-3- ([(ﬁﬁ%? Sggfh‘g’s_isncﬁllbé,lchﬁﬁliloqio—q;Sgﬁe\{lzqo%l?or%ﬁg-gl)-cyclopropanecarbonyl

chloride.

SOCL,
PhCH_’;,

FXO 0 60 degrees C FXO 0
© oH - F o cl

[00130] 1-(2,2-difluoro-1,3-benzodioxol-3-y1)-cyclopropanecarboxylic acid (1.2 eq) is
slurried in toluene (2.5 vol) and the mixture heated to 60 °C. SOCl; (1.4 eq) is added via

addition funnel. The toluene and SOCIL, are distilled from the reaction mixture after 30 minutes.

Additional toluene (2.5 vol) is added and distilled again.
[00131] Amine Moiety
[00132] Synthesis of rert-butyl-3-(3-methylpyridin-2-yl)benzoate.

1. toluene, 2M K,CO,

Pd(dppf)Cls, 80 degrees C i o
(HORLB Z
= 2. aq. MsOH N
I = + 3. ag.NaOH o
N Br -
CO4Bu CO,tBu

[00133] 2-Bromo-3-methylpyridine (1.0 eq) is dissolved in toluene (12 vol). KyCOs (4.8
eq) is added followed by water (3.5 vol) and the mixture heated to 65 °C under a stream of N for
1 hour. 3-(r-Butoxycarbonyl)phenylboronic acid (1.05 eq) and Pd(dppf)Cly CHaCls (0.015 eq)
are then added and the mixture is heated to 80 °C. After 2 hours, the heat is turned off, water is
added (3.5 vol) and the layers are allowed to separate. The organic phase is then washed with
water (3.5 vol) and extracted with 10% aqueous methanesulfonic acid (2 eq MsOH, 7.7 vol). The

aqueous phase is made basic with 50% aqueous NaOH (2 eq) and extracted with EtOAc (8 vol).
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CO2t BuCQO2t Bu [00137] A solution of

2- (3-(tert-butoxycarbonyl)phenyl)-3-nmethyl pyridine-1-oxide (1 eq) and
pyridine (#oe@dowrfisMECN (8 vol) is heated to 70 C. A sqlcdiisosms@issse
met hanesul foni c anhydride (1.5 eq) in MeCN (2 vol) is added over 50
mn via addition funnel maintaining the tenperature at |ess than 75
C. e M iolhEondcSmt Islch @Rl Gl id 0R8hiyDs 23 ROMBy ARl SHEATRSL ©
addition. The"mxture I's then allowed to cool to a

Et hanol am83%) (ha0is vgyl directly duibeinaxk gemddi ti on funnel . After stirring for
2 hours, water (6 vol) is added and the m xture is cooled to 10 C
After stirrind0dd#] Sunthess plciBsferthpoxyerrbanylphemit-Taredylpyyidmelroxide; on
and washed with water (3 vol), 2:1 MeCNwater (3 vol), and MeCN (2 X
1.5 vol). The soli dried t oreedyndogantpersidght %rdi fference) in a
vacuum oven at 50 Gswi sl i ghthaliganbyddde t o af flg
tert-butyl-3-(6-am nd-3 t hy 0 Vi o LI zoat
solid (53%vyield). WO
Synthesis of 3-(6-(1-(2, Zgjielil uor obenzo| d] [ 1, 3] di oxol- &y ey
cycl opr opanecar boxam do) - 3- met hyl pyri di n-2-y1)-t-butyl berizoat e.

CO2t Bu [[6H 3592 I—Ehﬁ‘yl @-'tygl@th?lﬁﬂrl%llgﬁuygﬁéng@dtd G.0% P Alsdorid hmEmlcte@ne

(2.5 vol based on ‘aci d | orid via addition funnel to a

m xture ofolk ér’%terti@rtwl)ss gddediollomrddy ety fiogen mrqarldzﬁ SO EbeEhebc (1
eq), di mejfpyhaei 31&]93?5" ddgéd}%nfow ,as @507 6 ShintzAN e tehip&hit¥d iR e PG chBbdow

eq) in toluene (4 vol based on
t ert - but y#2 % (Adtenpqmeton abphtalio gihydiide-addiien, dig g afue)is heafed &g 457 On difies |

water (4 yuehn %nglﬂonalﬁlhours the heal: is tumed off. 10% w/w aqueous Na,SO; (1.5 eq) is
ten-butyl - 3- (6-am no- 3- net 1%(3 pyri di n- -yOoenzoate% is added to the
f

react i on #ided vie edditignifennels vifier ¢amplatign o AP raddision, t Grfélxﬂlé%ﬂéﬁ@*eérf@ an
separ at edaddmﬁal% Qﬁrﬂ}téé aﬁmﬁéﬁl b sépm%d Frid et 1%&915@%@& i @ Sihw

afford a thick o X di f | uorobenzZo[ d 5 @Ldr oxol- 5- yl)
cycl opr opEﬁ@@a@ﬁ‘j&drﬁ*ﬁ@Pd) Aﬁ@ﬁé‘lefﬁy%Or“dPﬁﬂszﬂWf)Yﬂlﬁa@& 1W pseparees. The
(quantit %%M& ﬂ(aM?w)@h@d B, wNBNLCB MRl ord3R 9 Hase tﬁJnL{ﬁf%reB'hﬁ)(gé!ﬁEe)ntrh@d

added and distilled until crystallization occurs. \Water based
on crude PrfaYcrde 243 -gaddbutonrsarbpmdrhsnyDdractiyipyridig-1fexides ﬁ%) ﬂFﬂ@ used i d
is col | echrdnby td dekésddpl ON, washed with 1:1 (by volume) MeCN water (2
x 1 vol based on crude product) and partially dried on the filter

under vacuum [(i186)39hitdsié 6f £-hRG1-5-06-ERMNBLIBMALLH vg‘yahﬁli Vi Biafef er ence)
in a vacuumoven at 60 Cwith a slight N2 bleed to afford 3464142, 2-

di f | uor obenzo . 3] di oxol

cycl opr opanecdy b§xani do) - SM P Osegresihut yi be

brown solid. N 140] 2 % of 3-(6-(d- (22~ dN .®
[d] [1,3] di oxq%-S

cycl opropanecar boxa 'Ogl

red-yel | ow
[ 00138]

