VPI /07-145 WO SOLID FORMS OF 3-(6-(1-(2.2-D FLUOROBENZORDULJLDI OXOL- S-YL)
CYCLOPROPANECARBOXAM DOVS- METHYLPYRI DI N*- YDBENZO CACI D CROSS REFERENCE TO
RELATED APBRD@ATBENS [ 001] This application clains the IPEMAfS2e0808:38¢ 35
US C 119 to United States provisional patent application serial nunber
61/ 012, 162, filed Decenber 7, 2007, the entire contents of which are

i ncorporated herein by reference. TECHNI CAL FI ELD OF THE {pMENTAsGNO[ 002]
The present invention relates to solid state forns, for exanple,

crystalline foomep F@‘Rﬁstﬁ?i-kﬁ-g%,z,&hﬂhf LU@R@MN&]& 1|3131@X9L0$ YY)

cycl opr opanecar oxam 0) - 3- net DY T 1 0 phar maceut i cal
conposi t i ofd HC]AR/HS
[003] CFTR is a cAWP/ ATP- rredl at ed ani on channel that S expressed in a
variety of cells typeSR HRED QRELATED N AENSy epithelia cells,

where it regulates anion qux acr oss the rrenbrane as well as the activity

of other ion [BWdnAgisepplirdtior dtiar the bepefitepdardel: 2CceI1%to Uiwiedritates unct i oni ng
of CFTR y15r§5v1§1'6+§1 &@tt at)@tcatlhﬁseﬁ@f ﬂth%g@@p@uqf@eh@&bt%te 7208 3R Unlirc! t hr oughout
t he bod I nc I ng spiratory an i gestive tissue S conposed of
appr oxi nanght of48Ghar inorewitaéhertiaby esferenis. a protein made up of a tandem
repeat of transnenbrane donains, each cont ai n| ng six transnenbrane helices
and a nucl eoti de bi ndi ng JdsrbENI§ &1 D : ENIi@Ne dormai ns are |inked
by a large, polar, regulatory (R)- domain with multi pl e phosphoryl ati on
sites that rd@@a affee phsamnmlveratonlre:latbytoanl@ki itab thmarfOt mﬁrblecwsn@jhne{ o], The

gene enc has bee uen €]

ot ol - (ogo Raroy bR ERal SR SR BRorpRAER B G e RER T

347: 358- @@ hzoid d@lld)lphiﬁﬂlaceihtlcal Bomgdsitihs théﬂe@figl)d SethedaborWii, 1066 1073). A
defect in this gene causes nutations in CFTR resulting in cystic fibrosis
("CF"), the nobst compBA@KEROUNTEOFTHH BEESETTON humans. Cystic fibrosis
affects approximately one in every 2,500 infants in the United States.

Wthin the gqnm]aICFUJRiit £0A P ES mpdiptel] aiibo thanhi@ thad iskQpmkdedl imavapenpife carry

A.f '1... 49 A TN Lisb '5!154 e

a singl fective gene W|t parent il| effects. In
cont r asteclh e sl e Sy cpfhe et e TBRTEECt coenleu BRI HFPEr from
t he the membrane, as well as the activity of other ion channels and proteins. In epithelia cells,

normal functioning of CFTR is critical for the maintenance of electrolyte transport throughout the
body, including respiratory and digestive tissue. CFTR is composed of approximately 1480
amino acids that encode a protein made up of a tandem repeat of transmembrane domains, each
containing six transmembrane helices and a nucleotide binding domain. The two transmembrane
domains are linked by a large, polar, regulatory (R)-domain with multiple phosphorylation sites

that regulate channel activity and cellular trafficking.

[004] The gene encoding CFTR has been identified and sequenced (See Gregory, R. J. et
al. (1990) Nature 347:382-386; Rich, D. P. et al. (1990) Nature 347:358-362), (Riordan, J. R. et
al. (1989) Science 245:1066-1073). A defect in this gene causes mutations in CFTR resulting in
cystic fibrosis ("CF"), the most common fatal genetic disease in humans. Cystic fibrosis affects
approximately one in every 2,500 infants in the United States. Within the general United States
population, up to 10 million people carry a single copy of the defective gene without apparent ill
effects. In contrast, individuals with two copies of the CF associated gene suffer from the

debilitating and fatal effects of CF, including chronic lung disease.

[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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debilitating and fatal effects of CF, including chronic |ung disease. [005]
In patients with cystic fibrosis, nutations in CFTR endogenously expressed
i n respi rNOapy/Episthel i a | eads to reduced api cal ani on PETABSLISMHSTAUSI Ng an
i mbal ance in ion and fluid transport. The resulting decrease in anion
transport contributes to enhanced nucus accunul ationin the lung and the

acconpanyitiuig &dakd @compdn§hindB®blahiatectbdsitiRURINAtIPEEHEC @aatih CFpafidnts.
patients. In addition to respiratory disease patients typically suffer

CF
f r om gastrfiter o EsRiptopt @ma%Fmae%%tﬁe%b/tﬁvéfeli ﬁr@%gﬁtr@}n&% prektemsiapd | of t
unt reat eﬁancfeﬁﬂ%ﬁﬁdl&cg%g Bt 1ch ﬂn@gwdt 1e@lhs it BEHTR Qo t‘l-‘ltb nﬂﬁ)lrl%sof\%ﬂ& cystic
fibrosis are infertile and fertility is decreased anong fenal €s with cystic
fi br osi swith eystefibrosis eretipfertianddotibity ieflfceqasasl apfong gmalespyigscystic filyesiCHn
associ at goqtrgs?%ethe E&fglle e'f@H?L?th%@h@ ﬁh@@f" s 8?9‘% g(%ne Bglvgl__lal@%&tﬂ%'s %?ed gene
exhi bit 1 ncreased resistance Per nd dration resulti ng from
di ar r heacopy péthh Wasmcpt@dl gnnensg;hturtencrreﬂsed nemethgceho g’mlefra egluedchydoftionhe CF gene

W|th|nthe Iatlo 6 uenc a t he CETR gene of. CF

Chr oA BB PR s T e frean BbeeR et v i oA O 1 ng,

G R etthapopu(ati®R0) Nature 346: 366-369; Dean, M et al. (1990) Cell

61: 863:870; and Kerem B-S. et al. (1989) Sci ence 245:1073-1080; Kerem B-S
et al. (1990)[06%)0CSeqaiide. anA?ﬁﬁoftﬁQCFTM@Ale&? C@%Fon%&iés haa_i‘bvéﬁé(ﬁa variefy000

di sease causi ng nutati ons |n been ident|

(ht t p: / / HARCHE Y TR RS %lmz%g@rmt)al <1ﬁ~?8> Nﬁ%}f@ 3&?&991%%@%%@% is a

del eti on1990)rRRaBYIs85-870: A8 RErcROBLY. IcPN. 208)SLiche4EH IR -2HNRRR, B-Saquence,
and is commonly referred to as DF508- TR This nutation occurs in

appr oxi ndP¥DPrapodipbiAqapeScs A8 G440y e Toi datcosil 800 tHeratescanssp@patiod i th a
severe dt'h§ @@%@ne haLIQQ?e]n 13-4}1 ﬁ?r?{h@t ]//Q«vao sones éi«ﬂ' : U§Q§cﬁi %@%S Q{_g-vale[ﬁ[ events
the nascent protein from d Correctily. 'S res ts in e tnability
of the mmutatien iprdtlefion afphexildlanitpet E&ltualrﬁ%torf tiefGRI Rt @nln@a:lqbiieasme rmdrtsr ane.

As a result he nu in t.he nenbra | ess
Chan obearirery Bl RE SEsGEEPRE BPRERGRL oo SrETRARBITOh o sibi r eq
traf fi ckimgstictivgosiitnatid Rrocisiubitita iRedaisesti ve channel gating. Toget her,

t he reduced nunber of channels in the nmenbrane and the defective gating

| ead to reduqgehjani oRe aél@ma@@fetslda@smﬁ AFBOE- b@irR%réV@ﬁ@Imaglaic@n bisiatone 1 on
and fluid transport. (Quinton M (1990) EB J . 4 : 2709-2727).

St udi es Tkl comeey. Thsievs mti‘lﬁmablﬂlweofrtl@d%fé@mﬂ%é? ighe BRewgteffIRoi n t he

nenbr aneth@{)ﬁsrﬁyﬁeﬁlbﬁﬂ@ms aafksfelﬁl fhe h&%ertoha{anm HlederiP i Bnbbiel eFgns et al .
(1991) ure Lond. 354 528; Denni ng

than observed in cells expressmg w1ld -type CFTR. In addition to impaired trafficking, the

mutation results in defective channel gating. Together, the reduced number of channels in the
membrane and the defective gating lead to reduced anion transport across epithelia leading to
defective ion and fluid transport. (Quinton, P. M. (1990), FASEB J. 4: 2709-2727). Studies have
shown, however, that the reduced numbers of AF508-CFTR in the membrane are functional,
albeit less than wild-type CFTR. (Dalemans et al. (1991), Nature Lond. 354: 526-528; Denning
et al., supra; Pasyk and Foskett (1995), J. Cell. Biochem. 270: 12347-50). In addition to AF508-
CFTR, other disease causing mutations in CFTR that result in defective trafficking, synthesis,
and/or channel gating could be up- or down-regulated to alter anion secretion and modify disease

progression and/or severity.

[008] Although CFTR transports a variety of molecules in addition to anions, it is clear
that this role (the transport of anions) represents one element in an important mechanism of
transporting ions and water across the epithelium. The other elements include the epithelial Na"
channel, ENaC, Na'/2CI/K" co-transporter, Na'-K -ATPase pump and the basolateral membrane
K" channels, that are responsible for the uptake of chloride into the cell.
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et al., supra; Pasyk and Foskett (1995), J . Cell. Biochem 270: 12347-50).
In addition to DF508- CFTR, other disease causing nutations in CFTR that
result inwoeb@wsise trafficking, synthesis, and/ or chanm€ll/usaeosiogs4soul d be
up- or down-regulated to alter anion secretion and nodify di sease
progression and/or severity. [008] Although CFTR transports a variety of

nol ecul es i n [agbyi t TRRC bIRmB#RE QOB tobdthdr $o £dhReE dlk@bndl BhSpb@b&odstthe transport
of ani ons) represents one elenment in an_inportant mechani smof transporting

i ons andeRHBtIBIM wa thsiselesiye eppretsion; andlocalivation Wishin el rithdotidsabsiptiann e
epi thel i gfes Iﬂ?ate B?%Q%rdm%%tl%ﬂ‘ BUK aﬂ'd @?Hﬁ E)f’egéd? 8h Eh%rapwﬁ‘fe}ffen}ﬁi'faﬁ%gﬁés € punp

and the basol ateral nenbrane K+"channels, are responsible for the
upt ake ofhe dai-BriAd@asartumptangd cheqham{ea@gpremég@ﬂv@lbem@rsl swfnde of tigethher to

achi eve difo6 5’ nel rlmrs kg orftﬁg!i‘r%stﬁé fﬁﬁllf?&l@&h%ﬁ%&q%é o2 Jn'{lﬁét[on gl ective

expressi on an oca on wthint sorp Ion takes
pl ace bymtrk:ellulaﬂﬂﬂbrrdal\&hiclacmmkrentmssmfel)ENa\(e‘ thactlIGHIR phrads@s tresohing lvea api cal

pasol at CHA ELFPARE O pHEAET I QB ndar Oy e kAR BP BRI | de
from t hebdsolicadhmembAge KeadandlOot the bawtitdiallsatfaRn®@ CFTRoh a@gahmitabdidechl or i de,

whi ch can t assively ve the cell via d annels, resulting in a
vectori a?OOEfF fgsﬁ%creﬂﬂp Péﬂggf?@ﬂea%? g fhs duryial s 5@ BEHSpBHIEI prob bably

Na+- K+- AJRaSRRWIP traRPortdd6isDRSRIR ek ks ERMbiARSedit of RannelsSpitialidiRemotic

basol ateral surface and CFTR on the |lum nal side coordinate the secretion
of chl orgradenfs generater byrihe ik fleprohwidiug ¢nd chReidguse water is probably never
actively transported itself, its flow across epithelia depends on tiny

transepit hel i[8 10&)%@18%88@?%mrf@mttlsb@@m@rtb%té@ dpjetion ef tseikdie F080wAGPOBEHTRM and
chlorid &egg%ﬁwgﬂ@%géﬁ&g f(ﬁﬁ’iﬁ%@@rﬁécﬁ% rSoufifl '11’?%%%3&)11@3% offIf Pgﬂ%%l@t ion of

resi due prevent ascent protein from

correct Igrptemes gkit thnd}Rl and thedfi¢ oethé blastnga woémbranes Aratrentt, lpmﬁﬁce'd:m amoumwft t he

ER, and tthraf ffi.ci eﬂﬂ nmount s
8 1a

of the na umraé“%l?%@m e %‘p%e“f)%g%eg’ﬁ%smatm%bmel %d ﬁ@%%en%ané AU A SRS e

t r anspor fisswdstiddigniBginti edduadd. Tifssudis cbl&le&lp@ﬂlofrneﬁarnbﬂcLefd’cﬁ(ZhJEIE{irocd:s@iﬁlg(Df this
cel lul ar enonenon_ of ective rocessin Ctr porte by the
ER rachi ABE Janaaon B thed ORI R B e g s BAShUETOES O T B o

di sease, Chufscds®bubfoh dede ran@er ofheOkhgkd hifOhRdrRe BRdsck nmﬁéma%ydmm@es The
two ways_t hat the ER nmchi nery can malfunction is either by |oss of

coupl i ngER eregirney pyy malfmetigis sithst BY ks plcaupling te ERfepehefhs digteinsdeadipgt he ER
accumul ahi@f@fioh NE$§ tkeiesdcbmElafid S hde de RERE SLisFSIdbAplotHs [Mid&itMad: ui,

Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., ef al., Neurochem. International, 43, pp 1-7
(2003); Rutishauser, J., ef al., Swiss Med Wkly, 132, pp 211-222 (2002); Morello, JP et al.,
TIPS, 21, pp. 466- 469 (2000); Bross P., ef al., Human Mut., 14, pp. 186-198 (1999)].

—_

[0011] 3-(6-(1-(2,2-Difluorobenzo[d][1,3]dioxol-5-y1) cyclopropanecarboxamido)-3-
methylpyridin-2-yl)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 cystic
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-yl) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid

(hereinafter “Compound 1”) which has the structure below:
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Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., et al, Neurochem
International, 43, pp 1-7 (2003); Rutishauser, J., et al, Swiss Md WIly,
132, pp 2Vv0Re®2AR37152002); Morello, JP et al, TIPS, 21, ppCTABE0sASEAS¢ 2000) ;
Bross P., et al, Human Mut, 14, pp. 186-198 (1999)]. [0011] 3-(6-(

1-(2, 2-Di fl uorobenzo [d] [1,3]dioxol-5-yl) cyclopropanecarboxam do)-3 -
met hyl pyridin-2-yl)benzoic acid in_salt formissdisclosed in International
PCT Publication WD 2007056341 (sal p I |ﬁat| i ig incorporated herein

by reference inits entire ut Ractivity and thus
useful in treating CFTR- Na ': di seas galch asocystic fibrosis. However,
there is a need for stable solid fornms of said conpound that can be used
readily in pharnaceutical conpositi o34 fabl e for use as therapeutics.

SUMVARY OF THE | NVENTI ON [ 0012] The present invention relates to solid
forms of 3- (%61'3 t%nn}‘?pourgl' fdd B%ﬁ@@lﬁtgiy[a!cceﬂa@le% oéﬁéﬂs)thereof are us¢ful for
cycl opr opanecar boxant do) - 3- t yl'pyridirn-2-yl)benzoic acid (hereinafter

" Conpounigeatiy Olvrlhssclhngl‘dns S@\hetysttf cugicdibeosbe [Im)vne@@m@o Lﬁh)dlpﬂzunq 08 1134 Conpound 1
and phar ”%&Erﬁ}ahg tXul%g%edosaﬁ?reg %”Erg%e& b%@%o# E e£scr%r$a#£c% %écteﬁé’eﬁ
treatrng or Severit tic spect,
Conpoundheteins in a substantl ally crystal line and salt free form referred to
as Form | as described and characterized herein. [0014] Processes descri bed
herei n can bqomedrdcesswﬁpaitedh&einmmbméed kooprspadd the bd)rﬁpdsmoemﬁtbis corrpri si ng
Form | The anmount s &hf features oﬁ‘éihe conmponent s used Ln

pr ocesseQVbaR 8015@15% Pegmetapsand t tpies MPPRERT ¢ *I*HéeDRAW NGS

[0015] FRigets&s WouRl bAs Xeseﬂyeddjefeflrf action pattern calculated froma single
crystal structure of Conpound 1 in Forml . [0016] Figure 2 is an actual
X-ray powder diffracti ongpatt PESCRIPTHONIUNEE bRAWRsgn | . [0017] Figure 3
is an overlay of an X-ray diffraction pattern calculated froma single
crystal of Cqmmqr ﬂ"?ule I i dnox-ay/ |d1ff1%8t‘ijon?ﬁtté’1ﬁfch'l@ﬁla%d @ rydaifsfri@glei on
pattern of 1in Forml . [0018] Figure 4 is a differential

scanni ngOfc,(%ﬂntPrOP%]c FormdC) trace of Conpound 1 in

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

[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).



