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debilitating and fatal effects of CF mcludlng 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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[ 6] Sequence anal ysis of the CFTR gene of CF chronosones has reveal ed
a variety of disease causing mutations (Cutting, G R et al. (1990)
Nat ure 346: 366-369; Dean, M et al. (1990) Cell 61:863:870; and
Kerem B-S. et al. (1989) Science 245:1073-1080, Kerem B-S et al.
(1990) Proc. Natl. Acad. Sci. USA 87:8447-8451). To date, > 1000
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[ 0013] Conpound 1 and pharnaceutically acceptabl e conpositions

t hereof are useful for treating or |essening the severity of cystic
fibrosis. In one aspect, Conpound 1 is in a substantially crystalline
and salt free formreferred to as Form| as described and
characterized herein. [ 0014] Processes described herein can be

used to prepar[god] heTieeRasdnts VB togéthdrid Schiey @RiicaAl ARkt aSloRghdor m | .
The anpbunts_and the features of .the conponents used in the processes
woul d be SRMECLYIR Bel SHeRss FrpresfgrEand frealeplionny ity e cepEhipdagbrgsriion
[0015] Fi gués®labe bypthaBooXdifiddd atﬁlfyroat@m@ AndoGk LRepiBsefAdnGhe i@OméhiRaeand
single chFtai structure of ound 1 in Forml %0016 Figure 2 is

an act ual h&Neaff Mm.wﬁpfl%%?ﬁ&lﬁ%ﬁemorbﬂwbﬁﬁla {phepripes M.

[0017] Fi gatbmiasy dcﬁvef:\fhng)bﬁrdf aBlorde fdkh trfe Tuynatlidd 166 td BOadeRhEIREA of
npound 1 jn_Form]l, and an

calculated fr n1a gﬁﬁcirystal of

act ual wﬁveﬁ bl phicl b b pratiyedt %ﬁavafthe@sﬂﬁa&wh&m?ﬁ PSR 2
[0018] FI gséfoﬁaﬂlah@oa ,dﬂrafnfgaﬁambfw/z@cmmb%ns@aﬂt@rNM*tA{rr(a&%Q}nptamﬂﬁ of
Conmpound 1 in Form | 019] F|9ure 5is a conformtio

pi cture ofaseRERbTFRPTNG Iy @a}nﬁ%spn Higbaselatial syrfage @ld&%t%ﬂth%uwl fde
anal ysi s. coordinate thd§@iondf@HIbAASiA SFER 6:OME AR 5idd) Abechise WateLis plobably
Compound 1 in Form | based on single crystal X-ray analysis as a

di mer f or MYEr CRYeSUFATSROFE] tse fb%fm aema%?p&hﬁ&a&ewds on tiny "TBTSGB‘Q’E]IHI pggiice

7 is a copb@Eiipicnaasl bpine bk RoRlof CRMRLIAENISHEN Form | based on single
crystal X-ray analysis showi ng that the nol ecules are stacked upon

each other.  [0010] Aﬁﬁla’ozllsse&hlgisré 8t 8 bdlR vt eeiBleli@NFhesRiue 508 i@ AP508-CFTR
Compound 1 in Form | base

single crystal, X-ra nal ysi s shomnng a
differ entpre‘feawlted’a%ﬁmewowm fiom folf“@g ST, G 6 At Rk e ysi's
of Co rrpou;ﬁdteﬂq tb Exifthe PR, ind traffio @ ¥ H!adma MonkbraRt AYd result, insufficient amounts of
cel | ul ose- g sorbat e 80 susPFnS|on at T(0)

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

tissues is significantly reduced. Infact, this cellular phenomenon of defective ER processing of
ABC transporters by the ER machinery, has been shown to be the underlying basis not only for
CF disease, but for a wide range of other isolated and inherited diseases. The two ways that the
ER machinery can malfunction is either by loss of coupling to ER export of the proteins leading
to degradation, or by the ER accumulation of these defective/misfolded proteins [Aridor M, ef al.,
Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., et 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-yI) 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 entircty) 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-y]) cyclopropanecarboxamido)-3-methylpyridin-2-yl}benzoic acid

(hereinafter “Compound 17’ which has the structure below:
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[0024] Figure 10 is an 1HNMR anal ysis of Conmpound 1 in Forml in a 50
nmg/ mL, 0.5 nethyl cellul ose-polysorbate 80 suspension stored at room
tenperature for 24 hours. [0025] Figure 11 is an 1ll-1NWR anal ysis of
Conpound 1 HCl standard. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0026] Definitions [0027] As used herein, the followi ng definitions
shal |l apply unless otherw se indic 0028] The term " CFTR"
as used herein neans cystic f| b i e ogonduct ance

regul ator or a mutation th dpalll e [pf Fegul alor activity,

i ncl udi ng, but not |initedrt FH08 OCFTRAnd 0552D CFTR (see, e.g.,
http://svww. genet. si ci ckids.on.cakfte, for CFTR nutations).

[ 0029] As used herein "crystalline"Comafmngl.t o conpounds or
conpositions where the structural units are arranged in fixed

geomet ri ¢ pat t18413% Compouant tl japdpharmaseytically @cg@@bbicmn@i‘@os fhersofneamusciul i d
| ong rang t yst al
structur eg%aggg glrlessgm it geg\%ty Bﬁlé’ Stwgrgsfso ﬁ&ne‘% st aF#(ﬁlgB 2 gs I?é s show
definite swbteatinly pmtpiilse and salt free[f@tm@ferr%@ as Epmmn I andeligiibadiang chazasterigesid
herei n megng,increasing or decreasing, e.g. activity, by a neasurable
anount . [ 0031] In one aspect, the invention features a form of
346-042, 2- di fb f?#?)%%%g[dgs]chﬂad%%ﬁnoeﬁﬂ%éseﬁ@ repare the compositions of this

cycl opropanecar oxam 3- et hyl pyridi n-2- ITgpbenzm c acid

char act er inyengion gommyisipg [Form L. The amognpdnd (the fegterehedthecnimpeniens need irthe m |

i s characteri.zed.M e 01 iLaPE & iReaks at 15.2 to 15.6 degrees, 16.1
to 16.5 df()egreses © 3 14.03 1;[0 14?17 degrees in an X-ray powder

di ffracti on obtai ned usi ngr1BH desekpaonast Atk eRawmngs [0033] In
anot her enbodi nent, FormT Ts characterized by one or nore peaks at

15.4, 16.3, a dogleéuid@grs@@x-my diffractid}38éh chl@u]@té@frtﬂﬁﬁsﬁ@l@@@btm%smm
Forml IS further characterized by a peak at 14.6 to 15.0 degrees.
of Compound 1 in Form L

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

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

in Form I

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

Form L

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

crystal X-ray analysis.

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

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

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

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

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

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

[0023] Figure 9 is an "HNMR analysis of Compound 1 in Form I in a 50 mg/mL, 0.5
methyl cellulose-polysorbate 80 suspension at T(0).
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[ 0035] In another enmbodinent, Form| is further characterized by a
peak at 14.8 degrees. [ 0036] In another enbodinment, Forml is
further characterized by a peak at 17.6 to 18.0 degrees. [0037] In
anot her enbodi nent, Form | is further characterized by a peak at 17.
degr ees. [0038] In another enbodinent, FormI| is further

characterized [Dy24n FREAK1 (RS arﬂ%k@nﬂﬁis&f %ﬂb&ﬁa 1inF orm 1 11|i Q w05

anot her enbodi nent, Form |l is further characterized fy at 16.
to 16.8 dagihukesiiulpssmalyporpaic HhueprarionTerediztaean erpepte) 1’|7§11P91i5{ her
characterized by a peak at 16.6 degre 041] I n anot her

embodi nent, FJP#SI F}ggr?{hlﬁﬁbwgﬁ%ﬁ@ﬁf?@ap‘ﬂvdg *BédRangerdy 6 to 8.0

degrees. [0042] In anot i.s further
characterized by a peakBgiéﬁﬂglg%%ﬁg%§gﬁgbﬁlﬂggggggﬁgﬁﬂ anot her

enbodi nment , further characterized by a peak at 25.8 to 26.

degr ees. [004 ?&*L—Qﬁggﬁér enbodi ment, Form|l is further

characterized ? g &) i%

enbodi ment - FONETT APERE pfbnepe IR a8 uansgy o qw s gltedRtnige,

gﬁg; ggfér I[ gggqg %ET%Q%{P%EF@?Q%M& er}lém m'é:%lrsrpyslnc If%roms tl'tal%?n%mbralle
conductance regulator or a mutation thereof capabIe of regulator activity, including, but not
limited to, AF508 CFTR and G551D CFTR (see, e.g., http://www.genet.sickkids.on.ca/cftr/, for

CFTR mutations).

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

molecules, or tons. 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-y1) 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

abtained 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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100471 In anot her enbodinent, Form | is further characterized by a
peak at 23.1 to 23.5 degrees. [0048] In another enbodinent, Forml is
further characterized by a peak at 23.3 degrees. [0049] In sone
enbodi ments, Form 1 is characterized by a diffraction pattern
substantially simlar to that of Figure 1. [ 0050] In sone
enbodi ment's, H003%] In dnsthehaitaditrent, Pach 1oy fusthetichdrecaeizedby quablt &r16.4 to 16.8
subst anti Il_é/ simlar to that of Figure 2. [ 0051] In sone
enbodi nenf®™“*%'he particle size distribution of D90 is about 82 pm or

| ess for Form 0052]. I n sone .e di men he [ LGl L ze
dhetribution gPOEH au"lgthg‘beé‘“ﬁ’Pl"&’é‘“pEﬁ%q’f“ RS- AR ed s AL 5adoL5f
In one aspeedes. the invention features a pharnmaceutical conposition
conprising Form| and a pharmaceutically acceptable carrier.

[ 0054] | n one [6&49¢ bt gnothheenpodisent Formianturtber chaadtenzedsbye reek #dd.6akgrees.
treating a CFTR nedi ated di sease in a human conprising adm ni stering
to the human dA04] frespihorendoditnent, BrmAGs farther characterized YyoQB8l at|7b te e
enbodi BN} Syeek he met hod conprises adm nistering an additi onal

t her apeut I ¢ agent . [0056] In sone enbodi ements, the disease is

sel ected fr om {ﬁyﬁl -irf:an]:)ihgr éﬁﬁ)ioéi .eﬁ'@f‘&m Itiéfu}‘th&@ﬁyc?é?ﬁ@d bflﬁﬂeﬁlgﬁt?.a@édségrees.

henmochr omat osi's, Coagul atton-fibrinolysis deficienciés, suc

protein C def i[ﬁmﬂﬁyanOM%&dit}@ﬁt,eﬁ&-aﬁriymﬂaicgﬁ%%&d By Pict R8RES 3600

deficiencies, such as famlial hypercholesterolema, Type 1

chyl omi cr éegeaeb.a, abet al i poproteinenia, |ysosomal storage di seases,
such as |-cell disease/pseudo-Hurler, nucopolysacchari doses,
Sandhof / Tay- Sd84Y] Ilgﬂp@preqmb%lﬂe&tr qugpdés furt}ler characterized by 2 peak at 26.0 degrees.

pol yendocri nopat hy/ hyperi nsul em a, D abetes pellitus, Laron dwarfjsm
ny| eoper oxi daé@“ﬁiﬁ @P@‘ﬁ‘tﬂ‘?}boﬁ‘meﬁta\?Q}“ng‘ﬁa?ré%lﬂ%‘%’iz&qs@rﬁ Peﬁlﬁf‘t&ﬁgaﬁ%,g{'g
gl ycanosi gegfdec type 1, hereditary enphysenmm, congenital

hypert hyroidi sm osteogenesis inperfecta, hereditary

hypof i br i nogengmespin Actheid@ibodihRiC ormD iafveh@ShiriSdripedibisa (bl 3t,21.6 degrees.
neur ophyseal DI, neprogenic DI, Charcot-Mrie Tooth syndrone,

Per | i zaeus- Mer[a®at hemoties@asdimeie Barodegfnberahdraterdde sSlgasesk sikdll t@d3.5
Al zhei ner' s di sease, Parkinson's disease, anyotrophic |ateral

scl er osi s%¥¥gr essi ve supranucl ear plasy, Pick's disease, several

| ygl ' | | .di.sord '
Coi hocer abul | AP B RS Fork (S RAe ek il s g

dent at or ubal i dol uysi . BY:0F; I .S as
spongi form enggﬁ?lf“osﬁaﬁi"gg‘?n‘@ﬁ%ﬁ as 1%@1'}%%%2%%@% efg? gﬁ)g}gﬁieﬁ akob
di sease, rbbeytiatly siedlgep ti8t ofdlmsd br - Schei nker syndrome, COPD, dry-eye

di sease, and §jogren's di sease. ~[0057] In one enbodi nent, the
present i nvent[D@i®] prsvwic dmbodimerds. Hoah bif charastprienidy@yisieaionipiitensis in a

Eg;nrann,.cog%g&lﬁiapgggg?jtphﬁ{&rﬂi 40 sai d hunman an effective anmount of

I one aspect, the present invention features a

kit conprisingoff M donRUpdARL Y el p2RR1e S RE dEBut RARE B is about 82 ym or less

for Form L.

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

for Form L.

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

Form I and a pharmaceutically acceptable carrier.

