PROCESS FOR MAKING MODULATORS OF CYSTIC FIBROSIS TRANSMEMBRANE
CONDUCTANCE REGULATOR CLAIM OF PRIORITY [0001] This application claims priority to three
U.S. Provisional Applications having Serial Nos. 61/162,148, filed on March 20, 2009; 61/246,303, filed
on September 28, 2009; and 61/248,565, filed on October 5, 2009. Each of the foregoing Provisional

Applications are hepgyiBSSPOIRSEARALIURIOEIR IOl ey STREFIMIEA £ IELD OF THE

INVENTION [0002] The pregeninvg BRAINE s nY e I ACE RRLMERRo gnodUlators of cystic fibrosis
transmembrane conductance regulator ((CFTR"). BACKGROUND OF THE INVENTION [0003] Cystic

fibrosis (CF) is a recessive genetic disease that affects approximately 30,000 children and adults in the
United States and approximately 30,00 E -Q&Eféiin Europe. Despite progress in the
treatmen{adodf, tTatedsphoatisiccliRfohtiacaiset sy Pasiaians Kpfraustinliviesierial
transmembra tance regulator. (C ) t encodes an epithelial chloride ion channel
responsi %&ﬁé‘@#}gﬁ ?H@f%&%ﬁéh% &%&ﬁﬁgtg@ag&qpﬂ’%&g H%gciétléﬁg 1 #fious tissues.
Small motd¢248, sifigfilcknavOrabadeittoBathal iheraseihg Prwbsbility AQfpGEERmshaanel opening
represent one ga%t‘:entigagggga l%lflél_(é stra}te[ggi}% r;[{le}&t CF. [0005] Specifically, CFTR is a
cAMP/ATE e diAtel Anton channel that 1s express%d in a variety of cells types, including absorptive
s riin Hhilx BeddgN TeMembrane, as well as the activity

a?dtﬁecr_etory epithelia cells, ke ! 1 oy The aswelasine
of other i n : . or the
T e e R o B e

maintenance of electrolyte transport throughou
CFTR is ¢tmspusehtask nopdogtanarcioet gy fibidRakids that encode a protein made up of a tandem
repeat of transmembrane domaigs, ©Relk 6RN/HOISEE FRNSMETHENe helices and a nucleotide

binding domain. The two transmemnibrane domains are Tinked by a large, polar, regulatory (R)-domain

with multiff1808hosprsigEhmsisiteE it Fecrsrire emaHA dissass Hrbrlrek RIBIOFEMERM 3048806] The
gene encegliagfAnliRduas haes idanifiedanshsagberaastdSen GoeerME: shdldli(1990) Nature
347:382-386; Rich, D, P. et al. (1990) Nature 347:358-362), (Riordan, J. R. et al. (1989) Science
245:1066EH695), ReARISARBIRRS Bhe EeAiRed of ek difet @B ¥¥%esulting in cystic fibrosis ("CF"), the
most congpafatate enelicedi sean e diimane Ay RiHiIbmsamiiesihapp edatalycone in every
2,500 infants in th ited States. Within the eral United States ulation,. up to 10 million people
cary a SRS SH R CRIBIEAL PBEE MR EUPVHE R GLAE T ROh eSS Rt Ak with oo
copies of ha&fegsatmiaibchiyand sultenfsomtite adisditatiog anchfated offeets Sh@H mobtadimg chronic
lung disease. [Q007] In patients, with, CF. mutatjons in CETR ' piratory
epithelia %Srélgg[’%"?e Lot gB?éaai gnr‘::%artl glgrcerggﬁ oiﬁe araris’zl‘nlg}I nol?m a an%%ﬁ%%%ﬁ?%ﬁ%}%éﬁgport. The
resulting @a;miah @m@cmgpmngadnm@gto enhanced mucus acpumulation irlllthe lung and the
accompaiyfpgmiciphigldnicciontat ulimatebeSausgieaiibinriniaien's dipaddiiop fo respiratory
patien y suffer

disease, CF patients typically r from gastrointestinal problems and pancreatic insufficiency that, if
left untreataretyeafidellsimentndyding Rsarntee wid oreyeBr hrIBRHARL st #1156 srgwldshfertile and

fertility is dpgreased ARong fRmalesyvith Gyt dlRrasisiloeonsassienhmenvaiepiests ahtwo copies

of the CF associated gene, individuals with a single pop%/ of the CF associated gene exhibit increased

resistancEREhENs e aprrRALRRCHPRIRI AT & frotirian emapimanse &k SIERAY he relatively high
frequencyRhitberCGiraemaoytindae, eRudatidRs piratory and digestive tissue. CFTR is composed

of approximately 1480 amino acids that encode a protein made up of a tandem repeat of

0

transmembrane domains, each containing six transmembrane helices and a nucleotide binding
domain. The two transmembrane domains are linked by a large, polar, regulatory (R)-domain
with multiple phosphorylation sites that regulate channel activity and cellular trafficking.
[0006] The gene encoding CFTR has been identified and sequenced (See Gregory, R.J. et
al. (1990) Nature 347:382-386; Rich, D. P, et al. (1990) Nature 347:358-362), (Riordan, J. R.
et al. (1989) Science 245:1066-1073). A defect in this gene causes mutations in CFTR
resulting in cystic fibrosis ("CF"), the most common fatal genetic disease in humans. Cystic

fibrosis affects approximately one in every 2,500 infants in the United States. Within the
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[0008] Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of disease
causing mutations (Cutting, G. R. etal. (1990) Nature 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. A 87:8447-8451). To dat reater than 1000 disease causi utations in the CF
e o B e e Rt O e A L & S B E B HEIRO taciom <
deletion ofgpieerithalanpreanpidsiifaats 0 ebthes FidR mmilsoritidver qusacef tiedEE commonly referred

to as AF508-CETR. Thi utation.occurs,in .approxi ely 70% Qé%he ases %ﬁlc sti¢ fibrosis and is
associate%lss\’/\c/’ﬁﬁtgds ??é‘:r%ug%e%%@ ‘ﬁféao%’]‘ H%%‘Pg)e{tféq(iﬁgg?%g%ﬁg qcrﬁ‘ﬂgf—’% éé f I%“?)%events the

nascent piisggisefrom folding correctly. This results in the inability of the mutant protein to exit the ER,

ana traffiqigdhe PRYIMENNAIE ARASSHICIRIIRC, SIS0 AL A FRRALINANE membrane is

far less than observed in cells expressing wild-type CFTR In ad o Impaired trafficking, the

mutation REsiREAlcadfie iR esbamielgaipryseroyheruting padotbadpremibianainghiditidels in the

membrang aaghhegriRelinmgatigeas nsrHsed AniondBnsR Bl AR SRilbglia leading to
defective ion and fluid transport. (Quinton, P. M. (1990), FASEB J. 4: 2709- 2727). Studies have
shown, hofaveslating iheedueaadihersepemprmvitmicetin inferbonethnraieaidigaetfonal, albeit
less than H@%tmﬁbﬁ&d%ﬁﬂﬁﬂi@%%ﬁ%%} d}ﬁﬂdé?@ﬁﬁiéﬂ?ﬁy%@iﬁzﬁifﬁﬁm'&ﬂg etal., supra;
Pasyk and Foskett (1995), J. Cell. Biochem, 270: .12347-50g._|n addition to AF508-CFTR, other
disease cBESRGYHURABIROIANCS Rk BGTFAUE iR BSIERGK Bataifit ol MR UepRt SIS fR A2 hannel gating

could be up-aaditdonyheagajiaieddOnriles aniooysecmiosisane infedify shagaatipregdessipadand/or
severity. [0010] Althqugh. CFTR transports a variety of molecules in addition to anions, it s clear that
s role (RBR BB AT A aNes EFBGor SREBI ARy F AR G REEREA Aot ansporting
ions and waistiaedqgeadhedpituelitwitilhemieenpierh drt€dusiéathé gpithaldbiNatrelradnel, ENaC,
Na'72C171C co-transporter, NC-KAATPase pump and the basolateral, membrane IC channels, that are
reaponsit A e B B B R e 0 mcneve
directionafdlathvsiohigiclogeahey efithefifigaia whdimshégspudatigpression and localization within the cell.

Chloride %Bﬁ@édi’“oﬁe %ée”iﬂ&@s*?é’&%‘&&%@fﬁ@%ﬁgﬁ‘éwm%%%ﬁﬂ (bR PLRE Y POy the apical

membrane and the Nat 1C-ATPase pump and Cl ion channels expressed on the basolateral surface of

the cell. SHEBHESAMEREVETIREABH BrubinghiGriBedrahd HREUNawE 3tfe3etdstoRmanabbiiiation of

intracellulaiseipeiche s yvheaoanather pansyaly deave 838 erllcva 645 cpnRDRIS RGBT a vectorial
transport. Arrangement of Na4/2C171C co-tran%)orter, NatKt-ATPase pump and the basolateral

membran&ti®: ERAMERONME Heubidrr AU ERTR U heIE/ iR d18 d8draRigte the
secretion ghg@nibieaienS ik OFtRadupirdlsidRieRewaUSe water is probably never actively
transported itself, its flow across epithelia depengds on tiny transepithelial osmaqtic gradients generated
oy the DUIHBA R SRR SR A GRS B AL B AU BB B A Ine deletion of
residue 5@Bdnyfid: @pdRtjpreseRity the QESRembipooteih skqimrkaidang Garseatiyniesiftitrg o the
inability of thi t rotein to exit the ER, and traffic to th sma membrane. As. a result,
M s R b R R S S
within epitivelial disstiesdssdibniticesrtydiedsced. In fact, this cellular phenomenon of defective ER
processin BC tra rters.by the magchiner been wn to be the ungerlying basis not
only for C%’gﬁsﬁascgt,ﬁﬁ@?%%og Wi %{c’ir%lﬁeglgeg%)fl% e#@%g?gtﬁ&i%ﬁ‘éeﬁﬁerﬁgas Sﬁgg %oggi.n[gré’fg] Accordingly,
there is a fdddgormeotiplalbis BHCE TRIaChabyiared dempbgitipreteindoewdit wiei ER cand waflised to

modulate e HGGHARERT e G LD EBNENG Bk AMDRBAL (0L 0eKR 3 g for

methods of treating diseases cause “mutation in CFTR using' s modulators of CFTR activity.
[0015] Théess it ebest sk ¥ineeHo 63 Iue T8 Widriyre FTRRachvaddifiemie inpasasirativkibgane of a

mammal. dathRkAReie % alaerard (RLRIAGRRRES tpRnRealA AeRBRAAdRIUNIGh modulate
CEIR activity. SUMMARY OF THE INVENTIO )
the membrane and the defective gating lead to reduced anion transport across epithelia

leading to defective ion and fluid transport. (Quinton, P. M. (1990), FASER J. 4: 2708-
2727). Studies have shown, however, that the reduced numbers of AF508-CFTR in the
membrane are functional, albeit less than wild-type CFTR. (Dalemans et al, (1991), Nature
Lond. 354: 526-528; Denning et al., supra; Pasyk and Foskett (1995), J. Cell. Biochem. 270:
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[0017] In general, the invention provides processes for the preparation of compounds useful as
modulators of CFTR. [0018] In one aspect, the invention provides a process for the preparation of a
compound of Formula 1, Formula 1 comprising coupling a carboxylic acid of Formula 2 00 Formula 2

with an aqigg‘%ggd}:.ofrmyclgig’oﬁ goNAI%%S—%?FT R, other disease causing mutations in CFTR that result
in defective trafficking, synthesis, and/or channel gating could be up- or down-regulated to
alter anion secretion and modify disease progression and/or severity.
[0016] Although CFTR transports a variety of molecules in addition to anions, it is clear
that this role (the transport of anions) represents one element in an important mechanism of
transporting ions and water across the epithelium. The other elements include the epithelial
Na’ channel, ENaC, Na*/2CI7K" co-transporter, Na*-K*-ATPase pump and the basolateral
membrane K’ channels, that are responsible for the uptake of chloride into the cell.
{0011}  Theseelemerits work together to achieve directional transport across the epithelium
via their selective expression and localization within the cell. Chloride absorption takes place
by the coordinated activity of ENaC and CFTR present on the apical membrane and the Na™-
K*-ATPase pump and Cl ion channels expressed on the basolateral surface of the cell.
Secondary active transport of chloride from the luminal side leads to the accumulation of
intraceliular chloride, which can then passively leave the cell via C1” channels, resulting in a
vectorial transport. Arrangement of Na*/2Cl/K" co-transporter, Na*-K*-ATPase pump and
the basolateral membrane K* channels on the basolateral surface and CFTR on the luminal
side coordinate the secretion of chloride via CFTR on the luminal side. Because water is
probably never actively transported itself, its flow across epithelia depends on tiny
transepithelial osmotic gradients generated by the bulk flow of sodium and chloride.
[6012] As discussed above, it is believed that the deletion of residue 508 in AF508-CFTR
prevents the nascent protein from folding correctly, resulting in the inability of this mutant
protein to exit the ER, and traffic to the plasma membrane. As a result, insufficient amounts
of the mature protein are present at the plasma membrane and chloride transport within
epithelial tissues is significantly reduced. In fact, this cellular phenomenon of defective ER
processing of 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.
[6013] Accordingly, there is a need for modulators of CFTR activity, and compositions
thereof, which can be used to modulate the activity of the CFTR in the cell membrane of a
mammal.
[0614] There is a need for methods of treating diseases caused by mutation in CFTR using
such modulators of CFTR activity.
[0615] There is a need for methods of modulating CFTR activity in an ex vive cell

membrane of a mammal,



Formula 3 in the presence of a coupling agent selected from the group consisting of 2-chloro-1,3-
dimethy1-2-imidazolium tetrafluoroborate, HBTU, HCTU, 2-chloro-4,6-dimethoxy-1,3,5- triazine,
HATO, HOBT/EDC, and T3P(r). Each R2 and R4 is independently selected from hydrogen, CN,
CF3, halg § str ight or ranch ?d [, 3-12 bered c cIoaPphatl g 5.1 0 heteroaryl or
Co.7 hetd e, LR A PR BT S ReBT GES TPHA ALS HAP O S setectod from 0, S
or N, andzﬁahha@mﬁatghn@r branched aIkyI 3- 12 membered cycloaliphatic, phenyl,
C5.)(2heteroaryl or C3.2 heterocycli TR Jo R pily. and, aptionally substituted with up to three
substituents selected from -OW, -CFES~=6€F W=SCF3, halo, CN, -COOR', -COR-,
-0(CH2)20(RYIL2 T gBterd2I(N¢Ra0), p{@wwmse)sseemmemmm@wmmm optionally
substituted %&fn I O%B{‘l% gg}/ ILS*(&)(W) -NWC(0)OR', -NR'C(0)R’, -(CH2)2N(W)(R"), or

(CH2)N( ) ac IS mdependently selected from hydrogen, -OH, NH2, CN, CHF2, NHR',
N(W)2, -N#E80) R InNHECHDeWY (e S PRy, pORY® CIHBR' f@@(@pﬁﬂﬁ@&tm@mmp@nrQOH
CH2N(12&)§0&(930}\N SO2NHR', SO2N(W)2, or CH2NHC(0)OW. Or R4 and R5 are taken
together form a 5-7 membered ring containing 0-3 three heteroatoms selected from N, 0, or S. wherein
said ring is optionally substituted with up to three R3 substitfnts. Each X is independently a bond
or is an optionally substituted C1.6 alkylidene chgjn wherejr g Bawo methylene units of X are

optionally and independently replaced by -CQ-, -6S- #CO , -CONW-, -CONR'NR'-, -CO2-, -000-,
-NWCO2-, -0--, -NR'CONR'-,0CO xﬁwﬁc -NR'CO-, -S-, -SO, -SOZ-, -NW-,
-SO2NR'-, NR'S02-, or - NR'SO2NR1-.E4c t 1 depend&atly R', halo, NO2, CN, CF3, or OCF3.y
is an integer from 0-4. Each R' is independently selected from hydrogen or an optionally
substituted group selected from a C1.5 aliphaticeggiyp, f 3-8-membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring having 0-3 heteroatoms independently selected from
nitrogen, éﬁml%r%ﬁlj%@r%%ﬂbqﬁé‘ﬁlBfeFé'Mﬁﬁﬁated partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms mdepen@ntl& selected from nitrogen, oxygen, or sulfur;

Is) to which they are bound to form an

: y undturated, or fully unsaturated monocyclic
or bicyclic ring having O 4 heteroatoms mdeén elected from N, O, or S.

Formula 2

with an aniline of Formula 3
Rg
R4

HoN
Ry
Formula 3
in the presence of a coupling agent selected from the group consisting of 2-chloro-1,3-
dimethyl-2-imidazolium tetrafluoroborate, HBTU, HCTU, 2-chloro-4,6-dimethoxy-1,3,5-
triazine, HATU, HOBT/EDC, and T3P®.

Each R; and R4 is independently selected from hydrogen, CN, CF3, halo, Cy¢ straight
or branched alkyl, 3-12 membered cycloaliphatic, pheny!, Cs.io heteroaryl or C37
heterocyclic, wherein said heteroaryl or heterocyclic has up to 3 heteroatoms selected from
0, 5, or N, and each C¢ straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl,
Cs.jo heteroaryl or Ci.7 heterocyclic is independently and optionally substituted with up to
three substituents selected from —OR', —CF3, —OCF3, SR', S(O)R', SO:R', —SCF3, halo,
CN,



Each R3 is independently -C1-C3 alkyl, C1-C3 perhaloalkyl, -0(C I-C3 alkyl), - CF3, -0CF3, -SCF3, -F,
-Cl, -Br, -COOR’, -COW, -0(CH2)2N(W)(12!), -0(CH2)N(W)(R"), -CON(R")(R"), -(CH2)20R', -(CH2)0W,
optionally substituted monocyclic or bicyclic aromatic ring, optionally substituted arylsulfone, optionally

substituted 54 be etero il W12 ) R' N(121)(W). [0019]

Embodimen[?s 0 tﬁ‘is_aEfes%lgct’inc%%t(’aHo?‘i%«g? f(n\g)))r’e_ag)t(#ﬁ %ﬁg%vv%%aggg.(%?gfndependemly

-0C(0)OR+~0HtBPRR - GrHAIOR) iGN, antiaRally subHipweshplenal tspbeooryof FRBHRD.is

i”depe“d&”Nlé%%@ét@&’%éf@f@?@&ﬁ%‘ﬁéwmiéxsﬁﬁé%ﬁc%@gfcoow or -CON(R)(R"), and
g .

R' is not hydrogen. The process further comprises cleaving the -0 , -OC(0O)NHR', or
-0C(0)N(121)2 dearipRoifonderomdenthiespiestekiqorineieenmprisad. iVdrofidgHacNEBGOR', or
'CON(lZN&{@%PMNH@GBR*,@@@tb)BR% Ryselyis isgiere R ESAROBPRONRY), Formula 1

with an alcoholic solvent in theggresence of base such as NaOH, KOH or sodium methoxide. The

alcoholic §aivah GEN(R the(iGhryROrNRB theRdY (Rhe ebtbithg IS E¥Bound of Formula 2 and a

compound of FafnRlaitR LIRAESH 30ERINRGYAR £§ Fatidbirbd$iRe dormeshindhemsence of a base
such as K2C0O3, Et3N, NMM, pyridine or DIEA. The coupling a compound of Formula 2 and a

compounASHTRUAME B HIEUT: D BHpEDFAIBFEARES PndqmaHs AR et Bhedeite of a
solvent sygreR FiAGIENAC, THF, MEK, NMP, acetoniuile, DMF, or 2- methyltetrahydrofuran. The

coupling a compound of Formulg 2 and a compound of Formula 3 to grodu .compound of Formul
1 is performed oE3 P I BRRRERN. Q0 Ch e HRR L BRIt SooAABETRERE C such as
between afierdin QG ereb3Rbyhebuein el utdlfptoanty 20 dindeekmiganpdedttd? C and 53 C. The

coupling rgia(ﬁc‘lgon is stirred fo(r: ast EEBN?}’SUCQG§W&SH£ ours_%g) at least 3 days.
I

[0020] In Somé embodiments,; R5"is independently - , -OC(U)NHRI, or --0C{0)N(R)2, and R'is
not hydrogeNRADD,each-6FR2-aNi 'RONR trd epEiiaNRy-seleBINROm-INRINSB&P0OCE3, CI-C6 straight

or branche_dhﬁg%(éil%ggmp_ Sd%oglipﬂw,_q @g&%@_@}“ﬁu&dﬁpmeygher embodiments, R5 is
h .

independe (0)OR', and R"is not fhydrogen; and each of R2 and R4 is independently C1-05
straight oNR&GeERI-atkyl or FEach Rewm irsdengriasidnfonkaie. 1822 8Nn Sonrr B8bodiments, R2 and R4

are (-butyl. [002§]i§rhﬁﬂ9gé@xf A5REsY the invention provides a process for the preparation of compound
27
Each R' is independently selected from hydrogen or an optionally substituted group

selected from a C, g aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selecied
from N, O, or 8.

Each R is independently —C;-Cj3 alkyl, C;-Cs perhaloalkyl, —O(C,-Cs alkyl), —
CF3, —OCF3;, —SCF3, —F, —Cl, —Br, —COOR', —COR/, -—O(CH;):N(R"}R"),
~—O(CH)NRYR Y, —CON(R'XR"}, —(CH,):O0R', —(CH,)OR’, optionally substituted
monocyclic or bicyclic aromatic ring, optionally substituted arylsulfone, optionally
substituted
5-membered heteroaryl ring, —N{RMR"), —(CH2):NRYR"), or —(CH)N(R{R").
[0019] Embodiments of this aspect include one or more of the following features. Rsis
independently —OC(O)OR', —OC(O)NHR', or —OC(O)N(R")2, and R’ is not hydrogen,; at

least one of R4 or R is independently a C ¢ straight or branched alkyl which is substituted

3



Compound 27 comprising; (a) coupling compound 26 00 OH Compound 26 with compound 13

with -COOR' or —CON(R'XR'), and R’ is not hydrogen. The process further comprises
cleaving the —OC(O)OR', —OC(O)NHR', or —OC(O)N(R"), group to form —OH. The
process further comprises hydrolyzing each —COOR', or —CON(R'); group to form —
COOH. The hydrolysis is performed by treating a compound of Formula 1 with an alcoholic
solvent in the presence of base such as NaOH, KOH or sodium methoxide. The alcoholic
solvent used in the hydrolysis is methanol. The coupling a compound of Formula 2 and a
compound of Formula 3 to produce a compound of Formula 1 is performed in the presence of
a base such as KyCO3, EiN, NMM, pyridine or DIEA. The coupling a compound of Formula
2 and a compound of Formula 3 to produce a compound of Formula 1 is performed in the
presence of a solvent such as EtOAc, IPAc, THF, MEK, NMP, acetonitrile, DMF, or 2-
methyltetrahydrofuran, The coupling a compound of Formula 2 and a compound of Formula
3 to produce a compound of Formula 1 is performed at a reaction temperature which is
maintained between about 10 °C and 78 °C such as between about 20 °C and 30 °C, between
about 40 °C and 50 °C, and between about 42 °C and 53 °C. The coupling reaction is stirred
for at least 2 hours such as for at least 70 hours or for at least 3 days.

[0026] In some embodiments, Rs is independently —OC(Q)OR', —OC(O)NHR', or
—QC(O)N(R")z, and R’ is not hydrogen; and each of R; and R, is independently selected
from hydrogen, CF, C;-Cs straight or branched alkyl, 3-12 membered cycloaliphatic or
phenyl.

{0021] In some further embodiments, Rs is independently —OC(O)OR', and R’ is not
hydrogen; and each of R» and R4 is independently C,-Cg straight or branched alkyl or 3-12
membered cycloaliphatic.

[0022] In some embodiments, R; and Ry are t-butyl.

[0023] In another aspect, the invention provides a process for the preparation of compound

27
OH
o o OH
N
O
N
H
Compound 27
comprising:

(2) coupling compound 26



Compound 13 in the presence of EDCI, HOBT and DIEA using DMF as the solvent, wherein the
reaction temperature is maintained between about 20 C and 30 C, and the reaction is allowed proceed
for at least 70 hours, to produce compound 14 00y0.". 0 0 0 Compound 14; and (b) treating compound
14 with KOH in methanol. [0024] In still another aspegt, the invention provides a process for the

preparation of compound 28 Compound ZW: (a) coupling compound 26
OH
l
T N

H
Compound 26

with compound 13

Compound 13
in the presence of EDCI, HOBT and DIEA using DMF as the solvent, wherein the reaction

temperature is maintained between about 20 °C and 30 °C, and the reaction is allowed

proceed for at least 70 hours, to produce compound 14

O OnL
i, 2

~o7 o
0 0
N
oL
N
H

Compound 14 - and

(b) treating compound 14 with KOH in methanol.

[6024] In still another aspect, the invention provides a process for the preparation of

OH 9
o o OH
N
Co
M
H

Compound 28

compound 28

comprising:

(a) coupling compound 26



Compound 26 with compound 20 H2N 0 Compound 20 in the presence of HATU and DIEA using
acetonitrile as the solvent, wherein the reaction temperature is maintained between about 40 C and 50
C, and wherein the reaction is allowed proceed for at least 3 days, to produce compound 21
Compound 21; and (b) treating compound 21 WitB NgOH in methanol. [00251 In yet another aspect,

the invention provides a process for the preparat|pn gf compound 34 OH
CH

Compound 26

with compound 20

HoN

&)
Compound 20
in the presence of HATU and DIEA using acetonitrile as the solvent, wherein the reaction
temperature is maintained between about 40 °C and 50 °C, and wherein the reaction is

allowed proceed for at Jeast 3 days, to produce compound 21

0O
Q
Qo 0O
N
CLy
N
H

Compound 21 < and

(b) treating compound 21 with NaOH in methanol.