[00137] A solution of 2-(3-(tert-butoxycarbonyl)phenyl}-3-methylpyridine-1-oxide (1 eq)
and pyridine (4 eq) in MeCN (8 vol) is heated to 70 °C. A solution of methanesulfonic anhydride
(1.5 eq) in MeCN (2 vol) is added over 50 min via addition funnel maintaining the temperature at
less than 75 °C. The mixture is stirred for an additional 0.5 hours after complete addition. The
mixture is then allowed to cool to ambient. Ethanolamine (10 eq) is added via addition funnel.
After stirring for 2 hours, water (6 vol) is added and the mixture is cooled to 10 °C. After stirring
for NLT 3 hours, the solid is collected by filtration and washed with water (3 vol}, 2:1
MeCN/water (3 vol), and MeCN (2 x 1.5 vol). The solid is dried to constant weight (<1%
difference) in & vacuum oven at 50 °C with a slight N; bleed to afford zers-butyl-3-(6-amino-3-
methylpyridin-2-yl)benzoate as a red-yellow solid {53% yield).
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CO2t Bu 6N HCI MeCN 40 degrees C3 HC1 [00141] To a
slurry of 3-(6-(1-(2,2-difluorobenzo[d][1, 3]dioxol-5-yl)

cycl opr opamecemnesran do) - 3- met hyl pyri di n-2-y1) -t - but yl lETAG208/0§53500
eq) in MeCN (3.0 vol) is added water (0.83 vol) followed by
concentrat ed aqueous HCl (0.83 vol). The mxture is heated to 45 5
C. After stirneogs|fSenthdds 6f3-éq1inHasubFdeliHad)[1,Ndiokd-50@pl et e and t he

mxture is allowed to cogl. fo i ent . ter (1.33 vol) is added and
The. i xt UNEREHPARSAoHHBRE MY ARMERIT EXD BT at | on. washed
with water (2 x 0.3 vol) nd partially dried on the filter under
vacuum The solid is dri nsfant weight (<1%difference) in a
vacuum oven at 60C with B dl eed to afford

3-(6-(1-(2, 2- orobenzo[d] [1, &pdi oxol -5-y.1 o. &

cycl opr opane do)=3-_met hyl pyr T di n32- en |c\ad d I\/C(I:Ots
an of f-white solid TERAQABABY Nt hésSi G N“ N 2B
3-(6-(1-(2,2-difluo enzopjcif, [ 1, 3] dioxol-5-y1 H

cycl opr opanecar boxamagey - 3- net'hyl pyri di n- 2-yl ) benzoic acid (Forml).

[00139] The crude acid chloride is dissolved in toluene (2.5 vol based on acid chloride)
and added via addition funnel to a mixture of terz-butyl-3-(6-amino-3-methylpyridin-2-
ylbenzoate (1 eq), dimethylaminopyridine (DMAP, 0.02 ¢q), and triethylamine (3.0 eq) in
toluene (4 vol based on fert-butyl-3-(6-amino-3-methylpyridin-2-yl)benzoate). After 2 hours,
water (4 vol based on fert-butyl-3-(6-amino-3-methylpyridin-2-yl)benzoate) is added to the
reaction mixture. After stirring for 30 minutes, the layers are separated. The organic phase is
then filtered and concentrated to afford a thick oil of 3-(6-(1-(2,2-diflucrobenzo[d]]1,3]dioxol-5-
y1) cyclopropanecarboxamido)-3-methylpyridin-2-yI)-t-butylbenzoate (quantitative crude yield).
MeCN (3 vol based on crude product) is added and distilled until crystallization occurs. Water (2
vol based on crude product) is added and the mixture stirred for 2 h. The solid is collected by
filtration, washed with 1:1 (by volume) MeCN/water (2 x 1 vol based on crude product), and
partially dried on the filter under vacuum. The solid is dried to constant weight (<1% difference)
in a vacuum oven at 60 °C with a slight N, bleed to afford 3-(6-(1-(2,2-
difluorobenzo[d][1,3]dioxol-5-y1) cyclopropanecarboxamido)-3-methylpyridin-2-yI)-t-

butylbenzoate as a brown solid.

[00140] Syntheisis of 3-(6-(1-(2,2-difluorebenzo[d][1,3]dioxol-5-yI)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid « HCL sait.

Yeoule e
F O N7 N COBU 40 deorees C
N >

CO-H

'n><'r|
oo
;O
Iz
R

* HCI
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slurry in water 98% Form | 1001431A slurry of
3-(6-(1-(2, 2-di fl uorobenzo[d][1, 3] di oxol -5-y1)

cycl opr opayeGasiexam do) - 3- met hyl pyri di n-2-yl ) benzoic %T%Szb-é@;bsi;%
eq) in water (10 vol) is stirred at ambient tenperature. A sanple is

taken after stirring for 24 hours. The sanple is filtered and the

sol 1 d_nashed byl &l 00 38hdcheanTRl £ auln tted for DSC

anal ysi s. \Wen is’in es co onversion to Forml,
t he sol i deyiclpprsphieearbaxdmisip)-3-njethylpyiidin2- Mﬂiﬁé@wqaw (hWAleeyin MRCH (3.0g0D) i is

vol), and, paj {h@l b¥s %1;)1%% Q%HO/&)Q;%?%H[&?J éb‘ﬁ?ﬁc\’&%%& THeeln&QJré gBéa d

dried to constant erenc In a vacuum oven
with a sl 10g|ﬁ# NE. mf@e&tllxlng faf 2% d?8 Boyrsihe lca@loans eirfplepgdnt ehesmktlua i{ IB%ed

y' el d) (cm 1£|_x€}|9g)nt Nwzater %Q&oﬁ?&) adﬁﬁdla‘}u} Qi% dm%‘tlﬁ%e gﬂ{rec? gl'élH)Zolgg é‘rd}?ec}@tg%f

( m 2 |—|) , ﬁltlzmm]( gashgﬂ)nth wats32 k. 0s31voDmnd partiplly dried D@ the fiitgr ynder v2ghum. The

2009/ 0737 4
3-(6-(1- (%?15 ggl{ #J? ﬁ)gcgo fglﬁ glgt?gﬁ (= V) ffé:[‘eQIQ%A]i %_)va‘tc:‘}\({ﬁtl B&flaBec with a slight N,
cycl opr optiesida rifos éﬁﬁﬂb@%%dlﬂmrblgphwdl[lcﬁ giool iyl knyplppriopaneeibgx{nEde)m- | )

usi ng vat Brq, and: RS Stybenzoic acid » HCI as an off-white solid.

[00142] Synthesis of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)

cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid (Form I),

slurry in
COzH water
98%
* HC1
FXO o “
o) N \N CO2H
H

Form 1

[00143] A slurry of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yi)
cyclopropanecarboxamido)-3-methylpyridin-2-yi)benzoic acid * HCI {1 eq) in water (10 vol) is
stirred at ambicnt temperature. A sample is taken after stirring for 24 hours. The sample is
filtered and the solid washed with water (2 x). The solid sample is submitted for DSC analysis,
When DSC analysis indicates complete conversion to Form I, the solid is collected by filtration,
washed with water (2 x 1.0 vol), and partially dried on the filter under vacuum, The solid is dried
to constant weight (<1% difference) in a vacuum oven at 60 °C with a slight N, bleed to afford
Form I as an off-white solid (98% yield). 'H NMR (400 MHz, DMSO-d6) 9.14 (s, 1H), 7.99-
7.93 (m, 3H), 7.80-7.78 (m, 1H), 7.74-7.72 (m, 1H), 7.60-7.55 (m, 2H), 7.41-7.33 (m, 2H), 2.24
(s, 3H), 1.53-1.51 (m, 2H), 1.19-1.17 (m, 2H).
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Form | [00145] To a slurry of 346-0
- (2, 2-di fl uorobenzo[d] [ 1, 3] di oxol - 5-y1)
cycl opr opangsaprgm do) - 3- net hyl pyri di n- 2- ypbenzoi ¢ aectustiedodslse
ecij in water (10 vol) stirred at anmbient tenperature is added 50%
ww ag. NaOH (2.5 eq). The mixture is stirred for NLT 15 min or until
a hormgeneous[(ﬁ]q.hqtsymemq;f@c(gj@i (ﬁiéﬁukl@be&ﬂ[d@%h&h&xo@-@ dto

crystallize Form | he m xture is heated if needed to
reduce t mclpwepnesqlrbpﬁ@ud%i Petypyoding-gaitearoic qoid (Formil)wsdng watpeapde g
until HPLG.anal ysis indicates NMI 0.8% (AUC) tbutyl benzoate ester.