[0054] In one aspect, the present invention features a method of treating a CFTR
mediated disease in 2 human comprising administering to the human an effective amount of Form

L
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[ 0059] In one aspect, the present invention features a process of
preparing Form 1 conprising dispersing or dissolving the HClL salt of
3-(6-(1-(2, 2-di fl uorobenzo[d][1, 3] di oxol-5- yl)

cycl opropanecar boxam do) - 3- net hyl pyri di n-2-yl )benzoic acid in an
appropriate solvent for an effective anount of tine. [0060] In

one enbodi nent(podshe, é@ﬁﬁ%ﬁhﬁ&dméﬁ«{@Hieln%ﬂloﬁ%%lbi{s@ssadﬂmﬁit&ﬁ@%ﬁ a@fiigdepari ng
Form | conprising dispersing the HCl salt of

3- (6- ( 1- ( PeBPHE B obenzo[ d] [ 1, 3] di oxol - 5- yl)
cycl opropanecar boxam do) - 3- yet h '%rl di n- 2- y%ﬁenzm c.acid in an
t cC

appropriate sdP{eh{n oBF e’éh"déqn?cé giseasfos prlcoird omypysticridsis] hersqlitaigne

enmbodi mengsphytdag, E@aﬁt@@mbﬁt)@r@@mé@néoahﬂatmifﬁﬁnays1sadeﬂ&@&th@Ishmts@sfotem C
m Xt ure. [0 I n. some , enbodi nents, the appropriate_solvent is

water or SUEACAD: Eﬂﬁdﬂm&tw angiqepcRa lipid prrgerging ﬂ?ﬁcseaﬂ%% sichetfmil s, the

appropri akype&hdlkeibleh, Wit € chylomicronerhid (béthligoProtMi¥miL Hhed BB the
appropri at e solvent is ure conprisin 0% met hanol and 50%

water.  diseasescgias Ticql A FisiScH S fuconofysaceharideses R AR ERYLS6HS, t i e

i s about Zrifle- I@é}jﬁﬂ@p@ﬂ%}&endoﬂn&%ﬁﬁyﬂiﬁéﬂ%um DiabbBEMEfifug Alain@waARMNT
of tinme is about t o _about ours. | n sone enbodi rrents t he

ef fect i ve HRBRSHII3Fe deficiency PrigoUyPoParEhyApSigh. melanoay glycenqsis{iifatype 1,

enmbodi mnﬁe?edﬁﬁr%%m%ﬁfs@xﬁﬁ ch@eﬁmmhwenwrolakﬁ%steage%b@stﬁnp&féc& RbQithry
In one aspect, the. invenfion features a crystal

hour s.
f or m of 3121!'@’25'&210%3“5‘6}31‘ ‘f‘GBfiﬁftfé??% [Ddf]thfs igidgs( @k BBWWWI DI, neprogenic DI,

cycl opr opergsanay asdH @nﬂﬁ)ﬁfé‘eﬁéﬂ]&'ﬂa&iéfMQhﬁhtl?eT Yhed) %er@de%&iegtlb@d'iéeaﬂm Such
nmonocl i ni ¢ crystal system .a P2i/n space rougméand the foll ow n

uni t cel | 2SS §Ritasg Farkipsorgddiseese, awotwpm oderogsy gYoLkssiye =
33.075 ( 4s)upléinuo@em-p19@!; Bidc s-d19e%seg ge%el(aﬁ[)olygﬂ’tﬂﬂm}ie neuﬂﬁ’oglc{apcﬂ@?&erﬂ\@ﬁms of

Preparing_Form LY In one enbadi nent, Form | is prepared
from di sg%wgliﬂﬁf@n épmafieg%lﬂa& F‘ﬁ’g‘a P& hispingl gphpullas apscalar peaphy. dipntatorubal
3-(6-0- (%aﬂrd@lu@il&lpﬁlﬂhﬁflﬁ&{l&ﬂﬁt%ﬁ} dl'S R Y bg @Dl‘{glﬂolm encephalopatlnes such as

cycl opr opanecar boxam d o - 3- écl%/ pyri di n- 2- benzoi c acid in_an
appr opr i ateged §HV\%‘H‘EZf‘TIG)‘r alegh disees "PVéjlséﬁsﬁtm{auﬁkrTs‘Fl}?@kerlSﬁ“dé%% GEFD, dry-

enbodi mendye dfsedséNahd 8o Ri’ePRE64 from dispersing a salt form such as
HCL, of 31{641 (2, 2- d|f| uor obenzo[ d] [ 1, 3] di ox01-5-y1)

cycl opr opanec a003eKabne ehbodinieat, el pﬁasém@hv@nt%mplr&vhﬂymwo@@titfidtimg cRftic
appropria e solvent for an, effective a of t| I n anot her

enbodi ne 105]*_5df1 pmane CQNTIHNG a@pltlléq@flp tqufi]HI]Hlman an effective amount of Form L
3-(6-(1-(2, 2- robenz
cyf:l 0|(or oéanecﬁ%%rﬁlﬁﬁg}mc gld“]ré’fsﬁk’r‘]”b‘ﬁﬂl T fﬁat'ﬁgilzl]?t complisipg Eemlsate and

an appr opnitatgonatirdse thetedf. as formc acid. In one enbodi nent, the HCl
salt formof 3-(6-(1-(2,2-difluorobenzo[d][1, 3]dioxol-5-y1)
cycl opr opanec #05Kamne especd-thairbyyhtpywentitinfedturygegrocees of papirthgiFarh he

et d chil GO e e e i B EC kB Cdarar g e e R 5
y1) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid in an appropriate solvent for

an effective amount of time.

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

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

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

mixture.
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[ 0069]
H20

Schene 1. Synthesis of the acid chloride noiety. 1. NaCN 2.

SCC12

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

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

methanol and 50% water.

[0065] In some embodiments, the effective amount of time is about 2 to about a day. In
some embodiments, the effective amount of time is about 2 to about 18 hours. In some
embodiments, the effective amount of time is about 2 to about 12 hours. In some embodiments,

the effective amount of time is about 2 to about 6 hours.

[0066] In one aspect, the invention features a crystal form of 3-(6-(1-(2,2-
difluorobenzo[d][1,3]dioxol-5-y1) cyclopropanecarboxamido)-3-methylipyridin-2-yljbenzoic acid
having a monoclinic crystal system, a P2;/n space group, and the following unit cell dimensions:
a=4.9626 (T) A ,b=12.2994 (18) A, ¢ =33.075(9) A, 0. =90°, p =93.938 (9)°, and y =
90°.

[0067] Methods of Preparing Form 1.

[0068] In one embodiment, Form I is prepared from dispersing or dissolving a salt form,
such as HCL, of 3-(6-(1-(2,2-difluorobenzo[d][1,3]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 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 T is
formed directly from 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-y1) 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][1,31dioxol-5-y1)
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.



[0070] Schenme 2. Synthesis of the am ne nviety. | urea-hydrogen
per oxi de phthalic anhydri de Et0Ae, water [0071] Schene 3.

Formation of an acid salt of
3-(6-(1-(2,2-difluorobenzo[d][1, 3] di oxol 5-y1)

cycl opropanecar boxam do) - 3- net hyl pyri di n- 2- yCbenzoi ¢ aci d.
CO2t BUuCC2t Bu g0#¢¥] Scheme 1. Synthesis of the acid chloride moiety,

F. O 1. Reduction E O 1. SOCl, o
FXC’@\ X @\,OH Fx :©\/CI
COzH 2. NaOH F O 2. H,0 F O

O 0 NaOH 0 Br

X F \/\CI

F7o o =~ Fo CN = FXOD\,
KOH Fo N

socl,

F.O
X o
F O Cl

[0070] Scheme 2. Synthesis of the amine moiety.

1. K,CO;,, Pd(dppf)Cl, o
N (HO),B 2. aq. MsOH IN'
[N’ ot 3. aq. NaOH
]

CO,Bu —— CO,tBu
urea-hydrogen peroxide
phthalic anhydride
EtOAc, water

» - S
HoNT N < N
1. MsyQ, py, MeCN |

o

COtBu 2. ethanolamine COtBu



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

cycl opr opanecar boxam do) - 3- net hyl pyri di n- 2-yGbenzoic acid as a
starting point, FormI| can be formed in high yields by dispersing or
di ssolving the HC1 salt formof 3-(6-(1-(2, 2-

di f | uor obenzo[l@)711 S&]edied&xdit;rﬁaﬁyﬂ))f an acid salt of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-
cycl opr opanGean bOXaMARY: il %d%g; b orpkehenggl © acid in an

appropria an e fec QO her salt forns

of 3-(6-(1-(2,2- difluorobe di9 1|)
cycl opr opan do) - 3- pyrmm Wﬂ

used such arnpl gNoth m neral or organi & aci
ot her salt for esult fromhydgrolysis of the t-butyl ester w d’ltBLhe
correspondi ng acid. Qther acids/salt forms inclu nitric, sulfuric,
phosphoric, boric, acetic, benzoic, malonic, the Iike. The salt

formof 3- (6 (1- (2 2- dlfluorobenzo[d][l 3] XOdetdd- Y1)

cycl opropanecar boxam do) - 3- net hyl pyri di n-Z- yl)benzoic acid nmay or
may not be sol ubl e dependi ng upon the sol vent used, but |ack of
solubility does not hinder f onQof” fform | . For exanple, in one
enbodi ment, the appropriate gobv mmyN ter or an al cohol /water

m xture such as 50% met hanol / wat er i xt ur €3 even t hough the HCl1 salt
formof 3-(6-(1-(2,2-difluorobenzo[ ds[ &id3] &Pdkol - 5-y1)

cycl opropanecar boxam do) - 3- et hyl pyri di n-2-yl )benzoic acid is only
sparingly sol U] UsingehediCl, fonexemple sath futinwé Br(¢-(1t (3 -difpraeniohd]d 3 ]dioxol-
fsglr \r/r:,[];[ Oln§ ()m/% Orpﬁ%)qan(%cglg%t %ﬁio%%ar{]ﬁ)flg ifdﬁl%—{rlé)%{:%bnp&émas%fsta{‘tlng‘f)oﬁlp Form1I
(1- (2, 2- dednlbadorobé imdoghd)i§lds &) didpewing br Gssyliing the HCl salt form of 3 (6 (1-(2,2-
cycloprop 0 ] do. 1

T S G e s S e P
hours i s imoh ap@eptett solyewlforaineifbdtiyh ayoumt ofinfe: @8% saltigtmsod Bt(éd(h(2 2-

sol vents

that tho SHSUERAER ARRhS BB Bladdiuol olely BBk € il

t enper at umey béTised suck as, fdnexanipih eﬂlertmmel‘ale:mp@amt amé farine Theoshet saftdormeeded
to affect Q 1.0n i f

water, stiSUAGTLAANGE Sindith 8 VI gl 5. R a0 g Tork

t enper at uingludé v, Ftfnma, phasphegia, fa)pp,ragmcnmmlg n@8%acy gl thi: likef The salflfarmi afn

cycl opr opdtebarass it pRu S s B aAR Aot S bkt
desired f glbbepzaweslsnwpms ast, beanlubib émmiantg tpenpersalvent esedelyt laek efsed.

'ea‘r é\e/; t ijl Jlﬁbqﬂy E{Eg n5 11#1teefé f;&ghsu{u%li IOI i a{'@f Lﬁ&r L?%%nq dooij'x{gtem%{)dﬁnl @gthgﬁppw?)%ate
substanti aihlregat Py ke vfamar wsaroflcololfwatdr miktnreomeh aeﬁt)%dneﬂeml/wasem bettemteaved | y
ubet ant | dprg CHERE RS B PRt RGPS HBeBES BT DTOPE TN
anot her emtu@qirqmmarb@camstohamwdiylpynm&alﬂoafzemscrtd@s quhemaenglht folubledboater.
98% puri t nonee C%i{@o}‘e %Bl%gnﬁgntwen lkl\b”gttegntl ally pure refers to

greater than nperature sel ected depends in

part on the sq ptrhygfep?mqloh 16hb e Lo RRGRARNE bk i EBPle s 6.

sonmeone of or |na int eart to determne. In one e
the te npefla@@r@ﬂucsoliwt%b%M@W tyOrepe pripRInecatharRnE Byt meyleyidim?2-

anot her e ' ) nd
about 40 OO HTERg ah BErb M eRledh 914 5 oGk AE B Lo R A BRAL INE AT
40 C and bbwout n@eded tombmmlewelénba&l%hbmcmwmeol‘teeﬁp@waeqyrregneger

bet ween a a

Form | malgIg téltsg) gpﬁ;ﬁe?%paﬁgr%?wogﬁ%g& art tehg ra?g g ?I z‘;i}tltlélegehdsl ﬁg%‘?%f};&%ﬁﬁagm
sol vent . fhixampkrsrofTher igeahs luglmoﬂw@ntpsrahmﬂmht& tirhartcednddo affct dijsndiated of

acid to form Form 1. When the solvent is water, stirring the dispersion for approximately 24
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[ 0079] Uses of Conmpounds and Pharnaceutically Acceptabl e Conpositions
[0080] In yet another aspect, the present invention provides a nethod
of treating a condition, disease, or disorder inplicated by CFTR In
certain enbodi nents, the present invention provides a nethod of

treating a condition, disease, or disorder inplicated by a deficiency

of CFTR agduksvdt tdbm tteéaﬁerﬂﬁﬁe'gﬁads F(Qﬂnﬁliéidb roREkIt AN SERETikI0 IR sERANATId o
conpri si ngra solid ate formof Form | described herein to a

subj ect, PFark’ éﬁoﬁlﬁé dﬁ%Pr?FP&F“ZOEdH{lﬁ@é‘H“J% Pra) gl opropanecarboyagey P- A

"CFTR- WEdin@thﬂSyriHuﬁ@-@ﬁS‘enz@@ adiSRdesNed Bk Prob&s BurPdsS€ 85 el @Gt RANSE AR be
cystic fibr 05| s, Hereditary enphysena, Hereditary henochronatosis,

Coagul at i B4 PARistiging e solym fey @ﬁéfF‘“é’é’e d@e}e%m%@nw&eéiend@ teP§TEPENCY

Type 1 hefc&%tﬁ]ﬂfa‘foﬁﬁ&ﬂh@@@ﬁl@@mlds's@iqtﬁntﬂaﬂl?%ﬁh%%lHQofli&mI dedie GhnBaGIES,
such as Fam|ial hyperchol esterol em a chyl om cronem a,

Abet al i popPHtRRReRHIarelery e gEatRitanaber e R]]Fl%ar% agthes grplppdigaent, sebsteptially
di sease/ Egﬁwémﬁu @}ee{er thBﬂJﬂﬁ’@QSZoﬁﬁlﬁﬁh an h@ﬁ&fanboaﬁf%h @ﬂcll‘!st-gﬁtYa‘H?g Sefers to
a

Cri gI er- ar t " endocri nopat Osggperl nsul em_ a bet es
mel 1'i tus, afE%?féli‘?“dg%‘r‘P%‘éﬁ?ﬂtbwi"é’éﬁ@?rc?ﬂba‘a@ém staitialeRnre ofersfa eipater than
hypopar at {iaioth sy, Mak @eﬂ%ﬁturecaebést@m@e%bms A Rk s%lvem.g&l%a Ahell

enphysena, Congenit al perthyroi dism Osteogenesis inperfecta,
Her edi t arvﬂlﬁfg/&s\cw&lmﬂlﬁeﬁgé RIPROBE OfR@Fﬂf’diéﬁ‘lﬁﬂ&i“éW to detgiitce dn PRrsTbRdiTent,

(D), Neuhorhysete iPbotwNARERORMhGatde.anERLES ~AVBA hleot1£99£$bd§weﬂ¢ Iﬂfems
Perl i zaeus- Mer zbacher di sease, neurodegenerative di seases such

Al zhei mer CRPIFNIE Ake™VeoR FeomHieMPeraurg padabsws 40 Rky Ht FG AT ambogimeptafhe

scl er 0si SemPirRGie &S5etwWedn SbHRE AHCI8 abouPb@RY , In Bhdiler SmBbdHBAR She SANSH AL is
pol ygl ut am ne neur ol ogi cal di sorders asuch as Huntington,

Spi nocer eltstivacapboyt ok (ganfiﬁ t$0°Epi nal and bul bar nuscul ar at r ophy,
Dent at orubal pal |l i dol uysi an, and_Myaqtoni c _dystrag as well as
Spongi f or m end@3hinspmt Fpkagimeatscfprad %P%Bir%arrwugfﬁmrzmwawkw an