Forml . [0019] Figure 5 is a conformational picture of Conpound 1 in Form
| based on single crystal X-ray analysis. [0020] Figure 6 is a

conf or matwonraty/qswsrur e of Conpound 1 in Form | based onP€TAgk@sns34s¢ al
X-ray analysis as a dinmer formed through the carboxylic acid groups. [0021]
Figure 7 is a confornmational picture of Conpound 1 in Form| based on

singl e cryst gho24] Faarandlsys ' SNSTOManGis o @bmbiddOh €64th B 28508n ke CH8d upon
each other. [0022] Figure 8 is conformational picture of Conmpound 1 in Form
| based ®ft gl.%@wlese&%@ﬁ%?ﬁteﬁﬂﬁwe@m Yapdat o CrRAT for 8¢ Bei™S-vi ew (down a) .
[0023] Figure 9 is an 1HNWR analysis of Conmpound 1 in Forml in a 50 ng/ni,
0.5 nethyl cdP¥25l Figupdl Hear By g@lY§1§§§@ﬁ@P‘éﬂlddt H{lopanlgd24] Figure 10 is
an 1HNMR anal ysis of Conpound 1 in Form | in a 50 my/n, 0.5 nethyl

cel | ul ose- pol ysor bat e SEIAEBRANSSRIBT KNG DBAENEEr at ure for 24
hours. [0025] Flgure 11 is an 1HNNR analy5|s of Conpound 1 HCO standard.
DETAI LED DESAf§26T Defpi@misTHE | NVENTI ON [ 0026] Definitions [0027] As used
herein, the follow ng definitions shall apply unless otherw se indicated.
[0028] The t dP#A7] &sTred hereiny dhecfolisriag Aefinatians skallapply upepy ¢heryise indiegidnbr ane
conduct ance regul at or or a mut ati on thereof capable of regulator activity,
i ncl udi ng, buUf#028b{The fepnt'€HTR bas BREDBCICAPRISANSICEBBAD ICEPReere e, g.

http:// vy, [ As used
herein "cr ystanllg% r%hﬁ@{ ggaz?lg{a?gﬂ(}:lglfegﬁaﬁA%é){;)t}r%-[ﬁb%gsél{lﬁwéﬁgﬁl)\%ng ]9[9%%]
structurhﬂnmﬂnué$i@8éTﬁRnadgédHDﬁTﬂRXsﬁ ggohﬁb%v&wmanﬁemhbdand&ammiﬁes, so
t hat cryéﬁﬁ% %% §|IdS have rigid | ong range order. The structural units
that con P crystal structure can be atons, nolecules, or ions.

Crystall! e S SIRPL 0RO LA okt LO0SEL e e
b%/ a ?Eaﬁlrhbt'ﬁbﬂ &m&(rjm#lntangédg@&'ﬂx]:d béonne: @&m@br laftib&s, stsrthyseilideaalidirase a f orm
of 3-(6 -(2,2 i ugor obenzo

cycl opr o%%lﬂ SrHISK QcH e ét“}?é"trhWbWI? OHS%% F%%@ﬁ%ﬁ@%? gpn 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-
difluorobenzo[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid

characterized as Form 1.

[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 degrees.
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characterized as Form1 . [0032] In another enbodinent, Forml is
characterized by one or nore peaks at 15.2 to 15.6 degrees, 16.1 to 16.5
degr ees, WARIMM737570 14.7 degrees in an X-ray powder di PCTASRIS08556 ai ned
using Cu K al pha radiation. [0033] In another enbodinent, Forml is
characterized by one or nore peaks at 15.4, 16.3, and 14.5 degrees. [0034]

I n anot her enbexsi MEMothcFONBOdimérs, }fdrlrhtlhseﬂhrtﬁcﬁ%hﬁﬁét@iﬂeéﬁﬂ BYakaut PEAKo 848 14.6 toO
15. 0 degrees. [0035] In another enbodi ment, Form | is further characterized

by a pea¥gies-14. 8 degrees. [0036] In anot her enbodi ment, Form| is further
characteri zed a peak at 17.6 to 18.0 degrees. [0037] In another

enbodi ment , FEBQ%N n %r@thea?mmm@mﬁ%tléﬁuﬁb@ chyragicriredRy apeakpt §6.4 to 16.8

degr ees. &%@%@] I n anot her enbodinment, Form | is further characterized by a
peak at 16.4 to 16.8 degrees. [0039] In another enbodinent, Forml is

further char ﬁm Mﬁ&@urtg@@ﬁgﬁor&@14ﬁ1hﬁgﬂcgar§ct%ga%9§ 410940% dg}e&not her

enbodi nment orm aracteri ze peak a 16.6 ees.

[0041] In a“ S(Fg%k Ek}dnmé:&?r th 115 nIgHegtcﬁﬁﬁct ﬂﬁ%?gdkza? 6%! % peak at

7.6 to 8.0dgre nano er e i ment urt

char act edigresl by a peak at 7.8 degrees. [0043] In another enbodi rrent, Form
| is further characterized by a peak at 25.8 to 26.2 degrees. [0044] In
anot her enbodPhin adedrenehbedsménirEoner icfahachenitaedd by a peqgkea K. 8alkegi2. 0
degrees. [0045] In another enbodinment, Form1l is further characterized by a
peak at 21.4 [0@4321n Sotegembslimé® B | infughatcheactendod ty apedk, at E®Bmo 26.2 S
further haracterl zed by a peak at 21.6 degrees. [0047] In another

enbodi meNt,“Eorm | is further characterized by a peak at 23.1 to 23.5

ggg_rkegts zgogd[ﬁ(}a“d:l 2% tep grlrrlboedrirrggn(;ti,i E%?r?ltl s hFthflép cilarlacsterflz%a %}b gi)ea ?5(6)1 Stdeeérleezsed by a

[0045] In another embodiment, Form I is further characterized by a peak at 21.4 to 21.8

degrees.
[0046] In another embodiment, Form I is further characterized by a peak at 21.6 degrees.

[0047] In another embodiment, Form I is further characterized by a peak at 23.1 to 23.5

degrees.
[0048] In another embodiment, Form I is further characterized by a peak at 23.3 degrees.

[0049] In some embodiments, Form I is characterized by a diffraction pattern

substantially similar to that of Figure 1.

[0050] In some embodiments, Form I is characterized by a diffraction pattern

substantially similar to that of Figure 2.

[0051] In some embodiments, the particle size distribution of D90 is about 82 pum or less

for Form 1.

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

for Form 1.

[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

L



[0049] In sone enbodi nents, Form | is characterized by a diffraction
pattern substantially simlar to that of Figure 1. [0050] In sone

enbodi merwe,20078157 i s characterized by a diffraction p&CTarseoesokssanti al ly
simlar to that of Figure 2. [0051] In sonme enbodinents, the particle size
distribution of D90 is about 82 mmor less for FormIl . [0052] In sone

enbodi ment s, [H#ES)] PRLdncCdntdodinZRts0ing hethBUtbapyisef addmfisiciin@RPatditRdalmm or | ess
for Form1 . 005:1 In one aspect, the invention features a pharnmaceuti cal

conposi t heAPYEABEINSI ng Form | and a pharnaceutical |y acceptable carrier.

[ 0054] In one asgect the present invention features a nethod of treating a
CFTR nedi at ed0@fi64 &nsame; qmb@dﬁmﬁ% thofiprabasip ARjcAUT M SYSEE fihtgsie dicfdEaiunman an

ef fecti VémH ! hQtdifa Bf WBnloch 919@?1]5 305' - fﬁ:&*ﬁ@&bﬁﬁ&i&me&%" JE‘%]%%RQem C

conprises adm ni'stering an additi onal St her apeuti c agent I n sone
enbodi endaficencyt, Agpadl kaekiery angoed et lanidfpmmsmgsheﬁ@elfcuebr&ysh & famdrkdi t ary

enphyseng pelt;lﬁglgs%rhf’iﬁl}la ??%DP&:Y%%%E eﬁén%a a%&%ﬁ#op otélg%mﬁ el?é’oa&%lly%r%gl

defi ci encr suc i clency, gi oedenmm,
l'i pi d prdisessj sugh d@eliaeﬁ|d&ﬁme/¢>seudsmhinleamut:qml3l'sa®hamop®r S:indhdé]ta@r&ablﬁm a, Type

1 chyl t di h
21 o RS e s O A R b s B AR S s B BT AR AR soone
Crigler- Mkb}fb’foxﬁdé@@déﬂcwn@oI[)Mﬁla@ﬂ@/bbﬁh@@@rhlﬁfshlyﬁﬁrahé}ﬁw leB@hidsis DDRDBHES,

mel | i tus Laron dwar f | eoper oxi dase deficiency, prim

hypopar qﬁ%ﬂﬂamﬁngaﬁ;vseﬁ@ %&%tal lmpg%yﬁ@ PR EIRSeEFpe 1@"“@?@‘?&&@%@9’ enphysema,

congeni gl AYRRLE WL 1AL 1SIBrcRAL S PUBRRS ln§1picﬁ5p e %ﬁf&phﬁ@ﬂ@il ReBFdbenic DI,
hypofi bri nogenem a, ACT defici ency, Diabetes insipid (Dl ) neurophyseal

DI, neproteesitdiane Toothayedpomptierlgadusdvierzbaghesdisaese. m@rqdpge@@rasv%mwa@wélr
di sease, as YA %&%ed?s‘%ﬁ&t b Rindl Sse@f Gse §ﬁig§l o?ﬁ GBI sisS %SgSSI R

Par ki nson' s di sease, otro afer erosi's, pro
supr anu cdueamuqid:aaswy, lPl'lOdiks désedses m'mel p@mhﬁmaine p@lly@gmlamowrmmh(ﬂs ogi cal

di sorder as Hunti.n ton noc E har at i naI and
bu bar rhSREGP SRR AR B LBRRTER BBl el b e BRH
dystr Ophpa,lhcﬁuhlyweh |anaﬁly$mﬁicg1iy§tm’pl’[y aneepn Iaakmﬁglt&lim%celﬁmﬂ@batﬁ% such as

hereditary Creutzfeldt-Jakob disease, Fabry disease, Straussler-Scheinker syndrome, COPD, dry-

eye discase, and Sjogren’s disease.

[0057] In one embodiment, the present invention provides a method of treating cystic

fibrosis in a human, comprising administering to said human an effective amount of Form 1.

[0058] In one aspect, the present invention features a kit comprising Form I and

instructions for use thereof.

[0059] In one aspect, the present invention features a process of preparing Form I
comprising dispersing or dissolving the HCI salt of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-
yl) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid in an appropriate solvent for

an effective amount of time.

[0060] In one embodiment, the present invention features a process of preparing Form I
comprising dispersing the HCI salt of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxo0l-5-yI)
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.
-



hereditary Creutzfel dt-Jakob di sease, Fabry di sease, Straussler-Scheinker
syndronme, COPD, dryeye disease, and Sjogren's disease. [0057] In one
enbodi nerwo 20697p158¢sent i nventi on provides a nmethod of PCEAISRVG/083486¢ 1 C
fibrosis in a human, conprising admnistering to said human an effective
anmount of Form1l . [0058] In one aspect, the present invention features a
Kit conpri si ngod3pudmeaithotifehisUst bshspria@s sonsst it hagof . [0059] In one
aspect, the present invention features a process of preparing Form
conprising di [ﬁ(_ﬂﬂ;] $4 QheWmbd SeatsVihp gpﬂrﬂﬁiaﬁqolv%ﬁ‘tl it a ¥fixture comprising 50%
3-(6-(1-(2,2-difluorobenzo[d][!], 3] dioxol-5- yl)

cycl opr opaheOhPBOYSMVaSY - 3- met hyl pyri di n- 2-yi ) benzoic acid in an
appropriate solvent for an effective amount of time. [0060] In one

enbodi ment, t[AShiesmietenbedidienisothc FEatitie agount pf Haesebet 230 abeat # Ay HBr m |
conpri si :

3-(6- (1 - SE&%IG%P@P%%@%B% El?eoc‘[—l‘(% Tiﬁ@%n]ﬁ %i?ton)n(% 1Is _al%o_u; F)to about 18 hours. In some

cycl opr opelndgaanroshaifaaive 3mpwttiof tipy ks abpwi-220 pbiuwh b haire Tacpule embehments,
appropri t%% fféc%kggﬁéun]; 8ftirg‘g's%{>£u??ttlo gt%eou?‘g‘ﬁgur}% of time. [0061] In SOnE
enbodi ment s, the approprlaie sol'vent 1S water or a al cohol/water m xture.

[0062] In so odi ment t.he opriate vent..i s water or 50%
nmet hanol / wat gﬁ“‘ﬁw Ure” lfeﬁggfﬁmYerrll%s)rg%% reers?t%gaisﬁlglrrlopg,otf% ﬁi(%@:ﬁopri ate sol vent
i s wat erdifli@0OEehko[lTi1,3Ritxok YD diycTepbsanciadiexamaiop pmictliydpysdinvBpl)bdngoia a¢it Xt ur e

conpri sing. 50% net hanol and 50% er. [0065] | me. enbodi ments, the

T T ot VRGBT Tt SR E s Pl ot BTN neeBnse LB AN s
the effegtihver@mmunt of ptd Merdos (AYAUL =23ta5 PRty L18ochRures.93k i9)S QRE Y =

enbodi nents, the effective amount of time is about 2 to about 12 hours. In
some emb¥Hi ments, the effective amount of tinme is about 2 to about 6 hours.
[ 0066] In one aspect, the invention features a crystal formof 3-(6-(I
-(2,2- di f1 udP@fiFeatediods pALrapatinglorm- y| )

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl ) benzoi c acid having a

nmonocl i ni ¢ crl§&8hin enecmbedimenpPpmnl is prapered fromglisparehgton dissadyihgabagioumi t cel |

di mensi 0@%1’:1 g%%é%ggtgg(é-gé—((%i—g%-r&erfzo%[I?ﬁgf&xél%g}l) élclo%rozpal;?géal%zgn(iég)—ﬁ’ a =

90, b =
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-y1) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic
acid in an appropriate solvent for an effective amount of time. In another embodiment, Form I is
formed directly from 3-(6-(1-(2,2-difluorobenzo[d][ 1,3 ]dioxol-5-yl) cyclopropanecarboxamido)-
3-methylpyridin-2-yl)-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][1,3]dioxol-5-yI)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)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.



[ 0067] Methods of Preparing Form|l . [0068] In one enbodinent, Forml is
prepared fromdi spersing or dissolving a salt form such as HCL, of

3- (6- (I - (\ap20ad78150r obenzo[d] [ |, 3] di oxol -5-yl) cycl opr opamasasisosse do) - 3-
met hyl pyri di n-2-yl )benzoic acid in an appropriate solvent for an effective
amount of tinme. In another enbodinent, Forml is prepared fromdi spersing a

salt form sygdsopsciiato 1. O%/nareﬁl@t)ft'he 30161 Qnldrigh hbiw@r obenzo[ d] [ |, 3] di oxol -5-yl)

cycl opr opanecar boxani do) met hyl pyridin-2-yl)benzoic acid in an
appropri at L& s;{ vent fioR.aRshfect |(\)/e amount  @f gppe. In %not her enbodi nment,
i rectly—frem F

Form | is"Xo dir FY .

3-(6-(1-(2,2 F@or gbgpep[ d] [ |, B] di OH. yb) HG@cl opr dpan xam do) -
3- et hyl pyri di n- 2- yI) t- butylbenzoate and an appropriate aC|d such as
formc acid. In one enbodinent, the HO salt form of 1. NaCN
3-(6-(I-(2,2-dif|uorobenzo[d][l,3]dioxo|-5-y|) 2. H,O

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl )benzoic acidy s the starting
poi nt and in one enbodi ment can be prepared by coupling an acid chloride
noi ety wE anbne nDNeOﬁiacco¢dj to Schenmgs_A4-3.[0069] Schene 1.

Synt hesi sg0§ éigj:%eNhaGN—z——ﬁio S0 0070] Schene
2. Synthesis of he anlne nnlety ur ea/hydr ogeng gg{Ode@ ¢ anhydri de
Et OAc, water[0071] Schenme 3. Formation of an acid salt of

3-(6-(I (2,2-difluorobenzo[d][I, 3]dioxol- 5-yl)

cycl opr opanec rboxanido)-3-nethy|pyridin-2-y|)benzoic acid. [0072] Using
the HO, for éiﬂﬂ salt form of

3-(6-(1-(2, 2- brobenzo[d][l 3] di oxol - 5-yl)

cycl opr opanecgr boxam do) - 3- netrlylpyridin-2-y|)benzoic acid as a starting
point, Form | 'can be formed in high yields by dispersing or dissolving the
HO salt formof 3-(6-(1-(2,2- difluorobenzo[d][I, 3]dioxol-5-yl)

cycl opro baxam do) - 3- net hyl pyri din-2-yl)benzoic acid in an

appropri at e ¢ for an effective anmount of time. Qther salt forns of
3-(6-(1-(2,2- difluorobenzo[d][]I, 3]dioxol-5-yl)

cycl opr opanﬁgﬁﬂﬁ??]hengeog %’HWFIS §%f%%lérln%l rr]no%et | ) benzoic acid nay be used such

as, for exa rgani c acid forns. The other salt forns

1. K,COj3, Pd(dppf)Cl,
X (HO),B 2. aq. MsOH
(I + @ 3. aq NaOH
N Br

CO,Bu CO,tBu

phthalic anhydride
EtOAc, water

B N
H,NT N - | .
1. Ms,0, py, MeCN

CO,tBu 2. ethanolamine CO,tBu

I urea-hydrogen peroxide
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result fromhydrolysis of the t-butyl ester with the correspondi ng acid.