[0025] In yet another aspect, the invention provides a process for the preparation of

compound 34
OH
o 0
N
sen
N
H
Compound 34
comprising:

(a) coupling compound 26



comprising: (a) coupling compound 26 00 Compound 26 with compound 32 Compound 32 in the
presence of T3P(r) and pyridine using 2-methyl tetrahydrofuran as the solvent, wherein the reaction
temperature is maintained between about 42 C and 53 C, and wherein the reaction is allowed proceed
for at least 2 hours, to produce compound 33 Cog1p08nd 33 (b) treating compound 33 with

NaOMe/MeOH in 2-methyl tetrahydrofuran.
N

H
Cotnpound 26

with compound 32
HaN

¢ 0

)i

QO
Compound 32
in the presence of T3P® and pyridine using 2-methy! tetrahydrofuran as the solvent, wherein
the reaction temperature is maintained between about 42 °C and 53 °C, and wherein the

reaction is aliowed proceed for at least 2 hours, to produce compound 33

Compound 33

*

(b) treating compound 33 with NaOMe/MeOH in 2-methyl tetrahydrofuran.
[0026] Inone embodiment, the method further includes the step of forming a slurry of
compound 34 in a mixture of acetonitrile and water, wherein the solid form of compound 34
is converted to Compound 34.
[0027] Embodiments of the forgoing aspect include one or more of the following features,
The process further comprises dissolving Compound 34 in a biphasic solution of 2-
methyltetrahydrofuran and 0.IN HCI, which is stirred. The process further comprises
separating the organic phase from the biphasic solution. The process further comprises
filtering and removing solid matter from the organic phase. The process further comprises
reducing the volume of the organic phase by approximately 50% using distillation. The
process further comprises performing thrice the procedure of: adding MeQAc, EtOAc, IPAc,
t-BuOAc, tetrahydrofuran (THF), EO or methyl-r-buty! ether (MTBE) to the organic phase
until the volume of the organic phase increases by 100% and reducing the volume of the
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[00261 In one embodiment, the method further includes the step of forming a slurry of compound 34 in
a mixture of acetonitrile and water, wherein the solid form of compound 34 is converted to Compound
34. [00271 Embodiments of the forgoing aspect include one or more of the following features. The

process "Wk EAMABeSESagi Ak GRMARURH: 30 RIRYERIE SRINIRN Bfi6; Mgty (etrahydrofuran

and 0.1N HCI, which'is sirre e process furtheér comprises separating rganic phase from the

biphasic J6tenIPA®R pRucese. mﬁﬁéidmfmpﬂ_iéﬁﬁﬁ}t@ir@ rdatbding sulidrdif8E emithe organic
phase. The piaceas e ROMRISE ST RI RGNS YR Woe ALINS, JRRIcHRasS ysmc%'mate'y

50% using distillation. The process further comprises performing thrice the procedure of: adding
MeOAc, Efomprigonkeatipg haerautiapberor raRurriamperae ofnd atpipainiag sathefllgm TBE) to the

organic phaagepititdhe: YAlHD G Rl araNicREaHR IDERS ER- Ak 1NN REL JeslHE g the volume of

the organic phase by 50% using distillation. The process further comprises adding MeOAc, EtOAc,
IPAC, t-BUREERBIGEHaH R RIFRAEYIED e of rhetAf P bLRYFEMEREMTEL) Ok AR HFERIE Dhase until
the volumgpgfdhe organic phase increases by 100%. The process further comprises heating the
organic phase to reflux temperature, and maintaining said reflux temperature for a time at least about

5 hours. THEASocdls il maes ATBr R eC THBRMY R BT EIRRRUNS R dHTHE R GRY BEREE:N -5 C and
5 C over aigimerpeHediaf 4.5 hours to 5.5 hours. [0028] In still another aspect, the invention provides

compoun duced ny process described herein. [Q029] In a,further aspect, the invention
provides i‘%’%gim;@&{%ﬁ%ﬁ#ﬁ%@f?ﬁﬁ“gg%‘gﬁ |ﬁ°§ laecsoan[ﬁ’p%run %urt(')c 58881%0 3?%? process described
herein. [0080phEis hadurpoendppeltehbyinue phicceprdssctiisd Imetinod of modulating CFTR activity in a
biological le isina.the contacting said.biological le with a&gﬂgound produced
by any pr@%@ de%%gsgég Elgt rﬁe%a%%%%% l%%%%%‘?gg%é%% ?hnegel%?/egzgt%ﬁoglg%gbn vides a method of
treating orf¢iysyriing thdogind saynpleacoliguidesitha setiehtaetmprisisaddddehdgices samnls satbl patient one
of the CO%BH%H&Q? d@@éﬁ‘ﬁ? ﬁ@r&igcéggq%@llﬁjgdq@aﬁis selected from cystic fibrosis, asthma,

smoke induced COPD, chronic bronchitis, rhinosinusitis, constipation, pancreatitis, pancreatic

insufficien@@3Halelinfapiliey tase thpjrenianias bravides apsendobiipsivasdesssaing (BAVD), mild
p9|m0”af¥é¢§%§%€’zﬂﬁi§’&§w& @ﬁﬂféxﬁ%@ﬁp@lﬁé@d@r@i&ﬁ&@ﬁﬁ@_%@&ﬂ%%\(ié’:ﬁnﬁ{@wﬁi@ (AB F’A) , Iive_r
disease, hereditary emphysema, hereditary hemochromatosis, coagulation-fibrinolysis deficiencies,
such as pFOfBRPEIABTiRIEIERCH 5t nand s isrfstos selfsiediBRIpryein Bhig Y fEiBMBes, such as
familial hyprskbalasterotareD, ditpeid ebMaMICBRRMins RRctlPORIMai taRtiRatggsomal storage
diseases, such as 1-cell disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs,
Croler NARFTRE 1§D, PR LIorTE A AR SoE 8 F oo
myleoperaxfdase (ERaFN0ynpidpaiydnpp acatayidichsthicpalanaia, gligegioosis CDG type 1,
congenital hyperthyroidism, osteqgenesis, rfecta, hereditary hypofibrinogenemia, ACT deficiency,
i SRR e e L
Perlizaeusdnechbamhms tiseage ateufilnewdyrs akificidiceasess acpraseitl ghédfic enchli Somed,

Parkinsonys di phi r ' ressi ick's disease,
sevelral prg]%/rgl&g%?ri%negfr?gﬁ%rﬁ%gﬁ@g%%%%%%%g%%%egé%uﬁﬂgﬁﬁ%% ﬁ%ﬁ%@ﬁgﬁrg)&&)ﬁg'&pe [, spinal

and bulba¥ yeadcehsiomiophymere ahstalipppigieinkibiaysRoscmats gttt tipsuBishypsdselell as
spongiforng; QACOROARPINIRS, ﬁue&ga@maﬁgﬁa&egﬂﬁaﬁ%kﬁm@g%@@& ?~ﬁ§jﬁ%ﬂ%§éiﬁp protein
S

processing defect), Fabry disease, Straussler-Scheinker S)é?drome, COPD, dry-eye disease, or

Sjogren's Bré¥decrnqpipyivarritsulesie Rigbah @Akt 4-aie SurdiromHsaRErdift Hone repair,

bone regeqgratiacy, [RAUsH S Repa-sasREMiem ARcldRsHRASINEABNE dBRPS/ION) chifgdima)'s Syndrome,
om?@n and Becker forms), Bartter's

chloride channelopathies such as myotonia congenita (T
syndrometyPEy eiispy B‘igfé’ﬁgg?%ﬁ*é?ﬁﬁf L ey CEsREI A G SR8 Vage disease,

Angelmanrsybeteameipidics By asiofingeDYakinpsiadi D), Chtecn-aiRBsiatsgigipodeys of the
structure eg.or fgsg?ﬁgrnbofgélri%,igggslgdnig PCI% wrigg1 \§it ISeinversu?hgalgt:f l?ﬁnlomvgrlj, a .Iégsrtagener
syndrome?,’I ERFWithsut S mverusa %ﬁlé‘ﬁ/ apl% |a.af65§'ﬁ 2EHANTeMbo ?’neﬁts, the disease
is cystic filfawkigson’s disease, amyotrophic lateral sclerosis, progressive supranuclear plasy, Pick’s

disease, several polyglutamine neurological disorders such as Huntington's, spinocerebullar

ataxia type I, spinal and bulbar muscular atrophy, dentatorubal pallidoluysian, and myotonic

dystrophy, as well as spongiform encephalopathies, such as hereditary Creutzfeldt-Jakob
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[0033]In another aspect, the invention provides a kit for use in measuring the activity of CFTR or a
fragment thereof in a biological sample in vitro or in vivo, comprising: l.a composition
comprising a compound produced by any process described herein; and instructions for: a.

contacting;, sition. with the biologdical sample; angd. _ . measuring the activity of said
CFTR orgé}%gg“égrgi%g é%%%f. %%&?%F%Se% ié%%%rﬁ’o%rkﬁgr%gﬁﬁ% Eff%sr%ﬁ%{géﬁlglﬁges instructions for:
i.contactisgndreadoioRBL doyrgysuiistasitiotiigogietogidiat senipieoporosis, Ostpopesiaribgnthe activity of
said CFT. i fsal il C oundg: and iii.comparing the
iy of e R b B T i the

presencesf dneeesteshig dermsivionia Gotooss b airamashbuily, dimanalapativassushides processes for
the synthggiaaicedipeniserssiuleminaciia el Gihiti ekl digher purity relative

to known&;rocesse ETAILED DESCRIPTION [0 36] I. DEF
isease, hyperekplexia, epilepsy, hyperekplexia, lysosomal storage disease, Angelman

syndrome, and Primary Ciliary Dyskinesia (PCD), a term for inherited disorders of the
structure and/or function of cilia, including PCD with situs inversus (also known as
Kartagener syndrome), PCD without situs inversus and ciliary aplasia.
[0032] In certain embodiments, the disease is cystic fibrosis.
[0033] In another aspect, the invention pravides a kit for use in measuring the activity of
CFTR or a fragment thereof in a biological sample in vitro or in vivo, comprising:

i. a composition comprising a compound produced by any process

described herein; and

it. instructions for:
a. contacting the composition with the biological sample; and
b. measuring the activity of said CFTR or a fragment thereof.

[6634] In certain embodiments, the kit further comprises instructions for:
i. contacting an additional compound with the biological sample;
ii. measuring the activity of said CFTR or a fragment thereof in the
presence of said additional compound; and
iii. comparing the activity of the CFTR in the presence of the additional
compound with the density of the CFTR in the presence of a composition of Formula 1.
[6635] Advantageously, the invention provides processes for the synthesis of compounds
useful as modulators of CFTR in higher yield and in higher purity relative to known
processes.
DETAILED DESCRIPTION
[0036] I DEFINITIONS
[0037] As used herein, the following definitions shall apply unless otherwise indicated.

f0638] The term "ABC-transporter” as used herein means an ABC-transporter protein or a
fragment thereof comprising at least one binding domain, wherein said protein or fragment
thereof is present in vivo or in vitro. The term "binding domain" as used herein means a
domain on the ABC-transporter that can bind to a modulator. See, e.g., Hwang, T. C. et al., J.
Gen. Physiol. (1998): 111(3), 477-90.
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[0037] As used herein, the following definitions shall apply unless otherwise indicated. [0038] The term
"ABC-transporter" as used herein means an ABC-transporter protein or a fragment thereof comprising
at least one binding domain, wherein said protein or fragment thereof is present in vivo or in vitro. The

term "bingj in- as JHherei s a domain on the. ABC-transporter that can bind to a
modulatol B B e P 0 858 The term
"CFTR" atgideteire munsiansheyenfcciprblsisitragidatenabliaity. dotlddicmine meyliteited ov,a mutation
thereof capadle f 1ol |\ ing, imi 0,: d CFTR (see,
e.g., http://wwv_%.genet.s%%é%@ﬁ?gggfgﬁg %gbﬂé{ Igﬂfpﬁ%%g%nesk)sﬁ%a%]gﬁgeﬁ[ceﬂrﬂﬁ f%o ulating" as used
herein meBwWatARFeasing or decreasing by a measurable amount. [0041] For purposes of this
invention, §he@haiicake'RmaMaReldaatirtkin ﬁ@gﬁgcﬂmessmgtam@c?&mgiByT@b'? of the Elements,
CAS version, Handbook of Chemistry and Physics, 75th Ed. Additionally, general principles of organic
chemistry e HaE AN "Organic Chemistry”, Thomas Sorrell, University Science Books, Sausalito:
1999, anqgd4R|aos pedResed iidania ehamtisiiymieiNdthe e ars MHRiMd B aRdhaeeh, J., John

Wiley & Sons, New Yark; 2001, the entire contents of which are hereby incorporated by reference.

[0042] AsHEs BRI AdFel ROl FEURER B InE A T I D 106 A s AR Ft¥fEn one or
more subgtithBatAddiabnapeiistrisdgandaipasbyenissexasaibieriRyparigylar classes,
subclasses, and spegies of the i tion. It will.be appreciated that t hrase, "optionally substituted”
mgppe 1At o R S S LR Y
"substitutedlyandeei e p smie ceickmal dogy thetidiin FaptBmalyMoBnahdrdfershid tifene flalegrdefdmf hydrogen
radicals ing giyen siiguie wiihthe radicat of .speciied Substiient. (9048l iniess otherwise
indicated, an optionally substi uted group may have a SiBSt{lent At 8ach substitutable position of the
group, anfB0dig sinserihedh lomespositipouinl anl/iyhismestion toney oRtipal s bestihstededtivichore than one

oy pomede i I AREAr SR RIRSHIAIE MBvbS AL HARADE O dhoen

every position. Combinations of substituents envision IS invention are preferably those that

result in tperfsmrasingses. sulivkassesc Hadriipegigsrebdiniaeofpoul agl[poamTeiated Wt dhable”, as used
herein, refgrs JO-6RMRARHP IR EEe RAksyRRiAHIA L Al tethwhes sibiegisditpgpaditions to allow for

their production, detection, and preferably their recovery, purification, and use for one or more of the
purposes #nsesibiedcimgenstab he Embouried s whamsrmsdehbvdhe kamicekonaiyible
compoundyis@nfiaidsiokpuReiaatiahh e whralkei ahrdempeiaiwrohQdia ass, in the
absence of moisture or other chemically reactive conditions, for at least a week. [0045] The term
"aliphatic'SBFIEFASLBEYIRIp", as used herein, means a straight-chain (i.e., unbranched) or branched,
substitute ho43]rishlesiituiec yadiraiteatat s vpiivtiadiyisubernplal el sauagted o b bk doriaias one or
more units o%g}gaturag n, or.a man ecércclaic ha/d %%%g)?nnr%rthbil%glic Qf%{ggggargnon Egat is completely
saturated BFIHEPEERAT S IR 8F MdrE Tiniie unsatura?lon, BUPWHIGH is ot aromatic (also referred to
herein as $cachoeyohe'be' sybitialipt atidy rowtchetoaikyiipstiattiaslectia flemm aispesifzdagionpent to the
rest of the QIACHIGe i/ es BOIRERE SRR At BiPHRS RAME Brdsind figfgic carbon atoms.
In some embodiments, a Pb atic groups contain 1-10 aliphatic’carbon atoms. In other embodiments,
aliphatic grawstitacoitermisicdedipn e waeptipnasne:nmsli bose taiisodinie e fammtiancodroups
contain 1‘&&@999%9@599@ F@E@f@i@c@%g&ﬁ@ other embodiments aliphatic groups contain 1-4 aliphatic

carbon atoms. In some enibodiments, "cycloaliphatic” (or "carbog}t{:ﬁle" or "cycloalkyl") refers to a

monocycliO®Hl Felrrearsehier BIoaTSFRciRERE CBCoRPRINITIB OF (Rl SebeBRtbYely saturated or

that contaifjg,@Re/REMAERMBE SRIoRBRA AiaNle W YbMhishoRdRli R0 Babisidhsdlipsieratgle point of
attachment to the rest of the molecule wherein any individual ring in s%%géi)l%/‘gl%ggg stem has 3-7

members. BSHERSRY S AB B GHATp &nA U5der BRf S Al BYE fife , Substituted or
unsubstituiegalitboalkrid, abintlylcomsnmaotdayhiics! iterepl sushmaua)ielodkibkalkybt
(cycloalkenyhalkyl or (cyclqalkyl)alkenyl. Suitable cycloaliphatic graups include cycloalkyl, bicyclic
cyctomtky! CoN BT PR L BRI S8 Ao b 1o A B0 U bricged
tricyclic suaihvasacamaatil.-Hacd6] ddnditenm, fhetetealiphetid’, as used herein, means aliphatic groups
wherein o arban,atoms.are.i - I ced.hy o mofeof cxyag; sulfur,
nitrogen, o%g \%gﬁs?rg} gll%gﬁm %{erggl ﬁgw&gt%%g opém%aygge S&ﬁ%t%teg orl%ns&l?{)sti?até’d, branched
or unbrancinbeinched i absayabiad, aviss iaietier tnstdsoityiciehydrecaroayehain thaitisrevysisteiphatic”, or
“heterocy dlig GrOHRSHI AR AE EP MR HAR A ns AGIRIGE Y Y mordRIRIROYHealRbaIer OF
"heterocyclic” as used herein means non-aromatic, monocyclic, bicyclic, or tricyclic ring systems in
which one or more ring members is an independently selected heteroatom. In some embodiments, the
"heterocycle”, "heterocyclyl”, "heterocycloaliphatic”, or "heterocyclic" group has three to fourteen ring
members in which one or more ring members is a heteroatom independently selected from oxygen,
sulfur, nitrogen, or phosphorus, and each ring in the system contains 3 to 7 ring members.




[0048] The term "heteroatom™ means one or more of oxygen, sulfur, nitrogen, phosphorus, or silicon
(including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the quatemized form of any
basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for example N (as in

3 4-dinydieca Aol N PSR RIAU T L PSR sURSUEG RMIQIGINYD). [0040) The
term "unsaturated”, as used herein. means that a molety has one or more units of unsaturation. [0050]
The term Unshtosepipro buridutkyis nas aswdtivdedin rebfeed to hereitkgs Jeathocrdgireviously defined,
attached pcipal car gyt . " % 1hi I") atom. [0051]
The termgigﬁcﬁﬁgﬁgié@r%?ﬁgpglQb?(ﬂy%j‘n%ggr?g?gﬁ#%%g %{Jrlﬁgl)%(églﬁ F}sz'J[?% c%gqslg ﬁ%{/ be, substituted

with one @raiseviehlalessortisrvise sergifivhididntiogronns coneind 20 @lipitio cartxzaiames of
haloa'iph%@d&f&%@mﬁﬂ%&g%ﬁm&f@m@& REANAICRIKY bR ASartoh afohs: [BQRkd,The term "aryl”
y

used alone or as part of a larger moiety as in "aralkyl", "aralkoxy", or "aryloxyalkyl", refers to

monocyclfEseiaratsapkirhatig AT mgesiaiais RERhH rishanctamRs- tdrsikie®aTing members, wherein

at least Oeﬁ;smliﬁﬂa,eaﬁpﬁm droRfRmatis NG Wharale @580 enR, i sys@miegntains 3 to 7 ring
members. The term "aryl' may be used interchan&eably with the term "ary rianE". The term "aryl" also

refers to IFEREPGURFIRAIRYRHE SIOURS AR HEPURPHM SR PRIDESFh A dPe: 5 S-used alone or
as part of eyakgEipRaaetba b bela ikt iIkeiestas alkaroorier £ig Manasysls dsicyclic, and
tricyclic ring systems, haying, a total of five to fourteen lilrtl member‘i;?wherein at least one ring in the
system is@?&ﬁf&ﬁ’&%ﬁé‘é%ﬁ%ﬁ?’ MR é%ttgrﬁo% A% BIE YT 5%%8?5%’3?0%%? find wherein
each ring siothersysié menntaiog, dio whithganenlbanatit hhdehns dhdielopoit! ofaydohusado

interchangeably with the term "heteroaryl ring". or the term "hgteroaromatic’. [0064].An aryl (including
aralkyl, a%&f)%(%{/f%%/ o%g"l%/ and the ﬂé‘ n(r)&&lg glircr)%] f"(isnaéfﬁ?jll%ciﬁ%fénl%yg r?l%‘r% I?eteroarylalkoxy
and the likeyrgbesp Suightoalipiratn eronpnord withbttushtet Soitedioshivstitoebiandredhe unsaturated

b t 19 73 1: QRer? Bk 2 Methylene-dioxy;
et o s e e S e win

optio with fe; -O(Ph) optionally substituted with R;
-(CH2)1. Zreivabipliohaihy(exteniirpy)alitl ler (OFlegkylipyeayiichapbleysineiehalia BRIPNO2; CN;

"N(N2; NR Elamﬁgﬁ( %yt ﬁ@?{é.-.,@éﬁiﬁé%ﬁagy&ﬁéi@ﬁ% DetichNE N6 $A2r
-C(0)C(0)r; -C(0)CH2C(0)r; -CO2r; C(0)1e; -C(0)N(12)2; -0C(0)N(11)2; -5(0)2r; -SO2N(r)2Z; -S(0)Re;
-NRS02N @ B2- 2d1higsiaroct ey s irieyeiq yehiat agianyi2)0-2NIFIC(0)R wherein each

independeg§4picriieanss 'HeRrisabpintied 4 asadwekog enemRtionaticudaiiied:6ia fnalihatc, an
carbon atoms are independently replaced by one or more of oxygen, sulfur, nitrogen,
phosphorus, or silicon. Heteroaliphatic groups may be substituted or unsubstituted, branched
or unbranched, cyclic or acyclic, and include "heterocycle”, "heterocyclyl”,
"heterocycloaliphatic”, or "heterocyclic™ groups.
[0047] The term "heterocycle”, "heterocyclyl”, "heterocycloaliphatic”, or “heterocyclic” as
used herein means non-aromatic, monocyclic, bicyclic, or tricyclic ring systems in which one
or more ring members is an independently selected heteroatom. In some embodiments, the
"heterocycle”, "heterocyelyl”, "heterocycloaliphatic”, or "heterocyclic” group has three to
fourteen ring members in which one or more ring members is a heteroatom independently
selected from oxygen, sulfur, nitrogen, or phosphorus, and each ring in the system contains 3
to 7 ring members.
[0048] The term "heteroatom” means one or more of oxygen, sulfur, nitrogen, phosphorus, or
silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR” (as in N-
substituted pyrrolidinyl)}.
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unsubstituted 5-6 membered heteroaryl or heterocyclic ring, phenyl, -O(Ph), or -CH2(Ph), or,
notwithstanding the definition above, two independent occurrences of R, on the same substituent or
different substituents, taken together with the atom(s) to which each R group is bound, form a

3-8 membgias) G LIGIGIAGIC Y, SR RIIRIHIOAVAING BRNGQ B heteroatoms Ingependently
selected from nitrogen, oxygen, or sulfur. Optional Substitlents on the aliphatic group 5t R are selected
from NH2uN#NBEMaliphatic), N(C1.4aliphatic)2, halo, C14 aliphatic, OH, 0(Cl4 aliphatic), NO2, CN,

Coar, Cihhalplipialoelo Gldlpraio) analsChtalabaiguhasin sech of theforegoing

C1.4 aliphatic groups of le Is unsubstituted. [0055] An aliphatic or hetero ¢ group, or a
non-aromifti¥ipeskreeliesd Atrhsdyocbamiingpd errbesrehainibiiouehan Suigsbl€ dibsyituents on the
saturatedsg@thombarylinhgtic or heteroaliphatic group, or of a non-aromatic heterocyclic ring are
selected from those listed above for the unsaturated carbon of an aryl or heteroaryl group and
additionafJOFHJde tereolivipmiphatic —and - kalgabrexy\mgres 2lipheire @irry s R GeR2 (alk Y1),

=NNHSO02fa}lod) sabsidds wiesaeachdre iaitnser/ndertiy-aeiasissfiomn MkograR A optionally
substituteg C1.6 aliphatic. O%tqi“onal substituents on the aliphatic group of R* are selected from NI42,

NH(C1.4 Bfighatidy*Ripe'rA disiaribaiypcies a4idharc <Ol ot a anbfiate)PNO2, CN, CO2H,
CO2(C14paiiphediryl Gtehlas CL4aliphatic), or halo(C14 aliphatic), wherein each of the foregoing Cl-4

aliphatic f R* is unsybstituted. [0056] Optional substituents on t itrogen of a non-aromatic
neterooy Y IFQEElC R A R R BB B ILED B 8y O  LeJERBER 1o
-502R+, -SORM (N2 ), €13 M R)éh o€y ehd e+ )Ad arieMIeSARG ey udhey Guving dsdpidibfyen, an

optionally, substituted C1.6 aliphatic, optionally substituted phenyl. optionally substituted -0(Ph),
optionally S S i, S SR R O B B e
-CHH(Phygadbrring imtgsstitenedobt@nndisbkring metwborsy Toe haterteytmainbehawihg one to four
heteroatoms | dr - OXY i n ithstanding the definition
above, tw@%}'gﬁgﬁgf? g%c%%i%ﬁsié%@?dn t e%pzla&r%geﬁgﬂ t%srlt%ﬂée%%rg%} d?ﬁ%egr%é?ﬁsgﬁgituents, taken
together \iitietRe aadafipsy feohidigledeh 12* group is bound, form a 3-8-membered cycloalkyl,
heterocyoﬂybsggyiwté}s{ea%wmq heod @%Qe%%tﬁa%pmaﬂg@%&eﬂmtm sgiRginehiigm gitrogen,

oxygen, or sulfur. OEitTiP%ngl substituents on the alip ‘atic%aro_up or the phenyl ring of le are selected from
NH2, NH(beeroadrkeey  Ngeruaprateyein fisy e, AuliBiattc ore peamsdipingie o3, CN,

CO71-1, GRR(CAAiphaiichavate, GH-aliPhate, sHehalg (s nd alipbatich-yharein ashokthe
foregoing CIA aljphatic groups of R+ is unsupstituted. OOS?%The_term "a,Ikngdene chain" refers to a
straight oF BeARAABEY S GAPEHES PSR AT D& FENY Wl PRt B ST HEVE GBI BT S XTHR of
unsaturatintaing hasnvimenninibet. allhe nenhdeite yie shof rairad ietitthanfabermith the
"spirocyclé)alkyﬂdtene" refers to ﬂ}c?rboq ctlicl;or;?%&%,may be fully saturated or have one or more units
of unsaturition and nas two ﬁéin & S attachment om the same ring carbon atom to the rest of the
molecule [{0S8B AT hevidmaelislimg prabey il setkheyeimylisx gefifband she Mixjunchemmepriding a solid and a

liquid, wherei id i Al le Lligul rm.; Ing" or.-slurried," as
lisléld hgreﬁl%%}gégﬁlg%%g%ﬁgﬁé%%?‘ %tr%%%%tﬁ] &sﬁ%ﬁr&e%%?ﬁ%%géggéeﬁﬁﬁﬁgéﬁﬁ gf:et ol; clreating a
slurry, andubgitivegisaibudiins Sttt hrohesa[oss] AecrerinmpHIa clley FstgeanG) as used
herein, represenis dhaseigrarPRlgtenged tojproteci fynchonaligho S A asn ERERRple, an

alcohol, amine, carboxyl, carbonyl, etc., against undesirable reactions during syrithetic procedures.
Com monI9h§§é’o(%ibf@é‘f?ﬁ@”§r§ﬁﬁ§§%@id?§%é’séd‘iﬁ@‘?é@ﬂ@&ﬁ‘@’\ﬁﬂﬁ’@}%éﬂ%@ I Organic
Synthesis, By, GotiéRmIRNNIEY WiB RAS. e rorien] 99 Behick.is iRserparated. heeiy by
reference. Examples gr nitrogen protecting groups include acyl, aroyl, or carbamyl groups such as
formyl, acEfﬁFbEB{%y)ﬁ pivaloyl, r-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl,
trichloroacetyR Yoty ~-ONRIOEHIRRER A CE R ‘@@ 6y oM TWR Permam, chlorobenzoyl,

4-bromob o A:-Nltropgnzoy| | uxiligy] aspr gpro gD, LorD,
L-amino a%%%éﬂ&éﬁﬁﬂrﬁwm Eg n%@ﬁ?@ﬁ%wﬁé&@éﬁﬁ%ﬁ%&fwggé%cﬁ“as

benzenesGtioyR/; p-EiDE@SHfonyl and the like; carbamate groups such as benzyloxycarbonyl,

p-chloroben onyl cp~nethox XyC vl, pQi yca o.