. di sease, d?aéarcysoptbﬁeaﬁmplestdfaﬂg&ﬁé Qved Iﬂ@luals%t &Y hslnianed toGofkhe, BiYengY €
ren'.s di sease. In certain enbodi ments

di sease, and

he s o e tfeleal B1oD BB IHBE. HitvhaEH TOPLY s (Bt PR AT Pt

di sease iifobatylkuidR, &Qfﬁﬂéﬂaﬁ(bMteTr b v&to8Prafbs). aﬂéﬂlﬂaaﬂr@ﬁmﬁg@ 1fs€d ﬁsateséubwan
an effective amount of, a cqﬁ895|t|on conpri sing Form ] descn

herein. 2bove [FeHBEMPIECIE SPYFRRPdimsIE FoH) Itléijlﬁ%k{"e@é’ Iobwanel atdey %H*E}Béﬁlhent

the preseRtnplchwedisbREd. RERUhERSVnAIRIAE 1000 Craefatd ¥ 02 BInhik yleldd bQShIS
in a human co%‘;sm the step of administering to said human a

conposi t i BA° lFlkli“ﬁgbel'—‘&l?quché%@PPbed her ei n. [ 0084] According
to the inventi 0 " fec]tl ve of FormIl or a
phar maceuti ca q%ysl 0 “thereof is that anopunt

effective for sseni t he severity of any of the
di seases reci {(@3&?3'8 “Ce””c“ Y ALH COﬁ’B?Sr’HQ”Sor a pharmaceutically

accept abl e co i t| on. ther tered anount
and any route ? g Oﬁlllesr qrpe‘fet gtheg%feél ?W?)lélo? (S’ﬁaW%eé{ I?ailé %qu%%seni ng

t he seve rdomyomlfonome pavided véhefn thdse cmpmaemsompme%dn Biyakeribed herein, and
[0086] In

bhar e dPiEal T Ren Pl Risalbokasls e SgM e e fim e

treati ng eamoliesseniagednipesidasepiidnyllfurthy sbigrisk ol arside additiadl iteripsutisho
exhibit residual CFTR activity in the apical menbrane of respiratory
and non- & ratory epl thelia. The presence of residual CFTR activity
at the epithe u eadi et ect

" the art. o1 RUEAEE SR UR hERM S hEGH A B TR o R e
hi st oc henimbaﬁomaﬂdﬂnmn@ye&nprﬁuabhmademtslly a:beelitabﬂeycafﬁl%ﬂadjacm \oOF tve;hldllsi ng
in vivo qr

X, VI el ectr Si 0 hni que ure
cweat " or Lty L SRR Br LS Ry ENt s FERTIHERS Speion
hi st ochenar m&bemxen hids, guése mlvawgmts,osotmﬁd dgesisirthieleaing enanilyifyindsbengs, such

U_nt n.

preservatives, solid binders, lubricants and the like, as suited to the particular dosage form
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[ 00871 In one enbodi nent, Form | described herein or a
pharmaceutically acceptabl e conposition thereof is useful for
treating or |lessening the severity of cystic fibrosis in patients

wi thin certain genotypes exhibiting residual CFTR activity, e.g.,
class I'll nutations (inpaired regulation or gating), class IV

mut at i ons d¢sabd Eeadhstooh dbamasryadal Swences) Sistsenh fdition. ifoWs Martad el

synt hesi s » - ; rling: T P I R I I
'V, and V})%lgfssfﬁ?%{??i %Ag)gli S ?g%@ﬁg%éregﬁgm&ﬁa?ﬁ%% {ésﬁc(l:gl fé@gﬁng%or Def ect s
and Oppor phanntdeeticalhf acTérgabdgpmpGutione and @pivn teohniques Ru thepreapriptivishiredfne
6:521 - 5 - e i . a i hi f

GFTR act i ey et e sl el BRBMMR R P BebohihdiiEhe
het er ozy gowsntigh tshcheasypy ptddegingdny sigdesirabin i elogienh sffeck eroithedivingintskagting ip 2

mut ati ons I i X i ] .
cl ot 11 SRS mahneP iy e B Raftl B Ubalc Bl A Ecopable conpogiion
Per ein or .itauq@ﬁmo;mmelate:d@alba\yit@cﬂneﬁnogmfehisbwpnbp.tﬂoon ckdralesof megriasef ul
or treat . I OSihS, ients
w thi - oolPeh S pFERER AR ARLELILE BricRXRILE thl B RSBl Bh, 01
phenot y peextchatgers yahiniad, kipmiomr edagtie ciiit,serumereeny michef hmewisdualalb@EIR
activity | h i.cal i l.i.a. . i e
pati ont s GOk EBsR Blon AEARGAE, UrcRpishBELE: or AL R RO RS BELHE
wi t h i di opéttiescofpaneted atgetabk fatydcdangénistléd or biet tatl gesabuch bsmrnieming fulfatre
vas def er ens,. 1] di Teordde . Ct. nt
required \%13 fqlun\g/)g%(f;&gre ggirl#@u tﬁ’ h@?&?@ lgﬂ‘ﬁF%l&h?lpggggsh‘c‘hI‘ﬁgh@ﬁ&r %13 %‘ggci es,
age, and gdlglakdilicsonapintsion troflicttheokyulnylgutrolitane pebeayletey wakest podyethylene-

i nfection A r o, e 1.Qi t

| Tker " TherdbeiSpBRbleGre RpoBRE od BT RSB JUMP b8Pl B0l
dosage uniuch kiocom ftoch srpetasf stachtaubse atliits deravatives mich@s sidinn afbodpsalyd.
The expression " ik f ' ! ' ef.ers Bater

physi cal | poRs 7R g ool sol Bl BMRP LBl e urs, |
treated. bicipiunks|sudieas gnabe bsttapaut] submosibarg waxashals sedhas penad oilderitthyseedsalge
of the co unds., an SI14.0 f e, present N i il
e B B B R . G
j udgrent . pdiyeehydque glyboloesefs seclt dsvedytideate dndedlyl hontezagyr; pelifaring ageats such as
patient o i ] . A, jef:y. Y '. [ :
Phe. di sor HafieRaniaphe a3 ERERE, HARRIE, BRLSLY BhodeRbObRe) RELEMIHL
activity Bingtrheolsiieg ethylelobetpmd pbiosplimtd tongfedsolutines, spedi fFiothecompods t | on
enpl oyed; .t he.. . i . . i

ot i ont: EReAnRRen AR el Sty AEAPL M P DB LR, FhBl Lol
rate of exgniiklemingfageiie cappeg idents, ssoctpong,) daenpt endggrfuming aghmtsat i on of
the treat t: ..d ed | ' [ | nei - W th,

peci 11 o oG 8 aitaE QP bEH:R Ble SRhRFloRRL APl fulen
medi cal apfte folilndatber m "pati ent”, as used herein, nmeans an ani nal,
preferably a mammal , and nost preferably a human. [ 0090] The
phar maceut i callP879%h &eespf Gohrovadsd Sharmoeaytiofily vaniegtabip(@npps¥ornsan be
adm ni stered to humans and other animals orally, rectally,
parenteral |y, [P0 frves enothandspyet, hamresatagicnzinipyovidene maped plteadedd y,
topi cal I'yc{afioRMiapds Rordl RISy c@rd h&ﬁﬁﬁm cRBERhbMs, 1Ry OF &l

or nasal spray, or the |]i<e, epending on the severity of the

i nf ect i oninpesiting providet awethedpfEertingiagoritivnddispaset o disopder taphiptietitys of t he
i nvention RNLSELr : : 1 B9sadS8ridi S
of about S DL RS o ahEt O Bhal b PLup RERLEHAL | bt R ®
mg/ kg to sihdatetedammef/Feym I dscrihgd herein thpiihicoleprgisrabjyermanayzal, ip need drerevbr e
times a day, to obtain the desired therapeutic effect. [ 0091]
In certain entd8fLhdnCETRmrdiatrdslisgrscaaribtthersin kg dispasc salecicd &orsyige
unit for nhbr%sig, 'H%FEdi'tQQ eﬂpll)}égna],' Hgggitarf@herﬂdahlﬁﬂl%ng rcﬁﬁd?ﬁ%hmﬁwlyﬁbe

deficiencies, such as Protein C deficiency, Type 1 hereditary angioedema, Lipid processing
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[ 0096] Solid conpositions of a simlar type nay al so be enpl oyed as
fillers in soft and hard-filled gelatin capsul es using such

exci pients as |lactose or mlk sugar as well as high nol ecul ar wei ght
pol yet hyl ene glycols and the |ike. The solid dosage forns of tablets,
dragees, capsules, pills, and granules can be prepared with coatings
and shel |§ef§léﬁ$lesa§w§5§19a'iﬂ1ﬁal ﬁp@}dhagﬁeral@&llaom)%n chfghicR@smpe! | known in
the pharnaceutical formulating art. ey optionally contain

opaci f yi n§bugipRprstcaRiachyfoyms t?féoecﬂisease%évﬁ&}ééwalcmseﬁ% endprdlpripie| ease
the acti Vﬁubdbﬁfy@éiblf‘aﬂh&s%& Sﬁ’l{HhMﬁITaWSaEHseéﬁgfI&rﬁabﬁijtWeII' n a certain part
of the intestinal tract tional %)/ in a | ayed nmanner. Exanpl es of
enbeddi ngPQ%wﬂQfgm@ﬁaéw@tpmtsm@@m Bi ﬂ@éﬁplhtm Fer@@dweﬂf sy leopsiosighssnces
and V"axesdcfgféhdydm%:i@ﬂﬁioﬁaﬁl@ﬂﬂ osaisnawa%ﬁq@mtcmﬁmm 8hse pﬁﬁ‘cdﬁﬂpl oyed
as fillers in soft and hard- ége atin ‘capsul es uUsing such

exci pi ent@111&’§S°F1&c@@1§é‘11@Phﬂwllﬂwf@@}g&r steoseneys imperfppiag Hemeditaac ul ar wei ght
pol et hyl eﬁ}‘faoﬁﬁﬁﬁ%@én@mﬁnﬂCT Iagﬁcjléngye Dlabetes mmPi@Q@(HI) TB& ok dal B1, RAPBAMAAST,

can al so iIn nicroencapsul ated formw one or nore excipicnts as
not ed abo%arwrh@ng SPoth ssmgeomgel arlivepts-Nogrzhaglisr disepse, geuplseencralypydsspsss such
pills, ang @Elﬁ[ﬂx’ér’%%m@@@ P*aﬁmeas@p@ag&gie M&r@ﬂﬁ%é}gﬁc@%s Sheddssivsuch as
enteric coati no? rel ease control C%mtlzoatl ngs and ot her TCoatlI ngs
wel | knovpipudlesenlpmyalis s diseass aqverrﬁb@ wignjipgnegroogiqahdigadars asuhiag
dosage f ofiRinke &B&e\‘&uﬁﬁ%ﬁd@ﬂ rrvsfmﬁﬁana%mbmswﬁmtm | BaRko RO
inert diluent such as sucrose, lactose or starch. Such gosage or s
may al so rebifehysen, angMyejoniofyspphyrasorell eeSpoagifinm cagrphalenathiss ssueleas ot her
than i ner fie g, Hem bz e Bt-Bicob &1%Q§eef-‘dbﬂgd1§e'i@r st&%&ﬁé S@H@n}@f Qﬁaroﬁl@t&c% e
ai ds such a nmagnesi um stearate and ‘m crocrystall'ine cel'lul ose

case of cEpdistaes and Jpgrar’sdisesse.pills, the dosage forns may al so
conprise buffering agents. They may optionally contain opacifying
agents and cah04? ChiApPmhpdiRsHS OUF PRt inyation peyidese|nestlod of festiagt i ve

i ngr edi ent1R-meMht¥d difase 19&%&1%1%%@&111 the 5tBh &€ agﬁ'fntls@érﬂgﬂﬁsrah ]ﬂfnaltl he
intestinal tract, Optl onal %/ In a ayed nmanner. arrp es of

enbeddi ngef@ﬁtﬁﬁé@io'ﬂlltéﬁ%ceﬂi)&ﬁl %fawrrw&m&%%@mllﬁeﬁcuh@ hssinneri ¢ subst ances
and waxes. ]o‘g It will also be appreciated that Faorm |
descri bed her 8083 Ccafdﬁ‘ﬁé? A s tetivearirred cpbplinprtcthe BRSSP RIFEASOf

can be erphayAIthfiBath@ BB GbloSiR il NRNAR t&@Sprisind Me step of FRRiAktbriAD s
adm ni stered concurrently with, prior_to, or subsequent to, one or

nmore ot heleG%%F?’%RP“‘E‘H%F%%W‘Eggr”blrdeFFé@F‘E]ﬁﬂ"e“brocedures The particul ar

conbi nati on of api es (therapeuti¢s_or procedu es) to enp in
conbi nation r é@%‘ﬂe‘& Cgﬁdf"lg téﬁ’ﬁé‘“’F t°8 2% “(ff?ﬁfh“f‘ S8R ath FBF%‘F?V@F”’FH‘@"“CMIY
desired tlepHapRiébinssitandletof BIRCANMIES MG HItRaGRSI 18 ninD elcARRHEY oF
effect to be Tgchl eved. G&e wi |l also be appreciated that fhe t her api es

enpl oyed aﬁﬁ)‘?_ g APt recitebdioVed effect for the same di sor der (for

exanpl e, an i ve ound nmay. be adm ni stered congurrently Wt
oot her agent MBS o/ 167 SR DiE e BB GERIor h Leral Thby ety
di f f er entusf b@Cinsoufiang any 100MRIF AlmiiktraAiDy efadi ey BeraliheitlGienindIhd ety
her ei n, agdi tional iIge. geutl c agents that are normally adm ni stered
to treat BPIPYFERAERD ‘{ﬁ £ [P s ease, or condition, are known as
"appropriate

t.he 'Lses 1.t ... bein
(00561 P 1 o L REIA Sorht e T i Ry R oL Bl DR ireby tpaeble
nmucol yt i comgesition tikraf shedilabeteating @ tessning tHeiseteriey, ofapstiafiblosis i Rty e

o pound 0 ikt FuBT R TR AT RO <8 tmER O ShaToRgRi o r a8 180] 1 n
anot her ephiatia. WEI{leeSEﬁbe offeitlial ORER agyen bt théepallaﬁmﬁum:aﬁe& Rredipdctsiemm
Pel odi pi ribie FeltH P o B T G Ao e B A GERP R, SAVP) P
modul at ortssteebiehica Sechifidpiep.rSuth methbdiedvafifyl CFT detivityawiag ik aebalraf o

electrophysiological techniques, measurement of sweat or salivary Cl” concentrations, or ex vivo
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US7202262, US6992096, US20060148864, US20060148863, US20060035943,
US20050164973, W2006110483, W2006044456, W2006044682,

W2006044505, W2006044503, W2006044502, or W2004091502. [00104]In
anot her enbodi nent, the additional agent is a conpound disclosed in
W2004080972, W?2004111014, W2005035514, W2005049018, W2006002421,

WD200609 9%, 56hem\BLA BRERTEEE] tc0kiniiBL BT tdiaR 0 surf200 d66i}yl. Usiapaich afethods,
enbodi nent,, the_an additignal qggnt sdel ect ed1 from co%}??undsodi §cl osed
in U s Patidel CREPRYEIY FEPeSRaditareigd 1 REUPEE NYTEZYERRAY PURUSUE 19 2,
Publ i shedydiaiyemtiffRa headddnd,indNlin g2 HokdQkous drihbefbzybotelo2the mdG0S,
and hereby incorporated by reference in its entirety. In another
enbodi nenfoMMBAHHRP+APARI agent i s

N- (5- hydroxy-2,4-ditert-butyl -phenyl) - ) )

4- 0x0- 1H qui ndPI8AkIneng sppesliagntdiem %%gésee BirBiRaE PFaca el aerentaicor
treating {RodliSLAGES RSl fob&@hﬁh%mhgaeﬂimh@wva@y eV ShticcibrésrinsitRnts
These conbi nations are also useful in the kjits de]scri bed her(ei n.