QO her acids/salt fornms include nitric, sulfuric, phosphoric, boric, acetic,
benzoi c, wal2eewws37sand the |ike. The salt form of PCT/US2008/083456
3-(6-(1-(2,2-difluorobenzo[d][I, 3]dioxol -5-yl)

cycl opr opanecar boxam do) - 3- et hyl pyri di n-2- yl)benzoic acid may or nmay not
be soluble d m@sa%mm&m@tlmfuﬁa&d@ﬁe@b (BUt-(b agkRbobRIoED[ 1,3 lidxsl0es not
hi nder forrratl on of Form|_ . For exanp i n one enbodi nent, the

appr opr i a8 CEdPRIntCGHERPX HBIdRHS @f%eﬂtﬂpyaﬁma?i csBrYinediér mi xture such as 50%
met hanol / wat er m xture, even_though the HO salt form of

3-(6-(1- (224l 1 uorobenzo[pl]; |, 3] diTéXera BMAY FXO% 4

cycl opropahe b@xarmi do) HB- et pyridi n-2-yl)benzgdTa 'S

sparingly SolubKe S n water. |n>ghe enmbodi nent, the appropriate 58l vent is
water. [0073] The effective anotfiBuwof tine for formati on of FormouBéiromt he

salt formof 3-(6- (l-(2, 2-difluorobenzo[d][l,3lefoxol-5-yl)
cycl opr opanecar boxam do) - 3- net hyl pyri di n- 2- benzoic acid can be any tine
between 2 to 24 hours or greater. GCenerall gritct er than 24 hours is not
needed to obtain high yields (-98%, but certal n solvents may require
greater anounts of tine. i SO recggpi zed that the anount of tine
needed is inversely proport:ﬁhaﬁmﬂ perature. That is, the higher
the tenperature the less ti %eed N oVa ct di ssociation of acid to form
Form | . When the solvent is water, stirri t he di spersion for

approxi mat el y 24hours at room t enper atagrde (ﬁ%\?'és Form 1 in an approxi mately
98% vyield. If a solution of the salt form of

3-(6-(1-(2,2- [a@wzn Wsing 2l A1 pramyylelisgk Irmet §1(§-(k (%l é@ﬂ@ﬁ@hﬂ’é@@ﬂ[&é%@ﬁo&o) 3-
met hyl py r£

el evat edig k’ glc erat ﬂua%l%%ﬁn%ghgggﬁgglgk@&s’ g ?U;reg?oﬁggét? ?“Z% (ﬁnl?tfsgorrm

ef f ect i vendadermed of high yreldaby ﬂlhﬂerﬂh$0fah$§letf€ﬁ’hIEH@t aahétpmr@dr@s(ﬂz’ﬁ? l21 zat i on
upon coo iel bst apt j.al | ure fo i ment,
aCbst ant§ ARyt SRR T Bb ot R AR S8y PR b
enbodi neintan aﬁp.tbﬁrﬁmioll\&hi fpr muesfé:cnm‘ anlicaint @ taiice abther sﬁlln&rnmabfmm @522purity. In

uri Oy, SHogsrar LB e SRRt Sy ol b EfPun S etk nan

about 991%(a>pwus&a'sucim§ f@@m@pl@t MR& nSRdrAGH 8kaflie REID S nis N TREGtherQAlt Fdigs SOl vent
used and is well with the capabilities of soneone of ordi nar%/ skill in

the art ©¥ fcféqr%m’ﬁrﬂlésw Pﬁh%héutélrﬁa@awﬁémeCOWF@O%%%C&%%@ geidsiselt foEBh r oom

t enper atyrigdandicalvtdtic FRoPforid, 'Boﬁ@%éﬁ%rbeﬁ%@%ar@m and M€ 1ik& MART @k Wi JfS
bet ween room terrper ature and about C. I'n another enbodi nent, the

t enper at ife(l-@. 2béflvgsebrnzdidlit. 3N®X@@ﬂﬁ@}’dmman§®rmaﬂndﬁ) éﬂmﬁhvéi?yrléﬁb%dl ment ,
the t enp)qu%ﬁﬂ) ceacllfmay or may not be soluble depending upon the solvent used, but lack of

solubility does not hinder formation of Form I. For example, in one embodiment, the appropriate
solvent may be water or an alcohol/water mixture such as 50% methanol/water mixture, even
though the HCI salt form of 3-(6-(1-(2,2-difluorobenzo[d][ 1,3]dioxol-5-y1)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid is only sparingly soluble in water.

In one embodiment, the appropriate solvent is water.

[0073] The effective amount of time for formation of Form I from the salt form of 3-(6-
(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-3-methylpyridin-2-
yl)benzoic acid can be any time between 2 to 24 hours or greater. Generally, greater than 24
hours is not needed to obtain high yields (~98%), but certain solvents may require greater
amounts of time. It is also recognized that the amount of time needed is inversely proportional to
the temperature. That is, the higher the temperature the less time needed to affect dissociation of

acid to form Form I. When the solvent is water, stirring the dispersion for approximately 24
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bet ween about 60 O0C and about 80 OC. [0074] In sone enbodi nents, Form| may
be further purified by recrystallization froman organic solvent. Exanples
of organiwo200%ss153 | ncl ude, but are not limted to, toPCEAS200808B5€,

ani sol e, 1-butanol, isopropylacetate, butyl acetate, isobutyl acetate,

met hyl t-butyl ether, nethyl isobutyl ketone, or 1-propanol/water (at
various Kdid maom t-Eﬁlim@fu@é gw@ msw I Hﬁan%?@ﬂ)xﬁﬁat@l?@%lylﬂﬂdj ‘b oMetionTithea%anpl e,

i n one enbodi in 1-butanol at 75 0C until it is
conpl et eil‘oynef %é%[k;@e? dléB@PPf‘rvao[éHM digxel-sybsprlopropeqpbaremito)-d- rat e of 0.2
¢ 'mn Y'Iﬁlatg lp?{c}ﬁ?b%h)%e&fow aR{dM lesH £ Hi@é’ss %b&@laﬁte?&a@é( tefrﬂﬂef;a'ﬁﬁ‘é @Pbe [ 0075]
Uses, Fornu ion and Adm nistration 0076 har maceuti cal I'y accept abl e
conposi tisehsAftOGTR]ng|the whisiohéer aasfectve emovtief pnegiethe elpw@rwlinmature

phar mac r r se
Conposi t]%é%) gtglc%é{mﬁ%g ‘%9 Jﬁﬁ’l% ETB%E{SE{# ?‘gzjgﬁehfgrrngsi Og\ﬁogﬁg Icl)lvg?llgon ﬁlltf/lg@orrprl se a
phar mac eﬂmbstamially pare c&prts abgreatelahan aoyt %)d@ purajnt Incamoﬂnet‘mnﬂaloéunehn sdstantally

I T I T R R R O B T G A SR

phar nacegititeahdnyabagiosps Iabitﬁ 12 QAPO&T dnibodisncaf, sﬁﬂaen@en@qﬁf& refefite RfdaRAthan
additionally conprise a pharmaceutical |y acceptable carrier, adjuvant, or
vehicl e, bt P PYEY-y S HBgTauFF, scle ¥ st dea%ﬂ‘ag‘ﬁls‘i’ Ve pydripd 1s A\ ent s, or

ot her | gidhifl tie@BpBilRies OF HRROS drAhard USPANGE BR (P @EmMiRUIE sGndfoliink@t, agent s,
i sotonic agents, thickening or enulsifying agents, preservatives, solid

bi nder s, th igBItkKe 1§ baten FRon eracrates aidjsbeig 89 6C Reangtet sralsidipeng é]?,eage
f or nlesi {ofn fga@gefgf PR %Bh&ﬁ&%ﬁ%ﬁ&%wﬁ@d @C§%aot§é%h$%&hﬁnﬁmet ron, EW

Martin (Ma I shing Co., Easton, i scl oses various carriers
used i n ttwperatuet ik hg\Vpﬂea‘onatc@tfﬁ '«mdlabw é@&@pheﬂmb‘élecmgw,@htstemn@aﬂQmm

techni g P t her eof . Except insofar as any conventi onal
carri erut?r%?;\\ﬁéeﬁmb%’lg%?ndé%g@&% Jb%)d]oévvlth t he conpounds of the invention, such as

by produci ng ndeS| bl.e Dhj i.cal .effect or t ervm acting in
a deleteri ouémhger Wi H%Odlmens Oergl Icnfcl)al S fu e(gbmﬁe;a e ﬁwgﬁlrlzrarlglce{;r Tl y
accept abbrgardosgd@sat. tExamplek bﬁorgmc scﬁvamnhcmml attad: rto@hin&edl\lot toluend, kemseppe of

this inventjo So exanpl es of terials which can serve
phar mac et isal Py R Clpt a5l PYRE o BT 4R JREBPY S Tt dBe P, i on
exchangeiksoutyd lkbtdhd) ar I@fdpﬁﬁd%bma? TR AR ratlo€)F IMeMpBratusEibbised & dseribsdich as
human serum al bum n,
above. For example, in one embodiment, Form I is dissolved in 1-butanol at 75 °C until it is
completely dissolved. Cooling down the solution to 10 °C at a rate of 0.2 °C/min yields crystals

of Form I which may be isolated by filtration.

[0075] Uses, Formulation and Administration

[0076] Pharmaceutically acceptable compositions

[0077] In another aspect of the present invention, pharmaceutically acceptable
compositions are provided, wherein these compositions comprise Form I as described herein, and
optionally comprise a pharmaceutically acceptable carrier, adjuvant or vehicle. In certain
embodiments, these compositions optionally further comprise one or more additional therapeutic

agents.

[0078] As described above, the pharmaceutically acceptable compositions of the present
invention additionally comprise a pharmaceutically acceptable carrier, adjuvant, or vehicle,
which, as used herein, includes any and all solvents, diluents, or other liquid vehicle, dispersion
or suspension aids, surface active agents, isotonic agents, thickening or emulsifying agents,

preservatives, solid binders, lubricants and the like, as suited to the particular dosage form

-11-



buf fer substances such as phosphates, glycine, sorbic acid, or potassium
sorbate, partial glyceride m xtures of saturated vegetable fatty acids,
wat er, sawoO=0@vo7&lsectrol ytes, such as protam ne sul f at e PCalitsoais08545¢ dr ogen
phosphat e, potassi um hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesiumtrisilicate, polyvinyl pyrrolidone,

pol yacr ylcatr&B Reaxesls PRI SRRAC: YSIX eI RYkien e, WoINogkn pahsker s, wool
fat, su ars such as | actose, glucose and sucrose; starches such as corn

starch ligipgte. Etsiane e (98P) dischses vanaus gesricgersed & fovel2éigch as sodi um
car boxy nﬁfamﬁceﬁ:&lah}]&&@ﬁabl@&&ﬂﬂosfﬁ%hé eﬂlld%@wﬁ-ﬂ:ghrﬁ&dels WrRErBLeltRh SrerfdpWder ed

tragacanth; mal gelatin; talc; excipients such as cocoa butter and
supposi t@royptwawé%as mwcs@nw@hnaésarperan iurp iy incogprtipla sl dhagiompowrgs of haer oi | ;

sesame o 'nlfent ety es%{%y#é)h/ gr&ﬁ&ﬂg ?ﬁ)l u&l@g ﬁﬁ%@cﬁﬁﬁlcaﬁ) 'e% + ytg e irﬁ&%@in tiﬁ SL/ IO pyl ene

gl ycol or esters such” as e eate an
| aur at e; deﬂ?@arous ahifce mthgnyagtéatc@rr@umdmt(a)sof mmgmasnacmthy]disr mcépdd)laadnmbiuml n um
hydr oxi d: ree ter; isotonic s
oottt ont st M eBfgte oK RE R EE R B Pl o B o SadPesduEs of her
non- t oxi whicloegnakivb lapladitideGadalls a&idﬁiﬁblaﬁarﬁ@l@ lineade it wile ndtilihadderogiogl magnesi um
Sstearate, ﬁs wel |l as colaring agents, .rel easi ng ag €§%§@>coating gents,

)

sweet eni figha Fré«/%liq‘lﬁ@ NYB FEYAICHGCIHGR ATE™ REptEas P QUGHIRALFOXY dant s

can al soplIRr RILSERRE sich ab Bﬁ‘os%lgd’ﬂé@o@!y@lh@ RorbRGERI 6H PdehsilmtsbiBat Yhan® By c@fdet he
formul ator. [0079] Uses ounds and Pharmaceutical |y Accepfable

Conposi tmt%ﬁgeq@@%qatqdwewbl%ﬁar reds. yafseselts qrilectelyise ntch Wé‘rﬁ%mlaﬁ syfasvi des a
t hod CFTR. |
met ho oélsf%ﬁtg@frl;éng%eﬁ pﬁﬁsgﬁat&' %&ssuqhﬁgcgﬁgel by L3 ALHRM éhﬁmidkggxﬁgltpy n

certain e ! sent ) rovi des a net treatlng a
condi ti ocmllomlalsfela@emagnesmmgmﬂht@te petpiindayedlidope aodetiybitenyxcaiporiiRenc-

act|V|ty the ni ster 0si rising a
ol i d sttt PR SR AR IR oL, SR RS BRE G RGBT b
manmal , unh Et&&)dn itineh emﬁpota[tﬁ)%rb]l Al I%Tdﬁd mtedemtaedesdud%%diumsanbsgdndﬂ@nei nis

a di sease sgel ecte rom f b Her edi t h . Heredit
il SR i o A e A A R it Pt

defi ci en@&lple-ﬁité@ﬂc}ﬂ-ash@é&diutt&fayld@ﬁ@oﬁﬁﬁ‘ﬁ‘ﬁ?ﬁxesL(bllélsdc}ﬂi’s@@ﬁﬁ@blmg:dﬁ(ﬁﬂs&idebnlci es,
such as Fam lial hyperchol esterolema, Typ chylonlcronem

Abet al i pBptOce P‘rlréﬁﬁaale qily el itarore oy @afb%)yg?@@é}s gheColss juah aronylng glycol or
di sease/ IFN%toéﬂQ@en'éhg[)Jc@lr esteM;J ﬁRH Ql YRAGHhar dnq(é&?{sl’aué%ngéﬁgfﬂuﬁ@ﬂn ﬁ't§ such as

Crigler-Najjar t | yendocr i nopat hy/ Hyperi nsul em a abet es
mel | i t ushagngsivm h@dm]qup g}pq alwm@@ﬁ@/d@%ldgaaé@mc a01d pyrogen-free water; isotonic saline;

Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic
compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as well as coloring
agents, releasing agents, coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants can also be present in the composition, according to the judgment

of the formulator.
[0079] Uses of Compounds and Pharmaceutically Acceptable Compositions

[0080] In yet another aspect, the present invention provides a method of treating a
condition, disease, or disorder implicated by CFTR. In certain embodiments, the present
invention provides a method of treating a condition, disease, or disorder implicated by a
deficiency of CFTR activity, the method comprising administering a composition comprising a

solid state form of Form I described herein to a subject, preferably a mammal, in need thereof.

[0081] A “CFTR-mediated disease™ as used herein is a discase selected from cystic
fibrosis, Hereditary emphysema, Hereditary hemochromatosis, Coagulation-Fibrinolysis
deficiencies, such as Protein C deficiency, Type 1 hereditary angioedema, Lipid processing

-12-



deficiency, Primary hypoparathyroidism Melanoma, dycanosis CDG type 1,
Hereditary enphysenma, Congenital hyperthyroidism Osteogenesis inperfecta,
Her edi t arwolyeaf7’8157i nogenem a, ACT defici ency, Di abet esPCRAiSpIod085460I ) ,
Neur ophyseal DI, Neprogenic DI, Charcot-Mrie Tooth syndrone,

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

Al zZhei medefigicltise aRt as Pah#ibNspbcBol i@ s18s R, TAWIOdNyRRMéGndndb er al scl erosi s,
Progressive supranucl ear plasy, Pick's disease, several pol ¥Ig| ut am ne
neur ol oghbAiIPgPStsingar% LygeseRalaeorpggstisergt onch ashicalb dispasefiscude-Hatletxi a type 1,

Spi nal - andc bl RS &N Sh a9 -@Xehs%'?élalﬁij}a\b%)ﬁe pal I i dol uysi an, and
Myot oni ¢ dystrophy, as well as Spongifor mencephal opathi es, such as
Her edi t aPqlya@deqrnppashyftlyraisyerdie sleiabeics rRylisy I@rW}snsMﬂmsﬂOémaﬁc hei nker

syndr one i ..an j ' I: . certain
oo e ERR, AN g o0 b Sl pattd BRS¢
CFTR- medéngthgsbndh, Seaspeitil hypgerthyroidisne, dyprogsicng itheefesth diereditaggdm ni stering to

e b T RTROT 3R SRS Bl oo

present CliwenMpi ToobWa@sma, MraiAad-Nérzbachatdisage Cyeatddegentlatiasdisaied séchhunman
conprising the step of adm ring to said human a c,orlgposi tion conprising

ni st
Form | oR<UFINRE Yaieaient arfkinemay flﬁseaﬁ‘oé&m%aoahac letsel pelrativ iPeerefive ef f ect i ve

amount *  Qbran@d188r blag¥, PRKRNBIARC &8 CRIIY HutdEHE RE@BloSicHINPRAR L ds@h dsher eof is
t hat anmount effective for treati ng or lessening the severity of any of the

di seasesHuERtoBSrsoisbulfapagsp tps Lmninabandbutes preseadas eirerdy| Herieeaptlabl e

conposi t| 1 i route of
et sty AehSFahd RRYAR UL ARG YLD A AN AL BN 1O e o
more of Héreditrsemséldtdiltbaliscadsoliabry {10Q86 Strhysslce Belainkersyrhddinpe@®RD, dFor m |

descri bed r.ei I har. eutically acceptable conposition thereof is
usef ul f%’FQSF%gﬁnﬁgsj%rre%lsgégg%f ng the severity of cystic fibrosis in

pati ents who i bit residual TR activity . in the apical rane of
Pespi ratory dihiherbEihiRna I8 Bbont bl ok B P IRIARE, e
acti vi t yCEIR-hlediaegidishak iad haanf @apriciag theatep @fisliniyiisteihg ot sadl husiangn met hods

known in the art, e.g., standard el .ecérq%ﬁﬁﬁi I 9 i cal, biochem cal, or
hi st ocheTHERT® HH?'%‘L?@@PO%WEWOH’@{‘F\‘B%I % ?rﬂﬂ? TR activity using in vivo
or ex-vivo [0083] According to an alternative preferred embodiment, the present invention provides

a method of treating cystic fibrosis in a human comprising the step of administering to said

human a composition comprising Form I described herein.