D iroben T o Rt - R A oo SO |
3,5-dimetho%{is8 MRSy cafiBiil 22 Bithetiox{B By SREAN heteinetshsindspendgoikycarbonyl,
2-nitro-4, 5 AimEtRoXy R AWRUGAIRAMN L Pog e LB HRYIBARNQNEA BRI L -4R-biphenylyl)-1-
methylethoxycarbonyl, a,a—dlmethy1-3,5-d|methoxybenzyloxycarbony’l, benzhydryloxycarbonyl,
t-butyloxycarbonyl, diisopropylmethoxycarbonyl, iggpropyloxycarbonyl, ethoxycarbonyl,
methoxycarbonyl, allyloxycarbonyl, 2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxy
carbonyl, fluoreny1-9-methoxycarbonyl, cyclopentyloxycarbonyl, adannantyloxycarbonyl,
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like, arylalkyl groups such as benzyl,



triphenylmethyl, benzyloxymethyl and the like and silyl groups such as trimethylsilyl and the like.
Another exemplary N-protecting group is tert-butyloxycarbonyl (Boc). [0060] Examples of useful
protecting groups for acids are substituted alkyl esters such as 9-fluorenylmethyl, methoxymethyl,

methylthigy ral Xyn e
2-(trimethygl{éﬁglg)%%ﬁ%(%?@F%%ﬁﬁ;fg%%n@ggﬁ%éﬁg o%@&kﬁ? t %y%he% acé%xyr%gﬁggh) '

triisopropReFIAEY iy IAREIAg theyishBiHatRRo¥S dMY, iphesadent eperamesd phBNanhesrins, 2,2, 2-

trichloroetayly st apitbren-GiHoRaRN, ek ARSI Bl vt mmehwifiaciv ﬁﬂ%&’&%}a is _
3-methyl-3-pentyl, dlcyclopropgtlglmethy (%fclopentyl, cyclohexyl, ally!, methallyl, cynnamyl, phenyl, silyl

|
esters, beR IR dnsiinea é?i’zﬁ/l"ég ¥l hescepaneirbreny rE drteoanriag penrgdrophenyl, 2,6-
dialkylpyhRpstbAARe irniaiing osaeas darcae idersgmmripdhobelif.e StepaoliP Sddsiigthds of adding

(a process gﬁiner,ally referred to gs "protection”) and removing (process eneralléﬁrﬁeferred to as

"deprotectiois SRFURSFUBARR ST FHERES g Has R et R Mhealipbatitabalgle, for
exfample 0, R dlifiecieroki, g(mo;@@ﬁrpﬁa@mgwsg,mmeaﬂ,g«%gmmsiﬁxaﬁéﬁtmm&m%rated bﬁ ;
reference in jts entirety and in, Greene and Wuts, Prqtective Groups in Qrganic Synthesis, 3rd Edition
(Gonm wiRSPRRE ST RISE P oy AP B RS s SURRAE BB Rut used i this
invention arasbistitunat limited to water, methanol, dichloromethane (DCM), acetonitrile,

dimethylf ide (DME), methyl tate (MeOAcC), ethyl acetat tOAC),.isopropyl acetate (IPAc),
buty ac s Rigt SRR BRI IS o BD AR s SRR SR v
tbutanol, diethy ettt bRIRE, N Sthiphitle supkathent MINBE 4 tatioammn arfid\aiipbiglqoyrrolidone

(NMP). [ ﬁgmﬂl Suit Upling. agent - i, this,| ti re, but not
limited too%?(%]? di eth;%g?% ﬁgilpgrﬁﬁ}%gs%%’tﬁg}-carbga?ﬁég %})’% %ﬁ%%ggq(}é%l%g%%qﬁ enzotriazole-
| -y1)-1,1 Sevedieaihetmyivsrindraaomalian sproshisteregribaronp andhpddivemdty oaladolee(HOBT),

2-(141-7-Agphegoitiarols| i3 SneemeLIA VORI XAl iesRagshhate (HATU)
2-chIoro-Alf%’B-gd@i}r%{gh%I-Z-imidazolium tetrafluoroborate, CoR %ﬁ))h

1-Hbenz B ks QiR At SATRRY | Eriadcaeapraibnesieied pmdudremn™entu), 2-
chloro-4 Gyl dkidad 2] AepIR, RisAn QuBlRBBNO e S UGl G0} HOGRA] Examples
of suitable bases that may be used in this invention are, but not limited to potassium carbonate
(K2CO3),SR}?H§%‘iﬁ§fﬁW(§\Fﬁholine (NMM), triethylamine (Et3N; TEA), diisopropyl-ethyl amine (i-Pr2EtN;
DIEA), PyREi(, foigssicyyNIgsioxisie (SR M st ot (NaQkHlisnticotiomangthoxide
(NaOMe; g%qé:HS). [0065] In some embodiments, two independent occurrences of R, as depicted in
the structuré’below, are taken together with the atom(s) to which they are attached to form a 3-8-
membered@ypatiiphhiie @itwbdy G anliphatieterdaly Cnglipvitig) Owddrete matorfithindependently
selected fgrrg njtrogenh OXygen, or ssu(l)f «Exemplary rings that are formed when two independent
occurrences Bt Rears‘taken oggé?ngr with the a om{s tto which they are attached include, but are not
limited to {05 IOptingalapbaiienke paribie nitmgenrvé noes-efornthiataierdryghd togresalpdedtom and are
taken togger i gl @igm 10-{osa findolR Xample(EY 2. WhTeRRAReUTRISS of R are

taken tog r with' the nitrogen atom to form a piperidin-l-yl, piperazin- 1°-yl, or morpholin-4-y1 group;

and b) twoih8eNEkdent SéemRitRes of REEE AN BUacPio TR reReRtbicEa Bréstaken together with
both of thﬁ?&%@f{‘%&% QoL Ay g sdanexampla AR S ABRSNY besftta: s Prealifsdoniln two

occurrences of OR [0066] thése two occurrences of R are taken together with the oxygen atoms to
which the?‘léﬁé“ﬁ%iﬁnd to form a fused 6-membered oxygen containing ring: [0067] It will be appreciated

that a varﬂé@@}hsﬁéﬁm savsedermethudan byauindioRansianiaccyrenyesralRsientaken together
m(s
if

with the ato to which each variable is bound a at the examples detailed above are not
intended S BRTNTANGCI0OEEK B b OG0 OSRTord TGRS A8 g AR U

heteroaliphatifig g &yssemg@asnbmaiaizpesienigrylengl fasiionyigmniiicberiscchethically feasible to
attach a Sggt%inttﬂgtg}iding the definition above, two independent occurrences of R”, on the same

substituent or different substituents, taken together with the atom(s) to which each R" group

is bound, form a 3-8-membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring having 0-3

heteroatoms independently selected from nitrogen, oxygen, or sulfur. Optional substituents

on the aliphatic group or the phenyl ring of R are selected from NH,, NH(C,.; aliphatic),
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[0069] Unless otherwise stated, structures depicted herein are also meant to include all isomeric (e.g.,
enantiomeric, diastereomeric, and geometric (or conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center, (Z) and (E) double bond isomers, and (Z) and

(E) conforpaliong ianmettd, @@{gbﬁagy)@ﬁgﬂg@&%m@g, RN asygll as enantiomeric,

diastereomeric, and %eometrlc or conformational) mixtures of the present compounds are within the

scope of fgfvertighatish S¥harrervatiBhatig o1 Splpstiosihatsinmderines 1dRhEtnds of the

invention @g@gyjﬂgi@mglmg@ abihe srventiamsdbhaiigvhen Rx-X- in a compound of Formula 1 is
hydrogen, said com%?und of Formula 1 may exist as a tautomer:; Tautomers of Formula 1 [0070]

Additionat@ﬂﬂﬁl&% Heriftodideatadaiir et dobimadd fidanrhed At mehan tHaHRRIRE compounds
that differganlysihiRe@ 3eRe R Ginfodt tankeoBARIGAIMEMIGS dvlQBm: o RaRARIA: KoMpounds

having the present structures except for the replac t of hydrogen by deuterium or tritium, or the
oplacem GCP LAY BBy 1 ST B VR o S5t B FURSRIG 1 SOEEbmpounds are
useful, fomexeapitiyaatansyticdladaoin: prohes inniioldgicataatay ! las teerppmuticfagents. [0071] IL

PROCESSES OF THE INVENTION LO 72 gggip&:?éal the i venti?erélﬂgovides processes for the

synthesis% Sonr%%léurr? L 0saEd oy afiidreo ﬁ'ﬁ?t[fi TS Some embodiments, the invention

provides aﬁﬁﬁﬂdesﬁ_‘fmﬂm mpagéﬁmnsoﬁ aﬂmdmﬂmdcﬁhhéuirvgmlsﬁnompés{ﬁ@§4§nﬂid sm!nae
embodimeis, Uk UETHONREQYIAPHAPro5RSH ALATRAIREAR. off SAMPRYIA gvipg the structure

[0075] In some em ments, the invention provides a process’tor the preparati a compound
having thésbartiet t@s used herein (example, "the solid product was slurried for 24 hours"), is defined

as the act of creating a slurry, and stirring said slumry for a length of time.

[6059] The term "protecting group” (PG} as used herein, represents those groups intended
to protect a functional group, such as, for example, an alcohol, amine, carboxyl, carbonyl,
etc., against undesirable reactions during synthetic procedures. Commonly used protecting
groups are disclosed in Greene and Wuts, Protective Groups in Organic Synthesis, 3rd
Edition (John Wiley & Sons, New York, 1999), which is incorporated herein by reference.
Examples of nitrogen protecting groups include acyl, aroyl, or carbamyl groups such as
formyl, acetyl, propionyl, pivaloyl, r-butylacetyl, 2-chloroacetyl, 2-bromoacetyl,
trifluoroacetyl, trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, beazoyl, 4-
chiorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoyl and chiral auxiliaries such as protected or
unprotected D, L or D, L-amino acids such as alanine, leucine, phenylalanine and the like;
sulfonyl groups such as benzenesulfonyl, p-toluenesulfonyl and the like; carbamate groups
such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-
nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-
dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2.4-

dimethox ybenzyloxycarbonyl, 4-methox ybenzyloxycarbonyl, 2-nitro-4,5-
dimethoxybenzyloxycarbonyl, 3,4,5-trimcthoxybenzyloxyéarbonyl, 1-(p-biphenylyl)-1-
methylethoxycarbonyl, a,a-dimethyl-3,5-dimethoxybenzyloxycarbonyl,
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,

2,2,2 -trichloroethox ycarbonyi, phenoxycarbonyl, 4-nitrophenoxy carbonyl,
fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl,

cyclohexyloxycarbonyl, phenylthiocarbonyl and the like, arylalkyl groups such as benzyl,
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[0076] In one aspect, the invention provides a process for the preparation of a compound of Formula!,
Formula 1 comprising coupling a carboxylic acid of Formula 2 00 Formula 2 with an aniline of
Formula 3

triphenylmethyl, benzyloxymethy! and the like and silyl groups such as trimethylsilyl and the
like. Another exemplary N-protecting group is fert-butyloxycarbony! (Boc).

{0060] Examples of useful protecting groups for acids are substituted atkyl esters such as
9-fluorenylmethyl, methoxymethyl, methylthiomethy), tetrahydropyranyl, tetrahydrofuranyl,
methoxyethoxymethyl, 2-(trimethylsilyl)ethox ymethyl, benzyloxymethyl,
pivaloyloxymethyl, phenylacetoxymethyl, triisopropropylsysilylmethyl, cyanomethyl, acetol,
phenacyl, substituted phenacyl esters, 2,2,2- trichloroethyl, 2-haloethyl, w-chloroalkyl, 2-
(trrimethylsilyl)ethyl, 2-methylthioethyl, #-butyl, 3-methyl-3-pentyl, dicyclopropylmethyl,
cyclopentyl, cyclohexyl, allyl, methallyl, cynnamyl, phenyl, silyl esters, benzyl and
substituted benzyl esters, 2,6-dialkylphenyl esters such as pentafluorophenyl, 2,6-
dialkylpyhenyl. Other protecting groups for acids are methyl or ethyl esters.

{0061} Methods of adding (a process generally referred to as "protection") and removing
(process generally referred to as "deprotection™) such amine and acid protecting groups are
well-known in the art and available, for example in P.J.Kocienski, Protecting Groups,
Thieme, 1994, which is hereby incorporated by reference in its entirety and in Greene and
Wuts, Protective Groups in Organic Synthesis, 3rd Edition (John Wiley & Sons, New York,
1999).

[0662] Examples of suitable solvents that may be used in this invention are, but not limited
to water, methanol, dichloromethane (DCM), acetonitrile, dimethylformamide (DMF)},
methyl acetate (MeOAc), ethyl acetate (EtOAc), isopropyl acetate (IPAc), -butyl acetate (1-
BuQAc), isopropy! alcohol (IPA), tetrahydrofuran (THF), methyl ethyl ketone (MEK), -
butanol, diethyl ether (Et;0), methyl-#-butyl ether (MTBE), 1,4-dioxane and N-methyl
pyrrolidone (NMP).

[0063] Examples of suitable coupling agents that may be used in this invention are, but not
limited to 1-(3-(dimethylamino)propyl)-3-ethyl-carbodiimide hydrochloride (EDCI), 2-(1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU), 1-
hydroxybenzotriazole (HOBT), 2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyl uronium
hexafluorophosphate (HATU), 2-chloro-1,3-dimethyl-2-imidazolium tetrafluoroborate, 1-H-
benzotriazolium-1-{bis(dimethylamino)methylene]-5-chlorchexafluorophosphate (HCTU), 2-
chloro-4,6-dimethoxy-1,3,5-triazine, and 2-propane phosphonic anhydride (T3P®).

[0064] Examples of suitable bases that may be used in this invention are, but not limited to
potassium carbonate (K2CO3), N-methylmorpholine (NMM), triethylamine (Et;N; TEA),
diisopropyl-ethyl amine (i-PrEtN; DIEA), pyridine, potassium hydroxide (KOH), sodium
hydroxide (NaOH), and sodium methoxide (NaOMe; NaOCHa).
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Formula 3 in the presence of a coupling agent selected from the group consisting of 2-chloro-1,3-
dimethy1-2-imidazolium tetrafluoroborate, HBTU, HCTU, 2-chloro-4,6-dimethoxy-1,3,5- triazine,
HATU, HOBT/EDC, and T3P(1). Each R2 and R4 is independently selected from hydrogen, CN,

CF3, halo, straight ar branched alkyl, 3-12 membered cycloaliphatic, phenyl, C5.10 heteroaryl or
C3.7 hetg%%gﬁﬁ[& Wheremn g%ﬁajﬁnetfér‘ggr@/{f%???é{:é?oogfgﬁfze%%éy 8€) o %@8{’&@;&%@%&8@&&8 from 0, S.
or N, and bedoh, @t. Gistnaiggetioar byah drestaiiy) 13 \iRichembare diahlaRlipfoaticy plgenyl, C5.10

het lic_is independently.and optionally substityted with up to th bstituent

e PO SR B L A SRR B 5 o oo

-0(CH2)2Ngrpgrdenthosclecpoll frRy0RtroSONMREER RO FR) ERpHGHRIB 1AL, £HRENdoptionally
bstitut I - Veerhd ' ' -(CH2)2N(RWRD

e iR TR S e i S LA S R

-NHC(0) Rerenatishoyioreiugl- Baare aot irted @ (byoibawio () d RidD SN Rt2uDiH2S I CH2N(W)2,

C(0)012 RPN RO SHEN TGN Selner o AR BIHBR ARG gy pOCtEr fOrm 2

. ¥

5-7 membered ringg%?ntainlng 0-3 three heteroatoms selected from N, O, or rein said ring is

optionallyamsiey M@ Warvhere e csresesgrpi Rorits. takerptageiheraifiuie aviesrmy aobbiad or is an

optionallyratheiiipastialt6/aladidang cRRIBrRRFRRIHRIA MoumatMs IR il Rhdeare optionally and
independently replaced py -CO-, -CS-,COCO-, -CONR'-,-002-, -000-, -NR1CO2-, -0-, -NR'CONR'-,
-OOONW-,QRFIQWW@(?E R” that are'bound’to different atoms and are taken together with both of those

atoms to form a ring, for example where a pheny! group is substituted with two occurrences

of OR®
RO
JOU

[0066] these two occurrences of R° are taken together with the oxygen atoms to which they

are bound to form a fused 6-membered oxygen containing ring:

SO0

[6067] It will be appreciated that a variety of other rings can be formed when two
independent occutrences of R® are taken together with the atom(s) to which each variable is
bound and that the examples detailed above are not intended to be Iimiting.

[0068] Ring substituents on, for example, mono and poly aryl, aliphatic, heteroaliphatic ring
systems can be attached on any ring position for which it is chemically feasible to attach a
substituent.

[6069] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric {e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and 5 configurations for each asymmetric center, (Z) and (E)
double bond isomers, and (Z) and (E} conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within
the scope of the invention. That is when R*—X— in a compound of Formula 1 is hydrogen,

said compound of Formula 1 may exist as a tautomer:
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-S-, -S0O, -S02-, -NW-, -S0214R'-, NR'S02-, or - NR'SO2NR1-. Each Rx is independently R', halo,
NO2, CN, CF3, or OCF3. y is an integer from 0-4. Each R’ is independently selected from hydrogen or
an optionally substituted group selected from a C1.8 aliphatic group, a 3-8-membered saturated,
partially unsaturated, or fully unsaturaﬁed monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfir, or an 8-12 membered saturated, partial\Rgnsaturated, or

' ; r%q 0-5 heteroatoms indepenc@gtl (sele Rym nitrogen,

RN CLS h they are bound
o5 fsugstituled $:12 fnembered saturategdxpg t|
monocyclic or bicytlicAngNTaving 0-4'Teteroatoms inde;ﬁende fiy.setected from NR@, or S. Each
R3 is independently -C1 amyl, Ci.3 perhaloalkyl, -0(C1.3 alkyl), -CF3, -OCF3, -SCF3, -F, -Cl, -Br, or
-COOR', -COR', -0(CH2)2N(R")(R"), -0(Ciziditiarg 1 ¥: o8MNER) (10, -(CH2)20W, -(CH2)OR', optionally

substitut lic or. bicyclic aromatic ring, optionally substituted arylsulfone, optionally
substitutzﬁﬁ@egr% &el%l h ét‘éﬁ%ﬁ‘?ﬁ%ﬁ%’ﬁ\ﬁ\ﬂﬁf\ﬂ%‘ﬁ@ﬁ%ﬁfﬂﬁFft%?"c?r‘“- 3&%&5’ [0077] In one
embodimauREeisnpelapgie tbsrdiffe0G()0 Ris G biRnoo: 8GO biidpizaimenRcizdot hydrogen. In
certain in e S, =0C( | and R is . not hydr _In other instances, R5,is -OC(0O)NHR' and R"
is not hydﬁr{aﬁé%h ﬁ‘??&ﬁ%@%g I}g?ﬁgggggh&@@%@%ﬁ%ﬂmﬁ%ﬁaﬁxfg ttaoétg %/h rée%%gemﬁé‘éplln one

embodimbriregen frpdesstiuntmrttomprizabctepivismeneofc@ionhs »-5C @) NaR eitdie(0)N(W)2 R5
group to f = I, ayage | r ' d of : ntaining the
-0C(0)O R%%:é%g;o Nf It-lnlgt?lc?r -OC(O)%%\?V%@%%%%%&%@?%O %%%%&%gﬁgw%ﬁgt%?z%ence of base
such as NAPIS KCHEPlaRIsaLASPAYNBLIRG EBPTHIC 4R%klic solvent used in the cleavage reaction is
methanolpghanolpisoprapyiralselahprigpUiRReINIEMP]IN another embodiment, at least one of R4 or
Ft, is independently a CI-C6 straight or branched alkyl which is substituted with -COOR' or -CON(W)2,
and R'is ﬁlﬁmdr B&RNarRk iRV AN BB ST EIC RIS f R St simEbesty i fare ey st dgitogen. In
other instaggR@EuRReOHRFTIRR2 IS -CON(R")2 and R’ is not hydrogen. [0080] In one embodiment, the
process f comprises hydrglyzing the -COQOR or -CON(W)2 on_at least one of R4 and R2. The
oty <t U3 fo P ASEE SR oS SO BTN T aEr G AP ORObF CON(R )
group on airlgaahohevidi Rk anddRiZewith an alcoholic solvent in the presence of base such as NaOH,
KOH or sodium methoxide. The alcoholic solvent used jythe hydrolysis is methanol, ethanol, isopropyl

alcohol or t-butanol. [0081]In another embodiment, at lgast of R4 or R2 is independently a C1.6
straight or O O
N
| H
[\
H

[0074] Insome embodiments, the invention provides a process for the preparation of a

compound having the structure

OH
o © OH
N
oo
N
H .

[0075] Insome embodiments, the invention provides a process for the preparation of a

compound having the structure

OH Q
0 o OH
N
)
N
H .
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branched alkyl which is substituted with -COOR' or -CON(R")2 and R5 is independently 0C(0)01t,
-0C(0O)NHR', or -0C(0)N(R")2, and each R' is not hydrogen. [0082] In one embodiment, the process
further comprises hydrolyzing the -COOR' or CON(W)2 on at least one of 114 and R2 and cleaving
the -0C( -0G(0O)NHR', or ,OC(0IN(R52 R5 group. Theé& drolysis/cleavage reaction js performed
by treating a g}om%%érrll%agﬁg%r%% A %%Orﬂglrgivr%g ae&&%% ¥c§’ ?ngRf’(\ﬂ%%“gO?o%B%nr?%Wéast one of R4
and R2 asiFa@@®R’, -0C(0)NHR', or -0C(0)N(R)2 R5 group with an alcoholic solvent in the
presence of base such as NaOH, KOH or sodium methoxidg. The alcoholic solvent used in the
hydrolysis/cleavage reaction is methanol, ethanol, isopropy alcghol or rbutanol. [0083] In another
embodiment, the coupling of the carboxylic acid #nd the aniline of Formula 3 is
performed in the presence of a base such as:K2603 N, 24methylmorpholine (NMM), pyridine or
DIEA. [0084] In another embodimeRt; e Iingl of the cagboxylic acid of Formula 2 and the aniline
of Formula 3 is performed in the presené’e oy line or DI A. [0085] In yet another embodiment, the
coupling of the carboxylic acid of Formula 2 and the aniline of Formula 3 is performed in the presence
of a solvent such as EtOAc, IPAc, THF, MEK, Ntdinrdecetonitrile, DMF, or 2-methyltetrahydrofuran.
[0086] hi fgg}heg.emc%%dipegtgar@% cou (I:ilra%p{:(t)pﬁugagooxylic acid of Formula 2 and the aniline of
Formula 598 %ér’f@rmeg s reaction temperature Which is maintained between 10 C and 78 C such
as between about 20 C and 30 C, between about 40:C afd 50 C, and between about 42 C and 53 C.

[0087]In still further embodiments, the couplingregetieg.iS-gijired for at least 2 hours such as for at
least 8 hours, for at least 70 hours or fﬁﬁﬁaﬁ = & g. [0088] In another embodiment, y is 0.
N
H
Formula 2
with an aniline of Formula 3
Rs
Rq
HaN
Rz
Formula 3

in the presence of a coupling agent seiecied from the group consisting of 2-chloro-1,3-
dimethyl-2-imidazolium tetrafluoroborate, HBTU, HCTU, 2-chloro-4,6-dimethoxy-1,3,5-
triazine, HATU, HOBT/EDC, and T3P®.

Each R and Ry is independently selected from hydrogen, CN, CF;, halo, C\.¢ straight

or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.1o heteroaryl or Cs.7
heterocyclic, wherein said heteroaryl or heterocyclic has up to 3 heteroatoms selected from
0, S, or N, and each C.¢ straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl,
Cs.10 heteroaryl or Cs.; heterocycelic is independently and optionally substituted with up to
three substituents selected from —OR, —CF3, —OCFs, SR’, S(O)R’, SO:R’, —SCF;3, halo,
CN,
—COOR', —COR—, —O{CH):N(R"R", —O(CH)N(RYR"), —CONRYR"),
—{(CH:)»OR’, —(CH,)OR’, CH,CN, optionally substituted phenyl or phenoxy, —N(R)(R),
—NR'C(OYOR!, —NR'C{O)R’, —{CHauNRHR"), or —(CH)NR"YR").

Each Rs is independently selected from hydrogen, —OH, NH;, CN, CHF;, NHR/,

N(R",,
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[0089]In still other embodiments, R2 is tert-butyl. [0090] In some embodiments, R5 is independently
-0C(0)OR', -0C(0)NHR', or -0OC(0)N(R)2, and R' is not hydrogen; and each of R2 and R4 is
independently selected from hydrogen, CF3, C1-C6 straight or branched alkyl, 3-12 membered

cycloaliphat S bo tl -0OC(0O)NHR', or
-0C(O)N(12§§éa(l{§}dﬁ R’ Ié-[ %gt‘gf;}wdjgzogen aerlgc} eggﬁﬁg&ﬁggsRQ%zBﬁgggghécgﬁy Eltcted from C1-C6
straight ofbHAMdheHAIKE):JCOUGPPR’ st Bl SQNERts, REHINHEHENQ&AlY -0C(0)OR', -OC(0)NHR',
or -0C(O)N(R1)2p20d m@ngltehxﬂéf;%%m%%cm ReAndddis %%mgﬁe@g 6§e'ected from

methyl, ethyl, n-propyl, isopropyl, n-b isobutyl, r-butyl, n- penty or n- In some
embodim&gieyoromnelrced s iy P. 00D 4y hesie saif b@éltﬁ@ﬁﬁ%@%&ﬂ&ﬁiﬂ@ﬁqﬁr@wﬁug& toprocess for

the prepajgiie ot aapdprund of Formula5  R2 Formula 5 by reacting a compound of Formula 6 OH

Each X is independently a bond or is an optionally substituted C,¢ alkylidene chain
wherein up to twe methylene units of X are optionally and independently replaced by
—LO0—, —CS§—, —COCO-—, —CONR'—, ——CONR'NR'—, —CO;—, —0CO—,
—NR'COy~—, — 0, —NR'CONR ', -——0OCONR"—, —NR'NR', —NR'NR'CO—,
—NR'CO—, —8—, —80, —SOy—, —NR'—, —SO;NR'—, NR'SOy—, or —
NR'SO;NR'—.

Each R is independently R’, halo, NO,, CN, CF;, or OCF;. y is an integer from 0-4,
Each R’ is independently selected from hydrogen or an optionally substituted group selected
from a C,.4 aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selected
from N, G, or S.

Each R; is independently —C, 3 alkyl, C,.3 pethaloalkyl, —O(C.3 alkyl),

—CF;, —OCF;, —SCF3, —F, —Cl, —Br, or —COOR', —COR’, —O(CHz),N(R'{R),
—O(CH)NRNR", —CONRYR"), —(CHa)20R’, —(CH2)OR', optionally substituted
monocyclic or bicyclic aromatic ring, optionally substituted arylsuifone, optionally
substituted

5-membered heteroaryl ring, —N(R"(R’), —(CHz):NRYR"), or —(CH2))NRYR".

[0077] In one embodiment, Rs is independently —OC(Q)OR', —QCOYNHR', or
—OC(O)N(R")2, and R’ is not hydrogen. In certain instances Rs is —OC(O)OR’ and R is not
hydrogen. In other instances, Rs is —OC(O)NHR' and R’ is not hydrogen. In still other
instances, Rs is ——OC(O)N(R'), and R’ is not hydrogen.

[0078] In one embodiment, the process further comprises cleaving the

—ODC(0)OR’, —OC(OINHR', or —OC(O)N(R")2 Rs group fo form —OH. The cleavage is
performed by treating a compound of Formula 1 containing the —OC(O)OR',
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R2 Formula 6 with a reagent capable of causing a protecting group to be attached to the phenolic
oxygen of a compound of Formula 6 in the presence of a solvent, thereby producing a compound of
Formula7 ,PG 0 R2 Formula 7,

~—OC(OINHR', or —OC(O)N(R )2 Rs group with an alceholic solvent in the presence of base
such as NaOH, KOH or sodium methoxide. The alcoholic solvent used in the cleavage
reaction is methanol, ethanol, isopropy! alcohol or +-butanol.

[6079] In another embodiment, at least one of R4 or Ry is independently a C;-Cg straight or
branched alkyl which is substituted with —COOR’ or —CON(R")», and R’ is not hydrogen.
In certain instances, one of Rq or Ry is —CQOOR’ and R’ is not hydrogen. In other instances,
one of R4 or Ry is —CON(R'); and R’ is not hydrogen.

[0080] In one embodiment, the process further comprises hydrolyzing the —COOR’ or
—CON(R"); on at least one of R4 and Ry. The hydrolysis is performed by treating a
compound of Formula 1 containing the —COOR' or —CON(R "}, group on at least one of R4
and Ra with an alcoholic solvent in the presence of base such as NaOH, KOH or sodium
methoxide. The alcoholic solvent used in the hydrolysis is methanol, ethanol, isopropyl
alcohol or -butanol.

[0081] In another embodiment, at least one of R4 or R» is independently a C.¢ straight or
branched alkyl which is substituted with —COOR' or —CON(R"); and R is independently
—QOC(O)OR', —OC(O)NHR', or —OC(OIN(R"),, and each R’ is not hydrogen.

[0082] In one embodiment, the process further comprises hydrolyzing the —COOR’ or
~—CON(R "), on at least one of R4 and R and cleaving the —OC(O)OR', —OC(O)NHR', or
—OC(O)N(R")2 Rs group. The hydrolysis/cleavage reaction is performed by treating a
compound of Formula 1 containing the —COQR' or —CON(R"), group on at least one of R4
and R and —OC(O)OR', —OC(O)NHR', or —OC(O)N(R")2 Rs group with an alcoholic
solvent in the presence of base such as NaOH, KOH or sodium methoxide. The alcoholic
solvent used in the hydrolysis/cleavage reaction is methanol, ethanol, isopropyl alcohol or #-
butanol.

[0083] In another embodiment, the coupling of the carboxylic acid of Formula 2 and the
aniline of Formula 3 is performed in the presence of a base such as K2COs, EtsN,
N-methylmorpholine (NMM), pyridine or DIEA.

[6084] In another embodiment, the coupling of the carboxylic acid of Formula 2 and the
aniline of Formula 3 is performed in the presence of pyridine or DIEA.

[0085] In yet another embodiment, the coupling of the carboxylic acid of Formula 2 and
the aniline of Formula 3 is performed in the presence of a solvent such as EtOAc, IPAc, THF,
MEK, NMP, acetonitrile, DMF, or 2-methyltetrahydrofuran.

[0086] In further embodiments, the coupling of the carboxylic acid of Formula 2 and the

aniline of Formula 3 is performed at a reaction temperature which is maintained between 10
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which is nitrated to form a compound of Formula 8 ,PG 0 R2 Formula 8 which is then reduced to give
a compound of Formula 5, wherein PG is a protecting group and R4 and R5 are defined as above.
[0095] In one embodiment, the solvent used in the conversion of compound of Formula 6 to a
compoung of?ﬁcmgno%a 7@{5 diethyl ether, or methylene chloride. [0096] In another embodiment, the

e

solvent us&d rHERASRARSERARAL ibthyiBAE L RiorhaBveemebqurdl fordist ¥hiboanidient, PG is
propoxy fesrwgknaethangsalteryi4mitro-benzoyl, ethoxy forrnyl, butoxy formyl, r-butoxy formyl,
“PrOPORY Y Of USRS IO098 DS Sbadiment, PG s Mo oy

such as for at least 8 hours, for at least 70 hours or for at least 3 days.

[6088] In another embodiment, y is 0.

{0089] In still other embodiments, R; is zerr-butyl.

[0090] In some embodiments, R;s is independently —OC(O)YOR', —QC(OINHR', or

—OC(O)N(R"),, and R’ is not hydrogen; and each of R; and R, is independently selected

from hydrogen, CF3, C-Cs straight or branched alkyl, 3-12 membered cycloaliphatic or

phenyl.

[0091] In some embodiments, Rs is independently —OC(O)OR', —OC(O)NHR', or

—OC(O)N(R"), and R’ is not hydrogen; and each of R; and R4 is independently selected

from C,-C; straight or branched alkyl.

[6092] In some embodiments, Rs is independently —OC(O)OR', —OC(O)NHR', or

—QOC(O)N(R")z, and R' is not hydrogen; and each of R, and Ry is independently selected

from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, r-butyl, n-pentyl, or n-hexyl.

[6093] In some embodiments, R; and Ry are r-butyl.

[6094] In one embodiment, the invention provides a process for the preparation of a

compound of Formula 3
o PG
R4
HaN
Rz
Formula 5
by reacting a compound of Formula 6

OH
R4

Rz
Formitla 6
with a reagent capable of causing a protecting group to be attached to the phenolic oxygen of
a compound of Formula 6 in the presence of a solvent, thereby producing a compound of

Formula 7
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[0099] In another embodiment, a compound of Formula 7 is nitrated using a mixture of sulfuric acid,
nitric acid and methylene chloride. [00100] In one embodiment, the nitro compound of Formula 8 is
purified by crystallization. [00101] In a further embodiment, the nitro compound of Formula 8 is purified
by crystallization using hexane. [001021 In anothgéembodiment, the process further comprises the
step of contacting a compound of Formula 4 00GRx X OEt Formula 4 with an aqueous acid to

produce a compound of Formula 2. [00103] In bodiment, the compound of Formula 3 is a
compound of Formula 40 24

R
Formula 7 ,

which is nitrated to form a compound of Formula 8

o PG
Ry
QN
Rz
Formufa 8

which is then reduced to give a compound of Formula §, wherein PG is a protecting group
and R, and Rs are defined as above.