The m xture is then cool ed to anbient and the solid is collected by
filtrationg was .t h ywa (3x34vo ) ang%&artlally dried on
the filter Xoddr yacgum Tesolggqs US> PoNaFRst ant wei ght  (<1%
di fferencef ©n XCUlND oven WIS i ght N2 bl eed to afford
Form | as an off- Yoyi el d ﬂ\ﬁo‘ 90°C £00146] Synt hesis of
3-(6-(1-(2,2-difl uorobenzo[d][l 3] di oon 5-yl)

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl )benzoic acid (Forml)

directly from benzoate. 1. formc acid, cogt Bu70 2. water 3.
R =
FXO N \Nl CO,H
H
Form I

[00145] To a slurry of 3+(6-(1-(2,2-difluorobenzo[d]{1,3]dioxol-5-y1)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid « HCI (1 eq) in water (10 vol}
stirred at ambient temperature is added 50% w/w aq. NaOH (2.5 eq). The mixture is stirred for
NLT 15 min or until a homogeneous solution. Concentrated HCI (4 eq) is added to crystallize
Form T. The mixture is heated to 60 °C or 90 °C if needed to reduce the level of the t-
butylbenzoate ester. The mixture is heated until HPLC analysis indicates NMT 0.8% (AUC) t-
butylbenzoate ester. The mixture is then cooled to ambient and the solid is collected by filtration,
washed with water (3 x 3.4 vol), and partially dried on the filter under vacuum. The solid is dried
to constant weight (<1% difference) in a vacuum oven at 60 °C with a slight N, bleed to afford

Form I as an off-white solid (97% yield).

[00146] Synthesis of 3-(6-(1-(2,2-diflnorobenze[d][1,3]dioxol-5-yI)

cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid (Form I} directly from

benzoate.
1. formic acid,

COziBu 70 oC
2. water

" ? C

.

o N N COzH
H

Form 1
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Form | [ 001471A sol ution of

3-(6-(1-(2, 2-di fluorobenzo[d] [ 1, 3] di oxol - 5-y1)

cycl opr opageGasexan do) - 3- met hyl pyri di n- 2-y1) -t - but y| henz@abeobsise
eq) in formc acid (3.0 vol) is heated to 70 10 C. The reaction is
continued until the reaction is conplete (NMI 1. 0% AUC

3-(6-(1-(2, 2- qpdila¥k 9&?&%%&@'](& f-l’—é}zddlﬁﬁ%%beézoﬁ}m )dipxol 5.y

cycl opr opanecar boxam do) - 3- ye butylI'benzoate) or
heat i ng f@fclonnwar@cEﬁboxwiléiowﬁtedwb»ynélnaml)ow@dﬂlteem@@dil O 1afymicrpeld (FAe
sol uti on Jv )1@‘9&% b 6o Yah 'fkf\i; r&fa{lan 1@@@&1@9&d§&1t11§9e rgacﬁ’leﬁi is cBﬁFlme)ﬁtlHﬁel 0%

stirred. e mxture is then 70 10C until evel
3-(6-(1- (QUgﬁdﬁf(lﬂ%?@ﬁbﬂ@b%@[p]Il3]dm><@1xiayn gwloympanecarboxamldo) -3-

cycl oprop | d MT
0,554 (ALC CPRBRERH R AT B IRRY G Bty b iU ORRARE, Ly B
(2 x vomblelanahqﬁahlslplais|a9ded|tc’r weferdh Vtalhbeafeﬁlat@r Genddhe wa@wﬁﬂedrﬁéw
solid is ko

L B0C i glx'ngggfﬂlﬁéaga%ﬁt@g? e‘g’g @'}]Bm(t%]ie/{? gl n@ K%Elflﬂuﬂro gﬁﬁi‘,g}g%‘éﬁlns-
of f - whi t ey&@ﬁcic.aropanecarboxa{n@v@m@]etimpmdmawwwmmams mmc@&% (AUC). The
cal cul ate ; T, i | is
shown in %hﬁ&sﬁb’é]l&wﬁ %tg‘m?ﬁ ﬁaglt?elg“ﬁ é&% geté‘tr{:u g(%ned g Iﬂgfi %?d (&dl:éafr;ﬂg&r .
[00149]  Tetdbragyum. The soliq isgiS0p coustanioaieli (S EffeTpoaLien VERBTEOL §60 °C
pattern ofifPInRHAthided:atfd Bbih %aﬁfi\fmmuqs il b Ritdsond abl € 2 lists

t he actua% peaks for

gure able 2. [ 00152] An
overlay of an ﬁin&@]ym{ixfrij (ﬁﬁ‘ltabtﬂﬁ pQﬁ’érﬁ sll&la‘%&l'fﬁﬁﬂ &Hﬁ‘ﬁe ér%é?iﬂ@uc%dr@gﬂ €
crystal structure of Coripound Form 1, an ac X-ray powder

di ffract i eempeand binFosn I@dhwumf@m h Teblerh Ilstsﬁl@ ogleninied pepky-fog ﬁvfgere:i The
overlay shows ood agreenent between the cal cul ated and actual peak
posi ti ons, thé‘Hﬂ?H knlc e belng only about 0.15 degrees.

[ 00153] T, Ya | is shown in Figure 4.

Mel ting f about 204 C.

[ 00154] SHiRE : seEssofsidonpound 1 in Form | based on
singl e Cryc'r il x ray ::MA'II\/Ql slare 4B3uwn in| Fi gures 5-8. Figures 6-8
show hydr i ng Wétueen| carbd$Blic akid groups of a dimer and
the resul|ti knndSQﬁat abcursi60P the krystal. The crysta

structurg_reveal sl a ddfidé packing &7t he npl ecul es. Conpound 1 in
Form | id nodoclilpic, 17321/ n, |with8&8e foll owing unit cel
di mensions: & = 4. 962680pB2A, b| = 12.6299(2) I c = 33.075 (4) A f3=
93.938(9), V4= 2014.02A8] Z =[4. DEhsity of Conmpound 1 in Forml
calcul ated friom struct2ddal dapa is 687492 gfcnB8 at 100 K
[ 00155] I|HNM®R spectra 28992 Conppund Xodre shpwn in Figures 9-11
(Figures |9 amd 10| depiz6t10Conppund X74n Form Tin a 50 ng/nm., 0.5
met hyl cal | uh@se-pol yegrshat e BO sugpgnsi onj and Figure 11 depicts
Compound 1 as an HC1 salt). [00156] Table 3 below recites additional
anal ytical data for Conpound 1. [00157] Tab e 3.