[0084] According to the invention an "effective amount” of Form I or a pharmaceutically
acceptable composition thereof is that amount effective for treating or lessening the severity of

any of the diseases recited above.

[0085] Form I or a pharmaceutically acceptable composition thereof may be administered
using any amount and any route of administration effective for treating or lessening the severity

of one or more of the diseases reicted above.

[0086] In certain embodiments, Form I described herein or a pharmaceutically acceptable
composition thereof is useful for treating or lessening the severity of cystic fibrosis in patients
who exhibit residual CFTR activity in the apical membrane of respiratory and non-respiratory
epithelia. The presence of residual CFTR activity at the epithelial surface can be readily detected
using methods known in the art, e.g., standard electrophysiological, biochemical, or
histochemical techniques. Such methods identify CFTR activity using iz vivo or ex vivo

electrophysiological techniques, measurement of sweat or salivary Cl” concentrations, or ex vivo
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el ectrophysi ol ogi cal techni ques, neasurenment of sweat or salivary C
concentrations, or ex vivobiochem cal or histochem cal techniques to
noni t or cwDl20eN78®Ee density. Using such methods, resi drall/USBHROSHISS vity
can be readily detected in patients heterozygous or honbzygous for a
variety of different nutations, including patients honozygous or

het er 0zygeshsmidar ortmodlﬁ%ifcapt@dﬂ?fﬁjﬂemtn&fnﬁt&rbell%m deds@987dind fucPRRtheaHodi ment ,
Form | described herein or a harnaceutlcalli accept abl e conp05|t|on

t her eof Tegdupd EFER aptdyityicer he readibodetqcied d Aftisyts tplerogespsp P ROMYRYERPE 9T@ fi brosi s
in pati el WrliffRent Bluta@biy, BERATYPEScn@UIRI oG o 1R8I 8bys Wil Al Vi ty,

e.g., class’Il| nutations (inpaired regulation or gating), class IV
nutatlonsmﬁmhmawadnméﬁﬁﬁbtance) or class V nutations (reduced synthesis)
(Lee R Choo-Kang, Panela L., Zeitlin, Type I, I, Ill, IV, and V cystic

fibrosis TanﬂmﬁﬁbmamecﬁﬁmdmmmaﬁoenR&guﬂ&ﬂ@memaﬁ@@h&naudmcﬁbomumn%kies of
Ther apy; O her
pat 1 ot SEBIORLL DD Heita T PR R e S SePaEy e REROR T B o
honozy gow#shifi omanﬂ@nofypéstwmumlgamal ©FTRledtﬁEtQZeyQQﬂlz&s Wi tltadions (@hpuered cl ass of
nmut at i ons, |nclud|q%%clas nmut ati ons, class |1 &,ons tation

;
that | ack8URHORLE i laSHTY PHEE8YS (RHPresheon SPAEaR Indh aSS d?wtronaéfg@w

her ei N ofynfePHALEBIR &tHob Gaink YPadfefllD! 2dHI1i, %W@llﬁlmaﬁcﬁﬁl’:}%@@ fib®sidsef ul for
treating or lessening the severity of cystic fibrosis in patients wthin

certai n ErimpEdrnphengeypeleseayr Deciveté Paredicrief thega nPesnt BRBIGE ype
that typie3ldohafyNE&LiRL ﬁ%zw 55y tzbﬁb)g(gﬁlls’ﬂ”ﬁau% b ER RV Alat AR BGhlaYCFYRI N the

api cal nmenbrane “of epithelia. Suc enotypes i nclude patients exhibiting
pancr eat dctivitninglufl¢ patients omezygeansi fenens of iwemdssedt thtethrozmoapmth pey gfhercreatiti s

and co ng %Is toﬂnu{?)u)r?st 1‘1:}1r dlnggﬁgsqcrgutgu%n% r}?asél ﬁﬁ?qu O%E egg mu?atmm}lag%lcl%ng di sease.

[ 0089] e exact ambun roms ect

dependi ndassificith@. speci es, age, and general condltlon of the subject t he
severity of the infection, the particular agent, its node of

adm ni st r at i qo088hndorchenblotikent, Fiven Coniadhed dsreof ortalphammveantilyracespabr ef er abl y

dosage. SEORHT BEETGh a4 SGR R o TPorire Ul el SRarur A0ERd Blen®y " Y

physi cal \ithiflc&tieéiBidaNpienSpROEHT 2 RPAFrAPE] @il@clifEal bR@oRpé tandypicalybe
treated. It will be understood, however, that the total dallé@usa ge of the
conmpoundeOTEHEFs MitdbIRuehel TeTidyshEel bR agtiiiy it e @piet ahenibirane obepithelis- d8eh by t he

at t endi oAl Gl Wt b BRI GARGRIL iROHRINEPYH hbnu HAGITRAwiiThe
specific effective dose |evel for any
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 ease of administration and uniformity of dosage. The
expression "dosage unit form" as used herein refers to a physically discrete unit of agent
appropriate for the patient to be treated. It will be understood, however, that the total daily usage
of the compounds and compositions of the present invention will be decided by the attending
physician within the scope of sound medical judgment. The specific effective dose level for any
particular patient or organism will depend upon a variety of factors including the disorder being
treated and the severity of the disorder; the activity of the specific compound employed; the
specific composition employed; the age, body weight, general health, sex and dict 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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particul ar patient or organismw || depend upon a variety of factors

i ncluding the disorder being treated and the severity of the disorder; the
activity wD2007313¢ci fi ¢ conpound enpl oyed; the specifi ECTASRP@SI083466

enpl oyed; the age, body weight, general health, sex and diet of the
patient; the time of adm nistration, route of admnistration, and rate of

excr et i ofpe@fic bépURE EploFeds @rm%rf@bt@ﬁr%mkﬁ@lvn g edied b@) 1k téhe treat ment;
drugs used in conbination or coincidental wth thespeC|f|c conmpound

enpl oyed PAHFH. pf Red heieinomsanyan pniRib wiF5r#PlY A& @adl maptnseferehly athgmap.
"patient”, as used herein, neans an aninmal, preferably a mamual, and nost

preferably a [AQf@hdhe p@@@meuwyﬁ?fépﬁ%}ééemp%mq%m%@éwea%crnecae@ﬁpos| tions of

this i nventihioRrdahnBRand I QhStahea 5r911)h WORNS, ARGRiiRemhuanibmhigy, oral ly,
rectally, parenterally, intracisternally, i htravagi nally,

intr apermtrmemhﬂ}y inttapgritongdally, tQIa@HWaSphymWsrs @itptenterdrslropsy, beradpsy anbucal |y,
as an Orc?rL aé&f‘fp‘?!éya t(ﬁ;@l’q@ Ak eﬁl % boh Bi&:se ‘?%&%é‘ﬁ&ﬁ%ﬁo& tbeﬁ%t?éé?“ltnyceﬁ int €

|nfect|on elng PR enbo nt's e Cco ds’ of
i nvent i oembrdimdnes, melrzmmpmmds eﬁh@mabﬂtrpnmayﬁ»aladmmslteméd q:al@t orgesageallyavel s of

about O. a 5 / baoyt / to
Sbout 25hegay et ol Pl el <l e g aG et PO RORd oo Bty ¢
obt ai n tmgﬁgldf@ﬂajédﬂeé@pwght@eﬁa&&ﬁfe orh{aﬁb&ﬂeslaruagabbaﬂamtﬁémmments, t he
dosage amount of Form | in the dosage unit formis from 100 ng to 1,000 ny.
I'n anot h&fRsHieaffRént , the dosage anount of Form | is from 200 ng to 900
nmg. I n another enbodlnent t he dosage amobunt of Form | is from 300 ng to

800 my. In ar®Héin esnamsmibefimentsbe deseaganambeifiornr ikt dpjags unit fogmin00 ng

to 700 nBemhbo ﬁg% L ﬁgbﬁﬂan@ﬁl@; emﬁcl&ﬁnéi‘@%ﬁ&fos@%&%hnmﬁ%ﬁﬁ Mslfron$2dorRgn 500
nmy to 600 092] Injectabl e preparations or exanple, sterile

i nj ect ab@@ngq@eémnq&rer enbedimei 8¢ deragamiohef Hmplttﬁefrqr@ﬁ%maﬁ@%poae&dm ng to
the kno oﬁfeF e1h'§dd brg Yhd ARLE A RREIFORE 1 RiirolfEidd lﬁgtoa@%@ﬁgs If}’af?otﬁéfspe“d' ng

agents. terile i'njectabl e preparation may a e a sterile injectable
solutiONﬁMEMSWEMSMnhBQmaaqusﬂ@nnmhwéhmnﬁxbngtﬂwamﬁnteralIy acceptabl e

di luent or solvent, for exanple, as a solution in 1, 3-butanediol. Annng the
accept abl e ve[hOQZI] égecable gopavaions forfrabmplaystdyde 'mj\sptablﬁeducﬂmeowi@gmouﬂ nger'

sol ution dsoton or i

srer | o updr POt pERUER oAb Rt 85 a8t PP oS e endi ng
medi um  dgofits bid Sispanding agendn Thbditadid ifjécxadit @egargian nlag aBopt ayedlciinedtatde ng
synthetic nono- or diglycerides. In additio fattgw%clds such aﬁxoleic

aci d ar USSR THPPHEN Gl it gmopiexicApisReEy ageeptable difuent or solvent

example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this
purpose any bland fixed oil can be employed including synthetic mono- or diglycerides. In

addition, fatty acids such as oleic acid are used in the preparation of injectables.

[0093] The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable

medium prior to use.

[0094] Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which are
solid at ambient temperature but liquid at body temperature and therefore melt in the rectum or

vaginal cavity and release the active compound.
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[ 0093] The injectable formulations can be sterilized, for exanple, by
filtration through a bacterial-retaining filter, or by incorporating
steriliziwg20¢aiszs7in the formof sterile solid conposi PCOAS2008i08335€an be
di ssol ved or dispersed in sterile water or other sterile injectable nmedium
prior to use. [0094] Conpositions for rectal or vaginal adm nistration are

preferably sypms$isbRd iQeedMIHRdYoE SAl 4Uni NGB BRIJAY cofisHleN Fathdie paRNPOUNds  of
this invention with suitable non-irritating excipients or carriers such as

cocoa buRdekers. | ety lanechgioli¢ desagt fogms Hispe 8T Orpoviks Wiy 18d i dat
ambi ent QNPT ahdhEcditlallia bgblgte)r(ég g & BAREr AEMES oBReh LRRE &f ALl t I N

the rectum or vaginal cavity an ?lease the active conpound.[0095] Solid
dosage frhosmhafegind/or al fillvohndr gkisndest suolhay siattheddactespswbese, gtuadicemannitpl, pihds,
powders, . J i .d t tjiye. compound is
i xed w TG BLEEG o oA Bt RS ARG PR e AR L DT G
carri er suphnydsyrsdidinom, sucresataadecacdi cidluticatantp b ph glyecraln d) disin@ayrafind | er s or

extenders such.,as starches, .| act.ose, sucrose,. gl ucase, . mannjtol ., and
Si1icio SBers SIS BRI GRsAE CRIG GhebOnptg, pOio REFNioch ST Hb SRS U SR ose,
al gi nat eslicage) aatl istdiurp Ghrpumaty b p3olutioh ir€hiddg @gerndd b ID SEparAnAl fAgR6ipHon C)

hunmect ants such as gl ycerol, d) disint egrgti ng agents such ag agar - agar,
cal ci um EFHBIATWCh Prtvalceabr 2B gE 0BPANEh &) AFYPEREEESHE 2ScBF PETIPIC,

si | i cat egiyl afenct el gl?&&@lrnmla%ﬁateﬁ)) aBQkéhisQicl RUASIH 9 LRGSR ISUERY RS
paraffin, T ) absorption accelerators such as quaternary anmoni um

conpoundébriggntswh s igjc. aglehmsstenrrin magnesiusk stearaipbbd pelgathilens| dbvsrbyl sodiven
gl yceroly, P&éﬁat%g{{ﬁ%%mt% 1SR R AU B SHC AR s kARt AR, BRUORE ksnc! @Y, and

i) lubricants su as talc, calciumstearate, nmagnesi'um stearate, solid
pol yet hyhendsqdoppobsbufnidg agantsaur yl sul fate, and mixtures thereof. In the
case of capsules, tablets and pills, the dosage form may al so conpri se
buf f eri ng agdf@%s] SplidasipoSabischfecmibs ittpk ory abb ba cmploytdas fillgpen nefyardl so be
enpl oyed _a illers in soft. and, hard-fille el at4n capsul es using such
xer o) et EE I HDAMR MGy SEHOEL b8 A RESEF S HEL S

pol yet hyeloeulglweight solasttlyltdvaslydokseand THediks Oficdolis@ag: foaniaf taiflctt, abdgedss,

dragees, ca sul.ﬁs, $i | 1s, an% granul es, can. be I1pr Eﬁ;\r ecl]vvith .coatings and
shel I's sGEH ISPl ART prndgyan Ry Rreppgd oith spatingst dﬁﬁ SAEFT ASERISHA Catinghnd
phar mac egthdreahting® ol kadvidi@ t gharnlReMicaBirRRhtingnal Tyt tibn MR R6AthMi NG
agents and can al so be of a conposition that they rel ease the active

i ngr edi ePRRFIEINHICYS apt cairakOde O FeMPGpition thagthew Falegpsthp agtive dreredi@t® hendst i nal
tract, O&tﬁré}'&%htlia)ﬂy, i Bredlf bﬁ‘y S&hERRRE a1 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, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice, additional
substances other than inert diluents, e.g., tableting lubricants and other tableting aids such a
magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets and pills, the
dosage forms may also comprise buffering agents. They may optionally contain opacifying

agents and can also be of a composition that they release the active ingredient(s) only, or

-16-



Exanpl es of enbeddi ng conpositions that can be used include pol yneric
subst ances and waxes. Solid conpositions of a simlar type may al so be
enpl oyed WO 2009d78158 i n soft and hard-filled gel ati n capfaras2esiosyssuch
exci pients as |actose or mlk sugar as well as high nol ecul ar wei ght

pol et hyl ene glycols and the Iike. [0097] The active conmpounds can al so be
in m cr ogseAREAlyaimtcHein Patof the ARERA] tABY SptRXENDILNFayR8 mRfiLEabpre. The
solid dosage forns of tablets, dragees, capsules, pills, and granul es can
be prepa?Embaiding comnpositigns A2 broysed ing[ydp pelxmeiit wbstancenand Wayss: r el ease
controlling coatings and other coatings well known in the pharnmaceuti cal
fornul ati ng dP998] [tvid atsh bs apnrerizershigid orsd described heeqin o RgFpRsariraay be
adm xed tdtait cdnfRSitioRXiEreb\@hbe Fnp G inYMBindForHGEASE thal RCENRHE R bSt ar ch.
Such dosage fornms nay al so conprise, as is normal practice, additional
subst ancekninstaesd cotearreitlyerith, gitbntertr subsequgnt tot erigloe morrgothardesiced thtesapawiess ot her

tabletin i i 1.C | ] ] l{ul ose. In
the caserrSELE s T DETL MR AL o AR R R e G om0
buf f er i ngmEgemtasombmatiommyinep twilh kb into e@ntm@icomppidity yf thg dagedthsrapaidice an

al so be of, a conpositign that they release the.active. redi ent(s) only,
o o et or i arepRrend b R RENE of AtuSER Rl RSB eRA ATy i
a del ayelatfRahetapicEXABTPY RSB ackibedaisigl daopsiht sansditdiadr (favxdapldlaed

i ncl ude polyneric sugstance and waxes. [ 098% It will also be appreciated
that For fiY{TiieEURRyRY AR Pef¢migisterrd srasusRiduy e ahafier agabpicd i Eeat BRsHes t i on

thereof Gandde ofMB) ANE Sohidve ARTHRAND Bt AN c [N h AR 8Banytal@drsd FreckPMicqcan be
adm ni stered concurrently with, prior to, or subséquent to, one or nore

ot her delrsipdddiena fetaprets agentiibdi aranorprly ediinsteredTh&cyaF picvaltar
combi nat { o o dk%é,@?k@fzﬁé&hﬁ% RRGHE ASGQ%H%BQ%@Q%% .%%s_e,tcﬂ c&gﬁ?ﬂiﬁ%{ bl 2
n the desired

conbi nation regi nen w take into acc conpatibility o
t her apeutré¢atssl”.and/ or procedures and the desired therapeutic effect to be
achieved. It will also be appreciated that the therapi es enpl oyed may

achi eve a dedD09¥{ ledfeenibofliorent, e additrenad pgant deele¢tédbirorerampbletic ageni,nventi ve
compound, nay, ey, AJTLNL3Lered, SONCULLERtL Y v LD; anRthier, agen Jyssd to treat
the same dieordéry),*"ér they’nay achi eveaSaiff ar Rt a1 et § 6.g., control of
any adyvemséulabf @itdr shan aAsmpsed of eegirddentatl@hiién) 0ed nithigsrapaight. ¢ agent s t hat
are normally adm nistered to treat or prevent a particul ar disease, or
condi ti on, ar[eolo0pwn imsotl@pgniaglinhaitahd aiditidnsl degeas@mpuncehdtedifom bei ng
treated". [0099] In one odiment, the additional a t . i.s selected froma
mucol yt | gen O(H{l,?curcum?n, cycel‘glRosphampcfe, 4—pheny%utyrate, mr}glustat,gg?odlpme, nlmod?ptme,

Philoxin B, geniestein, Apigenin, cAMP/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, lactacystin, 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 a compound disclosed in
US7202262, US6992096, US20060148864, US20060148863, US20060035943,
US20050164973, W02006110483, W02006044456, W02006044682, W02006044505,
W02006044503, W0O2006044502, or W0O2004091502.
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bronchodi al ator, an anti-biotic, an anti-infective agent, an
anti-inflanmmatory agent, a CFTR nodul ator other than a conpound of the
present iwW0Oenww@aIs7or a nutritional agent. [00100] | n aROoThSeoosHR:Idé ment |
the additional agent is a conpound sel ected from gentam cin, curcumn,
cycl ophosphani de, 4-phenyl butyrate, mglustat, felodipine, ninodipine,

Phi | oxin B, Q[@(ill Bt eianoARt éiﬁlBUdﬁlnerﬁAhﬂda%alng&W@é SSoTREMsAScl &l | pram
sildenafil, mlrinone, tadal afil, anrinone, isoproterenol, albuterol, and

al met er oV O28M0R0XBe WR90H H 10 sV QP 0p o bt BP005PES 15 OWORAI 02 4B |
pr ot €0S o HAYBL I HE UG 73%s, SRV RBsed. act acystin, etc. [00101] In

anot her enbodi nent,; the additional agent is a conpound disclosed in WO

2004028480, RigP41 11352, MR ARGRIBAST o 0R200R 1404 o R Eorl.AR00101740.