[0095] In one embodiment, the solvent used in the conversion of compound of Formula é
to a compound of Formula 7 is diethyl ether, or methylene chloride.

[0096] In another embodiment, the solvent used in the protection reaction is methylene
chloride.

[6097] In a further embodiment, PG is propoxy formyl, methanesulfonyl, 4-nitro-benzoyl,
ethoxy formyl, butoxy formyl, r-butoxy formyl, i-propoxy formyl or methoxy formyl.

[06098] In another embodiment, PG is methoxy formyl.

[0099] In another embodiment, a compound of Formula 7 is nitrated using a mixture of
sulfuric acid, nitric acid and methylene chioride.

[00100] In one embodiment, the nitro compound of Formula 8 is purified by crystallization..
[00101] In a further embodiment, the nitro compound of Formula 8 is purified by
crystallization using hexane.

[06102] In another embodiment, the process further comprises the step of contacting a

compound of Formula 4

O 0
QOFt
y N
H
Formuia 4

with an agueous acid to produce a compound of Formula 2.

[00103] In one embodiment, the compound of Formula 3 is a compound of Formula 40
24



Formula 40 [00104] In another embodiment, the process further comprises the step of contacting a
compound of Formula 41 02rgR5 Formula 41 with methyl trimethylsilyldimethylketene acetal (MTDA)
0-TMS MTDA to produce a compound of Formula 42 0 Formula 42 [00105] In a

further embodiment, the process comprises thﬁ step of reducmg a compound of Formula 42 to

produce a compound of Formula 40. HN : >_0

Formuia 40

[00104) In another embodiment, the process further comprises the step of contacting a

compound of Formula 41

Formula 41

with methyl trimethylsilyl dimethylketene acetal (MTDA)

0 /4
/ o-TMS
MTDA

to produce a compound of Formula 42

Ry 0

O.N Rs

Formula 42

[00105) In a further embodiment, the process comprises the step of reducing a compound of

Formula 42 to produce a compound of Formuia 40.

[00106] In one embodiment, the compound of Formula 3 is a compound of Formula 43

Ra
HoN
O
8]
Formula 43
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[00106] In one embodiment, the compound of Formula 3 is a compound of Formula 43 R2 Formula
43 [0010] In a further embodiment, the process comprises the step of contacting a compound of
Formula 44 R2 Formula 44

{00107] In a further embodiment, the process comprises the step of contacting a compound

of Formula 44
Rz
O,N
Br
OH
Formula 44

with methy! trimethylsilyl dimethylketene acetal (MTDA)

o—
/" 0~TMS
MTDA
to produce a compound of Formula 45

Ry
ON

0
O

Formula 45

[06108] In a further embodiment, the process comprises the step of reducing a compound of

Formuila 45 to produce a compound of Formula 43.

[60109] In another aspect, the invention provides a process for the preparation of a
compound of Formula 2
O 0O

oY
¥ N

H

Formuia 2

comprising contacting a compound of Formula 4

QO O
QEt
(Rx~x |
y N
H
Formula 4
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with methyl trimethylsilyl dimethylketene acetal (MTDA) O-TMS
produce a compound of Formula 45 R2 02N

DUDA to
0 Formula 45 [00108] In a

further embodiment, the process comprises the step of reducing a compound of Formula 45 to
produce a compound of Formula 43. [00109] In another aspect, the invention provides a process for

the preparation SF'5 EBAPBEERYA5HESHANRE 2 00

each X is independently a bond or is an optionally substituted C,.¢ alkylidene chain
wherein up to two methylene units of X are optionally and independently replaced by
—CO0~—, —C8~—, —COCO—, —CONR'—, —CONR'NR'—, —CO3~=, —0OCO—,
—NR'COz—, —0-—, —NR'CONR ", —OCONR'—, —NR'NR’, —NR'NR'CO—,
—NR'CO—, —§—, —80, —S0s—, —NR'—, —S80:NR‘—, NR'SOy—, or
—NR'SO;NR"—;

each R™is independently R', halo, NOy, CN, CF;, or OCF;;

y is an integer from 0-4; and

each R’ 1s independently selected from hydrogen or an optionally substituted group
selected from a C,.g aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 hetercatoms independently selected
from N, G, or S,

[60110] In one embodiment of this aspect, the compouned of Formula 4

2 3
QFt
e
Y N
H
Formula 4

was prepared by contacting a compound of Formula 50
NH,

Formula 50
with a compound of Formula 51
Rre

i

050 ro
RA.O\,Z’/C')
o

Formula 51
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Formula 2 comprising contacting a compound of Formula 4 00 with an aqueous acid, wherein

each X is independently a bond or is an optionally substituted C1.6alkylidene chain wherein up to two
methylene units of X are optionally and independently replaced by -CO-, -CS-, -COCO-, -CONR'-,
-CONWNR'-, -002--, :O%Q—, -NR'CQ2-, -0-, -NR'CONR'-, -000N12.1-, -NR'NR’, -NR'NR'CO--,

S-, -S0, -S02- "REFILANR St FoFar P Senfiivd -; each Rx is independently R', halo, NO2, CN,
CF3, or OB#FR Y idraoninéagediram 0f4hiangpect, the compound of Formula 50 and the compound

of Formula 50 are reacted at a temperature from about 100 °C to about 300 °C. In another
embodiment, the compound of Formula 50 and the compound of Formula 50 are reacted at a
ternperature of about 100 °C. In another embodiment, the compound of Formula 50 and the
compound of Formula 50 are reacted at a temperature of about 250 °C. In one further
embodiment, the compound of Formula 50 and the compound of Formula 50 are reacted at a
temperature of about 100 °C, and then at a temperature of about 250 °C.

[09112] In one further embodiment of this aspect, vy is 0.

f00113] In another aspect, the invention provides a process for the preparation of a

Rz
O
HN Y
@(O N
Rs

Formula 40

compound of Formula 40

comprising the step of contacting a compound of Formula 41
L
O,N Rs
Formiia 41

with methyl trimethylsilyl dimethylketene acetal (MTDA)
o~
7 b-TMS

MTDA

to produce a compound of Formula 42
O

Ry 0
O.N ‘ Rs

Formula 42 wherein

~

each Ra is independently selected from hydrogen, CN, CF3, halo, C,.¢ straight or branched
alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.jp heteroaryl or Cs 7 heterocyclic, wherein

said heteroaryl or heterocyclic has up to 3 heteroatoms selected from O, S, or N, and each C,.
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each R' is independently selected from hydrogen or an optionally substituted group selected from a
C1.8 aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or an 8-12

netoroatah L L <Lhdbeed TR st SN SR DR P Cort ORI GE of R are
taken togh@tteowyiihcthéraicpu(d&ﬁﬁymﬂ:h[ﬁm;ahye;mundetbmnmlamm&ers_aﬂsmmtiwe_de}lz _
neteronto e ndoscRds st o RD, 8 [oOID] I e b G of ths aapect, the.
compounedéF-ormuH GH0 KR KROE-WETHhINR MRS preéffaRéR MR onrtéCHap@R‘pmpound of
Formula @(Bﬁ%&ﬁ’f éHgCN, optionally substituted phenyl or phenoxy, —N(R')}R"), —
NR'C(O)OR', —NR'C{O)R’, —(CH, ) N(R" YR}, or —(CH;)N(R"XR"};
each Rs is independently selected from hydrogen, —OH, NH,, CN, CHF,, NHR/,
N(R )z,
—NHC(O)R’, NHC(O)OR', NHSO;R’, —OR’, GC(O)OR', OC(O)NHR', OC(Q)NR",
CH,OH, CH;N(R")z, C{O)YOR', SO;NHR', SO;N(R"),, or CH,NHC(O)OR'; and
each R' is independently selected from hydrogen or an optionally substituted group
selected from a Cjg aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selected
from N, O, or S.

[00114] In one embodiment of this aspect, the process comprises the step of reducing a

compound of Formula 42 to produce a compound of Formula 40.

[66115] In another aspect, the invention provides a process for the preparation of a

compound of Formula 43

Ra
HaN
o]
o]
Formula 43

comprising the step of contacting a compound having the Formula 44
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Formula 50 with a compound of Formula 51 0 Formula 51, wherein RA, R6 and Rc can be C1.5
alkyl. [00111] In one embodiment of this aspect, the compound of Formula 50 and the compound of
Formula 50 are reacted at a temperature from about 100 C to about 300 C. In another embodiment,
the compound of Formula 50 and the compound oquormuIa 50 are reacted at a temperature of about
100 C. In another embodiment, the compougg\of Fgrmula 50 and the compound of Formula 50 are
reacted at a temperature of about 250 C. In one er embodiment, the compound of Formula 50 and
the compound of Formula 50 are reacted at a tempgfatgre of about 100 C, and then at a temperature
of about 250 C. [00112] In one further embodimengpf this aspect, y is 0. [00113] In another aspect, the
invention provides a process for the preparation of a compound of Formula 40 Formula 40 comprising
the step of contacting a compound of Formul&FdiniaaBr

with methyl trimethylsilyl dimethylketene acetal (MTDA)

o—
/" o-Tms
MTDA

to produce a compound of Formula 45
Ry
O,N

0
s}

Formiula 45 , wherein

each R; is independently selected from hydrogen, CN, CF;, halo, C, straight or branched
alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.jp heteroaryl or Cs.7 heterocyclic, wherein
said heteroaryl or heterocyclic has up to 3 heteroatoms selected from O, S, or N, and each C).
s Straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.ig heteroaryl or Cay
heterocyclic is independently and optionally substituted with up to three substituents selected
from —OR’, —CF3, ~—OCFs, SR, S(O)R’, SO:R', —SCF;, halo, CN, —COOR/,
—COR—, —O(CH;LN(RYR"}, —O(CH)N(RYR"), —CON(R'HR"), —(CH;),OR’,
—(CH»)OR’, CH5CN, optionally substituted phenyl or phenoxy, —N(RYR), —
NR'C{QYOR', —NR'C(O)R', —(CH2):N(R"YR"), or —(CH2)N(R'}R"); and

each R’ is independently selected from hydrogen or an optionally substituted group

selected from a Cy.g aliphatic group, a 3-8B-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selected
from N, O, or §.
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02NRS5 Formula 41 with methyl trimethylsilyl dimethylketene acetal (MTDA) 0-TMS

MTDA to produce a compound of Formula 42 0 r' &1R5 Formula 42, wherein each R2 is
independently selected from hydrogen, CN, CF3, halo, Ci.5 straight or branched alkyl, 3-12 membered
cycloaliphatic, phenyl, C5.10 heteroaryl or C3.7 heterocyclic, wherein said heteroaryl or heterocyclic
has up to 3 heteroatoms selected from O, S, or N, and each C1. 6 straight or branched alkyl, 3-12

memberel@@idtbalipbaticmbodmytnCH40ihetpraarit procSs7cheatprioey dicsisprdeghndtenty and optionally
substitute ts selected from 0CF3, SR', S(O)R', SO2R', -SCF3,
halo, CN é%éﬁé%gggpég,tégl H(%iﬂ%% (R (T1H - %{‘Eﬁ—%ﬁﬁk‘f”zﬁm _CON(RY)(R), -(CH2)20W,
-(CH2)012', CH2CN, optionally substituted phenyl or phenoxy, -N(R")(R"), - NR'C(0)OR’, -NR'C(0)R’,
'(CHZ)ZNLQ%QQ?) WE&&%@&Q&@@Q%M&{S, a process for the preparation of compound 27

OH
0 0O
N
o8
N
H

Compound 27

N
H

Compound 26

OH

comprises:

(a) reacting compound 26

with compound 13

HoN

0.0
L7y
0
Compound 13
in the presence of EDCI, HOBT and DIEA using DMF as the solvent, wherein the reaction
temperature is maintained between about 20 °C and 30 °C, and the reaction is allowed

proceed for at least 70 hours, to produce compound 14

2,3
~o” o 18]

g O

N

Ly

N

H

Compound 14 < and
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each R5 is independently selected from hydrogen, -OH, NH2, CN, CHF2, NHR', N(R")2., -NHC(0)R’,
NHC(0)OR', NHSO2R', -OR’, OC(0)0121, OC(0)NHR', OC(0)NR12, C1-120H, CH2N(R1)2, C(0)01V,
SO2NH12.1, SO2N(R12, or CH2NHC(0)OR'; and  each R'is independently selected from hydrogen
or an optionally [tut te a C18 aliphatic group, a 3-8-membered saturated,
partially unsatur(%l[jé%se,%é}rhgl @gﬁﬁlgs%%?gt%@ %1%%(:% |g%%r§0?ﬁaving 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or
fully unsajgssisdl BiexGinCrBeEiembaing-t-P hsleloniome indapandent selseigadrom nirogen,
oxygen, ?){rbgulfu?r; or two okct:g);rrences of R’ ar}é taken togetﬁ}er[!\'/vl tﬁg) gtéc}tnel%s%q{%u\?v%% they are bound
to form an optionally substituted 3-12 membered satygted, Partially unsaturated, or fully unsaturated
fepily selected from N, 0, or S. [00114] In

contacting a compound having the FO muﬁ 44 R2

Compound 28
comprises:
{a) reacting compound 26
0 O
H
Compound 26
with compound 20
HoN
O
0
Compound 20

in the presence of HATU and DIEA using acetonitrile as the solvent, wherein the reaction
temperature is maintained between about 40 °C and 50 °C, and wherein the reaction is

allowed proceed for at least 3 days, to produce compound 21

O
O
o 0
N

OOy

N

H

Compound 21 . and

(b) treating compound 21 with NaOH in methanol.

[06119] In yet another specific embodiment, a process for the preparation of compound 34
32



OH Formula 44 with methyl trimethylsilyl dimethylketene acetal (MTDA)
to produce a compound of Formula45R2 0

OH

Compound 34
comprises:
(a) reacting compound 26
o O

N

H
Compound 26

with compound 32
HoN

0.0

b

O
Compound 32

in the presence of T3P® and pyridine using 2-methyl tetrahydrofuran as the solvent, wherein
the reaction temperature is maintained between about 42 °C and about 3 °C, and wherein the

reaction is allowed proceed for at least 2 hours, to produce compound 33

Compound 33 - and

{b) treating compound 33 with NaOMe/MeOH in 2-methyl tetrahydrofuran.
[00120] In ancther embodiment, the method also includes the step of forming a slurry of
compound 34 in a mixture of acetonitrile and water, wherein the solid form of compound 34
is converted to Compound 34.

[60121] In one embodiment, the ratio of acetonitrile to water is about 9:1 in the shury.
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Formula 45 , wherein each R, is independently selected from hydrogen, CN, CF3, halo, C14 straight
or branched alkyl, 3-12 membered cycloaliphatic, phenyl, C540 heteroaryl or C7.7 heterocyclic,
wherein said heteroaryl or heterocyclic has up to 3 heteroatoms selected from 0, S, or N, and each Ch.

P ared BbpERT Chrh s Ak MEMRISA XA RURGRIS, RS R IeE ool 98 0%

ic is independently and optionally substituted with up to three su seletted from
-OR, -CF3@&FL SR', S(0)R', SO2R', -SCF3, halo, CN, -COOR', -COR-,

-0(C1-12 Rih -G NRER R ~ - ' CN, optionally
substitute)zld%w 1hEEzjrflyII)[(;r phenoxy, -NC_)On(tF?), - RC%&%}%&%@@’@%@ - E)%E:{LOESZ \%5?12.1), or
-(CF12)NEIA4);: g furthepmirdimprgdpe naoesy indkdsseauranthing thotrentisnaniviptomitly substituted

group se'eRiefLli R Al inoinui.e, himeabriad AR bRl sl ated. o full

unsaturated maonocyclic ring having 0-3 heteroatoms independently selected fr m nitrogen, oxygen, or
sulfur, or SiRRASIO HiEMBIeRICERE the QT enmis AP serusaik binbpsidnptustdiliesmbieylic ring system

having O-RelieRsgaiamsmiienRAeAlboRAITR B RHAADEN: SIUAR U Ul PG, ggurrences o
R' are taken éﬁ).gether with the atom(s) to which they are bound to form an optionally substituted 3-12

memberefPRERIIALEY g9k iira Aisitliptngy Perermyng fatrs e terotoagdirscesiegiteifg having 0-4
heteroatoisdrgapastaentyBelrciomifiont bidomizfic fRELLAMHM.QI® L1UgHme R aldhismspect, the

Formuta 481 CI U 2 EAOT CYTREy RN Lo STt BFHBLIHE SAMH compound 12
phase by approximately 100% by adding acetonitrile and then adding water, to form a slurry
wherein the final solvent ratio is 9:1 acetonitrile/water; heating said slurry to a temperature
between about 73 °C and 83 °C, stirring said slurry for at least 5 hours; and cooling said
sharry to a temperature between about -5 °C and 5 °C.

[00125] In an alternative embodiment, the process includes quenching the reaction mixture
with 1.2 N HCI; thereby creating a biphasic mixture; agitating said biphasic mixture;
separating the organic phase from said biphasic mixture; adding 0. 1N HCI to the organic
layer thereby creating a biphasic mixture; agitating said biphasic mixture; separating the
organic phase; filtering and removing solid matter from said organic phase; reducing the
volumne of the organic phase by approximately 50% using distillation; performing thrice the
steps of: adding acetonitrile to the organic phase until the volume of said organic phase
increases by 100% and reducing the volume of the organic phase by approximately 50%;
increasing the volume of the organic phase by approximately 100% by adding acetonitrile
and then adding water, to form a slurry wherein the final solvent ratio is 9:1
acetonitrile/water; heating said slurry to a temperature between about 73 °C and 83 °C;
stirring said slurry for at least 5 hours; and cooling said slurry to a temperature between about
20 °C and 25 °C; filtering and removing solid matter from said slurry; washing the solid
matter with acetonitrile having a temperature of between about 20 °C and 25 °C four times;
and drying the solid material under vacuum at a temperature of from 45 °C to about 35 °C.
[66126] In one embodiment, the volume of 1N HCl used to quench the reaction is equal to
25% of the total volume of the original reaction mixture; the volume of 0.1N HC! added to
the reaction mixture is equal to 25% of the total volume of the original reaction mixture; and
the distillation steps are performed at reduced pressure wherein the temperature oatside the

reaction vessel is less than about 45 °C and the temperature of the reaction mixture is more
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Compound 13 in the presence of EDCI, HOBT and DIEA using DMF as the solvent, wherein the
reaction temperature is maintained between about 20 C and 30 C, and the reaction is allowed proceed
for at least 70 hours, to produce compound 14 000 Y 0 00 00 Compound 14 (b) treating compound
14 with Kt gﬂigbrguetthanol.

0 °C.

[80127] In a further embodiment, the process includes forming a slurry of compound 34 in

isopropy! acetate.

[00128] In one embodiment, the slurry is heated to reflux temperature,

[006128] In another embodiment, compound 34 is in the slurry for at least about 3 hours.

[00130] In certain embodiments, the process for the preparation of Compound 34 further

comprises dissolving compound 34 in 2-methyltetrahydrofuran; adding 0.1N HCl to the

solution, to creating a biphasic solution, which is stirred. In another embodiment, the process

further comprises separating the organic phase from the biphasic solution. In another

embodiment, the process further comprises filtering and removing solid matter from the

organic phase. In another embodiment, the process further comprises reducing the volume of

the organic phase by approximately 50% using distillation, In another embodiment, the

process further comprises performing thrice the procedure of: adding MeOAc, EtOAc, IPAc,

#-BuOAc, tetrahydrofuran (THF), Et»O or methyl-#-butyl ether (MTBE) to the organic phase

until the volume of the organic phase increases by 100% and reducing the volume of the

organic phase by 50% using distillation. In another embodiment, the process further

comprises adding MeOAc, EtOAc, IPAc, +-BuQOAc, tetrahydrofuran (THF), Et2O or methyl-#-

butyl ether (MTBE) to the organic phase until the volume of the organic phase increases by

100%. In another embodiment, the process further comprises heating the organic phase to

reflux temperature, and maintaining said reflux temperature for a time at least about 5 hours.

In another embodiment, the process further comprises cooling the organic phase to a

temperature between about -5 °C and about 5 °C over a time period of 4.5 hours to 5.5 hours.

[66131] In another embodiment, the process for the preparation of Compound 34 further

comprises crystallizing Compound 34, comprising seeding a saturated reaction mixture

comprising Compound 34 in solution with at ieast one crysial of substantially pure

Compound 34.

[00132] In another embodiment, the invention provides a process for the preparation of a

x. OH
(r xay—@iﬁfk

H
Formula 2

compound of Formula 2

comprising hydrolyzing a compound of Formula 4
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Compound 28 comprises: (a) reacting compound 26 00 Compound 26 H2N

O 0O

y N

H
Formula 4

1001331 In a further embodiment, the compound of Formula 4 is hydrolyzed using a
hydrolyzing agent in the presence of a solvent,

[00134] In some further embodiments, the hydrolyzing agent is HCI, H,SO4, HiPO4,
Na,CO;, LiCH, KOH, or NaOH.

[060135] In some embodiments, the solvent used in the hydrolysis is H,O, methanol, ethanol,
isopropanol or -butanol.

[00136] In still other embodiments, the invention provides a compound produced by any
process described herein.

{00137] In a further embodiment, the invention provides a pharmaceutical composition
comprising a compound produced by any process described herein.

[60138] In one aspect, the invention provides a process for the preparation of Compound 27

OH
O HN OH
| o)
(L]
N 27
comprising contacting Compound 34
O HN OH
4]
|
ﬁ 34

with a biological composition.
001391 In one embodiment of this aspect, the biological composition includes a biological
organism selected from the group consisting of fungi, bacteria and archasa.
[00140] In one embodiment, the biological composition is fungi. In a further embodiment, |
the fungi is a single cell fungi. In another embodiment, the fungi is a multicell fungi.
{00141] In a further embodiment, the fungi is a multicell fungi selected from the group

consisting of Absidia, Aspergillus, Beauveria, Botrytis, Cunninghamella, Cyathus,
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0 Compound 20 in the presence of HATU and DIEA using acetonitrile as the solvent, wherein the
reaction temperature is maintained between about 40 C and 50 C, and wherein the reaction is allowed
proceed for at least 3 days, to produce compound 21 Compound 21; and (b) treating compound 21

with NaOH in methang). Co nd 3 ises: '
lelocia stum. ﬁor{ierewg Heor, L}’gg;gg Jcl' Sc?te, Srer(n?p)hggiau%:nbgyfgc?er;ﬁt?gsqgfgﬁagc?

Verticillium,

[60142] In a further embodiment, the fungi is a multicell fungi selected from the group
consisting of Absidia pseudocylindrospora, Aspergillus alliaceus, Aspergillus ochraceus,
Beauveria bassiana, Cunninghamella blakeslecana, Cunninghamella echinulata, Mortierella
isabellina, Mucor plumbeus, Phanerochaete chrysosporium, Syncephalastrum racemosum
and Verticiliium theobromae.

[00143] In another embodiment, the fungi is a single cell fungi selected from the group
consisting of Candida, Debaryomyces, Geotrichum, Pichia, Rhodotorula, Saccharomyces,
Sporobolomyces, Williopsis and Yarrowia.

[060144] In further embodiment, the fungi is a single cell fungi selected from the group
censisting of Candida paripsilosis, Debaryomyces hansenii, Geotrichum candidum , Pichia
methanolica, Pichia subpellicosa, Rhodotorula glutinis, Rhodotorula mucaliginosa,
Saccharomyces cerevisiae, Sporobolomyces salmonicolor, Williopsis saturnis and Yarrowia
lipolyiica.

[00145] In another embodiment, the biological organism is an archaea. In a further
embodiment, the archaea is Pyrococcits. In still a further embodiment, the archaea is
Pyrococcus furiosus.

[00146] In another embodiment, the biological organism is a bacteria.

[00147] In a further embodiment, the bacteria is selected from the group consisting of
Lactobacillus, Pseudomonas, Rhodococcus and Streptomyces.

[00148] In a further embodiment, the bacteria is selected from the group consisting of
Lactobacillus reuterii, Pseudomonas methanolica, Rhodococcus erythropolis, Streptomyces
griseus, Streptomyces griseolus, Streptomyces platensis and Streptomyces rimosus.

[00149] In stiil a further embodiment, the biological composition includes Streptomyces
rimosus, or a fragment thereof.

[06156] In one embodiment of this aspect, the biological composition includes a solvent. In
a further embodiment, the solvent includes water. In stiil a further embodiment, the solvent is
a buffer. In still a further embodiment, the solvent is a potassium phosphate buffer having a |
pH of about 7.