[00150] An actual X-ray powder diffraction pattern of Compound 1 in Form I is shown in

Figure 2, Table 2 lists the actual peaks for Figure 2,

[00151] Table 2.
7 7.83 37.7
3 14.51 749
4 14.78 73.5
1 15.39 100.0
2 16.26 75.6
6 16.62 42.6
5 17.81 70.9
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H NVR (400 MHz, DVMSO-d6) 9.14 (s, 1H), 7.99-7.93 (m 3H), 7.80-7.78
1453.31.93(m 1H), 7.74-7.72(m 1H), 7.60-7.55 (m 2H), 7.41-7.33 (m
2H), 2.24 wo20@My37571. 53-1.51 (m 2H), 1.19-1.17 (m 2HPCT[UGOWE835456

ASSAYS [ 00159] Assays for Detecting and Measuring AF508- CFTR
Correction Pr opertl es of Corrpounds 1001601 Menbrane potenti al
opti cal A . hiE ydul ation properties of

conpoundg _ Hane potential assay
utilized]|vol tgage-sensm |5§ve : sensgrs descri bed by Gonzal ez and
Tsien (See Gpmzallez, d33kE- and R YggTsien (1995) "Voltage sensing by
fl uorescgncejyesqnancesenergy| transggr i n |single cells" Biophys J
69(4): 127Z-807 gnd GgRgel €Z,| J. Ezggnd R|Y. Tsien (1997) "Inproved

i ndi cat ors of cett—menbrane potenmtTat _that use fl uorescence resonance
energy transfer” ChemBiol 4(4): 269-77) in conbination with

i nstrunent ati TANTRASH f ANEL

Vol t age/ | on P(r?@bgﬂReader (d\f/?%}érk#&lffﬁa%&&%ﬁ?g@ez &MQSI@ I‘:I}S}Q?als

al . (1999ruetges|of Cbras@ad A dnshaym Leand an peswal ¥rranpestdendillagiiongetiesa af %npound
i on- channgd, Fyah 98Ky n%?%ugﬁqq}goa-&l%i‘%o% Rod 4 %ﬁméﬁgétween the calduB@HBR4

These voltage sensitive assays are based on the change in
f I uor esceastel icelspniitions, Evaltfpyeree baigrealy RPRIETS degredheen t he

menbr ane- sol ubl e, vol ta&e sensitive dye D SBAC2(3), and a
fluorescent ph¥dpHAIE PO traeses Gompeund diip Eprm 1sis showa dhigaure 4. Vickting fire

leafl et oforyfaend] BH¥Rn MBERLANDoRIM486t s as a FRET donor. Changes in
menbrane potential (V.) cause the negatively charged D SBAC2(3) to

redi stribute 6198 chfdenfloAs PROIBHLCAFoMAT it R@ma TR bn Shgle BEEENX-ray
transfer from CC2- DVPE chang‘%s accordi ngly. The changes in

f 1 uor esceRRSIBHE SIWIn [USFIES Prdn Fiesice Br8heh By dirgorirading Detpsrbgariogyligpeid
I nt egr at egolps k4 ﬁnﬁﬂﬁﬂIﬂ%ﬁe@nﬁlgfsw@ﬁgaﬁﬁ%a&mdﬁm%@fm dﬁx%'c@@ﬁﬂsnh@ture

conduct cell-based screens in 96- or 384-well_ mcrotiter, plates
[00163] IeveRl@rersePekiiesh M6 motssy Fe ampRUSohip SRS monochnfo%fewlﬂﬂr@e

dentify ii®ihg 01 &ﬁahﬁeﬁmmata 4‘4%&@@3 Althe 13 5@ d)icking, 0@|§¥4§S¥ p=
associ ated w t%’u AF508- R a single-addition HIS assai/ﬁﬁ or mat was

devel oped?3-9BR@ ¥ %)lm@%e 4 néuBenstiyof Gempopndd mFeEm Fesdpuipadieam stgeiyral

at 37C i gt REESERCR 187k absence (negative control) of test
conpound. As a positive control, cells plated in 384-well plates were

i ncubated for | (i(ﬁsglrlﬁNMRs%thIQo‘f@o;ﬁ&ﬁm’@%ﬁtsﬁé\ﬁrﬁ%gﬁ%ﬁ@"ll/bfé%s@ﬁﬁﬁo The
cell s were subsequent | rinsed 3 Krebs Ringers sol ution and

| oaded wi qepict %nnpapq hg@ogréﬁgu 3 JOvee/p S n*\r@ylefe‘(lw%tp@lw%% QgprinRnsiqry

pl s4 for sf@lriddreandichibe colf&nRoteM et @fy. genistein (20 pM, were
added along wth -free nediumto each well. The addition of CF-free
nmedi um pr oot ¢gh186] TRbE B B¥lotvRediteSAAQIMSEal barlyNchIQBr Er Udnpelidviat i on and
the resulting menbrane depol ari zati on was optically nonitored using

t he FRET- baseqooistf|timgr-3sensor dyes.

H NMR (400 MHz, DMSO-d6) 9.14
(s, 1H), 7.99-7.93 (m, 3H), 7.80-7.78
(m, 1H), 7.74-7.72 (m, 1H), 7.60-7.55
(m, 2H), 7.41-7.33 (m, 2H), 2.24 (s,
3H), 1.53-1.51 (m, 2H), 1.19-1.17 (m,
2H)

1 453.3 1.93
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[00165] 2. Identification of Potentiator Conpounds [ 00166] To

I dentify potentiators of AF508-CFTR, a doubl e-addition HTS assay
format wasywédene@psed. During the first addition, a CF-fg@eudmstiodiise
with or without test compound was added to each well. After 22 sec, a
second addition of Cl--free mediumcontaining 2- 10 MM forskolin was
added to acti vg§@g §¢CFTR. The extracellular C concentration

foll ow ng both additions was 28 nM which pronoted G efflux in

response to Aﬁﬁ&%@)ﬁ@é@sﬁﬁﬁbé’t@&in@@n@ﬁfka&d}ﬁlgrﬂ@bﬁ-bb@ﬁ B PRER] Properties of
depol ari zati on was optrcallTy nonitored using € - o_d'_p—__ase
vol t age- seampoundges. [00167] 3. Solutions Bath Solution #1: (in rnM
Chloride-free bath sol ution: -DVPE: NaCl 160, KCl 4.5, CaCl2 2,

- A 9 A . d ARt A X aP? 3 v

MyC12 1, HEPES00190] Mg 2 - g Ak £ B3
#1 are SUEEE% *‘étf?go%ﬂomdsgl uconate salts. Prepared as a 10 nmM stock
solution T'n and stored at -20C. Di SBAC2(3):Prepared as a 10 nM
stock in DVBO [m%lﬁ}ﬁroﬁgca%emﬁg&poiquélgéﬂiy éﬁliz%dltab‘g—gehﬁﬁ\% FRET sensors

described by Gonzalez and Tsien (See, Gonzalez, J. E. and R. Y. Tsien (1995) “Voltage sensing

by fluorescence resonance energy fransfer 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/Ion 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).

[00162] 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 were
monitored using VIPR ™ IT, which is an integrated liquid handler and fluorescent detector

designed to conduct cell-based screens in 96- or 384-well microtiter plates.