[ 00102] I n another enbodinment, the additiona a Is a

benzo( c)djesleved inZV Hi Ratend dpphicatip SerizhNp. blk}ﬁSlﬁl&QubjiShRd hﬂothl Bubilighedstetanyi ty or
a benzop (Y S T I ti Vi 03] In
anot her Xé@ﬁ tgo% ?ab?(}\f‘&)ﬁl&ﬁ%ﬂfeﬁgﬁrg 5432@% %dg}%g?% %cogo%ra yre#eYenc%l%(%tjs
US72022 Gé%mrdthGlaaﬁ@tBEr enliS2RE0 th]ezhﬂ&ﬁdnal biS200 6‘0054&816@<,y 162D 6D BI5EwBy)-

2006044585 EBE0ROX TS0 T VS OOA0G RO TaOROR 1 oS Rt Bifboat nent

the addi dds@mali hagmnhclidndeycodPRYES ThcsCtaaathtions OO FREA M Be KMO20041
11014, WXR2005035514, WO2005049018, WR006002421, WXR006099256,

V\l!)200612@9"3‘8f§’e 8?”\‘7\02007044560 [ 00105] I n another enbodi nent, the an
addi ti onal agent sel ected from conpounds di sclosed in U S Patent

Appl i cation 380%408] nNdhe amoung sf mifigions) tharnshtigagsat niesent ipghsicpaipetiops PE s
Appl i cat 08P wil2OORS 04 Ine Jﬂldtﬁgthgﬂw&ld?ﬂornﬁﬂpée a&iﬂ%sﬁaﬁeﬂ%w chSRIRBAT at ed

by reference in its entirety. In another enbodiment, the additional agent
is N(5- W]@mgﬂ@t ﬂ).e@p@élplagmtlwhe phl@ﬁgtp\)e_agmt()ﬁ@ferably the amount of additional

| H th
R L o L TR AL
al so usethehmpumt nbvenakly peesete st ¢dvgosinien edmprisfr@0i:9 6genTirethanmy titeraptutaddy t i onal

therapeutltc eéept present in the conpositions of this invention wll be no
nore thati théanount that woul d nornal | y be admi nistered in a conposition

g(r)mrrﬁlr'llt SIOP 9 a;gﬁlﬁ]@gﬂer ?’8 fcllescr%%g %E:relansorta% ar(r)nra]llcé{lncglfyl a%gep?%F compg)sr1te1£netilcieargloy the

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 therecof. 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.
-18-



t herapeutic agent in the presently disclosed conpositions will range from
about 50%to 100% of the anpbunt normally present in a conposition
conpri si Nyorb@ro7atyent as the only therapeutically active@Cagsneos/ opasd07]
Form | described herein or a pharnaceutically acceptable conposition

t hereof may al so be incorporated into conpositions for coating an

i npl ant abl e nmedi cal device, such asgpsp®ihgses, artificial valves, vascul ar
grafts, stents and catheters. Accordingly, the present invention, in

anot her aspeqpgrobncl udegetdodLPXMASltib@N foOr coating an inplantable device
conprising Form 1 described hereirn or a pharmaceutically acceptable

conposition t[b@ﬂ@p}biffe@éﬁqaﬂS&aﬁii@@ﬁ&i%gz @§@I asses herein, and a carrier
suitable for coating said inplantable device. In still another aspect, the
present invenhemm TRCh¥RREtARCIIRLIALARLEy 0PI BaCPBbEET Werk Rodeck@mpiasi tion
conpri si n}gﬁFor m | described herein or a pharmaceutically acceptable

conposi t# BACIHAP &816, Bl (EApstramentsiNeapCestle.dPE)e berapasuis avag calipsitedht abl e

devi ce. \§‘f1.'lll ﬁlgglln?arﬁ%gaic?%%ilﬁWS &Jﬁgra%%f@aplﬁg{il%p@nﬂ}lé.s% 8?% mg gfgltég%%ﬂml ant abl e

devices are describ Patents 6, 099,562; 5,886, ; , 304, 121.
The coatinfgdumainempys thatiweye Ginped wpiag il witpbbiprtetd. Ehasemptds atese wawied doma

hydr ogel I o ol yret hyl di si.|-oxane | yeapr.ol act one al vet hyl ene
oyl Fopyt SR CPahHgRL B o) B LG B el R LA AR B sl BV BAET The
coat i ngswerayoltgptetl dp htrynaba dantagh €r SecioViet ecksioy 22.(5248tsahivere taop eradizedby

fluorosili.cone, | ysaccari des I hyl ene gl ycal sphol i pi ds or
Conbi nat PHFESTABaY SRR 4Bl Sl e RS Cesna IR B ebPudt® 7 ¢ e
conposi t @ibers ORAREH siddle Aafless. t hat the invention described herein may be
nore fully understood, the foll ow ng exanples are set forth. It should be
under st ood t had11LhRREDEXAEPP &SI DEffT&Ion) | | uStrati ve purposes only and are
not to be construed as limting this invention in any manner. EXAMPLES

[00109] Met hqoen1§) MateRiaglugib@0a IRRDPuSS 6f i 18k crSEARBIcMOn ER@kt DRt r v ( DSC)
[00111] The Differential scanning calorinetry (DSC) data of Form]l were

col | ect eRISGSIYRR Bovpssedidfrastymesergvip fill-$il 48 8-dimpnsionah detertonpnd 2 g graphids | e, DE) .

Temper at oAl RLAAd ML kDM AIG. DAk, GRPACIL. WAR GaDRaLed

Ire. §anp es o were weig into alum num pan at were
cri nped plsdiedgn kzérddagligréund sipicon Walks.at T37€. Sanpick sanwyde,éws datafrechef wam 25C t o

%5?21Cn 'at cggcﬁ 5t'198 sercg'rtlc?s egagh gf?%gfe%nq Gza'gr%lé,s\/! é"r;lnceil 2g°i. Il"{leo (ga?ap wgr%?nt gl'rlgtg w?c 50

GADDS software and merged with DIFFRACTP™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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were collected by Thermal Advantage Q SeriesTM version 2.2.0.248 software
and anal yzed by Universal Analysis software version 4.1D (TA Instrunents,
New Cast w0 2DB)y07378e reported numbers represent singl e ROAIUF@S083480112]
XRPD (X-ray Powder Diffraction) [00113] The X-Ray diffraction (XRD) data of
Form 1 were collected on a Bruker D8 DI SCOVER powder diffractonmeter with
H - STAR 2-di r[@(nsl' P&@Jthé‘s’ﬁt(ﬂ!glgwglﬁmdﬁl&ok&ien%!aghB%mmhr omator. Cu seal ed
t ube vvlth Ka radl atron was used at e sanples were placed on
prepanecarbexgamidelrsmethylpyyidin-2yhpenzgicacikalCh  two data franes
were col | ect ed at 120 seconds each at 2 different @ angles: 8 and 26. The
dat a wer e i nt[BY18t Aeid\GhlorideA¥pistys of t war e and merged with DI FFRACT pl usEVA
software. Uncertainties for the reported peak positions are 0.2 degrees.
[00114] Vi t ri[BXAP) Syndssisib(bi-d{Thone-d Adepeadiesey Palomethanelhy dr i de [or NaAl H
2( OCH2CH20CH3) 2], 65 wgt % solution in toluene) was purchased from Al drich
Cheni cal s. [00115] 2, 2-Di f1 dor\atride & swnaodi oxol e- 5- car boxylic acid was
purchased from Saltigo (an af fPhCHat® o) t he Lanxess Corporati on). [ 00116]

Anywher e |n the P esent appl2i datd agriwivheXOH (hage) of a GOnpo may not
correctly de Mhe st r acture of the conpound;, X he sf)(uc super sedes
t he nane an gov cbQ0117] Synt hgsios, dﬁgldS-(G- g- ( 2, 2- & fOTOFBDen2d] di

[1,31di oxol -5-vn cvcl opr opanecar boxam do) - 3- net hyl pyri di n- 2-yl ) benzoic acid

*HC . [ 00118]jpd 2 fc&iheiclaf aM-?l'a@lEfQ 2[—(9@11&9—]1 3%@%&@&40?6 QEarbox lic acid (1.0 ¢
(22d|fluorol 3benzod|oxo-;z - met hanol . Vitrid 5eU|v PhCH3

(10 vA)is slurriegg tedpepou MY)voNa Glirida® gged)vy adged 912@@@41@1 ﬂm{l@@tlaz@]e t@:@mmaﬂm ally

| abl loc3
o1t e EPsfitiey M52 Gopy REEREL NS W By oD R 2 4
funnel atheml(Patwew) eq.eEOH &i.(hed) ecardulfyerddedivie aéctltldtﬁﬁlﬁlﬁl 0@intaAning the end of

addi t | Onte;[ntratture ﬁ6—%b U&eAfter stlrr]r(%rll’gef%rs a?ndacfd%ongl 3(3 mlnutes %het]ayers 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,S0O,), 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-difluoro-1,3-benzodioxole.

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

2. water (4 vol)

X g FXOD\/
X OH o % o]
F o 82-100 % yield

[00122] (2,2-difluoro-1,3-benzodioxol-5-yl)-methanol (1.0 eq) is dissolved in MTBE (5
vol). A catalytic amount of DMAP (1 mol %) is added and SOCl, (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,SOy), 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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then 10% (W w) ag. NaOH (4.0 eq) is carefully added via addition funnel

mai ntai ning the tenperature at 40-50 OC. After stirring for an additi onal
30 m nut e80 200907BB®Yers are allowed to separate at 40 OCPCThS2a808535€ phase
is cooled to 20 OC then washed with water (2 x 1.5 vol), dried (Na2SO),
filtered, and concentrated to afford crude

(2, 2-difl uor qo61231 HAEQLR 0 X02-dithibkd-1,30Rh baieNo1- 5 RBtace®onitsi®d directly in the
next step. [001211 Synt hesi s of

5-chl oronet hyl -2, 2-di fl uoro-1, 3- hepg ((p %quiv)l SO 2 (1.5 equiv) DVAP
(0.01 equiv) MTBE (5 vol) 2. vvat er m\ﬁs(y@j Yolp2- 100 % yield [00122]

(2, 2-difluoro-1, 3-benzodi oxol - 5- yl pomtghasalc (1.0 eq) is dissolved in MBE
(5 vol). A cat al ytic amount of DWARaferisv®) % is added and SOC (1.2 eq)

i s added via addir{ Oo@zn/el The SOBR(4wlyadded X to maintain the
tenperature |nt r gt 15=2560€—Thetenp Logreased to 30
0C for 1 hour then ®ooledto 20 0C9gh§@4\9@eq@r (4 vol9 i€ added via addition
funnel maintaining the tenperature at | eSs than 30 OC. After stirring for
an addi { i onaljo@dsARLhes, oftShﬁlldr%@tﬁilaﬁﬁ—&fﬁHoOWgeﬁz@d%ﬁ(ﬁ@glaéq? in BRGOPT gani ¢

| ayer is stlrred and 10% OH (4.4 s ad After stirring
for 15 t@.2200hiinaddedto atSﬂlErﬂ @M @rdecqa in VSO (ﬁdolé@paﬁanlegthfh@nmr@aﬁl c phase
is then 2 c

5 chl or bRV R0 8250 Phe plis Sy 2RI EREREFARLE oD BlERALFEIT, 11 the
next st eMTB(EQ4281]) Sﬁtﬂtsltlﬁmgsfoom min, the layers are separated. The aqueous layer is extracted

(2,2-diflyo i 0x0l.- cetonltrll i on of
R (B e ey AR A e Y T
added t oNa, S Yirfilyéredf ama}éeﬁﬂcatéd ®QfolderldBO2 (BRI, 3rRhddaixl-pgt he
tenperature between 30-4 C. The mixture is stirred for 1 hour then water
(6 vol) ?%toaﬂrdlé@?/@lth%\i\ﬁe‘&e%WWBEl'@ﬂn%ISt)ep After stirring for 30 min, the
| ayers are se arate The agueous | ayer is extracted with MIBE (1 8vo|)
The conbi ned | @é]‘ﬁ%‘“l‘“é&féﬁf & %ﬂ@%&“ﬁéd’%‘tqﬂo’ﬁﬁé‘?é’p ‘(YJ‘:I"BWR?F‘?CMB‘P‘}“@HC Na2SO
), filtered, and concentrated to afford crude '

(2, 2-di fluoro-1, 3-benzodi oxdrbrgmg{2ychlogeethanni t-» pquev)( 95% that is used
directly in the next step. [SO0IRBH (SPrtikiesi s of

(2, 2-di fluoro-1, 3-benzodi oxdbctBNBrl(9.02 yauiopr opanecar bonitril e,

£ O 70 degrees C FXO
XO:©\/CN T F o CN

88-100% vield

[00126] A mixture of (2,2-difluoro-1,3-benzodioxol-5-yl)-acetonitrile (1.0 eq), 50 wt %
aqueous KOH (5.0 eq) 1-bromo-2-chloroethane (1.5 eq), and Oct4NBr (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-difluoro-1,3-benzodioxol-5-yl)-cyclopropanecarboxylic

acid.

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

o 2. MTBE (10 vol) 0
FX dicyclohexylamine (1 equiv) FX 0
F o CN ~ F o OH
3. MTBE (10 vol)

10% aq citric acid (8 vol)

69% yield
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| - br ono- 2-chl oroet hane (1.5 equiv) 50% KOH (5.0 equiv) OCt4NBr (0.02 equivV)
70 degrees C 88- 100% yield [00126] A m xture of

(2, 2-di f Iwior20090737shenzodi oxol -5-yl )-acetonitrile (1.0 e®CT/USQ08t08US@qUEOUS
KOH (5.0 eq) |-brono-2-chloroethane (1.5 eq), and OCt4NBr (0.02 eq) is
heated at 70 OC for 1 h. The reaction mxture is cooled then worked up with

MIBE and wat q00128h@,208i8a6tba, Phaselibsl Wlo}ﬁtobﬁhe\é@fb@ﬁtrﬁ@ﬂ hbdoReed R@fy t he
solvent is renoved to afford (2,2-difluoro-

benzodi oM Nk (§ cqpo |1%ﬁhwbﬁe@$)r%8% ¢ qur@ght[ (T(l}i PPftuIGiHqpdedita ragm
I -(2, 2- dj, géi%ﬁe And%ﬂlla%l%@é?va{?&%a andel Yacaym! TRE RRANER RN LvatePqd. 69%

yleld[0012 2,2-difl uoro- penzodi oxol - 5-yl')-cycl opropanecarbonitrile
is hydr oMiFB@dl %Hﬁg\m Addpdhad thiglapeyying perarnatast Han M TRBlayer| Was ghen@@agEwith

Cah .
evapor at el auyRE°rREIE AR BIE BUEEaR B Py 1 g
was addetd gawedhd dverchpding DEITEA sadtp@hatabds taldnantNBEBE alycth"/ﬁsvasnct dvghantdr eat ed

wi t h dicycl ohexyl am. ne,. 97_.equi v The Iurr to 0 OC,. filtered
and was rEdreqa T Hapi A o o et aers SRl dhitso TRERR Bt et | <
t aken i nfgteMhBEriadn dScldda sidprtb Gepagiedolbswebd Sl ifiltiRidn ghies |-(BLdifRold-0ds- di ssol ve.
The Iayers%%# i rat ed and tEe MI'BE I yer was washed with vvater and
bri ne gxo M@ "6l OROpt RO PBIF el mmg Preatryhn giepasso
| - (2, 2- djfeldigtio- 1, 3- benzodi oxol - 5-yl')-cycl opropanecarboxylic acid after
drying in a vacuum oven at 50 OC overnight. [00129] Synthesis of
|- (2, 2-di 1 uqperb) SylteREA I %Qldiﬁudfb-)l‘jlb{éﬂzed%m R panetd@bagde. SO 2,
[ 00130] I-(2q %I§yuoro |, quenzodl oxol -5-yl) ?O)qug}g ngnlhecar boxyqul c acid
(1.2 eq)chleridg. urrled in tol uene (2.5 vol) and the mixture heated to 60 OC.
SCCI2 (1.4 eq) is added via addition funnel. The toluene and SOCl 2 are
distilled fromthe reacti on m xture&Qfflt,er 30 ni nut es.