[060151] In one aspect, the invention provides a process for the preparation of Compound 28
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Compound 26 with compound 32 0 Compound 32 in the presence of T3P(r) and pyridine using
2-methyl tetrahydrofuran as the solvent, wherein the reaction temperature is maintained between
about 42 C and about 3 C, and wherein the reaction is allowed proceed for at least 2 hours, to produce

compound 33 00 Compound 33; and (b) tregting compound 33 with NaOMe/MeOH in 2-methyl
tetrahydrofuran. [00120] In another embodimen \ 3

converted to Compound 34. 930121] In ong,emge \
in the slurry. [00122] In another embodimelt, the slurry is heated to a temperature between about 73
C and 83 C. | 0

N

H 28

comprising reacting Compound 34

QO HN CH

Iz

with a biological composition.
[00152] In one embodiment of this aspect, the biological composition includes a biological
organism selected from the group consisting of fungi, bacteria and archaea.
[00153] In one embodiment, the biological composition is fungi. In a further embodiment,
the fungi is a single cell fungi. In another embodiment, the fungi is a multicell fungi.
[00154] In a further embodiment, the fungi is a multicell fungi selected from the group
consisting of Absidia, Aspergillus, Beauveria, Botrytis, Cunninghamella, Cyathus,
Gliocladium, Mortierella, Mucor, Phanerochaete, Stemphylium, Syncephalastrum and
Verticillium.
[60155] In a further embodiment, the fungi is a multicell fungi selected from the group
consisting of Absidia pseudocylindrospora, Aspergillus alliaceus, Aspergillus ochraceus,
Beauveria bassiana, Cunninghamella blakesleeana, Cunninghamella echinulata, Mortierella
isabelling, Mucor plumbeus, Phanerochaete chrysosporium, Syncephalastrum racemosum
and Verticillium theobromae.
{00156] In another embodiment, the fungi is a single cell fungi selected from the group
consisting of Candida, Debaryomyces, Geotrichum, Pichia, Rhodotorula, Saccharomyces,
Sporobolomyces, Williopsis and Yarrowia.
[00157] In further embodiment, the fungi is a single cell fungi selected from the group
consisting of Candida paripsilosis, Debaryomyces hansenii, Geotrichum candidum , Pichia
methanolica, Pichia subpellicosa, Rhodotorula glutinis, Rhodotorula mucaliginosa,
Saccharomyces cerevisiae, Sporoholomyces salmonicolor, Williopsis saturnis and Yarrowia

lipolytica.
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[00123] In another embodiment, compound 34 is in the slurry for at least about 3 hours. [00124] In a
further embodiment, the process includes quenching the reaction mixture with IN HCI: adding 0.1N
HCI to the mixture, thereby creating a biphasic mixture; agitating the biphasic mixture; separating the
organic p ¢ id.bl icmixture: filtering [ ving solid matter from said organic phase:
reducing BT e R S P R D rorming thrice
the steps ohbadiiegtatstarheite ©Ahwarganiclphtbe tnthdghentsidimerof teidrcrgmnic phase increases
by 100% @Egoggga%ﬂ Itgl_ﬁsyolume of the organic phase by approximately 50%; increasing the volume
of the orgahic phase by approximately 100% by adding acetonitrile and then adding water, to form a

slurry whd8itse linanatbevembedioesotheduetegitell ergmier kreabingjesisid slurry to a temperature

between 389tief3 fr 27tk Crolatingh il S 0% aLER RApuiEAAE capligrany slury o 2

temperature between about -5 C and 5 C. [00125] In an alternative embodiment, the process includes
quenchind-#&baeidiion vshdarermien Rhoduhereipe @iy eiphasic mixture; agitating said biphasic
mixture; SRIpRAYNGHe ARRIGHRIANE QR BAILRIPRISICIb¢HIR: BE g PN kIR tp the organic

layer thereby creating a biphasic mixture; agitating said biphasic mixture; separating the organic
phase; filtbAfgegatis ieatarih Setlammer feHSalirorGare (a4t crEbURmaEnBreBIRHESST the organic

phase by appsexinsainbneP8o sreipsndistilebion par iapainRg HNACSR.HeRs ofxadding acetonitrile to the
organic phase unti] the volume of said o_rganic@ghase, increases by 100%, and reducing the volume of
the organi®PHizde ByapARRGHRRIE B8 HRseatif Sileel FABRISHEDIRER#E D hase by
approxXimaiebybhiestymaddingraceienisilatansbthen adding water, to form a slurry wherein the final
solvent ratio is 9:1 acetonitrile/water; heating said slurry to a temperature between about 73 C and 83
& string UL 8 5 SERAP B SIS b SRR AL BBt BT Pabout 20 ¢
and 25 C;difietiegcaisbdansaying sohdrmmaithiskonnsaidshiltyy inabkirgtieisoid, nhattelvantisacetonitrile
having a te rature of between apout 20 C.and 25 C four times: and drying the splid material under
vacuum af E'{gﬁﬁpg?a%{g;g g \r/ﬁr‘gfneﬁ'goéjl oegbtglfﬁ %gv&r.l E[Bdllpféﬁsﬁug% r%‘eﬂ T %gﬁ?'ﬁlge}ﬁ r ﬁ%l\r}%ﬁjme of IN

HO used teHefetbelnttfie reaction is equal to 25% of the total volume of the original reaction mixture; the

volume of O,gdd r | ixture is equal to 25% of the total volume of the original
reaction n@giﬁg a%%dtﬁ%e%dls%}glﬁc‘)gﬁggsﬁgige performed at reduced pressure wherein the temperature
outside thifdasliofwopsehds tddotheindowothes Dihefizeda cempiatocatmiscl reaction mixture is more
than about 0 C. [00127] In a further embodiment, the process includes forming a slurry of compound
34 in isopropyl acetate. [00128] In one embodiment, the slurry is heated to reflux temperature. [00129]
In anotherSshesetiiment, compound 34 is in the slurry for at least about 3 hours. [00130] In certain
embodiments, the progesssfor the prepakation of Compound 34 further comprises dissolvi 5g Rq

arsafding §. ZFHNCLto the solution, to cfeatihg @ hasic
iment, thepsgrass fyurth LG Htihg the organic

nother embodiment, the process tuit pris%s fitering and
removing solid matter from the organic p?ase. In another embodiment, the procEss further comprises
reducing the volurpg@hihig 2roanic pbasilaympproximately 50% using distillatiBoramdadther
embodiment, the process further comprises performing thrice the procedure of: adding MeOAc, EtOAc,
IPAc, t-BuOAc, tetrahydrofuran (THF), Et20 or methyl-t-butyl ether (MTBE) to the organic phase until

the volumewfiifsy ORoSAICHPASMINGEeaseRhyul0D % ancr 8duRinmii;woiuspscobtiyeadganic phase by
50% using distillation. In another embodiment, the process further compyises ' , Et0AC,
IPAc, t-BuBAPRAFERY S W&W%ﬂ%)&ﬁ%w ﬁﬁ%‘f%/f—%bﬁfd %&H‘é?(?ﬁ&?‘%ﬁ%%%%%gp ase until
the volume:Rfuhe prigaslis phbaeitpendeses iz liotctingarothethembodimeerciievitbcess further
comprises heating the, organic phase tq.reflux temper. ¢ intaining.saisl Leflyx temperature for
a time at |é§§'?%%‘ﬁ?§‘%&ﬂj?§r_“ Frg lgtr\cgt%er(}e%%%c?lrwgu%{ t%e‘[é& Srr?gr;%oss ?ur&%ér comprises cooling the
organic pheserglaitenyiesature datweepretboing Sroupnchnbumn 5 depraedediRA5eYige of 4.5 hours to

5.5 hours. OOl%%%iég gnot er ggﬁgqjmﬁgti the process for the preparation of Compound 34 further
. NPE ervaive % L . . . ..
comprises cr?s allizing Compoun , comprising seeding a saturated reaction mixture comprising

Compound @167 sclitoruplinsrerssionsisscaiast it Srhemehermhy pivevedMpsdvae o132] In

ggomef embgiment.tOgRYSHiomProvides mpracassi iR PiaRaLaicaHE soupmpadngeal Formula 2
optionally in the presence of a suitable base.
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Formula 2 comprising hydrolyzing a compound of Formula 4 35 00 (Rx X OEt Formula 4 [00133] In a
further embodiment, the compound of Formula 4 is hydrolyzed using a hydrolyzing agent in the
presence of a solvent, [00134] In some further embodiments, the hydrolyzing agent is HO, H2s04,

H3PO4, Na2C03 L10H, KOH, or NaOH.
[60168] Anilines of Formula 3, wherein Ry is a protected 1-hydroxy-2-methylpropan-2-yl

can be synthesized according to Scheme 2.

Scheme 2
Ra R Ry SOC] R,
NaBH
(CHOJ MgCly bl 2
E— EtOH OH CHCI KCH
CHO 22 Ct
RS R5 R5 R5
RZ Rz Rz Rz
NaH, Mel _mjfﬂ_ NaBH,4 PG-LG
CH,CN To - OH
& m /N %, / cHo he
RZ R2 RZ
O, HoN
HNO; =2 Hp, PUC -
O, DCM C. O.
PG PG
Rs PG Rs Rs
[06169] Alternatively, anilines of Formula 3, wherein Ry is a protected 1-hydroxy-2-
methylpropan-2-y! can be synthesized according to Scheme 3.
Scheme 3
o]
:@: _2_ Pd(tBug)y 07, Rz@:‘kko/ LiAIH,
DMF, 70 °C THF
O-TMS ON Re
0— 0~

o= o={

o o O
PdIC, Hy
Rz - 7 R
TEA, DMAP MeOH

BCM, 0 °C

O, Rs HalN Rs

" Rs ‘1 Rs
o 0 0 0
gkﬁ)\ Q NaOMe OH
Coyyy T O
o H —Q R
TsP, Pyndme N Ro N 2

2-MeTHF L. H -
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[00135] In some embodiments, the solvent used in the hydrolysis is H20, methanol, ethanol,
isopropanol or t-butanol. [00136] In still other embodiments, the invention provides a compound
produced by any process described herein. [00137] In a further embodiment, the invention provides a
pharmaceyti f&com osition comprisjng.a compound produced by any process described herein.
[00138] @&’m s ,“f?f’e"?rk&é‘ﬁ%fﬁ%r%b?&“é@ AR B dagsthse 8 Ahs ASRYS Feg iR yakiAk 27 OH
comprisingesantasting<d 6smpaelLs|8-3itnatiihbarbistagical I9mpesitiand Mpkii e @mpegiment of this
aspect, tgie biological composition includes a biological organism selected from the group consisting of
fungi, ba ‘élPFéngnd archaea. [00140] In one embodiment, the biological composition is fungi. In a
further erSbieligadnt, the fungi is a single cell fungi. In another embodiment, the fungi is a multicell
fungi. [00141] In a further embodiment, the fungi is a multicell fungi selected froRa the group consisting

of Absidia, Aspergillus, Beau veria, Botrytis, @unninghametta, Cyathus, Glioc(edium, Manierella,
Mucor, Pha haete, StemPHARLA Syn lastrum SEDOEECHIAR. N
CN  MeOH,20PSI CN  DIEACHCL
0.0
OBn OH hig

0

Rz

Rz
ON HaN
KNOg, HS80, Hy, Pd/C
— ———e e
DCM THF, 20Psi
0 o
0

O
[00171] Alternatively, anilines of Formula 3, wherein R4 and Rs together with the phenyl
ring to which they are attached form a 3,3-dimethylbenzofuran-2(3H)-one, can be

synthesized according to Scheme 3.
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[00142] In a further embodiment, the fungi is a multicell fungi selected from the group consisting of
Absidia psettdocylindrospora, Aspergillus alliaceus, Aspergillus ochraceus, Beauveria bassiana,
Cunninghamella blakesleeana, Cunning/ionic/la echinulata, Mortierella isabellina, Mucor plumbeus,
Phanero@%eteec rysosporiurn, Syncephalastrum racemosum and Verticillium theobromae. [00143] In
another eMBod! ent, the fungi is a siggle cell fungi selected from the group consisting of Candida,
Debaryomyces, Geotrichum, Pichia, f%odotorttla, Saccharor@/ﬁes, orobolomyces, Williopsis and
Yarrowia. [00144] In fuwtﬁmcambodi , the fum@{sgssipgle ée j selectagLfspim the group
consisting of dida '“""nj‘%is, Deb myces ansenti, Geot candwm' == Prchia methanolica,
ichi 60 @,Rﬁ%&‘gfoﬁjla glut is, hocR)cEMLﬂglCmucaliginos Sa E:harom%/ceS cerevisiae,
Sporobolotnyegs salmonicolor, WiIIiops*iﬁ{sWamis and Yarrowia Iipoafa iga. 100145] In another
embodiment, the biological organism is@n archaea. In a further embog@iment, the archaea is
Pyrococcus. In still a further embodiment, the archaea is Pyrococctts furiosus. [00146] In another
embodiment, the biological orgagsm is a bacteria. [00147] In a further embodiment, the bacteria is

selected from the group consisti f Lactobacillus, Pseudomonas, Rhodococcus and Streptomyces.
[00148] In a further embodin}@ the bacteria is séfected from the group consisfiiag of Lactobacillus
rewedi, Pseudonffas methanolieaTékodostleus stythropaigcH e ptombjeld us, Streptomyces
i IMOoSsUS. n still er,embodiment,
the biological ¢ sition i ) myces NMogus, ora ag ént thereof, [0p450] In one
embodiment of this adBect, IE bRIEgiEE*compositfdmincludes a solvent. In a fulti® embodiment, the
solvent includes #Hter. In still a further embodiment, th® solvent is a buffer. In still a Rirther

embodiment, the solvent is a potassium phosphate buffer having a pH of about 7. [00151] In one

aspect, the invention provides _a process for the preparation of Compound 28 comprising reacting
Compound 34 o0 ©
o0 o 0o ©
N N Ra LiOH N R,
H - H MeTHF, 45 °C H
T4P, MeTHF g HO
pyridine, 45 °C COOH
O

[00172] Anilines of Formula 3, wherein Rs is a protected hydroxyl, can be synthesized

according to Scheme 6.

S(;heme 6 . % .
2 ON HN
Hycraxyl Protection HoSO4, HNO; Hy. PIC, MeCH ‘@
Re g Re T Re Ry
e e Ke
OH PG PG PG

[00173] Dihydroquinoline carboxylic acids of Formula 2 can be synthesized according to
Scheme 7, wherein the aniline derivative undergoes conjugate addition to

EtOCH=C(COOEt),, followed by thermal rearrangement and hydrolysis.
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with a biological composition. [00152] In one embodiment of this aspect, the biological composition
includes a biological organism selected from the group consisting of fungi, bacteria and archaea.
[00153] In one embodiment, the biological composition is fungi. In a further embodiment, the fungi is a
single cellé‘é&?%mg another embodiment, the fungi is a multicell fungi. [00154] In a further embodiment,
the fungi i cell fungi selected from the group consstmEASBébs@g ésperglllus Beauveria,
Botrytis, Cunmnghaﬁﬁella Cyathus, Gligcladium, Mortierella ucorEhanerochaete Stemphylittm,

Syncephalastru EUcﬂintm [00155F In a further embodiment, tag fungi ispRefjtibiiegll fungi
selected from the g oup 9] ' gpé@mﬂbeyﬁndrospora, AsHer |IlusaﬂTaceus'Aspergllltts
ochraceus\Be’gl) ssmrﬁ&g‘ amella blakesleeang, Cun elﬁf%cﬁ:nﬁt@ata
Mortierella Mucoo plumbeus, Phanerochaete chtysospo{: tn halastrum racemosum and

Verticillium theobromae. [00156] In another embodiment, the fungi is a single cell fungi selected from
the group consisting of Candida, Debaryomyces, Geotrichum, Pichia, Rhodotorula, Saccharomyces,
Sporobolomyces, Williopsis and Yarrowia. [@QbMidsi further embodiment, the fungi is a single cell
fungi selected from the group consisfing of Eathtfa paripsilosis, Debaryomyces hansenii, Geotri chum
candid=, Pichia methanllca Pichia-subpellicosa, Rhodotoﬂﬂwggnls Rhodotorul® mu@aliginosa
Saccharomyces cereV|5|e, porobolomyces salmonicolor, Williopsis saturnis.a ‘arrewia |i
[00158J Iny apothere mierpgEthe biological organism is an archa aﬂ"’iﬁ( nrthér embodiment, the
archaea &5;71’6 s Instill a further embodiment, the arcggie}ngyrococ‘,’cu fitrlgsus. [00159] In
another embodiment, thg biological ergar'i'@hms"é%&em [06160] In a further embodiment, the
bacteria is selected from the group consisting of Lactobacillus, Pseudomonus, Rhodococcus and
Streptomyces. [00161] In a further embodiment, the bacteria is selected from the group consisting of
Lactobacilipegl raytery, Rssgs i aEmiatbi gieaiF-hodococcus etythropolis Streptomyces griseus,

Streptomyis. jsgplus, SUGPIGYEES palensia angSlreptomyces rimosus

[00176] In one aspect of the present invention, pharmaceutically acceptable compositions

are provided, wherein these compositions comprise any of the compounds as described
herein, and optionally comprise a pharmaceutically acceptable carrier, adjuvant or vehicle. In
certain embodiments, these compositions optionally further comprise one or more additional
therapeutic agents.

[00177] It will also be appreciated that certain of the compounds of present invention can
exist in free form for treatment, or where appropriate, as a pharmaceutically acceptable
derivative or a prodrug thereof. According to the present invention, a pharmaceutically
acceptable derivative or a prodrug includes, but is not lirnited to, pharmaceutically acceptable
salts, esters, salts of such esters, or any other adduct or derivative which upon administration
to a patient in need thereof is capable of providing, directly or indirectly, a compound as
otherwise described herein, or a metabolite or residue thereof.

[60178] As used herein, the term "pharmaceutically acceptable salt” refers to those salts
which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic response and
the like, and are commensurate with a reasonable benefit/risk ratio. A “pharmaceutically
acceptable salt" means any non-toxic salt or salt of an ester of a compound of this invention
that, upon administeation to a recipient, is capable of providing, either directly or indirectly, a

compound of this invention or an inhibitorily active metabolite or residue thereof.
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[00162] In one embodiment of this aspect, the biological composition includes Streptomyces rimosus,
or a fragment thereof. [00163] In one embodiment of this aspect, the biological composition includes a
solvent. In a further embodiment, the solvent includes water. In still a further embodiment, the solvent
is a buffer. In still a further embodiment, the solvent is a potassium phosphate buffer having a pH of

about 7. [H163) 1T HESERAERIKRIS REFPIENS SBOTB BFE SRSBLIR DI oA B by nthesized
accordingsig@gechamastcBshpimankeed 00606 dnr fathe Ra linaduliER Of PRimideedionherein R2, R4 and

R5 are optignally independently substjtuted with functi defiped ab herei
those funSBHE o R Bohc P AR GO BE LGP S Brol LB SR AT S8 Foacred wit

carboxyli@mielqurmﬁdﬁaiemﬁﬁﬁmmwai&mddtcﬁ@dpﬁmgdd@m%@hﬁ:i@ﬁrdwgdiﬂeaﬁ drgamicla 1 that
Formuin EEOAG Aot EOTETE AP EL AT R Gie £ G B SHATEl B Snoiing the
reactants daita dﬁahté:@vmp,fmmnhmmgaﬂim@kblmkﬂnawhbncboshltabieutd),dgldagbrea@ent optionally
nycrovo R oA L B A e el S A ey
anilines ofdidromali 3¢idieaisic Ridstzrtpristeditb ditihydibxpinivatbigipropaiantcptidan the synthesized
accordingug?nggﬁeeme%nads used in the art such as ion exchange. Other pharmaceutically acceptable

salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate,

borate, butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,

dodecylsulfate, edisylate {(ethanedisulfonate), ethanesulfonate, formate, furnarate,

glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoaté,

hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate,

maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,

oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate,

pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesuifonate,

undccanoate, valerate salts, and the like. Salts derived from appropriate bases include alkali

metal, alkaline earth metal, ammonium and N¥(Cj.salkyl)s salts. This invention also

envisions the quaternization of any basic nitrogen-containing groups of the compounds

disclosed herein. Water or oil-soluble or dispersable products may be obtained by such

quaternization. Representative alkali or alkaline earth metal salts include sodium, lithium,

potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable salts

include, when appropriate, nontoxic ammonium, quaternary ammonium, and amine cations

formed using counterions such as halide, hydroxide, carboxylate, sulfaie, phosphate, nitrate,

loweralkyl sulfonate and aryl sulfonate.

[00180] As described above, the pharmaceutically acceptable compositions of the present

invention additionally comprise a pharmaceutically acceptable carrier, adjuvant, or vehicle,

which, as used herein, includes any and all solvents, diluents, or other liquid vehicle,

dispersion or suspension aids, surface active agents, isotonic agents, thickening or

emulsifying agents, preservatives, solid binders, lubricants and the like, as suited to the

particular dosage form desired. Remington’s Pharmaceutical Sciences, Sixteenth Edition, E.

W. Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various carriers used in

formulating pharmaceutically acceptable compositions and known techniques for the
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Scheme 3 [00170] Anilines of Formula 3, wherein R4 and R5 together with the phenyl ring to which
they are attached form a 3,3-dimethylbenzofuran-2(3H)-one, can be synthesized according to Scheme
4. Scheme 4 R2R2 0[00171] Alternatively, anilines of Formula 3, wherein R4 and R5 together with

the phenyl ring to which they are attached form a 3,3-dimethylbenzofuran-2(3H)-one, can be
synthesizBEFRRIEHR H&iﬁ?%ém insofar as any conventional carrier medium is incompatible with

the compounds of the invention, such as by producing any undesirable biological effect or
-otherwise interacting in a deleterious manner with any other component(s) of the
pharmaceutically acceptable composition, its use is contemplated to be within the scope of
this invention. Some examples of materials which can serve as pharmaceutically acceptable
carriers include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer substances such as phosphates, glycine,
sorbic acid, or potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamine sulfate, disodium hydrogen phosphate,
potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropylene-
block polymers, wool fat, sugars such as lactose, glucose and sucrose; starches such as corn
starch and potato starch; cellulose and its derivatives such as sodium carboxymethyl
cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc;
excipients such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed oil;
safflower oil; sesame oil; olive oil; corn oil and soybean oil; glycols; such a propylene glycol
or polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents
such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water;
isotonic saline; Ringer’s solution; ethyl alcohol, and phosphate buffer solutions, as well as
other non-toxic compatible lubricants such as sodium lauryl sulfate and magnesium stearate,
as well as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the composition,
according to the judgment of the formulator.

[00181] Uses of Compounds and Pharmaceutically Acceptable Compositions

[00182] In yet another aspect, the present invention provides a method of treating, or
[essening the severity of a condition, disease, or disorder implicated by CFTR mutation. In
certain embodiments, the present invention provides a method of treating a condition,
disease, or disorder implicated by a deficiency of the CFTR activity, the method comprising
administering a composition comprising a compound of Formula 1 to a subject, preferably a
mammal, in need thereof.

[60183] In another aspect, the invention also provides a method of treating or lessening the
severity of a disease in 2 patient comprising administering to said patient one of the
compositions as defined herein, and said disease is selected from cystic fibrosis, asthma,

smoke induced COPD, chronic bronchitis, rhinosinusitis, constipation, pancreatitis,
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Schem_es [00172] Anilines of Formula 3, wherein R5 is a protected hydroxyl, can be synthesized
according to Scheme 6. Scheme 6 R2 02N R4 PG"PG" [00173] Dihydroquinoline carboxylic acids of
Formula 2 can be synthesized according to Scheme 7, wherein the aniline derivative undergoes

conjugate addition to CH=C(000EQ2, followed hy thermal rea [
pancrca%c msufficiency, male mfertility causedbt}gr congenital birlrﬁ?e?rgleggenrgcgg% trllg%réoslyss'

deferens (CBAVD), mild pulmonary disease, idiopathic pancreatitis, allergic
bronchopulmonary aspergillosis (ABPA), liver disease, hereditary emphysema, hereditary
hemochromatosis, coagulation-fibrinolysis deficiencies, such as protein C deficiency, Type 1
hereditary angioedema, lipid processing deficiencies, such as familial hypercholesterolemia,
Type 1 chylomicronemia, abetalipoproteinemia, lysosomal storage diseases, such as I-cell
disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type II,
polyendocrinopathy/hyperinsulemia, Diabetes mellitus, Laron dwarfism, myleoperoxidase
deficiency, primary hypoparathyroidism, melanoma, glycanosis CDG type 1, congenital
hyperthyroidism, osteogenesis imperfecta, hereditary hypofibrinogenemia, ACT deficiency,
Diabetes insipidus (DI}, neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome,
Perlizaeus-Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuciear plasy, Pick’s
disease, several polyglutamine neurclogical disorders such as Huntington’s, spinocerebullar
ataxia type I, spinal and bulbar muscular atrophy, dentatorubal pallidoluysian, and myotonic
dystrophy, as well as spongiform encephalopathies, such as hereditary Creutzfeldt-J akob
disease (due to prion protein processing defect), Fabry disease, Straussler-Scheinker
syndrome, COPD, dry-eye disease, or Sjogren’s disease, Osteoporosis, Osteopenia, bone
healing and bone growth (including bone repair, bone regeneration, reducing bone resorption
and increasing bone deposition), Gorham's Syndrome, chloride channelopathies such as
myotonia congenita (Thomson and Becker forms), Bartter's syndrome type III, Dent's
disease, hyperekplexia, epilepsy, hyperekplexia, lysosomal storage disease, Angelman
syndrome, and Primary Ciliary Dyskinesia (PCD), a term for inherited disorders of the
structure and/or function of cilia, including PCD with situs inversus (also known as
Kartagener syndrome), PCD without situs inversus and ciliary aplasia.

[00184] In some embodiments, the method includes treating or lessening the severity of
cystic fibrosis in a patient comprising administering o said patient one of the compositions as
defined herein. In certain embodiments, the patient possesses mutant forms of human CFTR.
In other embodiments, the patient possesses one or more of the following mutations AF508,
R117H, and G551D of human CFTR. In one embodiment, the method includes treating or
lessening the severity of cystic fibrosis in a patient possessing the AF508 mutation of human
CFTR comprising administering to said patient one of the compositions as defined herein. In
one embodiment, the method includes treating or lessening the severity of cystic fibrosis in a

patient possessing the G551D mutation of human CFTR comprising administering to said
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Scheme 7 1. 2N NaOH 2. 2N HCla 00 [00174]IV. USES AND METHODS OF USE [00175]
Pharmaceutically acceptable compositions [00176] In one aspect of the present invention,
pharmaceutically acceptable compositions are provided, wherein these compositions comprise any of
the compounds as described herein, and gptionally comprise a pharmaceutically acceptable carrier,

adjuvant SRUEHiCRE Shibe ramPRMisBah drtuchauEiRo RssiFaRRO imahahy forthed ishdeise one or

more additigiial or lessening the severity of cystic fibrosis in a patient possessing the AF508 mutation
of human CFTR on at least one allele comprising administering to said patient one of the
compositions as defined herein. In one embodiment, the method includes treating or
lessening the severity of cystic fibrosis in a patient possessing the AF508 mutation of human
CFTR on both alleles comprising administering to said patient one of the compositions as
defined herein. In one embodiment, the method includes treating or lessening the severity of
cystic fibrosis in a patient possessing the G551D mutation of human CFTR on at least one
allele comprising administering to said patient one of the compositions as defined herein. In
one embodiment, the method includes treating or lessening the severity of cystic fibrosis in a
patient possessing the G351D mutation of human CFTR on both alleles comprising
administering to said patient one of the compositions as defined herein.
[00185]) In some embodiments, the method includes lessening the severity of cystic fibrosis
in a patient comprising administering to said patient one of the compositions as defined
herein. In certain embodiments, the patient possesses mutant forms of human CFTR. In
other embodiments, the patient possesses one or more of the following mutations AF508,
R117H, and G551D of human CFTR. In one embodiment, the method includes lessening the
severity of cystic fibrosis in a patient possessing the AF508 mutation of human CFTR
comprising administering to said patient one of the compositions as defined herein. In one
embodiment, the method includes lessening the severity of cystic fibrosis in a patient
possessing the G551D mutation of human CFTR comprising administering to said patient one
of the compositions as defined herein. Inone embodiment, the method includes lessening the
severity of cystic fibrosis in a patient possessing the AF508 mutation of human CFTR on at
least one allele comprising administering to said patient one of the compositions as defined
herein. In one embodiment, the method includes lessening the severity of cystic fibrosis in a
patient possessing the AF508 mutation of human CFTR on both alleles comprising
administering to said patient one of the compositions as defined herein. In one embodiment,
the method includes lessening the severity of cystic fibrosis in a patient possessing the
G551D mutation of human CFTR on at least one allele comprising administering to said
patient one of the compositions as defined herein. In one embodiment, the method includes
lessening the severity of cystic fibrosis in a patient possessing the G551D mutation of human
CFTR on both alleles comprising administering to said patient one of the compositions as

defined herein.
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therapeutic agents. [00177] It will also be appreciated that certain of the compounds of present
invention can exist in free form for treatment, or where appropriate, as a pharmaceutically acceptable
derivative or a prodrug thereof. According to the present invention, a pharmaceutically acceptable
derivative Bﬁﬁ%o?ru%éncludes, ut.is not limited, éo, har‘r&?ﬁguticajly acceptable salts, esters, salts of
such estel ny GYHEF AERTGEr B ARYRPARDL N ﬁSLFdBﬁt fcgais AR Htin need thereof is
capable ofepeoividifi@stiopothys sriindiraiily concerisp@uitchassaifiapwsaideneihecbhgyaing @F a metabolite
or residue'F_]E)kllI(%‘ruﬁgl)fI 9%1%8311,101\35 usted1 erein, thzﬁterin J'l']gha maceutically acceptable salt" refers to those
salts which are, within the scocﬁ’g’o s?ﬁﬁﬁ%e?%?g cc‘gtjt é?ﬁ nt, suitable for use in contact with the
tissues oflfiliiahsIandniewestbadinals withauthodddersaxicity; ledtatian, il egigirgsponse and the like,
and are cemmensuyrate Wi%@igng%%‘so?ﬂgs!% (pn(;.neféﬂrisktratio A '{ﬁharmaceutiﬁtall acceptable salt”
means any NoR-toxic Sattior SAlCor B St UPS REReS TR BFHSH MMDSRABAMAR BB S dministration
to a recipiempsisd pdbleoflarbvidinaeitheudirabtycoepraticeetly lrreofmpound of this invention or an
inhibitoril ' ali ' ereo Phar eutically acceptable salts are well
known in){ﬁitgﬁ ?é,%@éﬂ%&@%&%ﬁgg‘?ﬂeﬁ{gﬁ%@fﬁfgg ip g}%%ég?:%ndﬂ%a ?/Sgc\:’(é:)re’? able salts in detail
in J. PharRfeengiesis Scheprtien! ¢OMPLiss atniaisiscogor stgdphteairymbiare pomplivalofaceutically
acceptablgsalis, qf the WUQ&H&%&&@@@QH iglge those derived from suitable inorganic and

organic acids and bases. Examples of pharmaceutically .a'cceptable., nontoxic acid addition salts are
salts of ah0848b dvssp iy arakpdimentiofonmiethed s ygetingonirgrennp e sevarityafobromic acid,

phosphorigsacighreilinG psiEANSMERSHI kM A ALY ARIRIERG fRPhGReARAFetic acid, oxalic acid,
maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods used in
the art suEFBROFIPRRE KSR eO IS Ibharmaceutically acceptable salts include adipate, alginate,
ascorbatgoaspdYrigicseenagnesy tirialenhen seaRDisHkaed botRiRidp Y IBifstAMABOrate,

camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dq r%gle(lsulfate, edisylate
(ethanediSEHRSIR R OSERRGBE AGHRRLCTHTATERES RE SRS RS ER BRSO Sphate,
gluconaterdemisultate phepianarial hexaansit: apdterdite, 2-hydroxy-ethanesulfonate, lactobionate,
lactate, layr layryl sulfate, malate, malea lonate, methanesulfonate, 2-naphthalenesulfonate,
nicotinatmgge, NESE weg?gfgleﬁésl a%?%%?%iéﬁ%ﬁtwg&ﬁg %e,mﬁ § ?f%?é’?ré%ﬂtnylpropionate,
phosphat@spicpaids iivajatenpeopipriatesdttasatans uesindalisulfatesttattaiteatmothmnate,

p-toluenesulfonate, ecanoate, valerate salts,;and the like, Salt ived from appropriate bases
include alﬁ%rﬁlgﬁlé'tlgl?%?I?’e{ﬁ?\%aeg%ar%e%ag\%?rﬁgﬂ'uﬁcgﬁ%tf%iaﬁghgﬁ%ﬁylm salts. This invention also
envisions [0 #]atbnsidatdreodralmydbesits ritroyethabof sicifigeprolspevihbeermpditinds disclosed
herein. Wajer or oil-50 SREISRARERRRIMETS MRS ARIR NAGBN R HpIRTEEation.
Represen%ft&?%%%ﬁlét%ﬁﬁ?n%%ﬁ{%m% salts i%cludé ssoadium, Iitﬁ%}{r%, potass%i}lljm, calcium,
magnesiufiermnt the like. Further pharmaceutically acceptable salts include, when appropriate,