[ 00106] Theithipswiin ssnotgers PXRHag reyidhst GIER RGt S Gén Clapy HduiRtioph(ippadred
conposi t i RBJah of Bitsig), BMANinARatiohd (altde ddAITRAE:) ! d 3Rsst N RATEI Tiledddd@t
woul d normally be adm nistered in a c,g_rrposi tig}gn c%g‘gri Si ng éha_t

t her apeut YathatR Rkeeds GhpeKang, bamdly by oithigefive £ & U Py GHE BiesiSnt  of
addi t i onaf,AhehBRRM By ABRORe dullidrIRfls @R Db niiis Lo/ THOEME CORES Dbinds
wi Il range from about 50%to 100% of the amount nor nal %%E{epe@f in a

conposi t | BB iNMedine Gl —2gerO0QsOtFPEsHIt genohBrdpY § agh: Ke

agent . [ OQLOi] AL JatiSl@SIEioRRBudRF Sicrbf BHescc 43R LARES LGB IWith any other
accept abl e conposition thereof_may al so be incorporated.into

conposi t i 9#s of Brtatieainglyringclashhmaftions) dashil druations &4 wation faaf lagks
pr ost hesegass@bdtiohl ci al val ves, vascul ar grafts, stents and catheters.
Accordingly, the present invention, in another aspect, includes a

g onpos ibt LIOE f Qoos8pAtdng gﬁacsuiﬁaéml E?_f‘lﬁ iilhktsa‘itié&‘ﬁérﬁi;ﬁ oﬁ f)ﬁmmmeﬁt@_altﬁpxcmphable

escribed herei.n or a _pharmaceutica acceptable gonpositian .

ther eof , SO PEETALTSHAICE fEAis el BF Sverity af Yol oS BEER 1

for coatiw@nisadridid diRlcaphaliyPed €%, 6 Groddrite & thild clRival fhefotB piee typichine

P oros t1 ek Ao oRD oh e L CE TGt BF HOGH TRt Shee st Sufh

conposi ti ' y

aC_CSD_t ab: ﬁm{i %ié:luﬁ@ﬁatfeﬂt% E:}_&f[ilfitti)ngq:ﬁ\ﬂcréa:[ti_@ afsﬂfﬁekg@;ﬂﬁbﬂﬁh@ dfagliiosé‘cb\&i&}i ng

sal I Npl ant ap) e evi ce. uli tapl e. co ngs ener al. .

pr epar at i YHPHRICPBRTAH!S %‘HICQ}’?F%H?# RrlatRL iabsggceé’? gled %Ss‘%rfﬁg‘ﬂ’énm e e ediesht s

6, 099, 562; 5, 886, 026; and 5, 304,121. The coatjngs are typicall

o) ocompat | bl & IBBP)AS: et tmpwR P GNPy BRRpof e oh oe

o ot e e e et ate et Atr 6t haren .- The

Coat i ngs. P e Breargnae s 36 TeEvp sy Rk S

fl ﬁg_r 0s It ! foﬁﬁtﬁl?ﬁd m%?a‘fgtaeﬁafondaf,easpafyﬁ}immgﬁnela;gﬂtmﬁmnﬁtymm?mpmtqou ds or

co Inatli ons tnhereo Q ar ntro e r ea aracter.l s cs In

the conpoSiPtFd dGsage i %’g'gf@ﬁe%ﬁ]ﬁreg‘rr PRHE ysfc_%lg' cﬁsf‘fVéWniltooﬁ Aflscri bed

herei n maypplprigfa thefatisht widatesitd odyilltbb andepltdodyhiongve xhatilegstalalaity sape
oul d be understood that these exa

P

forth. It Qe Cg | es are for .

11 ust r at Pe eHPREs EntsRmposties ot e prgtent B OL BHUE ARERILY the Headig

t hi s i nveptiykienn wthiaie RE Eound medical judgment. The specific effective dose level for any
pliyk S judg
particular patient or organism will depend upon a variety of factors including the disorder being
treated and the severity of the disorder; the activity of the specific compound employed; the
specific composition employed; the age, body weight, general health, sex and diet of the patient,
the time of administration, route of administration, and rate of excretion of the specific compound

employed; the duration of the treatment; drugs used in combination or coincidental with the
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- 18- EXAMPLES [00109] Met hods &
Materials [00110] Differential Scanning Cal orinetrv (DSC)

[00111] The Differential scanning calorinetry (DSC) data of Forml
were collected using a DSC QL00 V9.6 Build 290 (TA Instrunents, New
Castle, DE). Tenperature was calibrated with indium and heat capacity

was cal i bgatiadcihgodinSERNN el Sind BRIRESS wRfl kiovh iTthe WRIIR a MRk IPR et O
al um num pans that were crinped using lids with 1 pin hole. The
sanpl es wetaBenss ahyredihereipmeanyan agingd proteablya pammpl gpdmagskrreferablyadmmpn
and with a nitrogen gas purge of 50 nUmin. Data were col | ected by
Ther mal Advant[ﬁ‘?j’g] Hpmesqiticdlyrasiizbls comppsiiars of dit iR¥gEoRed Panal yzed

by Uni ver §fdinifi8l YotusnadOdnl e LanviBE1$ baMly, fecthy, pARAnARY, IMARRE SalNeW
Castle, DE). The reported nunbers represent single analyses. [00112]

XRPD ( X- r Eir>yogifigbt inteparitonedivoqpically (as by qopdars, gntarenss. K qwanp).drsally 28 £4 on
(XRD) dat gandr nk@l ggsﬁa;ﬁmsgg%mfbéﬁi@%% stveBa dfele ifdBotich 5@%/E§te{apmgﬁain
- a

diffractometer wt - di nensi onal detector and a f
gr aphi te FRRGERPENHE BITPoERds b tE dyertiop @t pinkpisered PElY erpaatraly el at
40 KV, 35p%ace IMRIsSAMRLESOWRE/R: B BERZ0 BIY/IEhPorPREKS RMNbosH Il th&R Mo about

waf ers at 25gC. For each sanple, two data frames were collected at 120
seconds eacheke obsubicethofdpeightrenday) g or mogdies g dayTipeobini the dpsied

i nt egr at e@eMpdulic FADS sof tware and nerged with DI FFRACTPI ' EVA
software. Uncertainties for the reported peak positions are 0.2

degr ees. 1009 PRIAAdin Minbddihkerts! the 16@EH 44Bunt of Form I in the dosage unit form is
bi s(2- met hoxyet hoxy) al um num hydri de [ or NaAlH2( OCH2CH2OCH3) 2], 65

3)
wgt % sol uEFBH0q we tool.Q08 e Tharothsy srabpdiacat. theginrass drouohoidioanil isdios 200 mg

[00115] 2i300kmb! BPmehds BB @RBAING YO8 Rndurd JPOYM 116 fr&iI300 WS Uk ased
fromSaltigo (an affiliate of the Lanxess Corporatio 0116]

n).
Anywher e FRIheHRENbeECRRhe 45385 aupinf Fepel s frgmifQfaede 79;(} () E?ﬁ@ﬂ‘ﬁ]bcr may

not corre&ﬁﬁomnéaﬁ%idb@éhﬁouswmwtﬁf@fnsob%fq@mgd, the structure
super sedes the nane an% governs. [00117] Synthesis of

3-(641- (2, 2- dijfdoppmpbeniz plegardtions Yo cQX%Aple, Btetil® injectable aqueous or oleaginous

cyclouro ns%?p%ﬁ&orng?r)l% rgie 90%&1%&33&@ dlinigvg) iﬂ'l(c:eI Iklrl](;wzl‘l- rtl u-glt;'l% gl%i?aibl(é d('iisgérging Q'C\%étting
agents and suspending agents. The sterile injectable preparation may also be a sterile injectable
solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this
purpose any biand fixed oil can be employed including synthetic mono- or diglycerides. In

addition, fafty 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.

-15-



[00118] Acid Chloride Miety [00119] Synthesis of

(2,2-difluoro-1, 3-benzodi oxol-5-yl)-nethanol. 1. Vitride (2 equiv)
PhCH3 (10 vol) 2. 10% ag (wWw NaOH (4 equiv) cO2H36-92% vyield OH

[ 00120] Commercially avail abl e

2, 2-di fluoro-1, 3-benzodi oxol e-5-carboxylic acid (1.0 ea) is slurried
in tol uene (10089 Bolididsagded@ms for (o2l edprinissatid dethdy tapsdddiablets pillyinnel

at a rate_to, mai taintzet rature at %%%5 C. At .the. end. of
2ddi ti on PR oRSeE 4 pieh POl orety el giroding 1y KRS YisBa ity
aq. NaOH (e ifere gharinsceaddatly sdckprabdaigeipicui @ carehieht dutloay sbdimmeltratvrr dcacinmng
the tenperature a 4%;@0 C. After stirri f.or an additional 30
mnut oo, PReMeLRPe 8 Benpt gt sRbapipats RoRg @i qutiiol and
phase is giticit edd, b bidQerGutihan fonasingtt, varbdxymath@rcelfuDse alkinbtey,@ehtin, dr i ed
(Na2st™4), fi I.Itw(ir ed,. anld conceg%{ at efgl Cm af {qor (S:i Cﬁréuqecel_ 1 d) disinteeratin
(2, 2- di f | BIVEPBBERIETEST 25 4739 CHRPHEREE SR AL €Y U WGBTS y
i n the nexdensiseqd.as D 1idd] cBylinh b@Bomteppotato or tapioca starch, alginic acid, certain
5-chl or OmsalIiQaYe]s',- a2n’d %6(91'11!1 lcegl(a)orngt_e,lé) %619t?0r1112r9t91!d8'1)§g%|gg1'ts such as paraffin, f) absorption
accelerators such as quaternary ammonium compounds, g} wetting agents such as, for example,
cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and 1)
lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thercof. In the case of capsules, tablets and pills, the dosage form

may also comprise buffering agents.

[0096] Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as Jactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage forms of tablets, dragees,
capsules, pills, and granules can be prepared with coatings and shells such as enteric coatings and
other coatings well known in the pharmaceutical formulating art. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s) only,
or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and waxes.
Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight

polethylene glycols and the like.

[0097] The active compounds can also be in microencapsulated form with one or more
cxcipients as noted above. The sclid 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
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1. SCC12 (1.5 equiv) DWVAP (0.01 equiv) MIBE (5 vol) 2. water (4 vol)
FxO OH 82-100 %yieldF 0 C [00122]
(2,2-difluoro-1, 3- benzodi oxol-5-yl)-nethanol (1.0 eq) is dissolved in
MIBE (5 vol). A catalytic amount of DVAP (1 nol % is added and SOC12
(1.2 eq) is added via addition flannel. The SOC12 is added at a rate
to mal nt abl@fe}elﬂﬁalfy?m%'éﬁiihjéz@tdf@héiﬁ‘t@stfn%@&%@!ipti%ﬁalﬂr?ﬁl%%elgyed%ner. Examples
tenperature is increased to 30 C for 1 hour thén cooled to 20 C then
wat er (4 olombeddingceaperivang thatren be Bed inghde polyasristsabstangry 2ndiwaxes.
tenperature at |ess than 30 C. After stirring for an additional 30
minutes, the |[83P8} K vafl alsopq spiseiated hatfipama descrioddeisigs ppbarmagpatically
stirred apdepti owpYsiticdAner&Rek ﬂe‘bnﬁ)lo‘ﬁ@d th cbRbiR 8 therapleh §hat R Férhl 1RGn 60T
15 to 20 m nutes, tphe | ayers are all owed to separate. The organic
phase is tdmipstgiell eencumeatisl, ripy for Frsulbiequsaido.con elenere atheileitd derapewtics
crude 5- chl IRARIBdare TR ShirfidulaPERnblnaBoP SNEQEH Qt@L Bpdub@tor bR cHBRR) to
directly in the next step.. [00123] Synthesis of . )
(2, 2- di T | terle: in 230BRiRtioR riByLBlljake e aqcemt eommagbilityof thy desiggdferapsutics
equi v) and/or procedures and the desired therapeutic effect to be achieved. It will also be appreciated

that the therapies employed may achieve a desired effect for the same disorder (for example, an

inventive compound may be administered concurrently with another agent used to treat the same

disorder), or they may achieve different effects (e.g., control of any adverse effects), As used

herein, additional therapeutic agents that are normally administered to treat or prevent a

particular disease, or condition, are known as "appropriate for the disease, or condition, being

treated”.

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

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

[00100]  In another embodiment, the additional agent is a compound selected from
gentamicin, curcumin, cyclophosphamide, 4-phenylbutyrate, miglustat, felodipine, nimodipine,
Philoxin B, geniestein, Apigenin, 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
20040284380, 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, WO2006110483, W(02006044456, W02006044682, W0O2006044505,
WO02006044503, W02006044502, or W02004091502.
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DMVSO (3 vol) 30-40 degrees C 2. water (6 vol) MIBE (4 vol)Fx0O F CN
95-100% vyi el d [00124] A solution of

5-thl oronet hyl-2, 2-di fl uoro-1, 3-bcnzodi oxole (1 eq) in DVSO (1.25
vol) is added to a slurry of NaCN (1.4 eq) in DVSO (3 vol)

mai ntai ni ng the tenperature between 30-40 C. The mixture is stirred

for 1 hour thegpowaf er m(Bode embbdmastc@e addaidnawgeht By MhPun( 4tisviased in

After stifling for 30 the la S are se . equs | ayer

s ext r ac NP0 wrme T s g FOSeSanr RERSA B WOHRPLE,

washed wi @#o20s®n2961we2u6d127588) draviofdsadaer)., filtered, and

concentrated to afford crude (2, 2-difluoro-1, 3-benzodi 0xol-5-y1l)-

gc et (ﬁni trile (@65 t hBtanbterlefdodienteht hiyaddiiohdl@geneselecrt &pm cdiPRBd
ynt hesi s

Cor2" i 11 esed o Skt eGAion S N0, LY LS A5 sl T 8 Aplishod Pt

Application No. 2006/0074075, filed June 24, 2005, and hereby incorporated by reference in its

entirety. In another embodiment, the additional agent is N-(5-hydroxy-2,4-ditert-butyl-phenyl)-
4-0x0-1H-quinoline-3-carboxamide. These combinations are useful for treating the diseases
described herein including cystic fibrosis. These combinations are also useful in the kits

described herein.