PhCH3,

FXO o 60 degrees C FXO o)
Fo OH - F o Cl

[00130] 1-(2,2-difluoro-1,3-benzodioxol-5-yl)-cyclopropanecarboxylic acid (1.2 eq) is

slurried in toluene (2.5 vol) and the mixture heated to 60 °C. SOCI, (1.4 eq) is added via
addition funnel. The toluene and SOCI; 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 fert-butyl-3-(3-methylpyridin-2-yl)benzoate.

1. toluene, 2M K,CO;,

Pd(dppf)Cl,, 80 degrees C | \
(HO%LB z
x 2. aq. MsOH N
| + 3. aq.NaOH _
N Br -
COZtBLI COZtBU

[00133] 2-Bromo-3-methylpyridine (1.0 eq) is dissolved in toluene (12 vol). K,CO; (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-(#-Butoxycarbonyl)phenylboronic acid (1.05 eq) and Pd(dppf)Cl,-CH,Cl, (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).
2.



Addi tional toluene (2.5 vol) is added and distilled again. [00131] Am ne
Moi ety [00132] Synthesis of trf-butyl-3-(3-nethyl pyridin-2-yl)benzoate. 1.
t ol uene, EM26@BE@2B757Bu [ 00133] 2- Brono- 3- et hyl pyri di ne @CTAISR@B/0BIH56

di ssolved in toluene (12 vol). K2CO3 (4.8 eq) is added foll owed by water
(3.5 vol) and the m xture heated to 65 0C under a streamof N for 1 hour.
3- (- But Dixyd adnROmydr Jsoassnked edrfor@ehae Ad-138/180 3 -mdtel | ReHadppl ) 6dn2oded2Cl 2
(0.015 ggéoare then added and the m xture is heated to 80 0C. After 2
hours, t®é"nehat isiusedidifertbgindhsnexiidéier is added (3.5 vol) and the |ayers are
allowed to seBarate. The organi c phase is then washed with water (3.5 vol)
and ext r act edVO§3¢hSynabesispli dddrdzerretutenysabopyithenyd3cm¢thylpyridmer-oxjdey | ) .
The aqueous phase is nade basic with 50% agqueous NaCH (2 eq) and extracted
with Et OAc (8 vol )@The or gani cutcaygdropen psorxedent r a o afford crude
tert-butyl -3-(3-netl pyR di n- phtpdlicrahydsidee (82% l¢hag is used directly in
the next step. [001%4] hesEO4g, water . N
2-(3-(terf-butoxycarbonyWFphenyl)-3-net hyl pyridi ne-d -o
per oxi de phthalic anhydrbg§B$1Cﬁm, wat er tBu [00135] COBL
tert-Butyl-3-(3-nmethyl pyridin-2-yl)benzoate (1.0 eq) is $78%0l ved in Et OAc

(6 vol). Wat ( 3 1), 1,S ed. foll d by urea-hydr n roxide (3
by The pht Reisal it AR Loy G R 1) B 0 ELREE h BELRE °F

mﬁi Et ?i nvdmﬁwtemg.ex agyfsaddldd fblﬂtﬁvd‘d&@@fr@thyhﬁig@ﬁpé&(ig@3 e&j.t"ﬂ’([)e phuﬁP& etion of

pht hal i ¢ an ride addition, the mxture is heated to 45 0C. After stirring
for an aﬂ@.‘/ﬁdgr(éﬁqw ngfﬁ? BOTIPR VI8 p S?lg{ 0 aERn tt?ma%%}m//lw?ﬁa%@aéelm;éizsoe
(1.5 eq)4d <. adriedompRiatstiphimanic {iapMede addkibeth SRl elsi e @fo 422SWeaddi ti on,
the mxture is stirred for an additional 30 m nutes and the | ayers

separ at edirringfer g adiional| ddipars. the heatiiy tegd afid 1Q°0 9%/ Wiagnegys NuS2eql- 3¢9 ieq) i s
added. Stk KL r 1 . | 3 re.: par at e.
The or gar e R Rl TR A A G o ARG B, Bl o R e
filteredddiivndcfoentteeadnddha loycaf feprrdtedr Gibeorganic layer is stirred and 10% w/w aq. _
2- (3- (1 el(lglz@%%lt(? &Y GAIARNYA RN 1rr}¥1[g)f6r%_0r}r1%%1r}tgsl, %rllcly%lrsna{%é LigwRs'e gepgr% WArpkhat i

used

ur ea- hydr ogen

organic phase is washed 13% w/v aq NaCl. The organic phase is then filtered and concentrated
to afford crude 2-(3-(fert-butoxycarbonyl)phenyl)-3-methylpyridine-1-oxide (95%) that is used
directly in the next step.

[00136] Synthesis of fert-butyl-3-(6-amino-3-methylpyridin-2-yl)benzoate.

Z | 1. Ms,0, py, MeCN, 70 degrees C Z |
SN 2. ethanolamine . HN Sy
0
CO,Bu CO,Bu

[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 a vacuum oven at 50 °C with a slight N, bleed to afford zerz-butyl-3-(6-amino-3-

methylpyridin-2-yl)benzoate as a red-yellow solid (53% yield).
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directly in the next step. [00136] Synthesis of

trf-butyl -3-(6-am no-3-net hyl pyridi n-2-yl)benzoate. [00137] A solution of

2- ( 3- (t erwolawywsar bonyl ) phenyl ) - 3- net hyl pyri di ne-| - oPCaaSeoos/o8syp6 and
pyridine (4 eq) in MeCN (8 vol) is heated to 70 OC. A solution of

met hanesul foni ¢ anhydride (1.5 eq) in MeCN (2 vol) is added over 50 mn via
addi tion funngd138psyntRdsiiong- (5Jaf-(zr-aﬁmoa$uheo[a}[1 BREESxol-830) 75 OC. The m xture
is stirred for an additional hours after corrpl ete addition. The m xture
i s then gclopiggneearbemidy- %wsﬂefmyrldm RahothitylRenz0a- eq) is added via
addition funnel. After stirring for 2 hours, water (6 vol) is added and the

m xture is cooled to 10 tirringfor NLT 3 hours, the solid is
collected by filtration ? th water (3 vol), 2:1 MeCNwater (3
vol ), and Me x 1.5 val). wei ght (<1%

solidis dried to constan
difference) ig d_.va uum—eveﬂ—a{—'&e—eevm t%ﬁ;@%ﬁl\l b eqto fford
ESEEA) g:ﬂe?/g')?’s[ (()glg yﬁt hn%‘g%lﬁ)%@?%n( I2 (2,2-dif orlebeﬁzo[ Posm sold
ELC?LSLSESLeEa)r/LZ)xa%%BOU) 3-nmethyl pyridin-2-yl)-t- butyI benzoate [00139] The
chi‘or i do)  and GaABE AR IERe limer SFB tubieledat GREroh & firlo

fj ert- Eult atld-adddd6-ead dion FudtR! toyl iy fur€ldMerd-butyl- J@@ammataeméthﬁpm)m 2- _
t Brﬁteng §(a geg%oﬂg ekggé)gdelm(,e%mmopyndmg %BMAaPng 05 e&)eagnrgl%llgfhylgn%mg %3 0 eq)ql;l 'n

tert-butylesds @Qoﬂmsswoéfeﬁ%gaﬂs R¥Lahfihd)3 %lem!y)p%ama&@aenm%et) ehfier DRSS, wat er

(4 vol based on tert-butyl-3-(6-am no-3-neth din-2-yl)benzoate) is
added t owethid4veblesedm fﬁ’ﬁ)bl?ﬁ’llé (6 Afiney3- %thlPWﬁ@lanOﬁrl)bB@ZQﬁehlﬁtaééed toHe | ayers

t
Z}[ ?Ofgpgfeg({gﬁg ;I[H% %f@?&%ﬁn%’fb??gdl&é Qla e té‘%; sg{;’aéft (? ﬁi%gﬁ%{ﬁ'ié ﬁ%&% | ;—"
cycl opr opemélitaedbodanaolatad twetfoyd qa@lwkdmlrmf 2-(94(9 “+2%2- blﬂmyﬂObeandd{tlé Jdioxol-5-
tit d t dd d
- ai s iR ey bl S bR St Rt Bl s Pl e

pr oduct ) Mie€N4®l deldaaeaddmtchﬁie msrodmctb & agtlédranddistited whtihcryJthidizgohiodeurs W@ﬂei @ct ed
by filtr Hased on

oF ude. prOBUREY oMU st Li R Rl GHRERATTF L5 ¢ Turde T B RS ol | o

is dri edﬁ&l@ﬂ&ﬁ%ih%ﬂlimt‘ﬁﬂ*]gdﬂﬂfVélﬁ&%mtﬁﬁﬁﬁﬁqgk 1lve11§as<vca@1u¢ma1 6ducAtar@0 OC with
a slight N2 bleed to afford 3-(6-(1-(2,2-.difluorobenzo[d gi 3]d|oxol 5-yl)

cycl opr oppalifely sFisd e digpe @dﬁwﬁw%yﬂﬂﬁ‘oﬁom p.djieyl tq qﬂ&@tﬂtb@r% lgo gidferengs) own

solid. inavacuum oven at 60 °C with a slight N, bleed to afford 3-(6-(1-(2,2-
difluorobenzo[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-3-methylpyridin-2-yl)-t-

butylbenzoate as a brown solid.

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

6 N HCI
:OXN\ COtBuy 40 degrees C,
% N COzH
H

* HCI

4.



[ 00140] Syntheisis of 3-(6-(1-(2,2-difluorobenzo[d] [I, 3]dioxol-5-yl)

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl ) benzoic acid HCL salt.

HCl [ 00141WOR00%207815arry of 3-(6-(1-(2,2-difluorobenzo[ d] PCTR]SAN08%83456- y| )
cycl opropanecar boxam do) - 3- net hyl pyri di n-2-yl)-t-butyl benzoate (1.0 eq) in
MeCN (3.0 vol) is added water (0.83 vol) followed by concentrated agueous

HG (0. 83 volpe14Teo My bE3-(S(1heat @fudBbhBo[dF1,9{dioxdf-8 r) stirring for 24 to
48 hours the reaction is conplete and the m xture is allowed to cool to

anbi ent . SYRlepEOpaRegarBaxagyflo)-3 @ethﬂﬁé@l%rﬁd’l)t%@tﬂwgﬁ*‘é(lsq P ﬂIéMeCWé Og8bild i s
col I ect egqbywhict {Or@tdogrfa)ll%%?goﬂ@eﬁtpat% IEodu(s ?Iséi @?%VM?'”Dhe rﬁ‘nglrePi@'h&dtéH l'y

dried on the fil under vacuum The 0 constant wel ght
(<1% di fodbentd) Afterativae deridy éhhers GO r@Gio is homaplst aghthe Nixthicasdlawsdaf f or d

3- (6- (1 -2 gl ey Qbanzobdl Lh il Piralscilbe SRLORRORARSCATRRKAE do) - 3-
oty S aeiige feda eI T LRGN

nethylpyr enzoi ¢ acl Ite so
Synt hesi ﬁltr@ﬂiorﬁw@ﬁre(l wth 2vaer 42 £ Ddonbbedpeftd]ly fitiqd3jnthokidr-ubdarlvicuum. The

cycl opro oxami do t 2-yl)benzoic acid. (For ). HA
Form | DO SRR O e T Y M B P anar S S A ey syt
cycl opr omaéalasaff&‘d)sa(m(d@ 2 JiftmtdbehAyd]| 108] aro201yﬂ YiperIprspancatboxdiitio)3-1 eq) in
wat er (10§ s stirred at anbi ent #e gture A sanple is taken after
stirringMftgylpys lﬁal}’rl)?enz?ﬁeacgia%@é‘sﬁ’éo N téls Y-and the solid washed with
water (2 x). The solid sang '6 is. submtted for DSC anal ysis. Wien DSC

anal ysi s i ndlle‘la]t“é]ssﬂ’é'ﬁﬁ}sé’tf he?-diferesned Hl-pldiexelsS3Bi i d i s col l ected by
1L at | QRiopHASAEC A LML R (R1psriifd2YDbinsoRiFoha) |y dried on t he

filter under vacuum The solid i's dried to constant wei ght (<1%difference)

in avacuyme t gOO h a slight N2 bhleed to afford Form | as an
of f-white 3¢ i 8°/y| (I 14 N\ (400 §b§g¥1b|v50d6) 9.14 (s, IH), 7.99-
7.93 (m 3HO™N

7.41-7.33 (m 2H), .2'2'.(5,

2H).[00144] Synthesis of 3-(6-

-7.1 7.60-7.55 (m 2H),
1.53-1.51 ég] 1.19-1.17 (m

- (2, 2-di f1 USrobenzo[d] [I, 3] di oxol -5-yl)
cycl opr opanecar boxam do) « « 3 AEt hyl pyri di n-2-yl ) benzoi ¢ aci d (Form 1) using
wat er and base. Form |
FXO o # |
o SN COzH
H

Form 1

[00143] 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) is
stirred at ambient 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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[00145] To a slurry of 3-(6-(1-(2,2-difluorobenzo[d][Il, 3]dioxol-5-yl)

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl )benzoic acid HO ( 1 eq) in

wat er (10wWoabQ/esisrred at anbi ent tenperature is added PO¥USLG08AEI4SNaOH

(2.5 eq). The mxture is stirred for NLT 15 min or until a honpgeneous

solution. Concentrated HC (4 eq) is added to crystallize FormI| . The

m xture is hqad@d] $ynthQisQE3Q6-(RR2, DdiflorsiRassd)(1,9|diedussnt he | evel of the

t butyl benzoate ester. The mixture is_heated until HPLC anal ysis indicates

NMT 0. 8%yelatecypmmpwm%@&@eﬁw!wrldwﬁ@fl)hﬁls@mfraélq Eormdhusghyayr evd anbi ent

and the gplid is collected by filtration, washed with water (3 x 3.4 vol),

and partlally dried on the filter under vacuum The solid is dried to

i erence) in a vacuumoven at 60 OC with a slight N2

wn of f - mhltelsHHDd OV4Hi el d). [00146] Synthesis
S Pr 3] o0 -yl)

of 3-(6- (I (¥,
cycl opr opanecar boxe 'Ho)ﬁ% z

directly from benzoate rn1|[00147] A solutlon of
3-(6-(1-(2,2-difluorobenzo[d][I, 3]dioxol -5-yl)

cycl opr opanecar boxam do) - 3- nethylpyrldln 2-yl)-t-butyl benzoate (1.0 eq) in
formc acid (3.0 vol) is heated to 70 10 @Co reqeti conti nued
until the reaction is conplete (NMI 1. 0%)ACQ<3 (2, or ggenzo [d]
[1, 3]di oxol -5 -yl) cyclopropanecarboxanidof-é’- 2

met hyl pyri di n-2-yl)-t-butyl benzoate) or heating for m xture is
allowed to cool to anbient. The solution is added to water (6 vol) heated
at 50 OC and the mixture stirred. The m xture isFoleh heated to 70 10 0OC
until the level of 3-(6-(l-(2,2-difluorobenzo[d][l, 3]dioxol-5- yl)

cycl opr opanededIsKaem slojry 3f BE61Y PIdiftibrobezg[d]FI13dintgHisbenzoat e is NMI 0. 8%

(AUC). The, solid is collected fi.ltration, th mater 2 x 3 vol),
and par t‘?YQOPSPPEFﬁc%rEO’E?H“@ﬁé ‘T“thll’lé}l““h‘i’féé’ﬁ%lf&ﬁi Qﬁg &811) g Water g0; 9 to

const ant stin@i gfdmiicnt Unthefab@E RRAGId IO R/ AL WADHO R Seqit T&Qn&ﬁrwstshrr@d okight N2
bleed to afford Conpound 1 in Form | as an off-white solid. [00148] An

X-ray di YEF e minar lﬁlélﬂ f Berogeasun PelttiRn. fGograniraisd Kl & e yssadded wicrystlivee of

Conpoundr gy THY fflhee! lsshe'atégmo i b A ﬁeedéf@tglr@du%e e 3431 81F: €al cul at ed
peaks for Figure 1. [O Table 1. [00 An actual X-ray powder

di f f r act busylbgrapateesteroft hmﬁmm mcheateql nntﬁdfﬂihq analsfsg mishgatas 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-difluorobenzo[d][1,3]dioxol-5-yI)

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

benzoate.
FXO o 1. formic acid,
F o N \N COstBuU 70 °C
H E

2. water
e L
NS

H

Form I
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Figure 2. Table 2 lists the actual peaks for Figure 2. [00151] Table
2.[00152] An overlay of an X-ray diffraction pattern calculated froma
si ngl e cryetaty/gsrsact ure of Conpound 1 in Form |1, and amCRAISIS/0ISISEQY
powder diffraction pattern of Conpound 1 in FormI| is shown in Figure 3.
The overlay shows good agreenent between the cal cul ated and actual peak
posi tions, tnmﬂnfzfx%laﬁ&eoft?,eq6r(q (QQldYﬂlﬂ)%éhzde 53] di%%lefﬁfl) [00153] The DSC

trace of Corrpound in_For is shown in gﬁfﬂé ting for Conmpound 1
i n For m §yclheranpascaboxppir)-32ngthpeyriding phatbusdbrngeaiat i bfa in %r@wmé@ Bt

Corpound, g} ik RediQf t977b +NBSEJ AR LA i€cSti% S ntimE RhcARAL ¥ShFed@vEHoM, 10

Figures 5-8. Figures 6-8 show hydrogen bondi ng between carboxylic acid
groups ofUg& 3diorér(2.driefuonedenzoddil 1t.3] d@X@t%ﬁlkFWmmneC@ﬁ@m@ldoﬁ the crystal.