nontoxic JgHIRIUR SHEPCAARGRIAIONIV oAl s FRlNEsleimg dedeaaguiterions such as

halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and aryl sulfonate.
[00180] AQE@@M@%H‘aﬂwﬁémﬁémé{é@ﬂﬂ&f&ﬂsﬁ%&éﬁaﬂ%%ﬁ%@ﬂﬂﬁﬁw B PREY R nvention
additionally. gampyiserd piiarmaceutically acceptable carrier, adjuvant, or vehicle, which, as used
herein, includes anﬁ/t and all solvents, diluents, or ch% id vesgcle, disroersio& orb%%gpension aids,
surface ad@0894h e foRE IR Mg BRI VEILRB AHTYIAFS g}fiﬂﬁ’ e KOMRAE solid binders,
lubricants %Bﬁﬂﬁ?a' kRicaE migskinathenpaiieard esidgrdenmoesivent Bdfomyter!»Pharmaceutical
Sciences, Sixteenth Edjtion, E%Mgr%n §I|\T!|f'ick Publishing Co., Easton, Pa., 1980) discloses various
carriers ué%’ﬂ’?ﬁaﬁﬁ*mﬁ‘fﬁﬂr?@cﬁﬁ SR ES y acceptable compositions and known techniques for the
preparatiopéiesgoinExnrpinbodiaras, any meahudntidoat bastieg nddiuhois iepaimivatibiEsith the
compounds of the inyention, such as by produci ny.undesi ' icalefedt therwise
interactingcmrbsgise?éﬁ‘éﬂgt%lgﬁﬁ%? W LRy cs)?%é%r%c%?g{ grﬁ%%&@é?fﬂggggﬁaceuti}%@ acceptable
compositigiatinasseticatipnteaypbtedatothaastthin the scope of this invention. Some examples of
materials wiefcean, e, as AMAMAGSHI ALY RGESPIRRIR EAIRES IRlNBoRLAANAIMIted (o, fon
exchangers, alurnina, aluminum stearate, lecithin, serum proteins, such as human serum albumin,
buffer subgeitteompisessaghoristesinsiogyd patiey proaaubrBRauei o Eymute L fidial glyceride
mixtures o ﬁﬁ}H@éEﬁc\éﬁ?%E%@fﬁafﬁ&t)(aﬂq%?ec‘ﬁ’?‘ter’ salts or electrolytes, such as protamine sulfate,
disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal
silica, magnesium trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes,
polyethylene-polyoxypropyleneblock polymers, wool fat, sugars such as lactose, glucose and sucrose;
starches such as corn starch and potato starch; cefftilose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc;
excipients such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed oil;
safflower oil; sesame oil; olive oil; corn oil and soybean oil; glycols; such a propylene glycol or

polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such as
maanne<citim hvdrovide and aliiminiim bvdrovide: alainie acid: nvronen-free wataer: iecotonie ealine:



pancreatic insufficiency, male infertility caused by congenital bilateral absence of the vas deferens
(CBAVD), mild pulmonary disease, idiopathic pancreatitis, allergic bronchopulmonary aspergillosis
(ABPA), liver disease, hereditary emphysema, hereditary hemochromatosis, coagulation-fibrinolysis
deficiencigapssigh asdRERlG RS 'g Che | hereditary an ioa}iema, lipid processing
deficiencies, such as familial hypeﬁgéstce%%grﬂj?a?agfﬁg%%‘?@T%Qﬁﬂ U RAPS S BB B IR IREINemia,
lysosomal°STBPAEE aiainiseriag imsais pasisiidi pbaseAosetichd ddtmpesiioH eepelysaes haridgses,
Sandhof/Tiay19gichs, rigledpblaliah lineelliBe e aReInoRathy/ rinsulemia, Diabetes mellitus,
Laron dwarfism, myleoperoxidase défic?entqy,ypl%n%ﬁy%@§§8§¥£ﬁ%‘f&§ CHHETAREHRE Bhcanosis
CDG typePfUe¥ fgBRTising plminjssingto sritbrgiencempnpedietEormeteditary hypofibrinogenemia,
ACT deficﬁaﬁya@mgm&gmms@l)h&%ophyseal DI, neprogenic DI, Charcot-Marie Tooth
syndrom F{ngaeus-Merzbacher disease, neurodegenerative diseases such as Alzheimer's disease,

e, P
Parkinsorﬁgof dadB SAp emBprmeateriedarthediel mdising divacsepramiooléan pleisy; Pick's disease,
several p@b@ﬁ@mﬁmm&@@gi@@iﬁ%&%{%&%ﬁ%%@&EBG&%%R{;%%SS r&@%@uﬂa&a fype |, spinal
c

and bulbarhmuscular ro%hy, dentatorubal pallidoluysian, and myotonic dystrophy, as wellfas
spongiforfi SRESEIATI AT abieRalidhresabitary Creutzfeldt-Jakob disease (due to prion protein

processingéieicinfsalinsisentdBieaus SR mRohai N LRI W% l@sca%maegsjgiﬁease, or
Sjogren'sc%lr%elaggs,a ste%gé)r.o&s. Olsé}s%% enia, bone healing and bone growth (including bone repair,
bone regeneration, reddy HoRes? E?fﬁﬁ’ﬁﬂﬂ’mﬁﬁﬁﬂﬁﬁmE%Wé]ﬁiéﬁ%%orham's Syndrome,
chloride chtemnetepathibsaschabiemyoteninicongenita (Thomson and Becker forms), Butter's

syndrom I, Dent's disease, hyperekplexia, epilepsy, hyperekplexia, lysosomal storage disease,
Angelma @ygé?aio%?e?gh%ﬂﬁpﬁﬁﬁwéﬁ% 0 SR A g PR IB HEPRAFRRSIRR IS of the
structure aaitmrchmpiisingodditiaseeigliogaRGladsilesiipsinteBBstalroiknawn as Kartagener
syndromeg PCD W[ithj t situs irgYersHsthandfciliary aplasia. [00184] In some embodiments, the method
includes t ggﬁ?ﬁaﬁ%lrllcea e%clﬁea)%eesf’eaverlfﬁeg ‘cystic fibrosis in a patient comprising administering to said
patient orjéizifje bosumesiticiodiasuisfithe dnlbtieinf incestaip bonbddpurmnts, ithe ppatient possesses

mutant forms of human CETR. In gther embodiments, th ien re of the
flloning OIS AEEoLE g A S ST A BRI e sa s L T 8 o
includes tphating-arisdhemicgptiidesmletityeof.cystic fibrosis in a patient possessing the AF508 mutation
of humantyfahs CAMRIIIR AdMINISIRNG i6 st petietianeil acauBanbipRsgndgfined herein. In
one embadimernit, the method Includes treating or lessening the severity of cystic fibrosis in a patient
possessimgtisies 3dminsieaigri @it priient FTRRbHFRNG B AfFo@iHY t®said patient one of the
compositi?mcgﬁggﬂt} Q&f&j&bi@ anambediment, the method includes treating or lessening the

severity of cystic fibrosis in a patient possessing the AF508 mutation of human CFTR on at least one

allele conBAMY damaririreriibodi BERs JhaarrBot o AR IIRE MOSHI TR SIS HHE BHHER N, In one

embodimepl, the-mehnrtsieahiesieinene insspninatba sevptttiohaysttsditvasimisin patient
possessing the AF508 mutation of human CFTR _cgw both %Ifﬁj%? comﬁ)éisirgg admini&téering to said
patient ondEMe EptAPS<IRREae EHTBHRSRENIR BHE diFRie the ReHigd Micludes treating or

lessening ggq;%ﬁg@r@mpbqy@igafﬂﬁmsj@ﬁpmiﬁg&enﬁﬂ@mmmgalhepﬁsﬁt Hompotatdorf §btroakan CFTR on
at least one allele comprising admini t%rin t saig patient one of the compositions as defined herein.
In one emb%ﬁrﬁ}é‘fﬂ?‘mﬁuﬂfé‘lﬁ\’bﬁcﬁ‘?@fa ¢ ifg or lessening the severity of cystic fibrosis in a patient
DOSSGSSin&éh@é@%k&ﬂe@tﬁﬁ@ﬂimﬁﬁwmﬁnﬁffﬂiﬁ%@m&mﬁgaﬂdl&mﬁrgphi@h@g@ﬁhﬂﬁ@f&iﬁ@ﬁo said
patient one of the compositigns as defined herein. [00 bediments thermethod includes
lessening RALEBYEPIRP %@/@%f@%%&@iﬁoasabgaﬁgﬁ Jggum%gfﬁr%ﬁggﬁﬁ?@e%g to&sgaiild patient one of the
compositigagasaieiing ghaeteiceuiicebytaieptalodatidrarcofhe patient possesses mutant forms of
human CEIR. In other. odiments IS RAPSESSESHANG REMOE afdba felowing mutations
AF508, Rﬁ%&n%‘ﬁgg%@%ﬁﬁfﬁaﬁ E%HF?.%M one emquirr%ent, the m[%thod incluges lessening the
severity ofGyRDdfibrusisnincarperisastadousistating W eaisABOEN ARSERIORT FRIAPIHNE 2T ROEB P rising

administerjng to ﬁz?riglaf%%gﬁggl SOiRGIcoMmRAsiLians as defined herein. In one embodiment, the
method included essening thé severity of cystic fibrgsis in a patient posé?%essingg_th%tle)ﬁﬁ)@ mutation of
ileai3

human CFi#8208imirissgacmbndisnal e ahetiehreaos PHeEons ¥ herein. In
one embogiment.ihednpiied nagasasessinoghescy shilinelceyats tbrasisitomgeatient possessing
the AF508 mutation of human CFTR on at least one allele comprising administering to said patient one
of the com?f’égﬂhﬁ’ﬁé‘ﬁ%e'ﬁefined herein. In one embodiment, the method includes lessening the severity
of cystic fibrosis in a patient possessing the AF508 mutation of human CFTR on both alleles
comprising administering to said patient one of the480mpositions as defined herein. In one
embodiment, the method includes lessening the severity of cystic fibrosis in a patient possessing the
055 1D mutation of human CFTR on at least one allele comprising administering to said patient one of
the compositions as defined herein. In one embodiment, the method includes lessening the severity of

cystic fibrosis in a patient possessing the 0551D mutation of human CFTR on both alleles comprising
adminictarina to <aid natient one of the comnocitinne ac dAefined hearein TOO12ART INn ecomMe acnecte the



composition as described herein. [00190] In some aspects, the invention provides a method of treating
or lessening the severity of Osteopenia in a patient comprising administering to said patient compound
of Formula 1 or a pharmaceutically acceptable salt thereof. [00191] In some embodiments, the method
of treating or lessening the severity of Osteopenia in a patient comprises administering to said patient

substanti&fN928M o Asrfoms sepRpSUNE BIYEUIRSUIEP YIS 3 PRIIPIRIdTRERE o lesspriradiealt thereof.

[00192] Insfiligtaesaombodinentechs mathackof hepiRthohinsseninmine spyediiaf Osteopeniain a
patient comprises administering to said patient amorphous comﬁound of Formula 1. [00193] In certain

embodimerPomnd RidipBaudt LrenfmyBrRISLrmly theerebl Y dPeSRopenia in a patient comprises

administeyppgre) saidpateniaahrimasrutiedlaanpesiigucis deseshnd laecaly. J0GA8K] In some
aspects, the invention provides a method of bone healing a‘r;gi/]or, bone,re ailél f;& a atiEnt comprising

administelibeRs SHE D At ameHER: SOTRES? BOTHISHE FOSBILRASER SRS SRSt thereof.
[00195] In-saptrriobodiments dhe phathacnidiinadestiby asdinedbone repair in a patient comprises

ccoptabl A ndhaby, BT LI Bn I TB e e G B Ko kg anclor bone
repair in amakientdnoedPSED admpaistaricgriwrise cdrainéndrarg oophvus:tenh poorghats-ormula 1 or a
pharmaceicaly aseeniabls 330 tharsol LRSS IR SMRgdiRents, the method of bone
ealing an one repair in a patient comprises’ administering to said patient a pharmaceutical

compositifEE2Hebreitdntrenbindi (0019 8hdmetod dseating dndehseringchepereidahsmeltod of
reducing RoRG/EERIPHIR bARAENhFAMRPHING: AP 6B 4aARirgRatiaR aapound of Formula |
ora composition as described herein. _

[06213] In some aspects, the invention provides a method of treating or lessening the

severity of chronic bronchitis in a patient comprising administering to said patient compound

of Formula 1 or a pharmaceutically acceptable salt thereof.

[60214] In some embodiments, the method of treating or lessening the severity of chronic

bronchitis in a patient comprises administering to said patient substantially amorphous

compound of Formula 1 or a pharmaceutically acceptable salt thereof.

[60215] Instill other embodiments, the method of treating or lessening the severity of

chronic bronchitis in a patient comprises administering to said patient amorphous compound

of Formula I or a pharmaceuticaily acceptable salt thereof.

[00216] In certain embodiments, the method of treating or lessening the severity of chronic

bronchitis in a patient comprises administering to said patient a pharmaceutical composition

as described herein.

[00217] According to an alternative embodiment, the present invention provides a method

of treating cystic fibrosis comprising the step of administering to said mammal an effective

amount of a composition comprising a compound of the present invention.

[00218] According to the invention an "effective amount” of the compound or

pharmaceutically acceptable composition is that amount effective for treating or lessening the

severity of one or more of the diseases, disorders or conditions as recited above.

[00219] Another aspect of the present invention provides a method of administering a

pharmaceutical composition by orally administering to a patient at least once per day the

composition comprising a compound of Formula 1. In one embodiment, the method

comprises administering a pharmaceutical composition comprising a compound of Formula 1

50



pharmaceutically acceptable salt thereof. [00199] In some embodiments, the method of reducing bone
resorption in a patient comprises administering to said patient substantially amorphous compound of
Formula | or a pharmaceutically acceptable salt thereof. [00200] In still other embodiments, the
method of reducﬁ't%%]?on%reso ption in a patient comprises administering to said patient amorphous

compoun8SPESHIHE 1 B AA0HHE RO HER S CRE BRI LRI HBIIBERA] In some aspects, the
invention glisvidesudcaledingbsitinectoagirigifon ecaepasiionRb R Batienl«sPNPHSING agministering to
said patient compqund of Farmula 1 or a pharmaceutically acceptable salt thereof. [00202] In some
embodimeNtE & %i%ﬁtbq‘ﬁﬂ%gg‘%%o RECHADTLHIT P 2 BAHEPREEHHSYL R Hiffistering to said

patient sulzstpnitalysamagohod sfcBmpalandtiofE dimes isedday a phalmaketidcathbadiraiglte salt thereof.

[00203] Inmséttillll %tggé err.EbSog'mﬁ?st%rlgeamﬁgpﬁgcg&tiina easin%jb.on% depasition in a pati ngcomprises

administering % 4 pa |en{%1morp'h§u compoun of FORTUEA B Bﬁlgﬁﬁacé)é"ﬁ%&%o cceptable salt

thereof. [(R2]dn eertahlembodiments, the method of increasing bone deposition in a patient

Comp“se?(ﬁ?%lj;'sfﬁé'ng%%%%'c% Bg&'%%%] sﬁ}]‘l’@?{c‘%&%&c&' é’ﬂf Rretue 3 &%%%'s%ef’ herein. [00205] In
od o e

some aspects, the invention provides a me treatirty or lessening S verlrtly of COPD in a
patient comysrisioty mdyriinisdenngteoedaist pptiontroomnpandhan pr@senti k hioistrgslvareftectutically

acceptab%F&&IE?S%J&%%%@SQ%HS%‘H‘&%démﬁ&téomﬁerﬁﬁgag’é’s,OJiE’cﬁ-é‘&Q%PEJ‘BﬁﬁﬁJHé‘% the severity

of COPD in a patient comprises administering to said patient substantially amorphous compound of
Formula Festtedharfaceutically acceptable salt thereof. [00207] In still other embodiments, the

method ofdaakinaiiclesst BIsbIRRSRY SHDBHEGRR &B&Bﬁ{{ﬁﬁk@ﬁ‘@f%@?@%hﬁ%@ﬁmm said
patient amorphous compound of Formula 1 or a pharmaceutically acceptable salt thereof. [00208] In

certain erfBoeHE fts TRIAGIN aseRna Am eruribsebmps dikresvdnBrtsrtOBY fli%htient comprises
administeriagia; mﬁamya@wwmbmmm@@mwemfmy 22809].In some

aspects, the invention provides a method of treating.or Jessening the seveﬂ@/%(’)gj sm%gre induced COPD

in a patiertERTTSHSAGTAEHINS FRE 85124R] Hhe AP IHSHRAGrRB ARG FE S i B utically

acceptablg,salidhrRie®h in the art, e.g., standard electrophysiological, biochemical, or histochemical
techniques. Such methods identify CFTR activity using in vivo or ex vivo
electrophysiological techniques, measurement of sweat or salivary Cl concentrations, or ex
vivo biochemical or histochemical techniques to monitor cell surface density. Using such
methods, residual CFTR activity can be readily detected in patients heterozygous or
homozygous for a variety of different mutations, including patients homozygous or
heterozygous for the most common mutation, AF508.
[60222] In another embodiment, the compounds and compositions of the present invention
are useful for treating or lessening the severity of cystic fibrosis in patients who have residual
CFTR activity induced or augmented using pharmacological methods or gene therapy. Such
methods increase the amount of CFTR present at the cell surface, thereby inducing a hitherto
absent CFTR activity in a patient or augmenting the existing level of residual CFTR activity
in a patient.
160223] In one embodiment, the compounds and compositions of the present invention are
useful for treating or lessening the severity of cystic fibrosis in patients within certain
genotypes exhibiting residual CFTR activity, e.g., class Il mutations {impaired regulation or
gating), class IV mutations (altered conductance), or class V mutations {reduced synthesis)
(Lee R. Choo-Kang, Pamela L., Zeitlin, Type I, [I, HI, IV, and V cystic fibrosis
Transmembrane Conductance Regulator Defects and Opportunities of Therapy, Current

Opinion in Pulmonary Medicine 6:521 — 529, 2000). Other patient genotypes that exhibit
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[00210] In some embodiments, the method of treating or lessening the severity of smoke induced
COPD in a patient comprises administering to said patient substantially amorphous compound of
Formula 1 or a pharmaceutically acceptable salt thereof. [00211] In still other embodiments, the
method of treati lessening the severity of smoke induced COPD in a patient comprises
st TG G AR CHEE PE B G R 18556 AR BEEAESR s eptable salt
thereof. [@adliy othertadss @finadiivant i diheineihed) ehiraasing diskeHsaniagdhe geverity of smoke
induced COPD in tient comprises administering to said patient a pharmaceutical composition as
described%é?%?ﬁ.t%g%fgf fr#%%én%%bects, the invention provides a method of treating or lessening
the severigd2z4hrhnimbemielditiscin, ahp aberpoondspridingrgeeitivsteinbetprasin patiamoaampound of
Formula 1,0r 3 phaimacetisally acceptablc, salthercot, (092141 In some smbodiments, the method of
treating orﬁesseninga[ BSEven y OFPChronic b onchitsin'a patient comprises aaemlnls?enng to said

patient smmnpipﬂb/ amphxdﬁmmmpﬁidmﬂinitﬂqmnmpoﬁmtphmacewehﬂgs mmable sglt thereof.
[00215] 19 3l eelembPe IS lie methe ieiltﬁ?%&mn%u?égn%gp@ e AR lechronic

bronchitis'in a patient comprises administering to said patient a ous compound of Formula | or a
pharmacéutivdépaisnepeabieidednsnsaticlooafislencyan anienttiagmmsnts Wileifiepadirof treating or
'essen'ngg%%r%&\{&{wé&g%a BIRRSHIUS 0 BRAYGOT SORBRIISES ad;m;a'ﬁisg Agdassaid patient a

pharmaceutical composition as described herein. [0021 According to an alternative embodiment, the

S
present il08AEIn Proviges ﬁﬂﬁ&h&ﬂi‘éﬁﬁe‘&ﬁhgﬂﬁym{%‘i&% teohipiripesadingPBisdministering to

said mammal an sffeqtive.amaunhehRcomRo sl CHDRISAG Aram Rl R Riesent invention.
[00218] According to the invention an "effective amount” of the compound or pharmaceutically

acceptabRESSnBeaRisPfadminisHbion: arbbnikfor thesomporndsebhin P &R &ty of one or more of

the diseasasgeHINQ iarnlsPndilions anitesiadakavesi R kAol aicsmesat e present invention
provides a method of administering a pharpmaceutical om%clr)]si%ion by 051?”91 aﬂmi ; istetrir'll(I;{i 0 a patient
U LR 1ohY

at least oACEAHr LA ARSI SGRET EBIISA RN S ¥ HBS R S8 AR 1&E

one embodiment, the
method cempeseHAdmRistRItg: aakaimasentnal comibsitiandonpdsingaveotipotirda@ilFormula 1

every 24 hours. In another embodjment, the method camprises administering a pha utical
compositiBH SRS SCRBIR BB 45t F8IRHH Se?/%e%rli}agée Roura. Th & ?u‘ﬁﬂg?%gn 1og:ilmgnt, the

method ceeptisesiragshisistatingkipiharsoapeoticaindontdastivdmompriShespectinptiosiéyef Formula 1
three ! g Ul %IH&IQF@%@&?%?' rga%sm @%@Qﬂd@m%ﬁa@m&%&%@g a
pharmace &a compos?ﬁ n comprising a compound of Formula 1 every 4 ’hours. [00220] The
compoundischidihgampsititm be tngroedied awitihe saeerituobihn dippetsEnbmsehtibnohiBs be administered
using any amaun’ gAY JRIG, 5 AFEpISIRYIaEere niealing acleseegiagighe severity of one
or more ofthe disea es, disorders or conditions as recited above. o

general health, sex and diet of the patient; the time of administration, route of administration,

and rate of excretion of the specific compound employed; the duration of the treatment; drugs

used in combination or coincidental with the specific compound employed, and like factors

well known in the medical arts. The term "patient”, as used herein, means an animal,

preferably a mammal, and most preferably a human.

[00226] The pharmaceutically acceptable compositions of this invention can be

administered to humans and other animals orally, rectally, parenterally, intracisternally,

intravaginally, intraperitoneally, topically (as by powders, ointments, drops or patch),

bucally, as an oral or nasal spray, or the like, depending on the severity of the infection being

treated. In certain embodiments, the compounds of the invention may be administered orally

or parenterally at dosage levels of about 0.01 mg/kg to about 50 mg/kg and preferably from

about 0.5 mg/kg to about 25 mg/kg, of subject body weight per day, one or more times a day,

to obtain the desired therapeutic effect.

52



[00221] In certain embodiments, the compounds and compositions of the present invention are useful
for treating or lessening the severity of cystic fibrosis in patients who exhibit residual CFTR activity in
the apical membrane of respiratory and non-respiratory epithelia. The presence of residual CFTR
activity a ithelial surface can he readily detected usi thods knqwn in the art, e.g., standard
electroph%/@% 0 ic%fﬁ%ﬁ%séjﬁ%a ?cfg ,r%srqe IS f)acﬁ'g 3.%‘5f‘”€é§;%‘ﬁf}f3%ggh‘{;ﬁf J8LSH&ENify CFTR activity
using in \pheroaesuiiadl e lectmapiiy sinldgiom, technagudsipnmessiutieme Bhglawent, oy sabivary a-
concentrations, or ex.vivo biochemical or histac ical technigues to monitor cell surface density.
Using sugh%ﬁ%thg sa(dlrté%?d%gﬁ %ﬁq}ﬁeé{gﬂj\ﬂ )51 r%‘:%lsr:1t E%]lrlggéif& e%%elfé AN Sgt‘fgﬁ%asl?mé]%i}tozygous or
homozygadils:fs covaniatly afclifierdntmetehionspirmlatipie patienisdiomezygous solubéliziagzygous for
the most gomam MHIRIAR<AESCR JA0PAEbIDENAer FSKiMERG e Eompauvis,And
composit%z\s o\é}t{ﬁe present%ﬁveni%on e Lsefu %orig trégﬁing or ngsgningbt Iéatsé\?e tya‘gﬁg cfétic fibrosis

in patientsentid Haveokeksidngl e rIRIG eiviyiend gtislol ddphésme dlysihgshehylsomtegiiiel methods or
gene the@@(ﬁb&lﬁmﬁﬁ‘%{ﬁﬁﬁ%ﬂ? BHg-AMAAL g&fﬁﬁﬁﬁ&f&%&} Aduessall Sidpce, thereby

inducing a hitherto absent CFTR activity in a patient or augmenting the existing level of residual CFTR

activity ingyperebrietigoBrauriuey aleainb arhieytene cYrplo and Saityaed piersiabparotahe present
invention greseiilfafdealingQidesreninddhe, severicahousinibiasiaD RRilcRayitiRcertain

genotypes exhibiting residual CFTR activity, e.g., class Il mutations (impaired regulation or gating),
class IV rAAAo SIS o AHTEHEE RS WSRSadng A8ERis NS FE NS SO YRHBSI &P ce R,
Choo-KangsrRamg@tusZeitlin, Type I, Il 1ll, IV, and V cystic fibrosis Transmembrane Conductance
Regulator Defects and Opportunities of Therapy; Current Qpi i?n in Pulmon(ﬁrésl{vledicine 6:521 -529,
2000). Otf02ABki el AR B ERAUP X £Ob £ PRI SiEE w&%ﬁ§%H%?888fp fieARomozygous for

one of theggpelRsseayRieerRRdsvsthiapothe kataasof meitabointandiydisinglass 1 mutations,
class 11 mutations, or a utatioq.that Iacks,r‘cfl)as?fiqatiogét!)% 22r4 Inaggltla r%@bqg(i)rgggtﬂtfr]ﬁecompounds
and compBHinaEERtHED ARSBRIMIRFHTER  ar & EHIF 11 TFeating DT TasSening the severity of cystic
fibrosis inigjatiabls withionceutaimdbnioat phbiwtypesicatgxiapmevieraly tosridinidaépenotype that
typically correlates with the amount of residyal CE ctivity ip she, apicabmemhrane of epithelia. Such
phenotyp%%li‘l’ﬁréﬁt%s)é Ef:)xa | n%é aesx%lsé} |ﬁanﬁ§ngé$3)§g%n};§a fié\égr%;é{)g (t)p}E paéte%%t_slb rEjl‘;!iag_;nose_d with idiopathic
pancreatitislesmis chaigemytht bitgtensidars erite RitasvasctisioneHsS 8r arildseigieirsie®. (002251 The
exact am%ﬁ%{&%‘%&%}@!"WQ&X&ESH‘&&%@%&% SHRIGE HRRAAGRG PEHBR FRERIGS Mg Apd general

condition of the subject, the severity of the infection, the particular agent, its mode of administration,
and the likespendizpmpdiumdFor this mvesrion niiapddisra ol ferhe rmEders e sd8iRmit form for ease of
admims”@g&ﬂ&ﬁ%@%&g%&‘?&ég% TREEDIBESIANJIARNIR LRI aRSEEH ileyein refers to a
physically discrete unit of agent appropriate for the patient to be treated. It will be understood,
however, PreRaiaER e @ﬁWﬁ?&ge of the compounds and compositions of the present invention will be
decided bp&@ﬁttmﬁiﬁgﬁmmﬁhbhgwgemmw@d seditel lydyment Theughecific effective
dose level for any particular lr{Jatient or organism will g,eg?(\aggd ui{)on %}\éaﬁrigy ?fsgg%gg% 1iﬁcluding the
disorder DRARIGTIRLAREANR G e I RHRF BRTAURE SHILF IR ERUNIE) B tHEESEdc Compound employed:
the specifieaREnasiti whempiarditbe ader idgy e ghtiqie et heatthes eedndnjietablethe patient;
the time of administration, route of administration, and rate of excretion of the specific compound
employed™MHEHRIAIRSA%  the treatment; drugs used in combination or coincidental with the specific
compoundazaidyadosied ibkedacip tseméitdindwnimphenhetibabrasentineersion. Hhatiefen as used
herein, Means ot 2010 RLSIRIEBNLR JPALUARl B AR RSISIARb S A AUERS] The

Yy t

pharmace acceptable compositions of this invention can be administered to humans and other

animals oriajbcriectdlhis penebtereaitynptiskzediste thallye ipftriaithalspensipanrrbREAie Bpically (as by

powders, QRMRRIS. AIRRRALRRISH. DuERln RN THRl AlSRLSRI BF iRedipslamneling on the
n

severity of the tnfection eing treated. In certain embodiments, the compounds of the invention may be

administerdupendsiypon pisratrefdigsaluioshi BV onalh SRR IKE R ABE PSSR SN
preferably from %?E%H‘ia@i@eg‘&%&ieda‘ﬂ%&&%ér{%kﬁa@ﬁt%wﬁ%Hbﬂﬂytwmﬁafo%esor more times

a day, to obtain the desired therapeutic effect. [00227] Liquid dosage Lﬁ‘r% s%?r or%l administration
include, baFerBPIsTRMh R QSO KN ATSVSRRNENG YESOTRR léla’r‘ﬁﬁ?s%ﬂ%‘? %’o UECIERsHE R BIutions,
suspensiopsmaysHPsaARG ¢ isiains mrditacaihanetive edthposngsutiddibiddegusiable forms may
contain inert diluents commaonly ysed in the art. such as, for example, water or other.solvents,
solubilizind ¥YBISES S 3%?8?%8@%58&'%@’%3?1%'a%dqr%ﬂl?%%nr%%geaﬁ%% ché.tﬁyf)ggrstgnate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propyleng, glycol, 1,3-butylene glycol, dimethylformamide,
oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.
Besides inert diluents, the oral compositions can also include adjuvants such as wetting agents,
emulsifying and suspending agents, sweetening, flavoring, and perfuming agents. [00228] Injectable

preparations, for example, sterile injectable aqueous or oleaginous suspensions may be formulated
acrcnrdina to the known art 1iceinA crilitable dienearcina or wettina aneante and ciriecnendina aneante The