[00106] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the amount that would normally be administered in a composition
comprising that therapeutic agent as the only active agent. Preferably the amount of additional
therapeutic agent in the presently disclosed compositions will range from about 50% to 100% of
the amount normally present in a composition comprising that agent as the only therapeutically

active agent.

[00107] Form T described herein or a pharmaceutically acceptable composition thereof
may also be incorporated into compositions for coating an implantable medical device, such as
prostheses, artificial valves, vascular grafis, 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 devi'ces are described in US Patents 6,099,562; 5,886,026; and 5,304,121.
The coatings are typically biocompatible polymeric materials such as a hydrogel polymer,
polymethyldisiloxane, polycaprolactone, polyethylene glycol, polylactic acid, ethylene vinyl
acetate, and mixtures thereof. The coatings may optionally be further covered by a suitable
topcoat of fluorosilicone, polysaccarides, polyethylene glycol, phospholipids or combinations

thereof to impart controlled release characteristics in the composition.

[00108] In order that the invention described herein may be more fully understood, the
following examples are set forth. It should be understood that these examples are for illustrative

purposes only and are not to be construed as limiting this invention in any manner.
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1- brono- 2-chl oroet hane (1.5 equiv) 50% KOH (5.0 equiv) COct4NBr (0.02
equiv) 70 degrees CEXC) FO CNF o CN 88-100%yield

EXAMPLES

[00109] Methods & Materials

[00110] Differential Scanning Calorimetry (DSC)

[00111] The Differential scanning calorimetry (DSC) data of Form I were collected using
a DSC Q100 V9.6 Build 290 (TA Instruments, New Castle, DE). Temperature was calibrated
with indium and heat capacity was calibratcd with sapphire. Samples of 3-6 mg werc weighed
into aluminum pans that were crimped using lids with 1 pin hole. The samples were scanned from
25°C to 350°C at a heating rate of 1.0°C/min and with a nitrogen gas purge of 50 ml/min, Data
were collected by Thermal Advantage Q SeriesTM version 2.2.0.248 software and analyzed by
Universal Analysis software version 4.1D (TA Instruments, New Castle, DE). The reported

numbers represent single analyses.

[00112] XRPD (X-ray Powder Diffraction)

[00113] The X-Ray diffraction (XRD) data of Form | were collected on a Bruker D§
DISCOVER powder diffractometer with HI-STAR 2-dimensional detector and a flat graphite
monochromator. Cu sealed tube with Ka radiation was used at 40 kV, 35mA. The samples were
placed on zero-background silicon wafers at 25°C. For each sample, two data frames were
collected at 120 seconds each at 2 different 6; angles: 8° and 26°. The data were integrated with
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
NaAIHx(OCH,CH20CHs),], 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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[00126] A m xture of (2,2-difluoro-1, 3-benzodi oxol-5-yl)-acetonitrile
(1.0 eq), 50 wt % aqueous KOH (5.0 eq) 1-brono-2-chloroethane (1.5
eq), and Cct4NBr (0.02 eq) is heated at 70 C for 1 h. The reaction

m xture is cooled then worked up with MIBE and water. The organic
phase is washed with water and brine then t he solvent is renoved to
afford (2, 2- leOUﬁI) eSis 3 i \ pecar bonitrile.
[00127] Synthesi
1-(2, 2-di oxylic acid.

CN 1. 6 M Na voI) 80 degrees C 2. MIBE (10 vol)
di cycl ohexyl ?%“6‘%8? REMCHLNE MTBE (10 vol) 10%aq citric acid (8

vol) 69%yi el d[00119] Synthesis of (2,2-d1ﬂuoro-1,3-benzod10xo[- -yl)-methanol.

1. Vitride (2 equiv)
PhCH5 (10 vol)

FXO 2. 10% aq (w/w) NaOH (4 equiv) FXO:@\/
0: : ~CO,H 86-92% yield F o oH

[00120] Commercially availabie 2,2-difluoro-1,3-benzodioxole-5-carboxylic acid (1.0 eq)

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

methanol that is used directly in the next step.

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

1. 80CI, (1.5 equiv)
DMAP (0.01 equiv)
MTBE (5 vol)

Fxo 2. water (4 vol) X FXO
% OH . F oj::]\,CI

82-100 % yield

[00122] (2,2-difluoro-1,3-benzodioxol-5-y1)-methanol (1.0 eq) is dissolved in MTBE (5
vol). A catalytic amount of DMAP (1 mol %) is added and SOCI, (1.2 eq) is added via addition
funnel. The SOCI, is added at a rate to maintain the temperature in the reactor at 15-25 °C. The
temperature is increased to 30 °C for 1 hour then cooled to 20 °C then water (4 vol) is added via
addition funnel maintaining the temperature at less than 30 °C. After stirring for an additional 30
minutes, the layers are allowed to separate. The organic layer is stirred and 10% (w/v) aq. NaOH
(4.4 vol) is added. After stirring for 15 to 20 minutes, the layers are allowed to separate. The
organic phase is then dried (Na;S0y), 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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OH [ 00128]

(2, 2-difluoro-1, 3- benzodi oxol-5-ye-cycl opropanecarbonitrile is

hydr ol yzed using 6 M NaCH (8 equiv) in ethanol (5 vol) at 80 C
overnight. The mixture is cooled to roomtenperature and ethanol is
evapor at ed under vacuum The residue is taken into water and MIBE, 1
M HCL was addg_@lma vhllRsib @RS Ro-3 SARNM G ol V5 MR hayer was then
treated with dicycl ohexylamne (0.97 equiv). Thé slurry Is cooled to
0 C filtered and washed with heptan t( .49.1){@) t he correspondi ng DCHA
salt. The salt is taken into MIBE g tric acid and stirred
until all solids dissolve. The |aygpsipacgesseparated and the MIBE

| ayer was washed with water and fr waer(@Selyvent swap to heptane

followed by filtr@&g jves 1-(2, 24THE {duobo- 1, 3-R °
benzodi oxol-5-y1)¢ anec Xyt i ftery cm a
vacuum oven at 50 C overnight. 05-10®03RQ Synt hesi s of

1-(2,2-difluoro-1, 3- benzodi oxol-5-y1)-cycl opr opanecar bonyl chloride.
[00130] 1-(2, Zecdé] vsmaiod oB85-bigtrzmeth gl difiuyrd)l; et @pxoR ANas af bosyl i ¢

20’25 alhab BBt S Bl vt SR

SCC12 ar ebetivesh BO-HedCT Tiemmiktue: is et ifan halwthen eataf(s esl) Sadded lloesd by

ﬁ(rjnd:,]tel (I\)/Bi %ﬁkgg@g Z#tg%gqﬁéﬁ%é)f é(? 18%?91% ?ayg'rrs] grecslgpsa&altédl. %ﬂe e?' g‘(‘)urs] '.IayLroig %}glgé ted

t ert - but yWtiBMTBEREE Rylh. pyitel cdmbint ytEdnielavetrdr€washed with water (1.8 vol), dried
(Na»S0y), filtered, and concentrated to afford crude (2,2-difluoro-1,3-benzodioxol-5-yl)-

acetonitrile (95%) that is used directly in the next step.
]00125] Synthesis of (2,2-difluoroe-1,3-benzodioxol-5-yl)-cyclopropanecarbonitrile.
1-bromo-2-chloroethane (1.5 equiv)

50% KOH (5.0 equiv)
Oct,NBr (0.02 equiv)

F O 70 degrees C FXO
X :Q,CN ~ o CN
F o

83-100% yield

[00126] A mixture of (2,2-difluoro-1,3-benzodioxol-5-yl)-acetonitrile (1.0 eq), 50 wt %
acqueous KOH (5.0 eq) 1-bromo-2-chloroethane (1.5 eq), and OctyNBr (0.02 eq) is heated at 70
°C for 1 h. The reaction mixture is cooled then worked up with MTBE and water. The organic
phasc 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-benzoedioxol-5-yi)-cyclopropanecarboxylic

acid.

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

2. MTBE (10 vol)
FXO dicyclohexylamine (1 equiv) FXO @
% CN © F o OH

3. MTBE (10 vol)
10% aq citric acid (& vol)

69% yield
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[ 00133] 2-Brono-3-nethylpyridine (1.0 eq) is dissolved in toluene (12
vol). K2CO3 (4.8 eq) is added followed by water (3.5 vol) and the

m xture heated to 65 C under a streamof N2 for 1 hour.

3- (t-But oxycar bonyl ) phenyl boroni ¢ acid (1.05 eq) and

Pd( dppf) C12. CH2Ch (0.015 eq) are then added and the m xture is heated
to 80 C. After[o@2bpupsdiflidie 1, 3eatzotisxdlsrned cbiopansedrieonittik islddadyzéBusng

vol) and the | s atre allowed to arate e organic ase is
Uhen wasneatwoN enwdn Ty dhsSSigd Sl Bt dudine AP mpits brouBl Botn

met hanesu keﬁr@@ﬂ;)aﬁlraaéﬁﬂ dihbmd] RGvAdRkd uhdef vid@lih. TRERsiagHie aken jpldaskerasd made
The o1 aanEay SPHECSR M ReTr SRar bt SN b ol et
t en- but yl gidydicrerminivé @97 duiRy. 2Phy ke BZoatEto(032Yiltdrbtbdnd ivashid 86h heptane

directly in the next step, 0134 nt hesi.s of o

2-(3-(t )e/:r fO-%Yﬁ‘B&SPéfﬁ?PSB‘iﬁ’/; ?Ehgﬁfﬂi)ﬂhg %J/Féf Hg?“d%" i?‘ﬁT]?‘Fe@“f-lg%i Gfgc acidand

EQO 13|5] Ej Gifrfed E%dt’g)lﬁll's?%ds aisls@tzeh YIlth!‘dS(EI? hﬂ&s%)até@ldaﬁé maﬂ\/gfdliléidla%rﬁ}\qb whﬁe% with
issolved in \C vol ). er vol ) is added fol.lowe

ur ea- hydr Jg€Hd&pB%i %é"etl@)“’éa}/&w?%e %ﬂ?"h%‘lqycf)“éﬁﬁ‘ﬁﬂ‘z a‘P’FSdIé(Z(QS‘EthO“Sg' Ydded

por ti on- WosiBodisko 5§D cyElofrBpanBlartoRiIit atidaftéreitpgy @lWwauovthg speact or

below 45 C. After conpletion of phthalic anhydride addition, the

m xture i 8V§Flsltted to 45 C. After stirring for an additional 4 hours,

the heat is tur ff 10% ueou 2503 .5 e i s added vi a
addition f unne[P(?ﬁgk %’é‘?heélﬁ HWQPV%-@@“Wﬁfag‘%ﬁ%‘ﬂa@f&%tﬁ)ﬁ?‘)“{"H’é?aﬁ“ﬁ‘ﬁ’&%‘ is
stirred feKlodde.additional 30 mnutes and the | ayers separated. The
organic layer is stirred and 10% w w ag. Na2C33 (2 eq) is added.
After stirring for 30 minutes, the ¢@ygrs are allowed to separate.
The organi c phase is washed 13% w vpgy;NaCl . The organi c phase is
then filtered arl?é& trated to aff@efeor ude 0
2-(3-(tert-butoxy (E‘nyla——a—-ﬁﬂ—h-y-l—py-ri di ncF->i-
is used directly in the Aext step. [00136] Synthedi s®of
t en- butyl - 3- (6- am no- 3- net hyl pyri di n- 2- yGbencoat e.
[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. SOC; (1.4 eq) is added via

0
5% t hat
cl

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-vl}benzoate.

I. toluene, 2M K,CO, N
(HO),B Pd(dppf)Cl,, 80 degrees C |
2 2. aq. MsOH N
P + 3. ag.NaOH
N Br

Y

COztB u COztBU

[00133] 2-Bromo-3-methylpyridine (1.0 eq) is dissolved in toluene (12 vol). K,CO3 (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)ClyCH2Cl; (0.015 eq)
are then added and the mixture is heated to 80 °C. After 2 hours, the heat is turned off, water is
added (3.5 vol) and the layers are allowed to separate. The organic phase is then washed with
water (3.5 vol) and extracted with 10% aqueous methanesulfonic acid (2 eq MsOH, 7.7 vol). The

aqueous phase is made basic with 50% aqueous NaOH (2 eq) and extracted with EtOAc (8 vol).
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CO2t BuCQO2t Bu [00137] A solution of
2-(3-(tert-butoxycarbonyl)pbenyl) - 3-net hyl pyri di ne-1-oxide (1 eq) and
pyridine (4 eq) in MeCN (8 vol) is heated to 70 C. A sol ution of

met hanesul foni ¢ anhydride (1.5 eq) in MeCN (2 vol) is added over 50
mn via addition funnel maintaining the tenperature at |ess than 75

C. The m Tﬁéﬁr%mﬁcﬁaﬁ? lsrcf)ﬁcgntfa@’d t@ﬁ‘ffcﬁ&iglugé @H-@hty% 23-he n%lﬁyl‘?(fn'i SLNEIREL €

addi ti on. he m xture is then allowed to cod6l to a
Ethanolan@ﬁ%)@ﬂ@séﬁﬂdﬂﬁﬂaéﬁ@ﬁnw¢ﬁﬂhddlt|on funnel . After stlrrlng for
2 hours, water (6 vol) is added and the m xture is cooled to 10

After stirrindd¢df] Synthegs ﬂfc?u@s(’e”rfﬂ’é‘”@é‘f"bﬂnlil)é’h&‘w[}%w@dﬁﬁ?dmﬁlt‘r"&lﬂr on
and washed with water (3 vol), 2:1 MeCNwater (3 vol), and MeCN (2 X
1.5 vol). The soli dried t@“@@ﬁ@?ﬁ%ﬂmﬁ%ﬂght (% di fference) in a
vacuum oven at 50 sli §h mN?WW%@@ to af flgrd
tert-butyl-3-(6-an no-3 t hy zoat'ii ared-yel | ow
solid (53%yvyield). 00138] SyntheS|s of

3-(6-(1-(2,2-difl uorobenzaldl[ 1, 3] di oxol-5-y1)

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-y1)-t- butylbenzoate

CC2t Bu g@ﬁéﬁ%: EH@I @—UJﬁll@th?ﬁjnme@Jygﬁdng&td Q. ofigﬁ@ eismcwmmbalc ygne
(2.5 vol based on acid lorid via addition funnel to a
m xture ofolk é?if@ctfzrts%tha& gdgedlollonrd Dy pesethyfiggan naropide (3 ¢ Besrhdatie (1
qu di trre%nhydrﬁ :Qapxsraueed%n{om,as Q587 18 thhintaB e femb&hAN iR e RAcbBpdow
eq) in toluene vol

t en- but y1 433 erfigreampletionat Mighaly pahydride 2dditione the nixtery is hepled o 45 “Rovivftst

wat er (4 sYiﬂJingQ’é‘iSa%Qd&lﬂonal 4 hours the heat i IS tumed off. 10% w/w aqueous NazSO3 él Seq)is
tert-butyl -3-(6-an no-3-met hyl pyrid Obenzoate) is added to the
reacti on a9fsd s alditigp fipelg ﬁfﬁe'f Gopletion Ofﬁﬁﬁzg@%ﬂﬂf‘&ﬂ ﬂewxméf-yéﬁtg“realf@ an
separ at edaddilibsal 90 glﬂﬁte@ aﬁHlﬁéﬁyé@sebM@d frilctopgagd wyeﬂls @t%a@ﬁ

afford a thick oil. of (1-(2,2-difluorobenzo[d &1 3]d|oxol - y1)

cycl opr op¥hELarisexade) ﬁ\ﬁﬂfrﬁé’ffﬁiﬁlf‘ﬁﬁp|"Hi"ﬁ¢szﬂl§?)’ef§ 218 g ddnspaete. The
(quant i t g fhhdddewdh&l B wNQ@NaCf’ MR lorddAie BRasOR tl%illiﬁt@re@&ﬂpdéﬁée)ltlﬁte?d

added and distilled until crystallization occurs. Water (2 vol based
on crude PAtRIdemye 2-6-Hergrbuoxniserbemrydpianyb-dreststnyridiser 1 foside £9556) thahé uggdl i d
i s col | ecti@ehyy tfeinktts@pl on, washed with 1:1 (by volune) MeCN water (2
x 1 vol based on crude product), and partially dried on the filter

under vacuum [(bhgs) SPhthekid oF réH-b@dll-3-%-aRmsi3anéthyplGdih-2(yHb% Mhief €r ence)
in a vacuumoven at 60 Cwith a slight N2 bleed to afford 346- 042, 2-
di f | uor obenzo 3]d|oxo} 0

cycl opr opanechy blyxagi do) - 33 TQqu IS Cout yl b QZ ate_as a
brown solid. HoN

3-(6-(1-(2, 2- dkjlu enzo[d] [ 1, 31di oxol-5-y1)

cycl opropanecar boxa 'SQ)-B-nethylpyridin-2-y|)benzoic acid (ﬁg%usalt.