[00163] 1._Identification of Correction Compounds

[00164] To identify small molecules that correct the trafficking defect associated with
AF508-CFTR; a single-addition HTS assay format was developed. The cells were incubated in
serum-free medium for 16 hrs at 37 °C in the presence or absence {negative control) of test
compound. As a positive control, cells plated in 384-well plates were incubated for 16 hrs at 27
°C to “temperature-correct” AF508-CFTR. The cells were subsequently rinsed 3X with Krebs
Ringers solution and loaded with the voltage-sensitive dyes. To activate AF508-CFTR, 10 uM
forskolin and the CFTR potentiator, genistein (20 uM), were added along with CI'-free medium
to each well. The addition of ClI'-free medium promoted CI efflux in response to AF508-CFTR
activation and the resulting membrane depolarization was optically monitored using the FRET-

based voltage-sensor dyes.
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[ 00169] NI H3T3 nouse fibroblasts stably expressi ng AF508- CFTR are
used for optical neasurenents of menbrane potential. The cells are
mai nt ai nedvatoos/d37sm 5% CO2 and 90% hum dity i n Dul bececTasomsidsizd
Eagl e' s nmedi um suppl emented with 2 nM glutam ne, 10 % fetal bovine
serum 1 X NEAA, 13-ME, 1 X pen/strep, and 25 nmM HEPES in 175 cn?

culture flasksggor [2 @Jelm : lpoRemANGonlbgnssel | s were seeded at
30,000/ well in 38 matrigel -coated plates and cultured for 2 hrs

at 37 C bef Or@nofimltmﬁdeﬂﬂfyqute&Yat&s HNF5BACATR, & QubI-HetiRaLIETS dsgdyTormat
assay. For the correction assays, the cells are cultured at 27 C or

37 C wi t Hvatdavaiipeh oouring SipdBtlseditiony p 1 dies medivggyjfhor without tes‘[fﬁéll?%‘]d was
El ect r ophygdab @GRl A%&azyz%cé QLocBREAMIHAE 096159&1%1& BRiiAg 3 Oy
properties of conpounds [ 00171] 1. Using anber Assay [00172] USI ng
chanber diepkolinvepddeder @txw AHOREE TBA Tﬂ)@ﬁ?ﬁ#ﬁteﬂeiﬂr ehranpwitiation febewige both

expressin AF508 TRt furth h

nodul at or 8 lcthlll)éo%op |(gla as%gesggn%%ﬁ&é@gé%%plt dﬂe
cells gr a\mﬂtmg nﬁm:tme déﬁnaﬁmbh waeddticdlyl hanitered nslwthsFR@T-basnmmmg@smmr
an Ussing, chanber (Physiologic Instrunments, Inc., San D ego, CA), and
t he rmnol%’{? rs were continuously short-circuited using a

Vol t age- cl anp artnment of Bioengineering, University of

| owa, |A, and[&éﬁ‘{] Siqe(p Instrunents, Inc., San Di ego, CA.

Transepi thelial resistance was neasur ed by appl ying a 2-nV pul se.
Under these c t epithelia i es of
4 KWcnR or m)olr%eng 1]%etﬁls#%l C‘f gﬁl wer e nai n%qglefgggslgeﬁ%@:&é%d %\%?ﬂ ed
with air. The el ectrode offset potential &#8ES Qv T4wittNa@de were
corrected using a cell-free insert. Under these conditions, the
current reflec blotlquelbéﬁvsehltl@: t hrough AEBbDEITRTR & fieds Settipt #lhare

api cal menbrane. The 'Sc was digitally acgwsﬁtggd%hagcﬁﬂtelyﬁgSOOA-
interface and AcgKnow edge software (v3.2.6; Bl OPAC Systens, Santa

Barbara, CA). {BObfélE.2. Identification obrpatd actd O nBANRGINESution in
[ 001741 Typical protocol utilized a basolateral to apical nenbrane Cr
concentration gradient. To set up this gr&H¥htnd sigdfat?0rGnger was
used on the basol ateral nenbrane, whereas api cal NaCl was repI aced by
equi nol ar sodi Bi¥B§Ca@bnat e (titrated to pPrepaad & ¢ K0 RdGsleck & YMpe apd
| arge a- concentration gradi ent across theg.gphthgld um All
experinments vvere performed with intact nonolayers. To fully activate
AF508- CFTR, ¢kl el EQpd) and the PDE inhibitor, }BMX (100 pM,
were appl i ed ol l owed by the addition of the CFTR potent| at or,

geni stei n (50 (¢dYbo) NIH3T3 ma&@%&%@laﬁstmﬁ@(ﬂe@ﬂng [\FS@@@TR@% sed 569@1§1ca1

i ncubation at | ow t enperatures of s stably_ expressi

AF508- CFTReaSHemessefsnenheang pofesitiab rifélp C%ih‘ﬁé‘-’l rfl%}ﬂ%lflectatfyf °G 1 5€/h€%?ﬂ§s9ﬂe@

merbr ane. yh4idah BuFRe’ stnnﬁlfﬁﬁj@ I\/%‘lbgﬁle@itlm%%pﬂﬁfehieﬁ’ WltﬁQm%ﬁ%mé ¢
cells were 1 ncubated with the test co hours at

37C and v@#abbcyume*qmehxmﬁwaﬁm X ppivstise, apé 2§ g@bﬂ@?%ﬂl lﬁencwmm and
geni st ei 4 Odid &Rl 8S0DBh/vel HER 4N TRl 2B Ehated
the 27C %%%%P@g%@ola%sﬁ!yénﬁgg%r e}ssseéjﬂas percent age acti vi tg? ?

Pr ei ncubatlatesend tultunel fored lirs atv3|7t°ﬁ befees @bum@@t 201C bodplos fid thwipgienfidterant | y
i ncreased the_c eni S nmedi at e G 37C
control s.asiaéfof‘?@{}/P%pm&d) AtTYT ca %llgr?le (?aetr%t% [ g;& g%wgl ﬁn%gv S
100177] Taogipoalds furatoedhount i | i zed a basol ateral to api cal menbr ane Cr
concentration gradient. To set up this gr ad| ent, nor rral ri ngers vas
used on the bjsuabetzicab 1 e Red 3% o
(360 jlg/m].% %g;ereas api cal NaCl was repl aced by eqU| nol ar SOdI um
gl uconat €4 ted to pH74W|th NaOH) to give a large c-
concentration [&ﬁgﬂl

£ Q}smag ghgr%.ger G -31-

[00172] Using chamber experiments were performed on polarized epithelial cells
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epithelium Al experinments were perfornmed 30 min after nystatin
perneabi |l i zati on. Forskolin (1012M and all test conpounds were added
to both sigeso@fiprsfae cell culture inserts. The efficacy@iydbRiosssss
put ati ve AF508- CFTR potenti ators was conpared to that of the known
pot enti at or, geni stein. [00178] 4. Solutions Basol ateral solution (in

N5 hyar o Jer hyh S REATR b o ik doreluepr bR R bty s Eifih )

and dext rmeal(aa:@}'s FRtTé“‘@SF&e[mmahaNae;lsgra\mmmsm@pwalo@llmnine INse@klwere

soical solutiony 4, 105 e s haselaberal, Tl Wl BR vtk MEGL

[00180] Finsingayersatereqpitim@bslpdhofticiRfjited edibgsa €xlppesisnp gysﬁﬁ'ﬁ@ﬁpﬁ?ﬂ'dﬁt of