[00229] 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.
[00230] In order to prolong the effect of a compound of the present invention, it is often desirable to

slow the aiokonetiendahenatvenaithaeniisHiasopbimsnelordntharirelAMBREIdS etHSMay be
accomplighed by, g use.afAigrighssshensioneicppialing /1 aBouN@HnsBatetialwith poor water

solubility. The rate of absorption of the compound then depends upon its rate of dissolution that, in
turn, mayRobsarty iRt erReRatdnieckble EVRNARRRNT SV AN BFFRATGE DY SRIEPBINE B rption of a
parenterally.anisiersd Gampewhedenniisasaampishesh ilissalying prisisspending the compound

in an oil vehicle. Injectable depot forms are made by forming microe{mﬁ%:é%qsule matrices of the

compountP2lddSrapatitionoiphierelqroneng aRmirHaUos YRR IR B EHIRSHY Ehon the ratio of

compoung gl BesRpatdne yakiseahtompstisalasply meegimploik duliableatenaidaigound
release can be controlled. Examples of other biocte%laflable] ol}/mers inclu.(ge p%I#%H]gﬁsters) and
poly(anhyRhFRIET 98 SBH IR EHSB RS AR RIS hPIRE Y rép%f?e B ERIRPRIRg the compound in
liposomes@rsalidraembisionsipataie sanipaiddebeith tbogyrtissuesd [(0028djeQurhpogitions for rectal or
vaginal administration. are preferably.suppgsitories which can be prepared by mixing the compounds of
this invenfiGh With gﬁ%ﬁ%%%’g -?&ﬁé%}ﬁas%%gfzeurﬁ%cgfn é)é)r‘#igegr's such as cocoa butter, polyethylene
glycol or 40623gbsBohd vesegetimimafer swhibkdiménmisiatintémivdratapsubnst Iipléts spibodypwdeiserature and
therefore melt in the rectum.o inal ity a S i 44, 902321 Solid dosage
forms for ﬁgl%ﬁlﬁﬁﬁéﬁéﬁﬁhii%&?g %5%2%% ?gb%@?eplgﬁﬁog\)gv%\gs& % granttjlc_as. In such solid
dosage folress, pharmetiveticotyrsceriainesisicni praersigs seheavdiysh s e ticalg e ceptable
excipient s g angbras fAAIVG SiFalR Qlalsalclm-RRosRNAE andiee a)dlisis Rlgdgnders such

81

as starch ctose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example,
carboxymatHyidisirnsih bl i sugh asiforSERMG SorPorImehulcstiulege algiRpe aBRR Y humectants
such as ghyqoualyPyrisintacrRlINGREE NN HEH A ARt SRICHIBI saoNateisRRtafe@Etapioca
starch, alginic acid, certain silicates, and sodium carbonate, ?lzfsolution r tanding ents such as
paraffin, ff&ﬁgéfﬁﬁbﬁsétg@é1%@l§ﬂgﬁ Do PR BRI BRI b%a Ry agents such
as, for exafmphesceivl RitaRotanonglyceralimonastediaiedehabasothrnisrsifich Batkaotiioand bentonite
clay, and 3 lubricants s%%b as ttalc, calcium stear%%el ma nce%?iugltsntear%t? 39(!19 aps)ofxrethylene glycols,
sodium la ?f/? ﬂanggf%,s PXTUTES thareor. Th the CAse Of pvsvuh%s,g agofclfs and pills, the dosage form

may also esmprisetiyidrioipbgehtty(@0LBBhSutttarhpasitidrstebackiatilauctypenhbsnaisiebe

employed gs Fillers in,soft ar - i I I cipj e or milk
sugar as V\C/é’ﬁ/’aas':%%ri]g%é %‘?S ar}e@%%fﬁ? p%%/gel'?ﬁly%égr?ég S#yg‘gé‘%ﬂg’ﬁ?m@ﬁggsﬁﬁ?@%é forms of
tablets, drglysels, sedisumdauylikifar apdmizeyresahaseoprépiie darithl capiies rhlesiielipsich as
enteric CO%@&E@&%&{H%WQQQQ&%%M%%@ gégdggjarmaceutical formulating art. They may

optionally contain opacifying agents and can also be of a composition that they release the active
ingredient{89%HYY, Seitcrerpraiingsipl 4 septiantys royNsIbeemriardes BlesiampTiand delayed
manner. EXampIRS gbRMPeRING %@ﬁ@ﬁﬁﬂ@ﬁ&ﬁk@ﬁ&%i&ﬁo@&%ﬂﬁﬂﬂ&%ﬁa@@kymﬂ& ghstances and

waxes. Solid compositions of a similar type may alsg be emplgyed as fillers in soft and hard-filled

gelatin capRiResias e EUAPIRpiRIRe 4k RSO i 86 SAHLEMRaP A MY RlBIE ular weight
]Polethylﬁ Ngr-£yen lapiideth) 9itik,ean{ﬂg}aaﬂ]a§m§ Betivepatum mr@atﬁegaf aimm?lmsmica@?amnsulated
orm with one or more excipients as noted above. The solid dosage forms of tahlets, dragees,
capsules, GTIGTER G S CCHR A ER AR PTG CHAT ST Pee AESHEoatngs,
release poai;irtmﬂiﬁigr@@atmgsmtfpﬂge!gemaﬁngsameﬂskmﬁ gmmh@gﬂiﬁmm@;@et}t@ai;ieamul_ming art. In
such solid dosage fo {Q:?lés SasHe cofmpoUnd may é’eet%%ma'l’é{agf%ﬂn%&éﬁ%aﬁtt?a%ﬁ it dijpient such as
sucrose, lactose Gt starch. Uch sage orms may also comprise, as IS norma pr%c Ice,”additional
substance et ybdmanasr diixentsles o cidisidting dapositisnatithothe btabskatiingladts such a

: : ; ) | ' t ills, th
megnesimRRAS e ae RN SRS e A AT SAGRL RS, bl Al e

dosage fo may also comprise bufter They may option

can also bes ilsre driodising harhiilied\epilan sapguden BENE nghetieiriearonlactpssrefartl ey in a
certain pagQfdl1adnigatinaleLast i 'mlxmazégigyag mannaikExamples of embedding
compositions that can be used include polymeric substances and waxes. [00235] Dosage forms for
topical or transdermal administration of a compound of this invention include ointments, pastes,
creams, lotions, gels, powders, solutions, sprays, inhalants or patches. The active component is
admixed under sterile conditions with a pharmaceéﬁcally acceptable carrier and any needed
preservatives or buffers as may be required. Ophthalmic formulation, eardrops, and eye drops are also
contemplated as being within the scope of this invention. Additionally, the present invention
contemplates the use of transdermal patches, which have the added advantage of providing controlled

delivery of a compound to the body. Such dosage forms are prepared by dissolving or dispensing the
comnotind in the nroner medintim Abeorntion enhancare fran alen he 1iced to increace the fliiv of the



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, sﬁo as "appropriate, for the disease, or condition, being treated.” [00238] In one
embodimﬁé, ﬁé&ﬁﬁ(‘iﬂ?ﬁﬁ ROYELFRR ALSP P EW&BW&@@‘E?I OO KERORRAEIOEN anti-biotic,
an anti-infecliveragantprd amdi-nflbina sudid dpage fbrasGF LB reeddiatessotapsianaleampound of the
present inventtl' on, or & nutritiogal z%gent{. 0023‘$]]°\Clni nqulrmbodiment, the add(gtional agem is an
antibiotic.%(%mf)%r% Sriibiotics st Hersif netbats gsn%%?ﬁl,ciﬁ?:?&aﬁ’?gr %ﬁfrﬁ% Pifi&led powder
(TIP), azitwaingcimdasreranatingineiltingthd mtrosialineddornbioamiizoing rt.amikatinolaciuding
iposomal formulaians hereol Sralloyacin.ncliding iormulafions hereslslaple for administration
by inhalatlonﬁevoﬁgxacm, mclu%m% erosolized Torulations thereo - 40 EORTDINatioRs of two
antibioticssuergse fostomayaristamil. tShehyeige {00240 yahnctvepembodimentathgaatditional agent is a

lyte. in ingl 0 bodi t,
the achit L e B B orotenerol
sulfate, pitisistereh aceaanesivaitictssts aod migrisnyivellsuaferbulow24n]ha easotictappilssdiment, the
additional, ageRtIteHeCcie dBSRRIRNNE HAS AR SHERSGHGHE . RUED FUEPIRITERQYRIRe movement

of salt in and out of cells, allowing mucus in the lung airway to bé more hydrated and, therefore,
cleared nsrian SRYCEVBERAER(S 061G Tl A SampRitierhibas dpieclaseitBe aFte®asodium ([[(35,
5R)-5-(4-3/a1R0in PR BidiRsfrth iy M PX0R s SRS Hierah e bR oV H
[11(2R,35,4R,5R)-5-(2,4-dioxopyrimidin- 1 - y1)-3, . . )
4-dihydroﬁﬁlﬂ'&f‘aﬁ@%ﬁn%ﬁ&@gﬁ%Wﬁ%ﬂ?@%ﬁ?ﬁﬂﬁﬁa%ﬁ%ﬁ%gﬁ%ﬁvﬂw&ﬂgﬁ%ﬁosphate), or
bronchitolg(iphiaies; praudation of mannitol). [00243] In another embodiment, the additional agent is an
anti-inflammatory agent, i.e., an agent that can redu eéhe inflammation in the | ng . Exemplary such
agents us@%ﬁ“ﬁg ?ﬁgﬁﬁ%ﬂi’ﬁgﬂ? 1Bl 2 %‘5?5 ﬁ(ﬂ HEHISIGAS §1I%°éﬂ%?ﬁ?ﬁ1ﬂa 3 glutathione,
pioglitazong:eRpEHOKYRIAO 606 H Bt OFasiBlparasiad) lotfon 44]sipawdte selnbodimsnaysthe additional
agent is a,CFTR modulator qther than compound 1, i.e., gn agent that has.the effect of modulating
CETR act MBS APt S R e s e R SRRl
345-(2-fluphapheyfipd| 2 stepadiazakdey vt azpicedeibresitrapiitd o kuftuyatdesydepelestat (a human

recombinant neutrophi inhibitor iQr - :
7aR)-2-[( é’gt}uire% dﬁa%é%%ﬁﬁiﬁu@é%&%&&ﬂ%&%ﬁp% (:K’u]p(azé?c ﬂﬁ&cé&mplated as being
hydroxy-6wdistin thalsyopo of thopervertidpy raddiignalbe tha Reteeat igy colig 4eatemplates the use

difluorobe i90kny DY IRORRaGa RAVAKHILO s raskRHipsisliay hBsRzgisracid. In
another eﬁ%%%ﬁn%ﬁ%%@%ﬁt%ﬁ% agent i%'a(%46-042,2- %ﬁll%roben.z%)[cl] 1_1,3lc,lioqa>f§?5-y1)

cyclopropapeearne 1a siribydy-nfugh feyres Aopma e Retnarel kY fotsolsnshPLisRiEs R tBEdiment, the
additional agenfisaDue iRl atentmEYesRRSHEhReA dsInMp de RrActaliasec(prDIRating

enzyme replacement), including Pancrease(r), Pancreacarh(r Ultraﬁgg(l% or Creon(trg, Liprotomase(r)

{ )
(formerly PrMRSRIANCUNG AcERsR NS Skitg I Es At RaT AT A2RE Qf?ﬁ Bhet 1818 2885 additional
nutritional @ggellisdResisipase HPaRakhpesmenphoiiddaitonahtharaneutigelgent present in the
compositions of this invention will be no mé)relthaéuh .amourlt thag \év%%léiul[}%r%@%/ﬁa}g inistered in
a compositi @ mbRS AR YA PR HR YLK A RSO RR AV E Agent. Preferably the amount of
additional teexspeidtieagdhignthethodsanttyibisciesedlboim gusitivashiiliraEgenfirdes hdsot 50% to
100% of t untn ally present i ositi i
therapeuti}limtir\i/tewggiré}]? cfé’Eﬁ“i‘t%%%‘%%ﬁ%ﬁg’ %ﬁﬁﬂgﬁmﬁr@ o%%%%?ﬁ%}g}é%tt%}'% acceptable
compositiansuiteigaisoashalsedsetinvensorates inrmpdespd sitkambisriéentisiralsntbisidbte medical
device, sugh, as. prasesgnAGiaLYR s NasE YA iafitns R BARk ARG SaefRidinal, the
present invention, in another aspect, iricludes a composition for coating an implantable device
comprisingitiearipoion drohtiseqyass enoRs /A oF: athaedesitsddhgeansiipy or medical procedures.

The particular combination of therapies (therapeutics or procedures) to employ in 2
combination regimen will take into account compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be achieved. Tt will also be appreciated that

the therapies employed may achieve a desired effect for the same disorder (for example, an
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above, and in classes and subclasses herein, and a carrier suitable for coating said implantable
device. In still another aspect, the present invention includes an implantable device coated with a
composition comprising a compound of the present invention as described generally above, and in
classes ar; bclasses herein, and a carrier suitable for coating said implantaple device. Suitable
coatings ar{]lr%l]Ldé xt%gegceorﬁnel?%llngé%a rgﬁgﬁa"gpgé‘gFgZC %%Vgﬁ?é[ﬁIg@ée?ggeéﬁeg%%%gmﬁaﬁf?»%atents
6,099,56 2251886:028) amdhb)30dylhicvhditieatingfane typicatuthibepampatiblespelysegnic materials
such as a lym olymethyldisiloxane, polycaprolactone, polyethylene glycol, polylactic
acid, ethy en‘gsr%rg%é?g@ig?ﬁ% Er%i‘( Elr%%lct crlggﬁiﬁae c%"fm?gé &%’%E%%‘ét%%ghher covered by a
suitable tapeEat epiuowsiiitiores polysadicandes kpolyetsylemeaiyiac fphhsplietipidsor combinations
thereof togmgﬁ{&{:%}ﬁ%@ tr(%eaase characteristics in the composition. [00248] Another aspect of the
invention relates to modu ating CFTR activity in a biological sample or a patient (e.g., in vitro or in
vivo), whit#P?déinda eeneprbsdsnatmihisidditignal sgenpatisnitcwd dornnetimgslaidt bigdogical sample with a
compoundghERHMMAL B fEURRESIHOM EARRHSIGL SAILEUMPSHHIh, piglegigal sample”, as
used herein, includes, without limitation, cellﬁcﬁureggor éxt%ﬂzﬁi ergé;gl%fgeég%nﬁ r%lgf%ﬁgl obtained
from a mARYGHATEF elheabrnhepsurowrobibe dresantvantien fece susiinanl agents, or other body fluids
or extractgofpeof] Q< 4bMeriiatian ldihR a%@th@i%%mpﬁ%%&wg&%w&nety of

purposes that are known to one of skill in the art. Examples of such purposes include, but are not
limited to, WsEShsEROINE IR BBYSIRRFRININE ARG R ik rd Rsvrier ARE Ine kbromaFiftive
evaluationgf-aannMacduiBiersqotibbRe 49000 B vebanathaliemRCHiReiheaipariied of modulating

activity of an anion channel in vitro or in vivQ, is provided com risin? the steP of contacting said
channel iRBEEAR SRFTePEraaTiamaciny e RTERataRs (Bersi chiARIE e AR ERannel or a

bicarbonag sinanteh, leveineiembadinasiiseihoiapidRehannshisierinHEe ehasinslioldz51]
Accordin%to an .glternative ?mgodiment, th%gresent invention provides a method of increasing the
number of fRESHI S EER iR° 0%%%?5‘?153 gt comprising the step of contacting said cell with a

compoundioo & mkan dthR AT Avanr diegddiannihaeenibo dinveitich Eantpityyofithel BETR is
measured bgé‘g;heasurin%l;ge tﬁ%psmem%ane voltage potential. Means for measuring the voltage

potential 8 S Heorane in %%%rﬂﬁogical sample may employ any of the known methods in the

art, such 80agticalmaeoimasrehpdientislths sdgitratgen|acirbpingbies sddter rHatmmar00253] The
optical membrane. c;'lpc}res\r]}}{élu%ag%@gﬁﬁey%j%ggﬁa%gxﬁ%@ﬂ&mﬁg%ﬁﬁgg)@g@(,ponzmez and

Tsien (See,oéonza ez, n sien "Voltage sensing by fluorescence resonance
energy transfbrimsingfigcells." Biophys J 69(4): 1272-80, and Gonzalez, J. E. and R. Y. Tsien (1997);

Amproved|dnsicatofs bl ERUBRARR RALSALAIINATUER (LiaresreasesRRnRNGRyRaIRY lransfer

Chem Bio 1'269-77) In combination with instrumentation for measuring fluorescence changes such
as the Volsadjesedinmifoiurbeansats (prmy (BemorsseirLsa) 1 and 9LaEeEH s oW EEFTIES|I-based

assays angl {RSHHDEMNANAR (R H6rea s deandNaRndbiareRiFeDMgddsaY Exclapld(93uds]-439).
[00254] These voltage sensitive assays are based on the cgfgnge in fluorescence resonant energy

transfer (FRET Bendedynerioniesbnsnacediombietarainmn ve dye, DISBAC2(3), and a fluorescent
phospholigig). §:(2:RAMER L ordighds aitachied toythexgutetdeatel b thexplasma membrane and acts as
a FRET donor. Changes i I ia] (V') cause the negatively charged D1ISBAC2(3) to
redistributEYQ&BWQW@m@gP%%%@%%%%n%‘gﬂ}ﬁrtl%lfgelﬁe'l: atl?émsfer from CC2-DMPE
changes asgaigirglyoTdienchatigeshioxfitorsegpuesgmistiony tadioaypiorebedlusing VIPRTM 11, which
is an integrated liquid handler and fluarescent. detector ig@%ﬁg.&g duct cell-based screens in 96-
or 384-we S%Et%&?oﬁf%\ae[%?’[‘b&gg(}h}gofrﬁéghearﬁﬁgmqgﬁﬁﬁ e prese_zint |5:'1vention provides a method of
modulating0GHBR dstivisthin enthiolomioal Sermplsicorhpeising tnertehbesHacirgeahittbitlogical
sample with a compound, of Fermula 1. or & Rharmaseutisaliy accepiablasall ibqreabwherein 121,
R2, R3, nggﬁh%rfna%négq%g aengLon. ?0@256 In one embo@%ﬁgnt, th% resent invention provides a
method of inwbetis deimyeBmTdvensabryanpis meﬂd@&laﬁlsaﬂﬁbl@%mbﬁ%g%@?g%& BioRittaREfg said
biological gample WithRAARMBPUARIAHCEd Via the processes described herein, of the structure:

[00244] In another embodiment, the additional agent is a CFTR modulator other than

compound 1, i.., an agent that has the effect of modulating CFTR activity. Exemplary such

agents include ataluren (“PTC124®"; 3-[5-(2-fluorophenyl)-1,2,4-0xadiazol-3-yl]benzoic
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or a pharmaceutically acceptable salt thereof. [00257] In one embodiment, the present invention
provides a method of modulating CFTR activity in a biological sample comprising the step of
contacting said biological sample with a compound, produced via the processes described herein, of

the structure; or.a pharmaceutically acceptable salt thereof. [00258] In one embodiment, the present
inventiond5 10y TUH BB O Ok R et PSRV T SO ST S Bmprising the atep of
contactingnihiiiopjploiplsemim piel (2R 4aROSRMURL2HGSNceTH dithibre-praresdesntdsaibed herein, of
the structure; or a pharmaceutically acceptable salt thereof.. [00259] In_o diment, the present
inventiontil:tI r(daor\(;’ix '§'§x Oect‘ﬁ%oﬁg B?Ct\r%léy |ﬁ%t§ﬂ3§gé]h§|§é ﬁ&?tér‘é]%‘#&%?’ékd:@é@gg&hba? patient comprising
administetifilgawisaizbabtiehldiox efe oty evalmauptetaroerapddoie ahéth pmpylad - Brydighacimaceutically
acceptable salt thereof, wherein RI, R2 124 and.Y ar fi as above, and said disease is
celocted 100 By ran B EE Rt R o R L o Fomenie, rhimosinusits,
constipatidifiupenbenzaliiit] pahexebiicylhsyéiimernenemeiexinfedi}t) -caubpg bidoe Agditakbitateral
absence g‘%igw_e vas deferens (CBAVD), mild pulmonary disease, idiopathic pancreatitis, allergic
bronchopulmonary aspergillosis (ABPA), liver disease, hereditary emphysema, hereditary

hemophrdﬂ%@is!&@%b@_ﬁﬁmiﬁmwﬁiﬁ @t_&ﬁ&t&}_ﬁ&i@pbtﬁcﬂwwﬁi@eﬁ rag@rmeﬁé@nesa,rsrwsé 1
hereditary ARaiQRdRI PallRidiBEOCESRIBR ARIGRPGIRS PR RS Al NP pisRlgsigrolemia, Type |

chylomicronemia, abetalipoproteinemia, lysosomal storage diseases, such as I-cell
disease/pRuERRBR Ut SdeerBribinsewmassRnormachinsck®y andski®ype 11,

polyendogfiRonRasky (RyD&is U B cihR eIl Bagidarndwridiama e eopaiQidase deficiency,

primary h@%arathgermdlsm, melanoma, glycanosis CDG type 1, congenital hyperthyroidism,

osteogenH¥24f p it cov i AadVieRA SRBARRTISASRRLPTAER HLEaSABPaSLMs s MHsipidus (D),

neurophyggahidn RENBONIGR thahaheainidasienhoatukynshiaane, fRedinaduerddrzbacher disease,

neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease, amyotrophic lateral
thess i St

sclerosis, PrORTELEN SRR FARGHUS AR S &R Cenne] Yrological disorders
such as Hixniingisfddpioagatebiptariatapda iynkel pepimalyalist stdarompssitiasatitphygelentatorubal

pallidoluysian, and tonj strophy, as well as,spongiform encephalopathies.. s hereditary
Creutzfel 9?&&%%“8%%%@&% ?g%?ﬁgﬁ“ B‘rlgfer‘l%r%ﬁl)?gpepsrg?ﬁa %Pe%?)r,ngoa%lri)(/’% dfgél%o{)gg,}%iﬁlg?
StrausslergsaheinkeomyrbeopeitCOR Botdy/agyet disease, or Sjogren's disease. [00260] In one

embodimf@élﬁ)ﬁsggahc%gngﬁg&e%%eﬁi&%{&sﬁ?ﬂw@&ﬁ@a«gﬂ%& atfeasgdnpatient by

administe patient an effective amount of a compound, produced via the processes
describedth@eefimpisgbthnerpertind: igp @MppLtionafriseating animpkanbls eeditdhereof. [00261] In

one emboﬂw&”&gﬁ%gﬁm&@s@‘?'Hﬂ%%iﬁﬁ@f@&.%k%ﬁﬁa‘%@E&%hﬁeﬁ%’%ﬂ)ﬁ%&éﬂse%e in a patient by

administering t0 said patient an effective amount of a compound, produced via the processes
describedmmpgiavihgnmegﬁmn, in another aspect, includes a composition for coating an

implantable device comprising a compound of the present invention as described generally
above, and in classes and subclasses herein, and a carrier suitable for coating said implantable
device. In still another aspect, the present invention includes an implantable device coated
with a composition comprising a compound of the present invention as described generally
above, and in classes and subclasses herein, and a carrier suitable for coating said implantable
device. Suitable coatings and the general preparation of coated implantable devices are
described in US Patents 6,099,562; 5,886,026, and 5,304,121, The coatings are typically
biccompatible 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.
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or a pharmaceutically acceptable salt thereof. [00262] In another embodiment, the method includes
treating or lessening the severity of a disease in a patient by administering to said patient an effective
amount of a compound, produced via the processes described herein, having the structure: or a
pharmaceutically acciﬁggfable salt thereof. [00263] In another aspect the present invention 1]'Erovides a

kit for usd AR astRRIBErASRSELOH B I BE R B RS I adtinEre S5 B #iBIdt darBinl#s vitro or in
Vivo cCoMpsisiiie di)adhesmpesitian e prising.a) canponithed Eatpiilas hanreiipahove
embodiments; and (ii) instructigns for a) contacting.the composition with the biological sample and b)
measurinBPUEHo Y G LPE RN QEAa) IR SHETB SETBR i RETEH AR hEPERPR R further
comprisesoingtikieioni] icmaoondiaThin g:an ‘dslisicioslsaampipositianewlibrihe hickedical-zhsaple; b)
measurin thte activ%)fhsaid CFTtR or g}fraa}pgnt thereof in tlhebpr.esg?ce of said additional

compoun ’,“éﬁH"&;% ﬁa'r“irr% hHERE |vsity%r e CRY ifﬁ‘atﬁél%r%sg’ﬁ]g oPthé Bagiisnar compound with
the densitymédheheediRam thiequiestngaidhe &arypesitontiedfkamuitarhd®Pf6hlslorembadiments, the
kit is useqhte(%er&easure the density of CFTR. [00266] In one embodiment, the kit includes a composition
comprising a compound, produced via the processes described herein, having the structure: OH 00 or
a pharmal®$adehlyvadobieibdé SHIE Rhisrabiologiz8 Ahinpbmie esefibtiinrevaritie Kipinphsde that composition

comprising A GOMPRUAL '8 G2 thY BN B RIRERS IR AR FHRSL GERIL R R 105 RHEHTe:

to, the study of CFTR in biological and pathological phenomena; and the comparative
evaluation of new modulators of CFTR.

[80256] In yet another embodiment, a method of modulating activity of an anion channel in
vitro of in vive, is provided comprising the step of contacting said channe!l with a compound
of Formula 1. In embodiments, the anion channel is a chloride channel or a bicarbonate
channel. In other embodiments, the anion channel is a chloride channel.

[60251] According to an alternative embodiment, the present invention provides a method
of increasing the number of functional CFTR in a membrane of a cell, comprising the step of
contacting said cell with a compound of Formula 1.

[00252] According to another embodiment, the activity of the CFTR is measured by
measuring the transmembrane voltage potential. Means for measuring the voltage potential
across 2 membrane in the biological sample may employ any of the known methods in the
art, such as optical membrane potential assay or other electrophysiological methods.