[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 ter#-butyl-3-(6-amino-3-

methylpyridin-2-yl)benzoate as a red-yellow solid (53% yield).
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CQ2tBu 6 N HC1L MeCN 40 degrees C HC1 [00141] To a slurry
of 3-(6-(1-(2,2-difluorobenzo[d][1, 3]dioxol-5-yl)

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-y1)-t-butyl benzoate (1.0
eq) in MeCN (3.0 vol) is added water (0.83 vol) followed by
concentrat ed aqueous HClI (0.83 vol). The mxture is heated to 45 5
C. After stirrongsfsintidds bo3- Mlnmlrdmdoh&ehaﬂ@]t[i,qamm Taypl ete and the
mxture is allowed to cool to am W%ﬁmgé) 33 voI) I s added and
the mxt UF@IOQF?WP%"&"I"’T‘H’@‘@W|"EFﬂi‘3§p5EfH]I"P% Pde 2Pt i on, washed
with water (2 x 0.3 vol), and artially dried on the filter under
vacuum The solid is dri &g~ nstlant wei ght (<1%difference) in a
vacuum oven at 60 C vmthr-'a bl eed to afford

3-(6-(1-(2, 2- orobenzo[ d] [ 1, 8Rdi oxol - 7
cycl opr opanec do)= yipyrrdi n-¥- yfbehzojf c aci HCl as_an
of f-white s8Vid' [ 00142} SyBiAes S oﬁxo S cd3b
3-(6-(1-(2,2-difluo enzo&,q&ﬁ] , 3] di oxot - 5-y1)
cycl opr opanecar boxangasl@)- 3- net'hyl pyri di n-2-yl ) benzoic acid (Forml).

[00139] The crude acid chloride is dissolved in toluene (2.5 vol based on acid chloride)
and added via addition funnel to a mixture of fert-butyl-3-(6-amino-3-methylpyridin-2-
yl)benzoate (1 eq), dimethylaminopyridine (DMAP, 0.02 eq), and triethylamine (3.0 eq) in
toluene (4 vol based on tert-butyl-3-(6-amino-3-methylpyridin-2-yl)benzoate). After 2 hours,
water (4 vol based on fert-butyl-3-(6-amino-3-methylpyridin-2-yl)benzoate) is added to the
reaction mixture. After stirring for 30 minutes, the layers are separated. The organic phase is
then filtered and concentrated to afford a thick oil of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-
v1) cyclopropanecarboxamido)-3-methylpyridin-2-yl)-t-butyibenzoate (quantitative crude yield).
MeCN (3 vol based on crude product) is added and distilled until crystallization occurs. Water (2
vol based on crude product) is added and the mixture stirred for 2 h. The solid is collected by
filtration, washed with 1:1 (by volume) MeCN/water (2 x 1 vol based on crude product), and
partially dried on the filter under vacuum. The solid is dried to constant weight (<1% difference)
in a vacuum oven at 60 °C with a slight N; bleed to afford 3-(6-(1-(2,2-
difluorobenzo[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-3-methylpyridin-2-yD)-t-

butylbenzoate as a brown solid.

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

6 N HC1
DX‘\ COtBu 40 degrees C,

COzH

‘Tl><‘l'l

Qo O

; O
Iz

27 N\

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

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yCObenzoic acid HCL (1 eq)
in water (10 vol) is stirred at anbient tenperature. A sanple is
taken after stirring for 24 hours. The sanple is filtered and the

sol i d washed vy évtpgaesnurgzom)(e TThe>-gldbhARA L3jidxautyry ted for DSC

anaIyS|s Vhen DS Ssis indicates conpl et'e conversion to Forml,
the soli dcx@p@@ﬁneé@b@ambgo) 3 imetly oy 1idin-2-xNalstvedbenpeats (hArerin MECR @ .00l is

vol ), and,jxed &l X3 QBI?] ﬁ)quoQQd ﬂ%néeln P56 agdRE EICY REIURD). TELBHI&QJlé ig héa?ed

dried to constant wei ference) Iin a vacuum oven at
with a sliogas NE- tﬁf@wlm@g f@f %tpdS bersrihe regeticans eppiplafghang dhegukiugp if d@%ed

yield). 1 HiR, ﬂrf’}lggnt M&‘Pater Q'\@Q’o%@ ad%edlf}ld (ﬂ'?e’ ml;dﬁ'}e’ sturec? gl'hegol%?is écmectg(m
7.80-7.78 (m 1H) 33

(m 2H), Bl grashg(j.}ylth g_/atgl32 X, 0531v04)n§11d2)p;)ﬂa11ﬂd1pg_0m tl@ﬁlf@mndmyuum ‘The
L 00441 St AGR1ed to¥onstart Refae %1fﬁ¥efnl:é§ o Qﬁ%p@ bith oA AROURROY.)

cycl opropanecar boxam do) - 3- net hyl pyri di'n- 2 benzoic acid (Form1)

usi ng wat decddeaffayd 3€6-(FeR-diflmoplqnzol d]éu ildxsmazﬁe@) cyr—lg@@p/@neqqsl@sﬁmd@r@ N
methylpyridin-2-yl)benzoic acid * HCl as an off-white solid.

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

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

FXO 0 | slurry in
0 N \N CO3H water
H
98%
* HCI
FXO e =
0 N \N COzH
H

Form1I

[00143] A slurry of 3-{6-(1-(2,2-difluorobenzo[d][ 1,3 ]dioxol-5-yI)
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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60-90 C Form | [00145] To a slurry of 346-0
-(2,2-difluorobenzo[d][1, 3]clioxol-5-yl)

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yObenzoic acid HC (1 eq)
in water (10 vol) stirred at anbient tenperature is added 50% w w aq.
NaOH (2.5 eq). The mixture is stirred for NLT 15 mmor until a
hormgeneoEs Sqbﬂlﬁh]@ynth@ﬂﬁl6H3¢gt(al(1“,d-dl'ﬂﬁlor((b4enﬁmd]f[i,$]dEddele o crystallize
Form 1. The mi xture .is heat t.0.60C.0 Ci ed to .reduce the
ovel of PREDTORPYRBMIBHOLS SRV G A RGP G T RS TRTer e
anal ysi s pfieli cates NMI 0. 8% (AUC) thbutyl benzoate ester. The m xture
is then cooled to anbient and the solid is collected by filtration,

washed wit andpr%[ Ib ed on the filter
under vacu @ dopn cons aé (<1% di fference)
in a vacuu sl i ght d to afford Form | as

' [ t hesi s of
3-(6- (1 (2, 2- dlfluorobenzo[d][l 3] di oxol - 5-y1)
cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl )benzoic acid (Forml)

directly from benzoate. 1. formc acid, CO%tB [00C ter 3.
@Kﬁ\ %002

Form I

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

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

[00146] Synthesis of 3-(6-(1-(2,2-difluorobenzo{d][1,3]dioxol-5-yl)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid (Form I) directly from

benzoate.
FXO o Z 1. formic acid,
F o N \N CO,Bu 70 <C
H
2. water
FXO o = |
X COzH
(9] ﬁ N 2

Form I
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Form | [00147] A solution of
3-(6-(1-(2,2-difluorobenzo[d][1, 3] di oxol -5-y1)

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-y1)-t-butyl benzoate (1.0
eq) in formc acid (3.0 vol) is heated to 70 10 C. The reaction is
continued until the reaction is conplete (NMI 1. 0% AUC

3- (6- (1-(2, 2- didrlaviok %M%ﬁ?ké—@»é*gﬁj&w&be&o{’dﬁ% 3dioxol-5yD

cycl opr opanecar boxam do) - 3- 5 - butyl’benzoate) or
heating f ®iclopapamgcaibopmedons ety néb{lbﬁﬂéwnteﬁz%ﬁdﬂ Oteﬁh) in fismicrpeid (FAe

sol ution {Jcﬁ) 1@-991% t& 90 Wa$ Qﬁ TR ré/a%llan 1@@@&1ﬁﬁi&d@ﬁ1ﬂl§9ﬂ 1@acﬁlgglstcbﬁplme)fﬁk;ﬁglf0%

stirred. The mxture is then ntil the | evel

3-(6-(1- (éU§-3d16f(hﬁ%2 élﬂ@ﬁ@bﬁ[ﬂé{p[{ﬂil ?B]FW@IX%YD @cloympanecarboxamldo) -3-
cycl 0pr0p§1@tﬁ$ ehﬁ%@ %fyﬁbeﬁ%bydrmmng'f&mﬁéﬂ trnéﬁfuﬁq]é)ﬁaﬂ&@éd% e:o%l M'VW

08%(AUC 30| is'collected tration

(2 x 3 volybiengnghasalutipmis pgded tq wiferdh V@lhbeafeldlat BreCdde w&f@wmiedrﬁéle
solid is b [

SO D © Wﬂ{x'ﬁf%gxsgl%lrl%%éh@ﬁ% ‘g’g d@?igllgﬁﬁeg&ﬁs %?Eff—}hﬂu ‘éétﬁ ngg{;b@rr]‘s
of f - whi teyl?s@1010§r0panecalboxﬁm@@h%}nemmlpxuqhw ekt ugydhenzoste leTé}&%(AUC) The
gﬁg&;' Ia;eéélhﬁ 'lfjs%gll&teﬁ'w%htﬁmﬁﬁ X\I%g]tétsi wt'?tiﬁén}égegr{ gc{l)eg&fﬁégi%g??&ecﬂdﬁtfé)ﬁl{&' I's
[ 00149] T@ﬁprefaquurri The soljdjedrig]io panstaustveraght %lﬁfce@rfﬂg@wq)en 2 dhup M 60 °C

pattern i i able 2 lists
Phe. act ual "Soaea kg ol ChbydsBd ENOM L WA So TS P01 mn

overlay of an gg1a@yandk Ly (f?i?rraét% th?errﬁ @ﬂdﬂm%'ffb&ﬂ a’abIﬂ%(ﬂ? Jis@ﬁktﬂxcﬁfré"&{ e

crystal structure of Cornpound Form |, an actual X-ray powder

di ff r act i @rogeaed binfosn I @éh%umélgyrq In Trzblrerhhsts ﬂ@ cglwopd pwkr-fogﬁageres The

overl ay showsé(%god agr eenment between the cal cul ated and actual peak

e

posi ti ons Edce being only about 0.15 degrees.

11 14.41 48.2
8 14.64 58.8
1 15.23 100.0
2 16.11 94.7
3 17.67 81.9
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

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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[ 00153] The DSC trace of Conmpound 1 in FormIl is shown in Figure 4.
Melting for Conmpound 1 in Form| occurs at about 204 C [ 00154]
Conformati onal pictures of Conpound 1 in Form | based on single
crystal X-ray analysis are shown in Figures 5-8. Figures 6-8 show
hydr ogen bondi ng bet ween carboxylic acid groups of a diner and the
resul ting al. The crystal structure
reveal s 4 77 Conpound 1 in Forml| is
nmonocl i nijc, R21/n} w th.sohe foll ow3sg unit|cell dinmensions: a =
4.9626(7)] A 1b = 12.29832) A |c = 338075 (4) A 13= 93.938(9), V =
2014.0 A3, Z1¥ 4. | Densisfgg of Conpouyad 1 in|Form 1 cal culated from
structural daga 15 1.482390/C at 3o K [ 00155] 1HNMR spectra
of Conpound I are shown in Figures 9-1I1 (Figures 9 and 10 depict
Compound 1 in Forml in a 50 ng/nm, 0.5 nethyl cellul ose-polysorbate

80 suspensi on, jogud] Ak SF1Sy Jrkn ReR Gifﬁac@@ﬁ'%ﬁ%al%ul@t%d 86m iGhgR ksl
[ 00156] Tabl e [ 1ow re?rtes adsélr tional_anal ytical data fg Ns npound

1. [00157upH %f Cympoyndd 1ig proplgapehag actual X-ray [Petriﬂs gitt ra&é'glawer'otf Compound
Det ect i ng afehriYR &SHbWN G -"fife DRerfe9 1sh &6t o adrécaRBl Hetven Ok cANRALES
[ 00160] Menbrane potentija optr cal nmethods for assayi ng AF508- CFTR
nodul at i offt BipkpesitEms.dhe ‘E@‘Fffﬁ?ﬁh%g only about 0. Emﬁiﬂ The opti cal

nenbr ane potenti al S ut|I volta e sensjtive FRET sensor

descri bedpby @Wfélﬁ‘f%%d”?%? E’@J eiho"ﬂ‘ in E1gure q fgfrsi en
(1995) "vubﬁggﬁdsenﬁhmgoamm&kugmegme@ge resonance ener gy transfer in
single cells" Biophys J 69(4): 1272-80, and Gonzalez, J. E. and R Y.
lesi en (1997) "[bmnpm@ﬁ)ﬂnadjnelai@ms ﬁ;c&@btggtmaﬁtgp@?mzmmntznigglc??hag_mgse

uor escence resopance ener ansf e e i : - An.

conbi nat | PRI £ SPELL R, h%‘tﬁ* FRUFS,0- 8‘5&?’&%“‘1%’%‘5&%%8”9‘?@1"9%%“
such as t heupiaftapet hlmhareamgliaaldeg theMcBR in(thedystdbonicadrzal stctuke , K.