The Crysl%&hglﬁ%nocﬁﬁ)tﬁu‘?ﬂg;%&?até o‘ijﬁ%h’ﬁ{;ﬁc?}ﬁxw*lﬁ% 10F h%'ﬂﬁx '&ﬁhw?eal rren'i%ound ;

in Form i'ni C Iovmn Sl ons
= 4. 96264nmicrA, Tlne mlu‘t%nmciac) toAyat@ (Ev@Bh@ 7 af &0 °G\and1hgn98u@3&(rm Thy = 2014.0

A3 Z = De Co 1.1 F d f t dat
o 1 402 g thy B fo Mo S e e 2r st A bun § n
gl gur ets hﬁl) dycl]olplfdf):awm%xaf.?ma@CBbﬂqt@thSﬂppildih 2C5tmpmuylde1&od§a 1Fsl-'Nmmol 8;@ o:ltaC}SOEmrg/ m_,
me ce ul ose-po SOr pa suspensi! on n | re CtlS
Corrpoundsyoil acollpetedcyy @HP%C)H Wf%l@%@? X V%aae\/pw@&libfq %&d&ac&@e@g@ﬁ

anal yti c@ldetalkfurh OTh MR AU Lo c&n@t@ﬂt@ydl%h-{gl"@ di9fetAED 5B vARIA YR Q0B 5@]
Assays for Detecting and Measurin TR Correction Properties of

Conpound¥it] ®eighoN: h@%@&ff@fd&ﬁwn@ﬂ iplfrind b anrpfftyders s¢lsk assayi ng

DF508- CFTR nodul ati on properties of conmpounds [00161] The optical nenbrane
potenti al asd89148t A Xzien difratian eattanediqulajed TRRET sigelssomstl gastrs ofed by

Gonzal ez i Vol t age
sensi ng %&H&uﬁgrl Zﬂs]l(::éarﬁi?gs ?h%ﬁlg%%ree%eﬁagg 1t l?sgggﬂsl&caﬁrllar% “‘éﬁseggﬁ %}%%?%esl“ Bi ophys
J 69(4): 127% For P rTgonzal ez, . E. and R Y. Tsien (1997) "I nproved

i ndi cators of celol menbr ane potentl al that use fluorescence resonance

ener gy traERs n conbi nation with
11 14.41 48.2
3 14.64 58.8
1 15.23 100.0
2 16.11 94.7
3 17.67 381.9
7 19.32 61.3
4 21.67 76.5
5 23.40 68.7
9 23.99 50.8
6 26.10 67.4
10 28.54 50.1

[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 74.9
4 14.78 73.5
| 15.39 100.0
2 16.26 75.6
6 16.62 42.6
5 17.81 70.9
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instrunmentation for neasuring fluorescence changes such as the Voltage/lon
Probe Reader (VIPR) (See, Gonzalez, J . E., K Oades, et al. (1999)

"Cel | - basw0 200088§%7and i nstrunentati on for screeni ng i ORCENBR00S8/083486 get s

Drug Di scov Today 4(9): 43 1-439). [00162] These voltage sensitive assays

are based on the change in fluorescence resonant energy transfer (FRET)

bet ween tive dye, D SBAC2(3), and a

fl uores 3 s attached to the outer |eaflet
of the ( ne 386 donor. Changes in menbrane

pot enti gt (ij THUSE i@gzneg trvery,cirargegd D SBAC2(3) to redistribute
across trhe piasme nenhy gne an d tilt:zguuunt f energy transfer from CC2- DMPE
changes raecqfeingty- .5'." changes— 2 "bl gorescence em ssion were nonitored
usi ng VIPRHF—HS whie R -s—an—int bg'. ated i qui d handl er and fl uorescent

det ect or designed to conduct celi-based screens in 96- or 384-wel |
mcrotiter plates, [00163] 1. Identification of Correctiaqn Conpounds
[00164] To i dBNSPHAM srralay oh Ect Qiractigh Pasgina lajodropt ¥ RgIE KIVHE def ect

associ at @gictitd &t ARt hford 154n09h Sctad K-faby POw I i ASS AN ph@ériBE C¥@Sound

devel oped. The cells were incubated in serumfree nmediumfor 16 hrs at 37
0C i n t hkindiosgd frcdowyp iplhigws e Thaavgiley veovedepd agryenpmt bageenchhgndivded and a

pos! i Ve, GanbLRhouiBSh B BELAL: bl ek o B alRssvere i ncubated for 16 hrs
at 27 0OCto “"tenperature-correct” 08-CFTR The cells were subsequently

rinsed 3X wi tigs § P PeLS e e UELRN @ f It g V{396 sensitive
dyes. To act i[\@%’t{5 EP%%S%%@CF(EF SF\9 %%Olﬂ?r]%/l&f olr s%%g*]?%%aﬂxlﬂnheg&égTRx%gt gnﬁ at or,

geni st ei GoryR@ndiNin Fever leocadsl eichbatitddd °Gi th C -free mediumto each well. The
addition of d -free nediumpronoted O efflux in response to DF508-CFTR

activati on ar@0SHECordsuatipimeg picemdsrod Kemgepwl lainiFpet [ bascdvars singlt ciysthl Xy-ray
noni tored usin he FRETbas ol t age- sensor dyes. [[00165] 2. ldentification
of " Pot ent s PR ITE oo bR U BT P o B P PR tsh Bt T o
doubl e- aglQuisiodn dhHD and thayestibihgetcki@sthateyalro fratle crixtill Mye tiystaf duustureaddi ti on,
a Cd -free nediumwi th or wthout test coppound s added tg each well.
Afer 225 s Ui SEF PRBRL o GRSHRGE TG SO g it 95 i
forskol i Ry@meadaed (_!iﬁleﬁ’s%ﬂsVﬁ":&.@fé@gﬁgﬁlazjw@m)wﬁﬁ Lagehs uhar PGI
concentration foll owing both additions was 28 whi ch pronoted C effl ux
in resposBIY° . DF5EBL Zgeti Rensitp af Gerapquné 1ieEemt § qalgulstadidroansgructural
depol ari ga@giisqggwg}%mogﬁ'déq&l y nonitored using the FRET-based vol t age-sensor
[00155] "HNMR spectra of Compound 1 are shown in Figures 9-11 (Figures 9 and 10
depict Compound 1 in Form I in a 50 mg/mL, 0.5 methy] cellulose-polysorbate 80 suspension,

and Figure 11 depicts Compound 1 as an HCI salt).
[00156] Table 3 below recites additional analytical data for Compound 1.

[00157] Table 3.

H NMR (400 MHz, DMSO-d6) 9.14
(s, TH), 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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dyes. [00167] 3. Solutions Bath Solution #1: (in mVM NaCl 160, KO 4.5,
Cad 2 2, g2 1, HEPES 10, pH 7.4 with NaOH Chloride-free bath sol ution:
Chl ori de walzp®/a7875sBat h Sol ution # 1 are substituted w tRCEHIUSCORABHASGal tS.
CC2- DVPE: Prepared as a 10 nM stock solution in DVSO and stored at -200C.
D SBAC2(3): Prepared as a 10 mM stock in DVBSO and stored at -200C. [00168]
4. Cell Cul tqo@lsi;p,@g,gﬁﬁzlg NIl H3T3 nouse fi brobl asts stably expressing

DF508- CFTR are used for optical neasurenents of menbrane potential. The

cells are mai 0(51%9]"&5%3 fo?’f)e@gﬁﬁ amPMEeh&ir R F208 %Fh@tﬁ‘hjeb’tldnrl) él@ﬁ@@p S

nmodi fi ed Eagle s nedrum supplenented w gl utam ne, etal bovi ne
serum 1Qompayndsh- VE, 1X pen/strep, and 25 mM HEPES in 175 cmZ culture
flasks. For all optical assays, the ceI | s Were seeded at 30 000/vve|| in
384-wel | nmat r[Pelsl] Mombe teittis St y

cul turi nlg_ atmeZSY g%?mfo%dz“ hrs for the potent| at or assay For the correction
assays, ltured at 27 0C or 37 OC with and w thout conpounds

for 16 - [ 00 El ect roph |oIo al s for a

o503 GrTR modIoRt T Ppra e pERMED s ey By Sl P AT Wesioe
Assay [ Ofidifed b G@gzaﬂ:é’zatﬂﬂ) esielemrcﬁcmeﬁlb@ Jvieraad pevT Diignad 9@y “poltasiséihg
epithelial cell sexpressing DF508-CEFTR to further c cterize the
DF508- CPYRIASTETSE Srananereriesy RS fn fRgles M%{@ 'rqe:f‘%Tg 4" hel i al
cel | s growarRs JCRSAR. Smﬂﬂwﬁd1|99¥)e‘h11npr%‘déd1Hdi1@atbﬂ§%ﬁéé:llsmé/i@cb’r@nd’&tﬁilhﬂdhdt Rsen
Ussi ng chanmber (Physiologic Instrunents, Inc San Di ego, and the

monol ay efUOTeHesIse EopRaNER IGERYyraaHer ChemsBiol 4D 2¢fs T Agh %Pmkatl'cttlagévﬂé| anp System

(Depart nﬁtttun%taﬁbafdmeee%g hqoreée@haé%édgfeys&t ad QWRo1th 1o Bbbe RBYRE 0! 0gi ¢
Instrunents, Inc., San Diego, CA). Transepithelial resistance was neasured

by appl yORBRES2e.ifpnpie=s & E. Undades, hied el 18N AL l-brisd asste 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, DiISBAC,(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 (Vy,) 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 ™ II, which is an integrated liquid handler and fluorescent detector

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

[00163] L._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” AFS08-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 CI'-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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FRT epithelia denonstrated resistances of 4 KW cnR or nore. The sol utions
were mai ntained at 27 0C and bubbled with air. The el ectrode offset

pot ent i alweardo%d78isd r esi stance were corrected using a ceCrAfSe@s/BFIsSert .
Under these conditions, the current reflects the flow of O through

DF508- CFTR expressed in the apical nenbrane. The Isc was digitally acquired

using an MNPl Q6¥6SE.| atAalaes APdichtanonhsage software (v3.2.6; Bl OPAC
Systens, Santa Barbara, CA). [00173] 2. Identification of Correction

Conpounds [ 0Qdoreh) Ty Riedl pBeRGObr AIORICHER, 8 dB@IQhRERIANTS AsBPoRRdt

menbrane C concentration gradient. To set up this gradient, normal ringer
was usedvardevtlepdda Sriag edirstpedinem ad ] -figeanasisn wigh eavitheuCiesigeeppwpl wased by
equi mol agy 5ol Ym JLHCORGLS (Ld 5%&%@?9@5&&'#cl?;tf}ee%%nl\?o%niﬁ @) 9;1(Y i | arge
C concentration gradi ent across e epl thel i um experiments were

per f or me@drswblihwhsddded tonmpimalaeI0s-CFTR. fheleytraetnlyvat1ecdnbod8t 80 Rowingbstkol i n
(10 mMV) and the PDE inhibitor, IBI\/lg(%tl%loo M), were aéo |ied followed by the
addi t i onrddftiophwa GBIV yhishproamased Clgeldis indiepopssgo iif0 -EBE& 79]vanen ¥y¥dks ved in
ot her Ceﬂeéuntga@&anbraﬁkcdépaaﬁmoﬁw WchRITRESREA R Qe ﬁ&&-g%lea SolBL@llNor
expressi ng 08- CFTR i ncreases the ftunctional d§n5| ty of CFTR I'n the

pl asma néebrane. To determine the activity of correction conpounds, the
cells were incubated with 10 nM of the test conmpound for 24 hours at 37C
and wer e subd@eié@hi.l Soimwahed 3X prior to recording. The cAWP- and

geni stein-nedi ated Isc in conmpound-treated cells was nornalized to the 27C
and 37C controls and expressed as percentage activity. Preincubation of the
cells with th8athdotwion #br(immoMpound si gni f iNHtIbg, KClcke&s€H 2t HgCoAMP- and
geni stei n-nedi ated I sc conpared to the 37 ols., []00176] 3.

I dentification of Potentiator Conpounds [gﬁ%m@%i%{a‘f'ﬁfﬁ)&%@%t:ol utilized a
basol ateral t i.cal rane C concentratio radi ent o, set up . this
gradi ent , nor%ﬁﬁlﬂ?'ﬁrﬁg%ﬂbﬁ%{gtl%%d on the b%lsl%rf%t garhgl mrre%r%%lr §8%1%8?1 Was
perneabilized with nystatin (360 ng/m ), whetieasd wiph glatondeGhltsnas r epl aced
by equi nol ar sodi um gl uconate (titrated to pH 7.4 with NaCH) to give a

| arge O conceardtiPBn gradi ent across t haegiatdiehd amo AN exqresdlont & wer e
performed 30 min after nystatin perneabilization. Forskqlin (10 mM and all
test conpounds were added to both sides ofPYRE a8dptered@t 20re inserts. The
efficacy

DiSBAC,(3): Prepared as a 10 mM stock in DMSO and
stored at -20°C.

[00168] 4. _Cell Culture

[00169] NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for optical
measurements of membrane potential. The cells are maintained at 37 °C in 5% CO; and 90 %
humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM glutamine, 10 %
fetal bovine serum, 1 X NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 cm’ culture
flasks. For all optical assays, the cells were seeded at 30,000/well in 384-well matrigel-coated
plates and cultured for 2 hrs at 37 °C before culturing at 27 °C for 24 hrs for the potentiator
assay. For the correction assays, the cells are cultured at 27 °C or 37 °C with and without

compounds for 16 - 24 hours.

[00170] Electrophysiological Assays for assaving AF508-CFTR modulation properties of

compounds

[00171] 1. Using Chamber Assay

[00172] Using chamber experiments were performed on polarized epithelial cells
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of the putative DF508-CFTR potentiators was conpared to that of the known
potentiator, genistein. [00178] 4. Solutions Basolateral solution (in nmV:
NaCl (135yp20a7275¢1.2), MgA 2 (1.2), K2HPO4 (2.4), KHP®CT(US2@)B/085456

N- 2- hydr oxyet hyl pi perazi ne- N -2-ethanesul fonic acid (HEPES) (10), and
dextrose (10). The solution was titrated to pH 7.4 with NaOH. Api cal

sol ut i oNexptddsiRMAFSORAIEr R RAIRS LRER%@ ze BRI AHSLQTFIRIodYRrs fdeRirRaednd th Na
G uconate (13 [00179 5. Cell Culture [00180] Fisher rat epithelial

(FRT) cediitisalaspred®ng. B‘mt@ﬂmkealsmm@s@mpmpeﬂ ode ifgerts Wsw ng
chanber ex 0 ue t Identified from
our optllga n%%fslggggﬁsgﬁgha%? @H%\go%gl E)Fﬁlrgg éor';{}i)g5 lﬂérg%’sgég ah “cell culture
i nserts mmdalmfstwmecbnhmuouﬁiy\shmﬂalymnad us’iﬂg :D@o]mgd cB¥pERtemn( Depament ofbdi f i ed

Ham s F-12 nedi um | eme t al | f serum

bont ci | 1 FHe Nt O PRGN L Papt bt T P P I une S 1oy SEPF R L &% 21 ng ¢ he
pot ent i at@fiscp@itclivl rbdst@ice mm@m@ﬂ,bytab@yﬁglalzsnmmel oadthateedctlitidds, e for 16
- 48 hrs to correct for the DF508-CFTR Tp deternine the activity of

cor r ect i RS cRitsTOLrmpastratpfretigpicss let 8 ¢ie utanse Hie spintions were 3’?“’(9"’61}1%35 h and

wi t hout 3he samposidsid aF Ak MQubde ofk@PIRkkiatnd WIRI BsiGiilck vJe?eC&'frgétE’(gs The
macr oscopi ¢ DF508- CFTR current (1 DFSOS) in tenperature- and test

conpoundédigrasstidiee MspRTE s [those eandisioys, W@S@lrﬁcmﬁd@"@m thequgh noni t or ed
using t EF%% rélﬂ{ﬁ%;%?&hqrb the\'\@]?llﬁne%%)rar%er %9 wq(s] dlgﬁgli cg%red 2 n%%ge cl anp

recor di ngs of usi ng~an Axopatch
200B pat i1 @lsacp 1ﬁﬁnﬁdefan@AC(ﬁI@nmrlengS(bﬁm(vBQG MOPAEQ}sitems (Slahty;BaﬁBﬁba, All
recor di S&S were acquired at a sanpling frequency of 10 kHz and | ow pass
filteredat 1 kHz. Pi pettes had a resistance of 5 - 6 MVWwhen filled with
the intracell %]ra,r o} ut i, on.. U r thes reco di ng conditions, the

cal cul ated rdd/3 [ regen Sroomterrperature was -28 nv.

ALl recordi ng[ﬁOl@%]dTyplca pI‘OtOnglsl,{tl 1tzea a? t?asglat%rqal to aplca mgmgrgrﬁe 81 concentration
gradient. To set up this gradient, normal ringer was used on the basolateral membrane, whereas
apical NaCl was replaced by equimolar sodium gluconate (titrated to pH 7.4 with NaOH) to give
a large CI” concentration gradient across the epithelium. All experiments were performed with
intact monolayers. To fully activate AFS08-CFTR, forskolin (10 uM) and the PDE inhibitor,
IBMX (100 uM), were applied followed by the addition of the CFTR potentiator, genistein (50

uM).

[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 I[sc 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.