FRT sP58;c d f th
butat | vo APBURCRRROIRHTIATAPEs HaaRA T aor s BRSOt L DREEGPY.
The cell STmeﬁxtlfeuMhesﬁs&dcmasGmﬁsmd tSnapiviak b 2asV bul@eu |I_Intiélehdsél&ﬁ1ﬂit1%nsaﬂﬁ

cul tured C and. 59 in Co s .nodifi

P e TR sttt g S P Ko o Mol i St melithed
peni ci | | i 27 °Caand bl ledrgthradr, The elpitony ciifset poEérnhﬂrand ﬂuldﬁaslsfa@cre were corrected
character|2| a%?bjt} Blote |dat r aCthIt\ﬁ ounﬁ1 n c Ils, were
i ncubat ed™4t& FHms n 21'8‘ gsp pdjtigng, Frclé&'{?“ PC‘E & &‘ﬁ% " To
det er m neAks8-GRIR ékprleyse®in tﬁ@arpioelcrhctrmﬁﬁmec cm@gywdﬂmtah@ a@qahéclsmmraﬂ

i ncubated at 27 C o W t h he_conpounds f or

nour s [ oW T8I0-6E it tikrenbizarare 03 2 B R s R o Barvars,
AF508- CFTRagurrent (lam in tenperature- and test conpound-corrected
Nl H3T3 cells stably expressi ng AF508- CFTR were nonitored using the
per f or at ed- pat[oi173Mh Qli@rib@libn biRTRrti A onBbirk| y, Vol t age-cl anp

recordi ngs of TAF508 were perfornmed at roomtenperature using an
Axopat ch 200B [ﬂlHUd:]th@ic&lmDotacmphtilfzbcﬂr basétutonl tonpictlumabianc Cheonceltagber
Cty, e acauire a s | in ency, of 10
o and. | BB SR AR SoRlnesf HadtisaCon A el RETHER e g
MO when f a;hdablsia@iavtab rdphleed texpaia@lalk sldaim glodonste (lnrdtekﬂmdﬁ{ 7.4 et &NaOED or gveng
conditions, t cal cul .ated . .revers ofenti for

Cenper ar uf BERRE SRR RntRagR e SEhi. Pt s iy
and a serin@st fi@lagtranTefuily daivAAF SIS CETR) @ekiodih (10nM)dad the RDUhISbitdr,0N,
and anal ysi.s were erfornmed %JSII’] a PC egwp ed with a Digidata 1320

A/ D i nt er B (OQ HdONT eiR erRlishioflpy e &y thmasidition of thx GR T RLEHGioB g on (50

pM).

[00175] As observed in other cell types, incubation at low temperatures of FRT cells
stably expressing AF508-CFTR increases the functional density of CFTR in the plasma
membrane. To determine the activity of correction compounds, the cells were incubated with 10
uM of the test compound for 24 hours at 37°C and were subsequently washed 3X prior to
recording. The cAMP- and genistein-mediated Isc in compound-treated cells was normalized to
the 27°C and 37°C controls and expressed as percentage activity. Preincubation of the cells with
the correction compound significantly increased the cAMP- and genistein-mediated Isc compared

to the 37°C controls.

100176] 3._Identification of Potentiator Compounds

[00177] Typical protocol utilized a basolateral to apical membrane CI concentration
gradient. To set up this gradient, normal ringers was used on the basolateral membrane and was
permeabilized with nystatin (360 pg/ml), 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
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Inc.). The bath contained <250 pl of saline and was conti nuously
perifused at a rate of 2 m/mn using a gravity-driven perfusion
system [ O80&®&p/073751 dentification of Correction Conpourrdd/US2008/085456
[00183] To determne the activity of correction conpounds for
increasing the density of functional AF508-CFTR in the plasm
menbr ane, epiiele h Ik dxperiaii Qvettasefioimidd0 P 41 ajzmﬂ painehieaa6m i Fdgskolin
techni ques to neasure the current density. fol ]l ow n%§24-hr treat nt

with the dBHMRER] ey BompRouRtisyerargsidedioPothsides Qfdcerc Ay e Ther ey
for skol i noraidw&y PM BRITFTRGoRnINRES wadaal@td tha oEBE kownl @ tiatQUT
recording conditions, the current density follow ng 24-hr incubation
at 27C wegenisicher than t hat observed foll ow ng 24-hr incubation at 37
C. These results are consistent with the known effects of

| owt enper at ut@17HduBa#é@s on the density of AF508-CFTR in the pI asrra
menbrane. To determ ne the effects of cgrre ti.on co oun S on

current densi tiASOlptRR! oBitirR (@MY i ncubBed Wt a4l (b ]Fiea@&]@m’o“

conmpound for 24 hours at 37C and the (guxrmpopm@i tNyo- mﬁﬁm@%ﬁﬁbadmﬁ@
the 27C and 37C controls (% activity). Prior to recaqrdi ngi e cells

wer e washed 3X with extracellul ar re%tgd‘?ﬂi‘?@esﬁ‘gﬂl?lﬁnﬁ‘@) f alfy. and

remai ni ng test conpound. Preincubati qaxtvdsé 103.0TRMdftiof ak eettbd)ﬁbdpﬂ 7.4
conmpounds significantly increased the ¢cAMP-_ and geni st ei n-dependent

current conpared to the 37C control s.¥iig@t84] 8. "I dentification of

Pot ent i at or 00185] The abili of AF508-
potentiators tng?aﬁeﬂ?‘HQEém “macr osc Pt A tergisppitien “Egggﬂtmplaced
(lans) in NIFI3T3 cells stably expres;ﬁthﬂ@@!ﬁ&ﬁ&e@ﬁiﬁ was al so

i nvestigated using perforated-patch-recordi ng techni ques. The
potentiators ijeand]isf iced Chioen t he optical assays evoked a

dose- dependent increase in | AF508 with simlar potency and efficacy
observed in t 18] Fisbalratapslayisl (FRT) calld expekding ABSASHONER (FRT?@SOS(C@V‘EWSIQ

otenti al or.e.an uril ng oteptirator .a sar u

Pr St orispaor HE RS R Ba sk oy S B Bar T8 ModBRaf GHefed fom
| ntracel | gk apticsiakdalyd. Orhe (:b]ﬂ. weM cuﬁsmaspeagt@tseap(u%m;eu &Btade ifsoly andlvgmad
(1), HEPESt(‘{]égia and 24 5D/g/rrt_a otcr|C|n B H adjusted to 7

wi th CsOHPT ysdeysat &7 g 7s GPuiniCoR" 8 PRdifiRg t%medb%me‘atw’ﬁe with
(NMDG) - Cl 504 3203 kalf Bl 200 @)l pgﬂgth% e(na)IOO ttgl%lﬁﬁre{n’b mﬁpbt;@db uetgd to
7.35 with HCL). [00187] .10. l'ture 88] NI H3T3 npuse

fi brobl as‘théra%t?%q%ﬁh‘e%‘?“é@gt fwawmf@emw ﬁlﬁéeltiéfeae IPQHba &l %g-"Edpn 16 - 48
recor di Ngg, to-Elaﬁec@ £r b AR68- @FT I@t '@6 BeGmiHe tl%%c&ﬂyrbf ofecctibhs @&gpo%gds%he