Cades, et al. "CeII-ba ed as a urrent tto for.
scr eeni ng"VEHh: %%a%ﬁr)@rkltgaﬂrf&a ‘tﬁg 86‘5;9*1‘30%’5‘95 wﬁi}%}é@)r}ﬂl the

[001621 Thais®inyQhit agRIEERBHS: iaed. a@sa‘ya a&azbaqeﬂ&cm: 33“)3’5@4’9@&1@& in
fl uorescence resonant e&grgy transfer (FRET) between t

menbr ane- £of6Ve V VA erfs Pensiix of 9%‘“P‘131‘§BA@3(“§)I Cal‘étﬂﬂedafmm structural
fl uor esceagta@hqug@ﬁltﬁudm(ccz DVMPE, which is attached to the outer
| eafl et of the plasma nmenbrane and acts as a FRET donor. Changes in

nmenbrane pot enposs] '‘HUMR ﬁﬁb&&ﬁ)ﬂd@ﬁlpﬂtﬁﬂatdré/@bwn ﬁnaglgacb Di (B2 0 3nd 10

redistrib te cross , the asna_nenpra amoynt _ of ner .
transt er Dol E JLos hREa P s g SEoRng et 86 Aebdion,
fluor escemia:lgm BISdcBTs\WREP oW o @k BId1 &%).Ng VI PRTM H, V\:hl ch is an
integrated liquid handler and fl uorescent detector designed to
conduct cel | - joESH] RélcSaRB W Bci@Sadddlondddzlyeal dati for Cdnifoend pl at es.
[00163] 1. Identification of Correction Conpounds [00164] To
identify smal |[001SVET:bles that correct the trafficking defect
associ at ed assay format was
devel oped} edium for 16 hrs
at 37Cin ) of test
conpound. 4-wel | plates were
i ncubat ed|f or hrs at 27 CHNYR@@ME BMer-e8chbir ect " AF508- CFTR. The
cells were subsequentlly ringeéd13X se-1ds (Kraehg sRi7figer s sol uti on and
| oaded wi {h the|voltage-sens I(r];llﬂtiﬁdy?sz(me)aﬁéd.?Vﬁt e AF508- CFTR, 10 RM
forskolinfand the4SRTR p&te [ RM), were added
s P RO

along wt ee nmediumto n of a-free nmedium
r espons@) 13- AP5es2tRTR 1dé{Mvat i on and the

resul ti ng|menbr ane depol ari zadj on was optically nopitored using the
ige- semsor dyes
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[00165] 2. Identification of Potentiator Conpounds [ 00166] To

I dentify potentiators of AF508-CFTR, a doubl e-addition HTS assay
format was devel oped. During the first addition, a CFfree nedi um
with or without test compound was added to each well. After 22 sec, a
second addition of CF-free nediumcontaining 2- 10 pivl forskolin was
added to acti vg§Rs s CFTR. The extracellular C concentration
follow ng both additions was 28 nM which pronoted a efflux in

response to AF[M%NCXSIRSQ&I].D&@&%QQn@maﬁbﬁgﬁ@%bﬁ-éﬁ'ﬁ CRFRE S Broperties of

depol ari zati on was optrcalTy nonitored uslng € -ﬁi—p_ase

vol t age- sEp@peudses. [00167] 3. Solutions Bath Solution #1: (in

mV) NaC1160, KCl 4.5, CaCl2 2, MyCl2 1, ELEPES 10, pH 7.4 with NaOH.
ntica eily G My ir

Chl ori de- f r ee [HHOH Membrenegpatemtial o o

3 T L LL2 g L it 4 () L ] ;=°,!
SUbStitUt@péﬂi%Ef&Jn‘r onpte salts. CC2-DWPE: Prepared as a 10 nmM stock
solution Tn and stored at -20C. D SBAC2(3):Prepared as a 10 mM

stock in DNBO&@(H@I]SIthQ%Bt%a%enﬁl%@tg-po{eg%gély ﬁiliz%o‘lta&%ﬁs’i’t{\ﬁ FRET sensois
[ 00169] NI H3T3 nouse fiI broblasts stably expressi ng  AF508- CFTR ar e

used for éperibedby Hersler andesion (B, Geampleand. pad R iTaien (IPAD ‘Veltags sensimg
mai nt ai n ' 9 Y L ALy gl I 5 ified
Eagl e's en%d%ﬁ% geECépﬂlaSe&riréqrf'?% r%q?d ﬁ%grﬁngﬂﬂg%g%?fgm%gbiﬁﬁ 2@?@8% ne

serum 1 KonqplenJIE. xngpRnY slisiea pl992n dmpmvedNndipnmsot call mpmbignpposetial fhas use

fluorescence resonance energy transfer” Chem Biol 4(4): 269-77) in combination with

instrumentation for measuring fluorescence changes such as the Voltage/Ton Probe Reader
(VIPR) (See, Gonzalez, J. E., K. Oades, et al. (1999) “Cell-based assays and instrumentation for

screening ion-channel targets” Drug Discov Today 4(9): 431-439).

[00162] These voltage sensitive assays are based on the change in fluorescence resonant
energy transfer (FRET) between the membrane-soluble, voltage-sensitive dye, DiSBACx(3), and
a fluorescent phospholipid, CC2-DMPE, which is attached to the outer leaflet of the plasma
membrane and acts as a FRET donor. Changes in membrane potential (V,,) cause the negatively
charged DiSBAC,(3) to redistribute across the plasma membrane and the amount of energy
transfer from CC2-DMPE changes accordingly. The changes in fluorescence emission were
monitored using VIPR™ II, which is an integrated liquid handler and fluorescent detector

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

[00163] 1. Identification of Correction Compounds

[00164] To identify small molecules that correct the trafficking defect associated with
AF508-CFTR; a single-addition HTS assay format was developed. The celis were incubated in
serum-free medium for 16 hrs at 37 °C in the presence or absence (negative control) of test
compound. As a positive control, cells plated in 384-well plates were incubated for 16 hrs at 27
°C to “temperature-correct” AF508-CFTR. The cells were subsequently rinsed 3X with Krebs
Ringers solution and loaded with the voltage-sensitive dyes. To activate AFS08-CFTR, 10 pM
forskolin and the CFTR potentiator, genistein (20 pM), were added along with Cl'-free medium
to each well. The addition of CI'-free medium promoted CI” efflux in response to AF508-CFTR
activation and the resulting membranc depolarization was optically monitored using the FRET-

based voltage-sensor dyes.
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flasks. For all optical assays, the cells were seeded at 30, 000/ wel |
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 Cor 37 Cwth
and wi t hout compounds for 16 - 24 hours. [00170]

El ect r ophysi ol jomiicspd. /A5SiaNMSioh Of PiGGap+ 08 APah@8- CFTR nodul at i on
properties of conpounds [00171] 1. Using Chanber Assay [00172] Using
chanber exper i [p@IBEEr LI fPMdNALDR G ARSIBAFR, Z @chbipidtitieh HAB assejr fogmat
expressi ng AF508-CFTR to f rther chara terize the AFR08- CFTR

modul at or ¥2] ¢asipRedi Suring e Hist 5Pt oRg Claleedprdmm s s E ot teh PaRoppdyyvas

cell's groywuc@n caskar Aﬁfﬁambla se&nli a&dﬂdlctnwf@l IfRS HcliSm\WBAtenIRENt egM n
an Ussing chanber (Physiologic Instruments, Inc., San Diego, CA),

and
the monol By¥ekn Wesraddedon aativete 0EPS- GG t TheicxiEasP vk Cligpregntgption following both
Vol tage C I
| ova, Lcﬁﬂg)msﬁﬁst 4 Olfflggllﬂgl{ érﬂ@t@l{?% ge ﬁtgngﬁ‘{}g@Bﬁs@ t6 ﬂﬁ&gfi Wmearcﬁ\ﬁattMn Hd the
Trans ep| t feetliizg m¢®mlstdamr&elzvm wie agticebdmbyitosgdpbing thg FREZ-bagd jyaltage-sensor
Under theae conditions, the FRT epithelia denonstrated resistances of
4 KWcn2 of nore. The sol utions were maintained at 27 C and bubbl ed
with air. The set potential and fluid resistance were
corrected usi n[gél%9 Me insert. Under these conditions, the
current reflects the flow of a- through AF508- CFTR expressed in the
api cal nenbran gitally ac A CE
interface and %gtgggﬁg%%ldé%&s@:‘tmre (v3. g}#ﬂ(fl%b K@wg @ég%drzs Sant a
Barbara, CA). [00173] 2. Identification of%&@cﬁﬁ%ﬂ“@i%‘@ﬁlﬁds
[00174] Typical protocol utilized a basolateral to apical menbrane a-
concentration E’@ﬂ"eﬁ?ebaﬂbsog’é‘fm up this grddi@le, SaH%r‘ﬁalﬁaﬂFlsfﬁﬁ’P“ wils are
used on the basol ateral menbrane, whereas gpkifadd iaGluchmse 891 aced by
equi nol ar sodi um gl uconate (titrated to pH 7.4 with NaC]—I) to give a
| arge a concentgmtmmpe:gr adi ent across t he pegateiedsi amo AM sedlpeslutid@Nins
were perfornmed with intact nonol ayers. To fully ctlvate AF508- CFTR,
forskolin (10 p,M and the PDE inhibitor, ]?Wa’é‘ﬁl 20°0er e applied
foll owed by the addition of the CFTR potentl at ni st ej
[00175] As obs®iRRE3 ot her cell types, |ﬁ%pﬁﬁ§taﬁﬁa‘%d’tml E)C{XP éﬁ&m‘ld
tenperatures of FRT cells stably expressing:ARPIPECFTR i ncreases the
functional density of CFTR in the plasna nenbrane. To determ ne the
activity of cqosesfs areienmpeunds, the cells were incubated with 10 pM
of the test conpound for 24 hours at 37C and were subsequent |y washed
3X prior to regercdj 3Ty hﬁuMMbela@@etam%xﬁés%gAMLmré Bd2d ifd? optical
conpound-treated cells was normalized to the 27(%}% nt\;aoés and
expr essed TS UEFRR AT BGPHC PG Thscells e papREs 7t?ién%/é %ot he

correct i ORuFAIPRURhesodNthddifiatab sinftafueAs erhéh@edGﬁM%nﬂrgmtamme 10 %
geni stein-nedi ated |sc cm:g%)ar ed to the 37C controls. [00176]

I dent i fi cEtal bevinsrsemgy bt B4 ArB-MEnh Swsrstrep, and 25 npd fHFHE 1&56511 C‘ﬂmre

prot ocol il i Zed gpleasadd 9{&&11&%@&&&@'@11 E0V0 RN 8n §84- &Qn‘ﬁﬁﬂgcﬁ%dt&ﬂ
gradient. To set up this gradient, normal ringers was used on the

basol at er pletesranstsnlred @hahl\ﬁlatﬁp@rhﬁéﬁb‘?qlﬁuﬁwt@i’ G fqy ¢4 hestforrihq Imemtigey ml) |
phereas apigAlr ﬁN@% oo aﬁgigbﬁ%%eﬁyarg&% ey RO H Ghdl GO R

(tltrated Ive arge concentration
gr adi ent aﬁn[msmistfdjrem 34 hours.

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

compounds

[00171] 1._Using Chamber Assay

[00172] Using chamber experiments were performed on polarized epithelial cells

-30-



epithelium Al experinments were perfornmed 30 min after nystatin
perneabi |l i zati on. Forskolin (10 uM and all test conpounds were added
to both sides of the cell culture inserts. The efficacy of the

put ati ve AF508- CFTR potenti ators was conpared to that of the known
potentiator, genistein. [0017814. Sol utions Basol ateral solution (in
m: NaCl J&pileréél)l Al%@gjc% T({]to Rﬁﬂlelj\éﬂ&g&er(zl th%)ﬂzl:"Sé‘sigflﬂy\ﬁéidlﬁ%ox‘gr )dentﬁﬁﬁ%—{he
(0.6), N 2- hydrox eth (PI &eram neN - 2-et hanesul fonic acid (H

(10), andoiextassare F(Ri’[65° Fnep@glliaht:ﬂlblgrqmsmtqostmaﬁleplwlkpebleulwrmlwfs fvere

O S o L L R

Fi sher r amomghiyels edereadontifeRIS)y shetticscuakpnasgsa Yigtagdd-6la8p TR (Department of

I A A A e

The cel | sTwemﬂmhzﬂtrwsevdcms@de Snapysg b 2m®¥ pulgsu [Uinderehdsesopditionsa the

cul tured LEi

F-12 nedi %I?nf SFL‘!hXI enen Strg&:d?g ]ﬁtg%%}] gf%( caly prlé)%?ﬁ?ri]e §%%gwr%%ame% at
penicilli2y Camdlbillibﬂbdwgﬂlrair §he dpttody/efisat poRntigand Guid swistugre were corrected
characterjzin ctivity of ¢ th lLls were
moubat et b ol Re BEGE TRl B sSSP ERSNE gl BECT Rl 7

det er m neAR408-CETRI ewpitysedin tixmpiceloténtnamec Ohphpneksdigitatie aqeirddsusing me

e P S A s R S

AF508- CFT®axurrent (1 AF508) in tenperature- and test
conpound-corrected N H3T3 ceI S stabl y expressi ng AF508- CFTR wer e
nmoni t or ed usi MePITHE. deanti pateciv pbindgel | recording. Briefly,
vol t age- cl anp recordi ngs of 1, 0508 were perforned at roomtenperature
usi ng an AxopaﬂﬂimlmﬁBalmmtmmlmllam lzangl bt tempi¢dAxwmbtans €T corearttatiémc .

ooy g oyl R, A9l 8 SO S P BB e, s
r esi st ancapicaf N&l-wagreplagedityenuifnplal divw glivondie(titrated &l 7. él Iwdth NeGHitd g)w
Under t he rgE %?%51% H%ﬁ&?érg&%ﬂt 98&3 tIrle e%&@e%lu&u lA%[eﬁger{n?e}{g é&%?el S rﬁr%’& wnﬁl

for a- a) ~at I ecor a sSeal
resi st ancmtact Iﬂlﬂlo@y}zs ah:dﬁlhy &mmteaFTOés.tlﬁ’rRaﬁnﬂcom @8 uMJland e PHE inhibitor,

Qi pped TPRORD G i apobS5n TS it Pusd SR GBI eeteton Bt B0

C anpex 8uNpAxon | nstrunments

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

to the 37°C controls.