[00176] 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 Cl” concentration gradient across the
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resi stance < 15 MNW Pul se generation, data acquisition, and anal ysis were
performed using a PC equipped with a Digidata 1320 A/Dinterface in

conj unct IO 200%t3B7Fanpex 8 (Axon Instrunmentslinc.). The PparhiScesnsissed < 250
m of saline and was continuously perifused at a rate of 2 mM/mn using a
gravity-driven perfusion system [00182] 7. ldentification of Correction

ConpoundgithORHS 3411 HepetlRieRk e ekBEn AG0InYih biterQlys@OT pE@HEAUAN26 HTPVMKEEN f Or
i ncr easi ng the density of functional DF508-CFTR in the plasma nmenbrane, we

used ¢ hellkudbandebisns beopshoresal dositids of i Ay clsningiesTeosfessur e
compounda, herdE 1 SRt S DByt b AEARER ot W R TRERLE T

geni st ei genivtie added to the cells. Under our recording conditions, the
current density follow ng 24-hr incubation at 27C was hi gher than that
observed f ol |[00W78p4. 2%bidtons ncubati on at 37 OC. These results are consistent
with the known effects of | owtenperature incubation on the density of
DF508- CFTR i nBisoktgpd] aslmaom@imbivgne. TaN«@t @, neadiheél. 2f fdglls (0R2),cRsHEat i on
conpounds on CFTR current density, th e we i bated with 10 nM of
the test conpound for 24 hours at 37(§Sﬁﬁdkh§94éh%?’eﬂgzﬁ@%ﬁ‘g‘iyte YIRS Zi8fnar ed
to the 27C and 37C controls (% acti ViNy)-ethick@Ffontc0 4RECO(HEITES) t(h®, cald s
were washed 3X with extracel lular recordi ng(&madi umtaqg renove an%/0 r enmai ni ng

test compound. Preincubation with 10 d¥Mofe (8Or rdetsplior dipbiised to pH 7.4
significantly increased the cAMP- and,geRiGiiei n-dependent current conpared
to the 37C controls. [00184] 8. Identification of Potentiator Conpounds
[00185] The aRjihityu@bn Q’Fé@@? CFTR potenfel Al Msslafcfal |sDRAGRASG I RECITRHTLEKCOPI C
DF508- CFTR d current (IDFSCS) in NIH3T3 cells stably expressing

DF508- CFTR was al so i nvesti gat ed usi ngthptiz Gbicanasdclgak ch-r ecor di ng

techni ques. The potentiators identified fromthe optical assays evoked a
dose- depender®0%7ALL.eGedbCilrure DFSOS with simi |l ar potency and efficacy
observed in the optical assays. In all cells exam ned, the reversal

pot enti al befl60180kFished tat epithchadt(BRT) @iloexpagpphi ARS0GAF TR FRIFOURE™ 30rany,

which is th |.cul.ated Ea (-2 . 10018 : utigns l.ntracell ular
ol ut | oSt TPy eSS ety B i rabre RE-CRimon e fiehBEfa) ° 4
240 g/ ndur3pianiseiyisCiThe Ells Rldrea itz 8 CoQar/Sndpwii &Ml Rklinserts and cultured

for five days at 37 °C and 5% CO; in Coon’s modified Ham’s F-12 medium supplemented with

5% fetal calf serum, 100 U/ml penicillin, and 100 pg/ml streptomycin. Prior to use for
characterizing the potentiator activity of compounds, the cells were incubated at 27 °C for 16 - 48
hrs to correct for the AF508-CFTR. To determine the activity of corrections compounds, the

cells were incubated at 27 °C or 37 °C with and without the compounds for 24 hours.

[00181] 6. Whole-cell recordings

The macroscopic AF508-CFTR current (Iapsg) in temperature- and test compound-
corrected NIH3T3 cells stably expressing AFS08-CFTR were monitored using the perforated-
patch, whole-cell recording. Briefly, voltage-clamp recordings of Iapsos were performed at room
temperature using 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 C1" (E¢y) at
room temperature was -28 mV. All recordings had a seal resistance > 20 GQ and a series
resistance < 15 MQ. 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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Extracel lular solution (in my): N-nethyl-D glucam ne (NVDG-O (150), Md
(2), Cad 2 (2), HEPES (10) (pH adjusted to 7.35 with HO). [00187] 10. Cell
Cul t ur e[ O802809/0B13T3 nouse fi brobl asts stably expressi RGTDESZABOEHIR ar e
used for whol ecell recordings. The cells are maintained at 37 0C in 5% CO>2
and 90 % humidity in Dul becco's nodified Eagle's medi um suppl enented with 2
mM gl ut amhde, Thd Batiochhmbd LoY¥o Fﬁ‘of%@ﬁﬂéfﬁhd%%{s NdouBy Mesifuled Remdisbfep, and 25
mV HEPES in 175 cn® culture fl asks. For whol e-cell recordings, 2,500 -

5, 000 celnplgnipppiag 8 gegytdayenmsifysion $wmne- coat ed gl ass coverslips and
cultured for 24 - 48 hrs at 27 OC before use to test the activity of

pot ent i at or s;[0&%3] I.nideridiceidpny Ge1iaf)

OC for measuring the activity of correctors. [00189] 11. Singl e-channel
recordi ngs [ d0GIS3] Todergiinegheadtifiin pledorigetiadiopinppuls &fr inceqppiag dreiersityof r ect ed
OFS08- CEIR AhAoeXRTRSR AR il MR TRre ol 8,80 BEIdHLhes pofopeh gkl at or
conpounds Wer e observed usi rPg excised TnsT d&t out” menbr ane Ba ch. Briefly,
vol t age-et@ting reebigels gmeBiireshdg@lrenchasinabll@cing 2i-hytresenent pethftiey gogdctiin r oom
tenmperature with_an Axopatch 200B patch-clanp anplifier (Axon Instrunents
Inc.). AIMDORRGr Ay i éE%ﬂﬁi'(F%'ﬁ"dPWgoé%lli‘h‘&%orlé\ﬁ@éﬁé“ﬁmd\‘er%ﬂdﬁ and

| ow- passif bdikel i (0Gatie coltA SR, BE PRIERnES SIOSAEDEH fluldigiuCorol ng
Kovar Sealing #7052 glass CWorld Precision Instruments, Inc., Sarasota, FL)
and had wasleglicsthamdet disersed foBowing\RHem irfcubdtiod atd 1 1€. t Theseaxsulta el dondigient

solution.. The DF508-CFTR was activated after _excisio i ng, 1niv
Vo ATP. DS K e e R e ot o1 EASHerh Sbar DM B T i ¢
(PKA;  Pria@gan&irine. NBdic&ahine We)effelb bEsoncham8mpa&ids vh CYTRIAREt ligRdy, t he
patch was perifused using a gravity-driven m cr{%ﬁerf usi on system T%e

£

i nfl ow whs cgls aceeaiingutjated evith 10uM Réthp gasedompewrgd fior 2hlpurnat ddpinskthe ewrent i on
exchange, wi .t hi - e [a} g 8- CFTR Vit ri he rapid
peri f usi %e\#,sw\ﬁ% Cr%?glﬁgl%b%?:ol tﬁ F %;Oghaosgﬁafgés}lggﬁg%’l Clg%t'/:lgll) ' Eﬁéljl% reﬁ%ﬁ@% ][h%gesﬁsadded to
t he bat hwaomatlicd3X Wdfidedtratdiiake racedoredhddiing @nendvaoins readiging ekt @atpowid y

remai ned_const ant throughout the duration of _the patch recording (up to 60
mon). CurFERTREtipR ‘BH‘E&%H cpestiop 9@%3@%%%%&31%%%%4%@%

extracel Ll flin §QlehicnPORrchAVMDRRd TPME A%d Qnkhg OppOsi te direction) are shown
as positive currents. The pipette potential (Vp) was nmai ntained at 80 nV.

[00184] 8. Identification of Potentiator Compounds

[00185] The ability of AF508-CFTR potentiators to increase the macroscopic AF508-
CFTR CI current (Iapsos) in NIH3T3 cells stably expressing AF508-CFTR was also investigated
using perforated-patch-recording techniques. The potentiators identified from the optical assays
evoked a dose-dependent increase in Iarsos with similar potency and efficacy observed in the
optical assays. In all cells examined, the reversal potential before and during potentiator

application was around -30 mV, which is the calculated Ec (-28 mV).
[00186] 9. Solutions

Intracellular solution (in mM): Cs-aspartate (90), CsCl (50), MgCl, (1), HEPES
(10), and 240 pg/ml amphotericin-B (pH adjusted
to 7.35 with CsOH).

Extracellular solution (in mM): N-methyl-D-glucamine (NMDG)-CI (150), MgCl,
(2), CaCl, (2), HEPES (10) (pH adjusted to 7.35
with HCI).

[00187] 10. Cell Culture
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[ 00191] Channel activity was anal yzed from nenbrane patches containing 2
active channels. The maxi nrum nunber of sinultaneous openings determ ned the
nunber ofwachiwE3mshannel s during the course of an exper iPEEAIS200808:8¢ er m ne
t he singl e-channel current anplitude, the data recorded from 120 sec of
DF508- CFTR activity was filtered "off-line" at 100 Hz and then used to
construct allj Omsmlm%ctddgﬁbﬁab%@%@gé A& 8@ g WEBE8-CFTR @ Wikd for whole-

mul ti gaussi an functi ons using Bio-Patc nal ysis software (Bio-Logic Conp.
France) . cefitiecordngsl The @frlbgtedpiuetame\@ et Cama’ ng P8 Bakumidity in(Ipgheoges e
determ I e usi i ng
the B o Bod iR St e SRy AR EE N lanlin® 1o, RSeS|
nmeancur r¥BAA, Bl\zicEsu)hgd:restrebmmdéB oV HEPES ia i szu;ﬂihureé]’aﬂksNFUr whwtbeesll of active

channel s |n [ 12. Sol ytion tracell |.ar soI

DG 12650588000 ¢ SHT s i Sl BOR T Rg P 5 R R { o
adj ust edpot 04 7 48315rs\é§4 AAPCTgdtSe BRS6 Yost tﬁl@ﬁd’tﬁfﬁ?b t@ftiaf®; Whd RBublatcd wilMor NVDG- Cl
(150), myd 2 (2), EGIA (5), TES (OJ%D ris base (14) (pH adjusted to
7.35 wi tWwith4ar 9116 CPI@@EQ@]‘«OH]I@HHM 37 tmﬁééul[lmhgﬂﬁ]tww qarepotsse fi brobl asts
stably expressing DF508 CFTR are used for exci sednmenbrane patch-clanp
recordi ngs. TH&8E c o sat 37 0Cin 5% CO2 and 90 % hunmi dity
i n Dul becco' s nodi f| ed Eagl e's rredl um suppl enented with 2 mM gl utam ne, 10
% f etal bovi 80198} Tim sifgic-NaAw] atydivities di¢epperawte@prectadh dF AB-GIMBHERMES i n 175

np | t fl ingl e .ch d 000 _cel |
Ceeded oI TR e S B T e Sl b mpl Rk A e P S5 S
hrs at 2idsi0Coleha@itRard¢g@ich| Bﬁ&%]volk@bm@rﬁmecq@mﬁgﬁdurng& desel idiedy abve, the

-?-S_L: \él Zype[r%gll t%@%%‘e@pgja%%ogr léilrhgxqpatcﬁ 200]?? %aﬂeﬁ%ﬁ%ﬁ I:clren%h Q%Alxosn Isrlgt(l?umgenl‘[sn

3-(6- (1 -1ad).2APrddoHRR %F@&h@i}e{dl at §];Qh;9?ﬁg |f1'eéuéﬁb% of 10 kHz and low-pass filtered at

cycl opropanecar boxam do) - 3- net h Ip di'n- benzoic acid characterized

as For m 400 Hz Pagchmypeftesgiere fabriggtad m@pmlmg K%@r S@ﬁhﬁg K742 faarHetéri zed by

one or 14. 3

Lo 14, 7 degy BEB At i AT P Tt sh ol g AERRERvinPC
extracellular solution. The AF508-CFTR was activated after excision, by adding I 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 simultaneous openings determined the number of active
channels during the course of an experiment. To determine the single-channel current amplitude,
the data recorded from 120 sec of AF508-CFTR activity was filtered “off-line” at 100 Hz and
then used to construct all-point amplitude histograms that were fitted with multigaussian
functions using Bio-Patch Analysis software (Bio-Logic Comp. France). The total microscopic
current and open probability (P,) were determined from 120 sec of channel activity. The P, was

determined using the Bio-Patch software or from the relationship P, = I/i(N), where I = mean
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using Cu K al pha radiation. 3. FormI| of claim2, wherein the Forml is
characterized by one or nore peaks at 15.4, 16.3, and 14.5 degrees. 4. Form
| of claiwo20091@15¢in the Form | is further characteriz@dThg2@8/08%k6 at 14. 6
to 15.0 degrees. 5. Form1l of claim4, wherein the Form1 is further
characterized by a peak at 14.8 degrees. 6. Form| of claim4, wherein the
Form | i Gurfeh, 1 BGihgleRAGREE Rfle@ehpNd8, A8 AK= AlimBef oBadtive &&nﬁelﬂewaeﬂs 7. Form
| of claim®6, wherein the Forml is further characterized by a peak at 17.8
degrees. 8. FHKoamn| 10fsogkdhym 6, wherein the Forml| is further characterized
by a peak at 16.4 to 16.8 degrees. 9. Form| of claim8, wherein the Forml
is further chakasdegilbzeitY (i@ iRk atNMB ( ﬂm)las&nete%ﬂemso;OCaEgr(613)I of
claim9, wherein the Form1l is further characterized eak at 1
degrees. 11. Form | of claim9, wheréVEChk K FﬂéﬁrﬁﬁEPEséléLﬁtpﬁh@ﬂHS&qdpaYo’t5erl zed
by a peak at 7.6 to 8.0 degrees. 12. faffidp.Qf) claim1l, wherein the Form |
is further characterized by a peak at 7.8 degrees 13. Forml of claim11,
wherein the F ar act ng%ﬁk t t

degrees. 14. %E)t%udla?fs &Hﬁ%@rfgh Mer@dﬁﬁle@é%fm (ﬁ E@A%S) ‘?Eg@(ﬁ
characterized by a peak at 26.0 degr ewad Trig basekbhripH adjflst@dfaﬂrﬂSm,thHﬁBr ein
the Form1l is further characterized by a peak at 21.4 to 21.8 degrees. 16.
Form | of cl dP®h93bL3. edirG@ilmrea he Form | is further characterized by a peak
at 21.6 degrees. 17. Form| of claim 15, wherein the Form1l is further

char act eri zed0bW4pNFEAR rmusaﬂbrbblws K&blH exiegﬂs'mgﬁxl: I&-CFOR arel uscrf foc braiisel-17,
wherein the Form | |sfurt aracterize 3 rees.

Form 1 " oPOBparAme-im B i Pes i o+ parrdelf obd by Oaei M Pace son-
patt er n isiigitantDuabdeyo’s motlifiad Eh@e’t hrtiuaf supplgnéedwit?® mMEQlumnlingfloed ai m 1,
wherein the Form | is characterized by a diffraction pattern ;ubstantl al | y

fetal bovine serum, 1 X NEAA, 3-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.

1 +++ +++

-35-



simlar to that of Figure 2. 21. Form|l of claim1, wherein the particle
size distribution of D90 is about 82 mmor less. 22. Forml of claim1,
wher ei n tWe 2p@va7stie size distribution of D50 is about BOTMS2@S/0BHSG. 23. A
pharmaceutical conposition conprising Forml of claim1, and a
pharmaceutically acceptable carrier. 24. A nethod of treating cystic
fibrosis wéclgintemmal conprising adm nistering to the mammal an effective
anount of Form1l of claim1. 25. The nmethod of claim 24, wherein the nethod

conpri ses. adwi(ni(sb&ifligosnzaami, 8 jdaral-5-4heyanapdnecad@fithido? &-mofhyiiykidin-
conprising Form1 of claiml1l and instuctions for use thereof. 27. A process
for preparilihgnaoifercebiaiaptegfedas 5P b conpri si ng suspendi ng or dissol ving the
HC salt of 3-&6- ,1-(2,2-dif|uorobenzoﬂ%d]g&l,S]dioxol-5 -yl)

cycl opr opah€t’ AP o phergin thedBerRyd ip gharagtasized By 9risen 2orcPeaks A 1p A takd-o

appropri akge80! ¥ eRf 1d Plicos, hl €65 ky f1. IR iPdh X irfBpowtlr difiRtit Qg Of

claim 27, wherein the appropriate solvent is water or 50% net hanol / wat er
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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.

11. 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.

13. Form I of claim 11, wherein the Form I is further characterized by a peak at 25.8 t0 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 I is further characterized by a peak at 23.1 to 23.5

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

23. A pharmaceutical composition comprising Form I of claim 1, and a pharmaceutically

acceptable carrier.

24. A method of treating cystic fibrosis in a mammal comprising administering to the mammal

an effective amount of Form I of claim 1.

25. The method of claim 24, wherein the method comprises administering an additional

therapeutic agent.
26. A kit comprising Form I of claim 1 and instuctions for use thereof.

27. A process for preparing the Form I of claim 1 comprising suspending or dissolving 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.

28. The process of claim 27, wherein the appropriate solvent is water or 50% methanol/water

mixture.

29. The process of claim 27, wherein the appropriate solvent is water.

30. The process of claim 27, wherein the effective amount of time is 2 to 24 hours.
31. The process of claim 27, wherein the effective amount of time is 2 to 6 hours.

32. A crystal form of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yI)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid having a monoclinic crystal

system, a P2,/n space group, and the following unit cell dimensions:
a=4.9626(7) A o =90°
b=12.2994 (18) A B=93.938 (9)°

c=33.075(4)A  y=90°
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