hum dity in Dul becco's nodified gilesrremmsupperrentedvmf

gl ut ani nesellggersancehagad ahk/iGher FeCumith and yitgus fhe compaymds fpr 34 kpury st r ep,
and 25 mM HEEPES in 175 cn® culture flasks. For whol e-cell

recor di ngs, 2,[%§1]-6J§5’9Mﬂ’@tgére seeded on pol y-L-1ysine-coat ed

gl ass cover sl I’FS and cultured f rs at 27 C before use to
test the activ teymﬁtosii)ﬁtcé}ﬁsp%%mCU%QH(IFW&)&IE)M%F&W? Anddpst GppEed- t he

correcti oRoCOMRAST AlenSdatly &:Qfes HEASIESOB R TRAR(AREN Ml XisiRE mE BEAGALRT S-

patch, whole-cell recording. Briefly, voltage-clamp recordings of Tarsos were performed at room

temperature vusing an Axopatch 200B patch-clamp amplifier (Axon Instruments Inc., Foster
City, CA). All recordings were acquired at a sampling frequency of 10 kHz and low-pass
filtered at 1 kHz. Pipettes had a resistance of 5 — 6 MQ when filled with the intracellular
solution. Under these recording conditions, the calculated reversal potential for Cl” (Eqy) at
room temperature was -28 mV. All recordings had a seal resistance > 20 GQ) and a series
resistance < 15 M. 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
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[00189] 11. Single-channel recordings [ 00190] The

si ngl e-channel actdivities of tenperature-corrected AF508- CFTR stably
expressed wa Mdd33d7cel s and activities of potenti at orpcGaiBEI4RESS6
wer e observed using excised inside-out nenbrane patch. Briefly,

vol t age-cl amp recordi ngs of single-channel activity were perforned at
room { eMPgRAL Ui pith Akt 303 6. ARG RAL ol ATPLARREL ila e bfON

I nstruments Tnc.). recordings were ach|re3 at a sanpling

f r equency mifmif @sikgz gravity-drowe paBsiof iysteer ed at 400 Hz. Patch pi pettes
were fabricated from Corning Kovar Sealing #7052 glass (Wrld

Preci si on | nst(PifRdind ddenyifieation Sfoscection Copppurgnd had a resistance of 5
- 8 M when filled with the extracellular solution. The AF508-CFTR
was acti vat ed 83183k Tadetoring fhe agiyity ghbigorgetion gampayndsTior inggpaging therfionsyy of he
CcAMP- depe | j qlqegﬁl]_ i i RKA:. B Ter-1g 0.
Madi son, W%&%@ggﬁgﬁg}%%{éﬁ@@gﬁ%l ty %ﬁ%’a‘ﬁ? %?Jz)gg%c{vgg%é?eg Qlj\%ggt@d &95],0
per i f usedregwiling teghrgquaty totnyeasiiré the purrentdeoptyrfollesving24skrgteatment Fith thefokrestion

was pl aced adjace o _th 1 |t [¥a] | ef e ug i o,
exchange WERPRET o oS VRS aRor IERH S BB T SRTRE GriBldterllued
rapi d periht bdis0OUnddr ber mandipeonditionsphe spfeat deadtyi folluvin g 2 hr ncqHabionid A%E-)
was added to.the bath solutiaon. .Under these recqrdi condi tions,
channel a¥ lvglleyﬂlﬁléﬁ&?ﬁfi@w@éﬂ@wmﬁﬁm%ﬁf&ﬂ%ﬁ e EE&&EQF_ i areoptigent
pat ch r ec@nglind SndviPertebts BP0t hperdatE MmBMfaBorPdrOHs §6ktyf APSSH-CFMEInahAr ge
moving fromthe infra-to extracel |l ular sol utions (anions _noving in

the opposPligdnemiancoRy defpraninctbriicals ofrosretiop gopmupdsinCF TRpN gstte
pot ent i al g6 Merk wWhRSin ht?dr ity ﬁﬂpﬁtof #Q tem‘éomﬁound fol A0 ht 7@ BNEhe current

activity was analyze om nenbrane patches containing 2 active
channel s. depbity wasxepmparedta tis7 ° G éndsy7Hub antrale Yesctopiehi Biigs todedoeding, e delishe
nunber of j | I

ot or i e Fheetfia S SRR SucbMlide Dol I SR s ho B P RERNIRR! combia.
from 120 BemcubhtihREESLIIGR Bf @cteétion tympwasdy signifersty itaéded thoeAMBtand00 Hz

and then used.to construct all-point | i tude histograns that were
fitted wi gwlsfﬁuﬁ)qug@gtscygﬁltmpﬁ?ﬁ%g% e éZﬁc ml%?q%.- Patch Anal ysis software
Pomabr ) ¢y o Mysile e nhe ot Al Bl ELGSAGR' o ourrent o0 open

The B oves, SCUSNPAR AL 0 ERLERoRE) MRS RGP e
current agpiR Chd@renafidse iFNMHATeEsatabBCkpreSingds0R CBTR wapaiodhvestigated

[00192] 12. Solutions Extracellul.ar sqlution (in : (150),
spart1 ¢ SHEPHIS)Prelsero e ook SRl HeBNes TRghe PRpH ssses
adj ust ed &Rkel aXdvsdMidpndEhi iScrOaS R arsok Ptk A6ML] pokedty Sletich@bbidried in the
m\V) : NMDG- O . (150), l\/gulc\:f:LZ (2), EGIA (5), TES (1Q), and Tris base (14)
(pH adj userdigalagsass. 3 alealls xgeyined, hesyes p%@!ﬁaé&qu e dugipggpotentiator

[00194] NigpBdadortsfodidbtohl agtien 5 iRRAYIISXPESE38 ﬂgf)r.AF508- CFTR are
used for excised-nenbrane patch-clanp recordings. The cells are

mai nt ai ned at [B0186] 4. Bob¥oAs2 and 90 % humidity in Dul becco's nodified
Eagl e' s medi um suppl enented with 2 nM glutam ne, 10 %fetal bovine
serum 1 X NEAMthceXupesvhaion §pmMand 25CsmvbdriaRES0), iCsC $506,mMAgCl |l () THEPES
fl asks. For single channel recordings, 2,500 - 5 000 cells re ..
seeded on pol y- E-I ysi ne-coated gl asg ((1,%\/é‘?ds%op%é‘&ﬁEf“@l‘i’fcflﬁlt“@j\l\?ﬂ}ﬁ?dﬁ??d-
48 hrs at 27 C before use. [ 00485B5 Wsthimgotihe procedur es

descri bed above, the activity, i.e., EC50s, of Conpound 1 has been
measur ed and i ExsdteNvlarisolutleniremyd): N-methyl-D-gluicamine (NMDG)-CI (150), MgCl,

(2), CaCl, (2), HEPES (10) (pH adjusted to 7.35
with HCI}.

[00187] 10. Cell Culture
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[00196] Table 4. 1011- ' -'TiKii' X:,...$.:XISMEM::::: i:riteoVatqt
, oLt % 2:600: KR 100;- 0 tildik., ..., oo, dgirlEdi L., .01
+++ WO 2009/073757 PCT/US2008/085456

[00188] NIH3T3 mouse fibroblasts stably expressing AFS08-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.