[00176] 3. _Identification of Potentiator Compounds

[00177] Typical protocol utilized a basolateral to apical membrane Cl” concentration
gradient. To set up this gradient, normal ringers was used on the basolateral membrane and was
permeabilized with nystatin (360 ng/ml), whereas apical NaCl was replaced by equimolar sodium
gluconate (titrated to pH 7.4 with NaOH) to give a large CI” concentration gradient across the
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Inc.). The bath contained <250 pi of saline and was conti nuously
perifused at a rate of 2 m/mn using a gravity-driven perfusion
system [001821 7. ldentification of Correction Conpounds

[00183] To determne the activity of correction conpounds for
increasing the density of functional AF508-CFTR in the plasm

menbr ane, epibcluse dAll trpeaibovewde pofarbet30pen aicralygeingsitdabdeaiodi Rgskolin

t echni ques,t Q. neasure the cyrrent ns,i .fol low 4- hr treat nent
wth the ESnPOTRRENES shEfuRL EToe iRy e Aufde ey HBo %%y
f or skol i noffelputstivp WF gBACBIREpdlentiRioR val dafbatd té thet dFeleliGowhjpslafiaetr
recording conditions, the current density foll ow ng 24-hr incubation
at 27C wa&™MiYher than that observed fol i owi ng 24-hr incubation at 37
C. These resul nsistent with the known effects of

| owt enper atur{h&i7ﬁgbsfélfoi’i‘—’&’ﬁS on the density of AF508-CFTR in the plasna
menbrane. To dgtermne.the effects of,.cqr ti C 0 T
current densit ?So{a%léal cdtjed (%é]?@f‘i ncubdf d{1§§)t r@%& g% g%%?zh@rbt)’es o,
conpound for 24 hours at 37C and t he @u),r EHPOUEMS), tN-2haérogyehyipipechzine-
the 27C and 37C controls (% activity)., Prior recordi he,.cel | s
were washed 3X with extracellular rec r'gleth%neﬁ‘é%f]ﬁmaflg r@%%%) a(r@’ and
remai ni ng test conpound. Preincubati odextpst {1050 The sditidn wartivect itopH 7.4

conmpounds significantly increased the égP and geni st ei n- dependent
current conpared to the 37C control s.w{ﬂ zfL%%:] 8. ldentification of

Potenti ator Co nds,. .. . .00185] The. ahiilli F508-
ot ent | at or s taPEhed Bt o oscope Rrtape@Esligh el NG| retecca
(1AF508) in NIH3T3 cells stably expresgli RgGAEGRE-(GBJR was al so

i nvestigated using perforated-patch-recordi ng techni ques. The

pot enti at ors i[0@7P)EiCed (iiwm t he optical assays evoked a
dose-dependent increase in 4E508 with simlar potency and efficacy
observed in t He018PkFishat ratepithglis] (FRA) edlls expedshing AROF GFAR (FREE T EVomsrd

tential _bef . i Dot ent i.at . j i . T
R e S S SR
| nt racel | wlrapticabdssiys.obhe(dells wivh culisred Dp dlostat Smafvedl)cell Ge@ie H&MF andviy@in2d

1), HEPES (.10 240, palm . hot er.i.ci.n- B, dj.usted. to 7.3
w th Coorf FEsta e G ST FaRA e i TR 1y P i i
( NVDG) - C1 5% ¥&fl)calf Mysd,2 00 2)m] geaicilizh, @t 100 BT Strdpidye{np Hriatijowsd foel t o

7.35 Wit hchlg%]é?eﬁzilné) t(l)lg' gég'nt%i%r ac%%lt)lf otoc'(J)lmtpgtll’n%s, 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 (Iapsos) in temperature- and test compound-
corrected NIH3T3 cells stably expressing AF508-CFTR were monitored using the perforated-
patch, whole-cell recording. Briefly, voltage-clamp recordings of Iarses 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 CI' (Eq) at
room temperature was -28 mV. All recordings had a seal resistance > 20 G2 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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[ 00188] NI H3T3 nouse fibroblasts stably expressi ng AF508- CFTR are
used for whole-cell recordings. The cells are maintained at 37 Cin
5% CO2 and 90 % hum dity in Dul becco's nodified Eagle' s nedium

suppl emented with 2 mM glutam ne, 10 % fetal bovine serum 1 X NEAA,
n-MB, I X pen/strep, and 25 nM HEPES in 175 crn2 culture flasks. For
whol e-cel | G

pol y- L- |ysI|“‘%§ @gg?gg&n?ﬁggs@%g%?ﬁs |psaﬁ§¥1 cu IEUSF%)SEE?%%E(Q% a-ratzgf%'ur s at
27 C befornellmrs@smg)agrestty-ctrlrvena@ﬁxsmwteoﬁ potentiators; and i ncubated
with or without the correctlon corrpound at 37 C for neasuring the
activity of cdfHézhZaddenifianend]Cor gyipeurghannel recor di ngs

[ 00190] The singl e-channel actdivities of t enper at ure-corrected
AF508- CFTR st d@iﬁ§3leT>@pk@§§1éelﬂlie ACtNitHSrreetion sonaprandsdos ipgredsing thefdensity of
pot ent i at p.ANDEY éFW@fQhﬁg%‘ﬁ{a%?e%c?%k%lgé&ﬂé%vbﬁ Sk BulodBdbLane
pat ch. Brle?ly, VO ) recordi ngs of single anne activity
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anplifier I I cqui red
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and 75 nM of the cAMP-dependent protein |cinase, cat a\g\{:tl c subunit
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The infl ow was pl aced adj acent to the h, resulting in co

sol ution @mnawgeomamtnﬂ@ 27°Candge’C @mtlﬂla(%tamvnmmatommmcthp véllsy

d t f F-
(10 it NaE5 Gy B LA U R IR b o0 B0 1R B35 L Tb bR
condi ti on&'em@ibatlmehthal@tuwqumla@mcm@uu@mﬁla‘mntbmmgddohﬁcﬁtNﬁb and
durati f. tC di Cu t duced b
pos, 11 ve enseiROF 551%?9?18%8@%%(1 %E’? %?8 ca&q%cel ‘Ular sof utions

(ani ons novi n th i i are shown as positive
currents. The%dlﬁl‘g TacPRaRA 575) aﬁt ai ned at 80 nv.

[ 00191] Chann

containing 2 idé}tl ?é\jtﬂle blp{tﬁm?&:@#e rr&’ftenﬁar%?rrsuf ' Cr?as%ﬁ]e %uTcP%‘ﬁé‘SﬁOS'
openi ngs dEtReCinduneal (1hg;) MINIET3 oéllsatablwepresbmgneftm (dﬂnm W eﬂshemxéﬁlgﬁﬁ&
of an experl et erm ne .t he singl e-chann ent, a t ude,

he”dat A FREDT oS P 4S50 e C Bt AR TR PO BTy P PPt
"of f- 11 nesvoiald a iOR-ddgerand ifchag ml@@gs \h@h SR pbIARdy anll EffipRly RbseARPd theide
hi st ograns t hat were fl&ked with rmulti Pausm an_functions using

Bi c- Pat cHPPAffAPS91s stk detiarampes daretirel rsimpal be éﬁf@é)@'wmﬂ?@f%@m
M Cr 0SCOpipplicatisr Widtarcaigl-30ReV) whichkRadat bdidwatddRd) (-¥he). det er mi ned from
120 sec of channel activity. The P. was determ ned using the
Bi 0- Pat ch sof {osa8® 9oSoifin t he rel ationship P. = Pi(N), where | =
mean current, i = single-channel current anplitude, and N = nunber
of active chanmehsllilar sohtich(in 8)192] c:k,aSpaﬁab up)pasCl BrY, Magelh K1) MEPES
solution (in mV):NVDG (150), asparti 5 12 (5 MyCl12
(2), and HEPES (10) (pH adjusted to \‘%ﬁ(f*ﬁ “‘?2"\1[53 atgyic ik oM
Intracel lular solution (in mMV: NI\/DGQ-;gslﬁﬁ)ﬁCs@m)O 2 (2), EGIA (95),
TES (10), and Tris base (14) (pH adjusted to 7.35 with HCl). [00193]
13. Cell cCult ugs@racellular sc{hﬁﬁﬂl%]énl\gxﬂ H3T3-mehd - fludambk @MIBGHCRIPISY), MgCl
expressi ng AF508- CFTR are use or e tc
recordings. The cells are naintai ned%ét %Qg‘ gsnﬁazgg/‘?é@ (Bﬁd‘db‘étn@m 7.35
hum dity in Dul becco's nodified Eagl &ijts Hodi um suppl enented with 2 nmM
glutam ne, 10 %fetal bovine serum 1 X NEAA, 13-Mg, 1 X pen/strep,
[00187] 10. Cell Culture
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[ 00195] Using the procedures described above, the activity, i.e.,
EC50s, of Conpound 1 has been neasured and is shown in Table 4.
[00196] Table 4. W Caim 1. A pharmaceutical conposition
conprising 3-(6-(1-(2,2-Difluorobenzo[d][1, 31di oxol -

yl') cycl opropanecar boxam do) - 3- net hyl pyri di n2- yCoenzoi c acid and a

phar maceut i cal [byts8F9RBIe MloBseCiidblRis stablg expesiME NOSHSOEF IR £3 tided GorGihSlel C

fibrosis in a mammal conprising adm nistering to the mamual, an
ef f ect i vec‘ﬁhﬁ‘iﬂ‘ﬁm%f The cells are maintained at 37 °C in 5% CO; and 90 % humidity in Dulbecco’s

3-(6- (1- (Zwdifiby ﬂgwg eI éﬂlehﬂméd Qiex b Eluﬁéﬁhﬁﬁécimrf&ﬂ%ﬂﬁne serum, 1 X

car boxam do) - 3- net hyl pyri benzoi ¢ aci 3. The net hod of

claim 2, P-AIEHeX patsher 2 ESciil 7 @t enityg ﬂ@ﬁ*fs alcraivhplsreald

t her apeut &, 36 e 4 1 I lips and cultured
(6o 1 ( B RBE P00 Ch 0 by R TS s covtgd gl coventing spd e
am do) - 3- farg# hﬂrﬂ lpyaﬂliu"ﬁzaegorqlbemztmt tileaetlmtyaﬁlebtfrnmgmrsumdumubatmmthme

t her eof . s f ar e }

3-(6-(1-( ﬁmgouf)fhg I‘:(Burrerc enz Q a?%](glﬂ’(r))r? STU%H%ITBG aCtm ?fgﬁg%cé%%r boxam do)
- 3- et hyl pyri Nzol ac d.c rising suspendlng or dissolving
the HCL salt g[*’&@"%/ : gt o bl enzo[d] [ 1, 3] d

| 0x01-5-yl)cy r C
acid in an apptOROPARIAER SRl Rty denashe
The pr ocesprafeddd HIHATS celisramd e¢tmttehef ;mmun:umqompwugmw:ne bseivsd mmmcmd
50% net hanal ./ wat er proce cl-al A e
appropri at 5 \éﬁtven bngne p%{cf Bne%y ee&agl?por?:éoggg%f()fgi}lg}e'%lqg%\?\kgrng Wtrt%n;t he
ef f ect i vepafonuet at ocfont mmperatsremﬂlcan 24002608 pAch-diinep pnpdes&\xoh Insirangnts

5, wherei ﬂm.t).hgll?gc]:)r c1:11tgls Wre gcﬁ;‘ijrg ata sal%plrlrl% ﬁeﬁue%c} & 16 kplg Y4l Frow- -pass filtered at

400 Hz. Patch pipettes were fabricated from Comning Kovar Sealing #7052 glass (World

Precision Instruments, Inc., Sarasota, FL) and had a resistance of 5 - § M) when filled with the
extracellular solution. The AF508-CFTR was activated after excision, by adding 1 mM Mg-ATP,
and 75 nM of the cAMP-dependent protein kinase, catalytic subunit (PKA; Promega Corp.
Madison, WI). After channel activity stabilized, the patch was perifused using a gravity-driven
microperfusion system. The inflow was placed adjacent to the patch, resulting in complete
solution exchange within 1 - 2 sec. To maintain AF308-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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10. A crystal form of

3-(6-0-(2,2-di fluorobenzo[d][1, 31di oxol-5-yOcycl opr opanecar box-

am do) - 3- net hyl pyridin-2-yl)benzoic acid having a nonoclinic crystal
system a P211n space group, and the following unit cell dinmensions:
a = 4.9626 (7) Aa= 90 b = 12.2994 (18) A13 = 93.938 (9) c = 33.075

(4) A7= OQurent, i = single-channel current amplitude, and N = number of active channels in patch.
[00192] 2. Solutions

Extracellular solution (in mM): NMDG (150), aspartic acid (150), CaCla (5),
MgCl, (2), and HEPES (1) (pH adjusted to 7.35

with Tris base).

Intracellular solution (in mM): NMDG-CI (150), MgCls (2), EGTA (5), TES (10),
and Tris base (14) (pH adjusted to 7.35 with HCI).

[00193] 13. Cell Culture

[00194] NTH3T3 mousc fibroblasts stably cxpressing AF508-CFTR are used for excised-
membrane patch-clamp recordings. The cells are maintained at 37 °C in 5% CO; and 90 %
humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM glutamine, 10 %
fetal bovine serum, 1 X NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 cm? culture
flasks. For single channel recordings, 2,500 - 5,000 cells were seeded on poly-L-lysine-coated

glass coverslips and cultured for 24 - 48 hrs at 27 °C before use.

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

has been measured and is shown in Table 4.

[00196] Table 4.
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We Claim:

1. - A pharmaceutical composition comprising 3-(6-(1-(2,2-Difluorobenzo[d][1,3]dioxol-5-
yl)eyclopropanecarboxamido)-3-methylpyridin2-yl)benzoic acid and a pharmaceutically acceptable

carrier.

2. A method of treating cystic fibrosis in a mammal comprising administering to the mammal an
effective amount of 3-(6-(1-(2,2-Diflucrobenzo[d][1,3]dioxol-5-yl)cyclopropane carboxamido)}-3-

methylpyridin2-yl)benzoic acid.

3. The method of claim 2, wherein the method comprises administering an additional therapeutic
agent.
4, A kit comprising 3-(6-(1-(2,2-Difluorobenzo([d][ 1,3]dioxol-5-yl)cyclopropanecarbox- amido)-3-

methylpyridin2-yl}benzoic acid and instructions for use thereof.

5. A process for preparing the 3-(6-(1-(2,2-Difluorobenzo[d][1,3]dioxol-5-yl)cyclopro-
panecarboxamido)-3-methylpyridin2-yl)benzoic acid comprising suspending or dissclving the HC1 salt
of 3-(6-(1-(2,2-difluorchenzo[d](l,3]dioxol-5-yl }cyclopropanecarboxamido)-3methyl pyridin-2-yl)benzoic

acid in an appropriate solvent for an effective amount of time.

6. The process of claim 5, wherein the appropriate solvent is water or 50% methanol/water
mixture.

7. The process of claim 5, wherein the appropriate solvent is water.

8. The process of claim 5, wherein the effective amount of time is 2 to 24 hours.

9. The process of claim 5, wherein the effective amount of time is 2 fo 6 hours.

10. A crystal form of 3-(6-(1-(2,2-difiuorobenzo[d][l, 3]dioxol-5-y}cyclopropanecarbox- amido)-3-
methvlpyridin-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 a=90°
b=12.2094 (18) A B =93.938 (9)°
c=33.075(4)A ¥=190°.
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