[00189] 11, Single-channel recordings

[00190] The single-channel actdivities of temperature-corrected AF508-CFTR stably
expressed in NIH3T3 cells and activities of potentiator compounds were observed using excised
inside-out membrane patch. Briefly, voltage-clamp recordings of single-channel activity were
performed at room temperature with an Axopatch 200B patch-clanip amplifier (Axon Instruments
In¢.). All recordings were acquired at a sampling frequency of 10 kHz and low-pass filtered at
400 Hz. Patch pipettes were fabricated from Corning Kovar Sealing #7052 glass (World
Precision Instruments, Inc., Sarasota, FL) and had a resistance of 5 - § MQ when filled with the
extracellular solution. The AF508-CFTR was activated after excision, by adding 1 mM Mg-ATP,
and 75 nM of the cAMP-dependent protein kinase, catalytic subunit (PKA; Promega Corp.
Madison, WI). After channel activity stabilized, the patch was perifused using a gravity-driven
microperfusion system. The inflow was placed adjacent to the patch, resulting in complete
solution exchange within 1 - 2 sec. To maintain AF508-CFTR activity during the rapid
perifusion, the nonspecific phosphatase inhibitor F~ (10 mM NaF) was added to the bath solution.
Under these recording conditions, channel activity remained constant throughout the duration of
the patch recording (up to 60 min). Currents produced by positive charge moving from the intra-
to extracellular solutions (anions moving in the opposite direction) are shown as positive

currents. The pipette potential (V) was maintained at 80 mV.

[00191] Channel activity was analyzed from membrane patches containing < 2 active
channels. The maximum number of simultancous 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/i(N), where [ = mean
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+++ We claim 1. 3-(6-(1-(2,2-Difluorobenzo[d][1, 3]di oxol-5-y1)

cycl opr opanecar boxam do) - 3- net hyl pyl i di n-2-yebenzoic acid
characteriwedo@@7y¥erm|. 2. Form | of claim1, wherei rrdnnes2608mn854k6 i S
characterized by one or nore peaks at 15.2 to 15.6 degrees, 16.1 to
16.5 degrees, and 14.3 to 14.7 degrees in an X-ray powder diffraction

obt ai ned ¢igfeiQi Liingfe-Bhapiia clirddt hpliditle, and N FRIniBet ofbtivelcBnNele in paRaAr ei n
the Form1l is characterized by one or nore peaks at 15.4, 16.3, and
14.5 degrees. [06492]Har Gvitai®f cl aim 2, wherein the Form| is further
characterized by a peak at 14.6 to 15.0 degrees. 5. Forml| of claim
4, wher ei n t heEkimacatldlarisslufianr (isha®):c harddDer (78 ipardic pedk (850),1€281; (5),

degrees. 6. Form| of claim4, wherejn.t Far ' her
characterized by a peak at 17.6 to 13\.4%(3]6@37%@5%14# a@éﬁﬁ T(ﬁlbgfedctf’gﬁr%
6, wherein the Form| is further chanedimisicaey by a peak at 17.8

degrees. 8. Form1l of claim®6, wherein the Form1l is further
characteri zed byragellpkatohaion i6 mMi o 16VEDGeQr(@#), MgOl, (BoEGTA (§f TES &lion

B, uherein the Form il is further charggter|ZedaPihRbako sttt

[00193} 13. Cell Culture

[00194] NTH3T3 mousc 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 Duibecco’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 single channel 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.

[00195] Using the procedures described above, the activity, i.e., EC50s, of Compound 1

has been measured and is shown in Table 4.

[00196] Table 4.
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10. Form | of claim9, wherein the Forml is further characterized by
a peak at 16.6 degrees. 11. FormIl of claim9, wherein the Forml is
further characterized by a peak at 7.6 to 8.0 degrees. 12. Form| of
claim1l, wherein the Form| is further characterized by a peak at
7.8 degrees. 13. Form | of claim1l, wherein the Forml is further
characterized by a peak at 25.8 to 26.2 degrees. 14. Form|l of claim
13, wherein the Form| is further characterized by a peak at 26.0
degrees. wiliajEorm |1 of claim 13, wherein the Forml is further
characterized by a peak at 21.4 to 21.8 degrees. 16. Form | of claim

15, wherej . W@OPOZ B‘iﬂt%o'r&wlehwrgﬁ]'}‘%]dgé}léi GRS I%ﬁ%g?ﬂec%b%ﬁﬁ%ﬁd@} 21.6

degr ees. erein e rml urt

char actermzthﬁlpblydla-Zp:daiienmw 28d tharact@ized aslBgneks. 18. Form | of claim
17, wherein the Form1 is further characterized by a peak at 23.3

degr ees. 2.1brmHarfrlaimdf whbrinnthd FormhEiseharattidézeBdyont or soch@ekcitd5i2zed

by a diff ion p er bstantl ar to that of ure 1.
2. ror m 156 aeeRfes P B & (5 48R et Tt TR g r%yz@avcfﬁﬁ

di ffractiOfirasd Stlinsdsho0h Kadipha adiglidar to that of Figure 2. 21
Form 1l of claim1l1, wherein the particle size distribution of D90 is

about 82 3 AMRIT JfeRSm 2, wherein the Form I is characterized by one or more peaks at 15.4,
16.3, and 14.5 degrees.

4. Form I of claim 2, wherein the Form I is further characterized by a peak at 14.6 to
15.0 degrees.

5. Form I of claim 4, wherein the Form I is further characterized by a peak at 14.8

degrees.

6. Form I of claim 4, wherein the Form I is further characterized by a peak at 17.6 to
18.0 degrees.

7. Form I of claim 6, wherein the Form I is further characterized by a peak at 17.8

degrees.

8. Form I of claim 6, wherein the Form I is further characterized by a peak at 16.4 to
16.8 degrees.

9. Form I of claim 8, wherein the Form I is further characterized by a peak at 16.4 to

16.8 degrees.

10. Form I of claim 9, wherein the Form I is further characterized by a peak at 16.6

degrees.

[1. Form I of claim 9, wherein the Form I is further characterized by a peak at 7.6 to 8.0

degrees.

12. Form I of claim 11, wherein the Form I is further characterized by a peak at 7.8

degrees.
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22. Form 1 of claiml1l, wherein the particle size distribution of D50
I's about 30 | amor |ess.

13. Form I of claim 11, wherein the Form I is further characterized by a peak at 25.8 to

26.2 degrees.

14. Form I of claim 13, wherein the Form I is further characterized by a peak at 26.0

degrees.

15. Form I of claim 13, wherein the Form I is further characterized by a peak at 21.4 to

21.8 degrees.

16. Form I of claim 15, wherein the Form I is further characterized by a peak at 21.6

degrees.

17. Form I of claim 15, wherein the Form T is further characterized by a peak at 23.1 to

23.5 degrees.

18. Form I of claim 17, wherein the Form I is further characterized by a peak at 23.3

degrees.

19. Form I of claim 1, wherein the Form I is characterized by a diffraction pattern

substantially similar to that of Figure 1.

20. Form I of claim 1, wherein the Form I is characterized by a diffraction pattern

substantially similar to that of Figure 2.

21. Form I of claim 1, wherein the particle size distribution of D90 is about 82 pm or

less.

22. Form I of claim 1, wherein the particle size distribution of D50 is about 30 pum or

less.
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