[06253] The optical membrane potential assay utilizes voltage-sensitive FRET sensors
described by Gonzalez and Tsien (See, Gonzalez, J. E. and R. Y. Tsien (1995) "Voltage
sensing by fluorescence resonance energy transfer in single cells.” Biophys J 69(4): 1272-80,
and Gonzalez, J. E. and R. Y. Tsien (1997); "Improved indicators of cell membrane potential
that use fluorescence resonance energy transfer” Chem Biol 4(4): 269-77) in combination
with instrumentation for measuring fluorescence changes such as the Voltage/lon Probe
Reader (VIPR) (See, Gonzalez, J. E., K. Qades, et al. (1999) "Cell-based assays and
instrumentation for screening ion-channel targets” Drug Discov Today 4(9): 431-439),
[80254] These voltage sensitive assays are based on the change in fluorescence resonant
energy transfer (FRET) between the membrane-soluble, voltage-sensitive dye, DISBAC(3),
and a fluorescent phospholipid, CC2-DMPE, which is attached to the outer leaflet of the

plasma membrane and acts as a FRET donor. Changes in membrane potential (V) cause the
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or a pharmaceutically acceptable salt thereof. [00268] In some embodiments, the kit includes a
composition comprising a compound, produced via the processes described herein, having the
structure: or a pharmaceutically acceptable salt thereof. [00269] In order that the invention described
herein may be more fully understood)ethe following examples are set forth. It should be understood

that thesdBgathpecharge PRt is e D st g aisdsrRipor srsmbsne fod 45 S PRRMing this
invention §f @Rygnaandgs: 8R (GVDEPAMRRES 00 dkRremasainngks Tomldtdirsis of

4_OX0-1’4é([jli1Ps¥(ijori? géjrilrl]jgl ir?lgt-l%,t;)crgébu%%%i%l%(ﬂq“izlﬁ)w%)ch M gmggaéli"ated liquid handler and
fluorescent detector designed to conduct cell-based screens in 96- or 384-well microtiter
plates.
[00255] In one embodiment, the present invention provides a method of modulating CFTR
activity in a biological sample comprising the step of contacting said biological sample with a
compound of Formula 1, or a pharmaceutically acceptable salt thereof, wherein Ry, Rz, Ra, Ry
and Y are defined as above.
[60256] In one embodiment, the present invention provides a method of modulating CFTR
activity in a biological sample comprising the step of contacting said biological sample with a

compound, produced via the processes described herein, of the structure:

OH
a 0
N
O
N
H

or a pharmaceutically acceptable salt thereof.
[60257] In one embodiment, the present invention provides a method of modulating CFTR
activity in a biological sample comprising the step of contacting said biological sample with a

compound, produced via the processes described herein, of the structure:

H
N
CQYH
N
O G OH
OM

or a pharmaceutically acceptable salt thereof.
[06258] In one embodiment, the present invention provides a method of modulating CFTR
activity in a biological sample comprising the step of contacting said biclogical sample with a

compound, produced via the processes described herein, of the structure:
H
M
Y
O
o O OH
OH

or a pharmaceutically acceptable salt thereof.
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[00272] Procedure for the preparation of ethyl 4-oxo-1,4-dihydroquinoline-3-carboxylate (25)
22232426 [00273] Compound 23(4.77 g, 47.7 mmol) was added dropwise to compound 22 (10 g, 46.3
mmol) with subsurface N2 flow to drive out ethanol below 30 C for 0.5 hours. The solution was then
heated to 100-110 C and stirred for 2.5 hours. After cooling the mixture to below 60 C, diphenyl ether

was addd@035H rdecmmerandimsit s Rersed HGHHRPIS Alsh @yPBaskrisiErbeen heated to

228-232 (ed@inin® tROWESMINTURSWASE & N A iR @ AlVSI L heARRE IR Rk BERIMMaaStirred at
228-232 C for another 2 hours, cooled to below 100 C and then heptane was added to precipitate the

product. FHESFESAMRYIGHS RIPLRFeef EPEOME forbSPRATRACHHEAN RISIHERITRM HifFEREd, and the
?Slltﬂesvgazxgnifgig&ﬁ%ﬁﬁgﬁggﬁ@ﬁ%@r&gﬂfmﬁ GivEsaRIdRRLNR] PR1asa G 39t 1H NMR

-de6; 40( z .25(s),6 8.4 , 88.10 (m),.6 7.64.(m), 8 7,55 (m), 87.34 (m), 8 4.16 (q),
1.23 (t). [0 ﬁ@%d%‘%‘ﬂ‘i&‘ﬁfiﬁgﬁﬁﬂo 61“21‘28&%'%3*3&1%‘3‘} ?BWHHB%%’-@}%‘BWHC acid (26)
M?)thgﬂ 120k e, gaRoeid 2h(TRiea)wasisisfeaiitedinsadeiuitngenith] Qildes abyeand H20 (11.6
vol). The s|uyry was heate -90 C, although alternative.temperatures are also suitable for this
hydrolysiéjgj\%%yfféo%ez‘g{gﬂ%gégg?e yle’é 1i%“[(}:(z}atr%l lglfie*?ﬁg ?\’/é%/o %t%gﬁ%l}fzﬁ%a Ard t%?ﬁ]b:erature of from
about 75 teoabbegul d01Ery nsperpilasistehBES, )iy drydisedysi hesepiafgenmpii st michepatiganye of from

about 80 {0 abqut 95 C. In others, the.hydrolysis step is perform at t m about 82
to about ij[&o e.aw?}%ﬁrﬁ’a%)gﬁlt‘%sg% %{;‘g %%%/ @éﬁf‘tffe&g' om & 8%%@&6%8 gggﬁ# %gég)%fié%rl stirring at
85 -90 C teraiiaryangitedyroas]pidipspchis ingadsfonencies ssurip ksd dmilidldutimrebolesttedlsmistirring may

gg f’ggocf"?&pdeLif}:%%mrekég-ﬁzﬁeamaﬁsws&a%ﬁg, fosdhedy sl st SQbtion wasythen cooled to

disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type 11,
polyendocrinopathy/myperinsulemia, Diabetes mellitus, Laron dwarfism, myleoperoxidase
deficiency, primary hypoparathyroidism, melanoma, glycanosis CDG type 1, congenital
hyperthyroidism, osteogenesis imperfecta, hereditary hypofibrinogenemia, ACT deficiency,
Diabetes insipidus (D), neurophyseal Di, neprogenic DI, Charcot-Marie Tooth syndrome,
Perlizacus-Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuclear plasy, Pick’s
disease, several polyglutamine neurological disorders such as Huntington, spinocerebullar
ataxia type I, spinal and bulbar muscular atrophy, dentatorubal pallidoluysian, and myotonic
dystrophy, as well as spongiform encephalopathies, such as hereditary Creutzfeldt-J akob
disease (due to prion protein processing defect), Fabry disease, Straussler-Scheinker
syndrome, COPD, dry-eye disease, or Sjogren’s disease.

[06260] In one embodiment, the method includes treating or lessening the severity of 2
disease in a patient by administering to said patient an effective amount of 2 compound,

produced via the processes described herein, having the structure:

OH
g 0
M
CLy
N
13

or a pharmaceutically acceptable salt thereof.

[00261] In one embodiment, the method includes treating or lessening the severity of a
disease in a patient by administering to said patient an effective amount of a compound,
produced via the processes described herein, having the structure:
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and filtered. The reactor/cake was rinsed with H20 (2 vol x 2). The cake was then washed with 2 vol
H20 until the pH > 3.0. The cake was then dried under vacuum at 60 C to give compound 26. Method
2 [00276] Compound 25(11.3 g, 52 mmol) was added to a mixture of 10% NaOH (aq) (10 mL) and
ethanol (100 mL). The solution was heat(?_g to reflux for 16 hours, cooled 10 20-25 C and then the pH
was adjusted to 2-3 with 8% HC1. T ure was thep stirred for 0.5 hours and filtered. The cake
was washed with water (50 mL) an n dfjed isjvacyo to give compound 26 as a brown solid. 11-1
NMR (DMSO-d6; 400 MHz) 8 15.3 , . 7 (s), 8 8.26 (m), 67.87(m), 67.80 (m),
57.56(m). [00277] Example 1: Total syntlgesiscof N- -butyl-5-hydroxy-4-(1-hydroxy-2-
methylpropan-211)phenyl)-4-oxo-1,4-dihydroquinolinet3- bohhide (27) [00278] The overall
scheme of the synthesis of compound 27 is shown betiy, followed by the procedure for the synthesis
of each synthsiierntemiediate:cdPRRIEIRP (haediire for the preparation of

2-hydroxy:o-fert-butylbenzaldehyde (2) , [00280] .To a,stirred.solution of.compound.1 (700 g, 4.66
o in CIOTABL (5 B T s SXaRY s ey e R e b ¥er gy e TeA
(2.5L, 17 @isewed) inndexibi? b ad minitineng assheigtesk o aefffedorSahoums. oA fiewogoking.to room
temperalyig, ko Watsrnas-addediiadhie DR faliowed o L of 3 M HCL (aq). The suspension
was left sﬁrrlng Untif the Solution became clear. The o ganic layer was separated and the aqueous
layer was extracted with MTBE (3 Lx3). T',t,‘ne organic |

dryness. The residue was dissolveg 3
(1000mL), dried over anhydrous Narso4
light-yellow solid which was used in .the ri

rs were combined and concentrated to

ngoncgntrated to give compound 2 as a
hougi further drying or purification. 1H NMR

or a pharmaceutically acceptable salt thereof,

[00263] In another aspect the present invention provides a kit for use in measuring the
activity of CFTR or a fragment thereof in a biological sample in vitre or in vivo comprising
(i) a composition comprising a compound of Formula 1 or any of the above embodiments;
and (ii) instructions for a} contacting the composition with the biological sample and b)
measuring activity of said CFTR or a fragment thereof.

[00264] In one embodiment, the kit further comprises instructions for a) contacting an
additional composition with the biological sample; b) measuring the activity of said CFTR or
a fragment thereof in the presence of said additional compound, and ¢) comparing the activity
of the CFTR in the presence of the additional compound with the density of the CFTR in the
presence of a composition of Formula L.

[00265] In embodiments, the kit is used to measure the density of CFTR.

[00266] In one embodiment, the kit includes a composition comprising a compound,

produced via the processes described herein, having the structure:

OH
O 0O
N
sen
N
H

or a pharmaceutically acceptable salt thereof.
[00267] In one embodiment, the kit includes a composition comprising a compound,

produced via the processes described herein, having the structure:
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[00281] Procedure for the preparation of 2-(benzyloxy)-5-tert-butylbenzaldehyde (3) [00282] To a
stirred solution of compound 2(614.5 g, 3.33 mol) in DMF (3.5 L) was added K2CO3 (953 g, 6,90 mol)
and benzyl chloride (480 g, 3.80 mol). The mixture was heated to 90 C and left stirring for 3 hours. The
suspension was cooled to room temperature, then MTBE (2 L) was added, followed by water (12 L).
The mixture was then stirred for 10 miputes and the @queous layer was separated and extracted with
MTBE (2 Lx3). The organic layers co‘ bined and washed with water (2 Lx2) and brine (1.5 LxI)
and concentrated to give compound~37a yhtyelionrsolid. 1H NMR (DMSO-d6; 400 MHz) 8 10.42
(s), 7.71 (m), 8 7.51 (m), 67.43 (M), 67.3(M)g6 7.2 ), 8 5.27 (s), 8 1.26 (s). [00283] Procedure for
the preparation of 2-(benzyloxy)-5-tert-butylbenzyl alcgholf4) d0284] To a stirred suspension of
compound 3 (974 g, 3.63 mol) in MeOH (4000 mL) waS®lowly added NaSH4 (121 g, 3.20 mol) at 0-20

C. The sojatighaasceftstirinecaphbl&sharidhoigrs, and then cooled to 0 C. 2N HCI (aqg) (1300mL) was
added dropwise at below 20 C. The solution was then filtered and evaporated to dryness, and the

residue wHEHBLONSIRT FHRRE BEY'STHE ORI ASIMPRTI AL RAR VR EPTPEYES  and brine (1.5
Lx1). Evapaxhiten @h the smolwspésgiseritempavind Hhasgatighityeiaw solid which was used in the next
reaction without further purification. 1H NMR (DMSO-d6; 400 MHz) 5 7.40 (m), 8 7.32 (m), 8 7.17 (m),
8 6.91 (m), 8 5.09 (s), 65.00(t), 8 4.56(d)N8 1.26 (s)~J00285] Procedure for the preparation of
2-(benzyloxy)-5-tert-butylbenzyl ch ;

Q
OH

or a pharmaceutically acceptable salt thereof,

[60269] In order that the invention described herein may be more fully understood, the
following examples are sel 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.
[00270] V. EXAMPLES

[60271] Preparation 1: Total Synthesis of 4-0xo-1,4-dihydroguinoline-3-carboxylic acid

(26)
\ /\O 0/\
Ox,© M2 riee | phenyi ether
N — NH e At =
OO 228-232°C
o)

22 23 24

Method 1
0O 0 ——m—— o o
HCUH,0
OEt y oH

| Method 2

N 1. 2N NaOH N

s 2. 2N HCi s

[00272] Procedure for the preparation of ethyl 4-axo-I,4-dilaydroquinoline—.?—carboxylate
(25)
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OBNnOBN 4 1002861 To a stirred solution of compound 4 (963 g, 3.56 mol) in anhydrous DCM (2000
mL) was added slowly SOCI2 (535 g, 4.5 mol) at 0 C. The mixture was stirred at 20 C for 2 hours, then
concentrated in vacua to give compound 5 as an oil, which was used in the next reaction without
further drying or purification. [00287] Procedure for the preparation of 2-(benzyloxy)-5-tert-butylbenzyl
nitrile (6) [00288].To a stirred solution of compound % (1§45 g, 154 mol) in anhydrous DMF (1000
mL) was added KEN (733 g, 11.gnol). The mixtdréaia t 35 C for 24 hours, thienpoured into
water (10 L). EtR %qta‘te (4 L) was atibedogihg the mixthge was stishedaire80 my €-ggganic
layer was the rated and queous layer was extrjcted with 2tpgbacetat L x 2). The

organic layers were fombined avd washed with water ( and brine (3 Lxl), then cencentrated in
vont to give compound 6 as a yellow solid. NMR (DMSO-é&; 400 MHz) 8 7.51 (m), S 7.37 (m), 7.02
(d), 55.17 (s), 8 388 (s), 1.26 ($p. [00289] Procedure for #e preparation of 26
242-(benzylory)-5-tert-butylpheny1)-2- methylpropanenitrile (7) [00290] To a stirred suspension of NaH

(86 g, 2.1 TeNaal | ib- j i f compound
61000 0,3 Se a0 %%?ﬁ@%@%ﬁé%@?ﬁ?ﬁ%%ﬁg*ﬁ%ﬁ%{%ﬁ%@% 8 1.44 mol) in

DMF (500498t srarspare afipw shdsocodsitgd beavPere s mwsssEension was

stirred for dofdt s Wetthafdd (I RIDICeN(30Q.a) swasAdded slawdy Wk RedIRS Wenaangrated. The
pH was adjusted to aJE:)é)roximater 7 by the slow addition of 2N HCI. The mixture was diluted with
(

water (4 LICAHROR PBE¢SPRORRLCEITaMAS PAe WS ERBetP e ARSI UE FRYATSARs extracted
with MTBEigheRyirbdet)thiihieae e hestdl gapis12yBre e e NRshe v dubvateicad), Bidaepdried over

e e Ty S I I
[00291] PrigtesuGo T the predaption wia(@eabrnmylopy)berplodidp HEny dgsRiingethiytpropanal (8)
was stirred at 30 °C for 0.5 hours. The solids were then filtrated, and the cake was washed
with heptane and dried in vacuo to give compound 25 as brown solid. 'H NMR (DMSO-ds;

400 MHz) & 12.25 (s), 6 8.49 (d), 8 8.10 (m), & 7.64 (m), & 7.55 (m), 8 7.34 (m),  4.16 (q). &

1.23 (1),

100274] Procedure for the preparation of 4-oxo-1,4-dikiydroquinoline-3-carboxylic acid

(26)

o o _Methodl _ o 0

HCIH,0
Method 2

N E—— N

H 1. 2N NaOH H

25 2. 2N HCI 26
Method 1

[06275] Compound 25 (1.0 eq) was suspended in a solution of HCI (10.0 eq) and H,O (11.6
vol). The slurry was heated to 85 — 90 °C, although alternative temperatures are also suitable
for this hydrolysis step. For example, the hydrolysis can alternatively be performed at a
temperature of from about 75 to about 100 °C. In some instances, the hydrolysis is
performed at a temperature of from about 80 to about 95 °C. In others, the hydrolysis step is
performed at a temperature of from about 82 to about 93 °C (e.g., from about 82.5 to about
92.5 °C or from about 86 to about 89 °C). After stiring at 85 — 90 °C for approximately 6.5
hours, the reaction was sampled for reaction completion. Stirring may be performed under

any of the temperatures suited for the hydrolysis. The solution was then cooled to 20 ~ 25 °C
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DIBAH Tel CM CHO 78 [00292] To a stirred solution of compound 7 (20 g, 0.065 mot) in toluene (300
mL), was added drop wise DIBAH (80 mL, 1 M in toluene) at about -60 to -50 C. After stirring for 2
hours, 6 N HO (300 mL) was added to the reaction mixture and stirring was continued for 30 minutes.

The organiifcz‘;{#?,}éer \ga then separated, washed with 2 N HCI followed%a NaHCO3 solution, then a
brine solu FIES ol RECRIFAKG YA STSER AR B (AXBbRGIaffdreicate camibsarrshed an oil. The

product waithised|iHi0ainhegactionoviteuake they theifisaianad ivh MR 40 0E3 049 MHZ) 8 9.61
(s), 87.366%%, 67(1.52 m), 8 6.87 (m), 8 5.06 (m), 8 1.43 (s), 51.33 (s). [00293] Procedure for the
preparati PIHS- enzyloxy)-5-tert-butylphenyl)-2- methylpropan-bol (9) [00294] To a stirred
solution opMmbAwdorind 8 (9.21 g, 0.030 mol) in MeOH (150 mL) was added slowly NaBH4 (2.3 g, 0.061

mol ) at 0 r the mixture was stirred at 20C for 3 hours, 12 mL of 6 N 1401 was added, and the
mixture WA e PR AR A B TS EOH o TS B OB ) Gbout
one-quartgl oftldeedrigit al Soie Tndse kirantedyhth & 0 el domahiaiayenivdscsEpasated and
washed wjth water and brine, dried with Na2$ i and.then concentrated jn vacuo to afford
compound&;a&g E%v [l%f% RIS ﬁ#&k%ﬁgg(ﬁﬂgg&‘%%%fmﬁﬁeﬁﬁ ’("m"ﬁf’%%/gfﬂ‘zs m ,dgoir%;(m), 87.28
(m), 87.1Gém3}, InbfBkiErh), Bie. Otk ésyabaddhy, Hid. 64téd )56 hi2Ba(s) figed difeds): vacuo to give

compound 26 as a brown solid. 'H NMR (DMSO-ds; 400 MHz) 8 15.33 (s), 8 13.39 (s), &

8.87 (s), 8 8.26 (m), § 7.87 (m}, 8 7.80 {m), 8 7.56 (m).

[00277) Example 1; Total synthesis of N-(2-tert-butyl-5-hydroxy-4-(1-kydroxy-2-
methylpropan-2-yl)phenyl)-d-oxo-1,4-dihydroquinoline-3-carboxamide (27)
[00278] The overall scheme of the synthesis of compound 27 is shown below, followed by

the procedure for the synthesis of each synthetic intermediate.



[00295] Procedure for the preparation of 2-(2-hydroxy-5-tert-butylpheny1)-2- methylpropan-I-ol (10)
910 [00296] Pd(OH)2 (1 g) and compound 9 (9.26 g, 0.030 mol) in MeOH (200 mL) were stirred under
hydrogen at 20-30 psi pressure for 16-18 hours. The mixture was then filtered through Celite(r), and
the filtrate was concentrated to give compound 10 as a white solid. 11-1 NMR (DMSO-d6; 400 MHz)

69.16(s), 5416 (d), 6 7.00 tAR)=56.65 (M), 6 4-ALt), 53.62 (d)-8-1.27 (s), 8 1. . [00297]
Procedure feg thepoe pacati f 1-(Greipocaro xy)o}%él- 500y
(methylcdiopbxy)exgzmbtiyloropareiey-4-tett-bungmenzéne |11y, GR52od Th a siiSisolution
of compoung] 10 (23.2 g, 0.1 mcﬁs’ MAP (1.4% g) @i DIEA (72.875, 0.56 mol) iif anfiydrous DCM

COH

(720 mL) wgs added dropW|s§HmethyI chloroforﬁ‘%te (43.5¢,0. %‘}not) in DCM (1‘?9 mL) at O C. After
the mixture was stirred at 20 C for 16 hours, it was washed with water, 1 N HO and brine, dried with

gel (1:20 ‘« Ac:Petrgleum et ! r to glg@ﬁpmpund 11 ag @Mvhlte olid. 11
), 8 T, 6( r@: 3,64 (3; ),
OH

((methylcar%xy)oxy) -2- mett‘@*propan -2-y1)- 4Q@r bulflyl 5-nitro bmn ene (12)

CiCOOMe | HNO, Pdlc HalN

— —

CH:Cly 0. O CHx MeOH
! 2042 O O. O
0.0 T ! b

Y 8 v 6

O 14 12 13

o o 0
OH O
O”U\O/ KOH WNH
el N
T HOBLEDGT ml MeOH H
HO OH

27

[00279] Procedure for the preparation of 2-hydroxy-5-teri-butylbenzaldehyde (2)

t =y (CHO), MgCly
= CHO
OH Ok

[00280] To a stirred solution of compound 1 (700 g, 4.66 mol) in CH3;CN (7.0 L) was added
MgCl; (887 g, 9.32 mol), Para-Formaldehyde (1190 g) and TEA (2.5L, 17.9 mol) under N,.
The mixture was heated to reflux for 5 hours. After cooling to room temperature, 2 L ice
water was added to the mixture, followed by 6 L of 3 M HCI (aq). The suspension was left
stirring until the solution became clear. The organic layer was separated and the agueous
Jayer was extracted with MTBE (3 Lx3). The organic layers were combined and
concentrated to dryness. The residue was dissolved in MTBE (4000 mL), washed with water
(1000 mLx2) and brine (1000mL), dried over anhydrous Na; SOy, filtered, then concentrated
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1112 [00300] To a stirred solution of compound 11 (32 g, 0.095 mol ) in DCM (550 mL) was added
dropwise 98% 112S04 (43 g, 0.43 mot) at O C. After stirring for 20 minutes at 0 C, 65% HNO3 (16.2 g,
0.17 mol) was added to the mixture dropwise at 0 C. The mixture was then stirred at 1-10C for 4 hours
and then ice-water (200 mL) was.added. The aqueous layer, was separated. and extracted with DCM
(200 . 0546 CPRPUB A BPGAFRE RIE D AHRRE TR P o NSRAS and brine. then
dried wittfiMpSakraing conethidied HWARIRO(TIbelesiiud Mw s d0rifted )y BackAmNSchOalpgraphy on
silica gel (1. OAc:Petrgleu r) to afford crude compound 12 as an oil. [00301] Procedure for
the prepagrjgt%o?n@ é%egfémgiﬁ% hylcaroboxy)oxy)-4-(1-

((methylcraeRgaty jeeodedzradtinyinr ppaunreis) aft Biberd89xy JFoeohrylkerd ki dydad3ompound 12 (14
g, crude) were stirred in MeOH (420 mL) at room temperature under hydrogen at 20-30 psi pressure
for 16-18 hours. Then the mixture Was filtered with kieseilguhr(r), and the filtrate was concentrated in
vacuo. The residue was purified via.golumn @Q@r;@@&grahy on silica gel (1:10 EtOAc:Petroleum ether)
to give compound 13 as a gray soI N 0 MHZz) 87.26 (s), 8 7.19 (s), 8 4.26 (S), 5
3.89 (s), 8 3.74 (s), 51.40 (s), 6 1.35¢S)~{BOAFANHrocedu Togthe preparation of
N-(2-tert-butyl-5-((methykaroboxy)oxy-4-(1- OBn
((methylcaroboxy)oxy)-2-methylpropan-2-yl)phenyl)-4-oxo-l,4-dihydroquinoline-3- carboxamide (14)
14 [00304] To a stirred solution of compound 26é5.037, 0.026 moli&in anhydrous DMF (120 mL) was
dded EDVRRZE § CROHTHASOIARIERT TP 846 hSIBah O KoM 6 65 Hen eeic. Afier

stirring foglcheiwdhe MidurR vam ddaad divpuisaso $0IEoMeHComPatiREb 33 Aedicd-RO8 mol) in
DCM (30 ml) at O C. The mixture was stirred at 25 C for 72 hours, and then was co:ﬁﬁentrated in
vacua. THO réstddsfiabmaiagsRed R Eohte sReRsIoNaNY GRAALIP ISR SR ), 1N HO (120

mL) and imBEdUaq with et Rttard sonesat(ateD)initrauixldevissisnetras forifed via column
ChremlcqaBly s e, 0L Loy NS e SRS o ool 1
layers were combined and washed with water (2 Lx2) and brine (1.5 Lx1) and concentrated
to give compound 3 as a light-yellow solid. 'H NMR (DMSO-ds; 400 MHz) § 10.42 (5), §

7.71 (m), 8 7.51 (m), 6 7.43 (m), 8 7.35 {(m), 8 7.24 (m), & 5.27 (s}, 8 1.26 (s).
[00283]1 Procedure for the preparation of 2-(benzyloxy)-5-tert-butylbenzyl alcohol (4)

NaBH,
e ]
E{OH OH
OBn
4

CHO
OBn
3

[00284] To a stirred suspension of compound 3 (974 g, 3.63 mol) in MeOH (4000 mL) was
slowly added NaBH, (121 g, 3.20 mol) at 0-20 °C. The solution was left stirring at 15 °C for
3 hours, and then cooled to 0 °C. 2N HCI (aq) (1300mL) was added dropwise at below 20
°C. The solution was then filtered and evaporated to dryness, and the residue was dissolved
in MTBE (5L). The solution was then washed with water (2 1.x2) and brine (1.5 Lx1).
Evaporation of the solvent gave compound 4 as a light-yellow solid which was used in the
next reaction without further purification. 'H NMR (DMSO-dg; 400 MHz) 8 7.40 (m), 8 7.32
(m), & 7.17 (m), § 6.91 (m), § 5.09 (s), § 5.00 (1), & 4.56 (d), 5 1.26 (s).

[00285] Procedure for the preparation of 2-(benzyloxy)-5-tert-butylbenzyl chloride (5)

66



7.66 (s, 1H), 7.51 (s, 1H), 7.47 (s, 1H), 7.39 (s, 1H), 6.72 (s, 1H), 4.34 (s, 21-1), 3.82 (s, 3H), 3.74 (s,
3H), 1.41 (s, 9H), 1.40 (s, 6H).  [00305] Procedure for the preparation of
N-(2-tert-buty1-5-hydroxy-44.1-hydroxy-2-
nzethylpropan-2-ybpheny1l)-4-oxo-1,4-dihydroquinoline-3-carboxamide (27) 0

SOCl,
U owons
OH CH,Cly cl
OBn OBn
4 5

[00286] To a stirred solution of compound 4 (963 g, 3.56 mol) in anhydrous DCM (2000
ml.) was added slowly SOCl» (535 g, 4.5 mol) at 0 °C. The mixture was stitred at 20 °C for
2 hours, then concentrated in vacuo to give compound § as an oil, which was used in the next

reaction without further drying or purification.

[00287] Procedure for the preparation of 2-(benzyloxy)-5-tert-butylbenzyl nitrile (6)

KCN O
c CH,CN

OBn OBn
5 8

[00288] To a stirred solution of compound 5 (1045 g, 3.54 mol) in anhydrous DMF (1000
mL) was added KCN (733 g, 11.3 mol). The mixture was stirred at 35 °C for 24 hours, then
poured into water (10 L). Ethyl acetate (4 L) was added and the mixture was stirred for 30
minutes. The organic layer was then separated and the agueous layer was extracted with
ethyl acetate (3000 mL x 2). The organic layers were combined and washed with water (4
Lx2) and brine (3 Lx1), then concentrated in vacuo to give compound 6 as a yellow solid. 'H
NMR (DMSO-dg; 400 MHz) 8 7.51 (m), § 7.37 (m), 7.02 (d), 8 5.17 (s}, 8 3.88 (s), 1.26 (s).
[00289] Procedure for the preparation of 2-(2-(benzyloxy)-5-tert-butylphenyl)-2-
methylpropaneniirile (7)

NakH, Mel

errr———

CH,CN
OBn OBn
6 7

[00290] To a stirred suspension of NaH (86 g, 2.15 mol, 60% in mineral oil) in DMF (1000
mL) was added dropwise a solution of compound 6 (100.0 g, 0.358 mol) in DMEF (500 mL} at
20 °C. After stirring for 30 minutes, Mel (205 g, .44 mol) in DMF (500 mL) was added

CHN

dropwise at below 30 °C during a period of 2 hours. The suspension was stirred for 1.5 hours

67



000OKOH MeOH 1427 [00306] To a stirred solution of KOH (1.2 g, 0.02 mol) in MeOH (80 mL) was
added compound 14 (1.9 g, 0.0036 mot) at O C. After stirring for 2-3 hours at 5-15 C, the mixture was
concentrated to dryness. The residue was then triturated in water (10 mL), filtered, washed with DCM

and dried in vacua for 24 hours to give compound 27 as a white solid. 1H NMR (DMSO-d5; 400 MHz)
8 12.77 (&, 23-8%BE (<hen ised (@R avas sdded sowkpumil noreas gy, generers) The B ), 83.55 (s), 8

1.55 (5), @djuded 9. dppkokint @bl VPO dM atiditbh R HOP3PHE Exrnnele & dNigsmatiug Total
Synthesis of N- 2-tert-bu'g§1-5-h3édrox -4-(1-

hydroxy- YAt for BN DB phihy Tiuonsatis Mishiyat SeRreH and DS BB e M 38

extracted with MTBE (500 mLx2). The combined organic layers were washed with water
and brine, dried over Na,SO,, filtered, and then concentrated in vacuo to give compound 7 as
a white solid. '"H NMR (DMSO-dg; 400 MHz) 8 7.56 (m), § 7.40 (m), 8 7.34 (m), § 7.10 (d),
85.21(s),6 L.73(s), 6 1.27 (s).

[00291) Procedure for the preparation of 2-(2-(benzyloxy)-5-tert-butylphenyl)-2-

methylpropanal (8)
DIBAH
Tol
O8n CN 0OBn CHO
7 8

[00292] To a stirred solution of compound 7 (20 g, 0.065 mel) in toluene (300 mL), was
added drop wise DIBAH (80 mL, 1 M in toluene) at about -60 to -50 °C. After stirring for 2
hours, 6 N HCI (300 mL) was added to the reaction mixture and stirring was continued for 30
minutes. The organic layer was then separated, washed with 2 N HCI followed by a NaHCO;
solution, then a brine solution, dried over Na,SOq and concentrated in vacuo to afford the
compound 8 as an oil. The product was used in the next reaction without further purification.
'H NMR (CDCls3; 400 MHz) 8 9.61 (s), § 7.36 (m), & 7.25 (m), 8 6.87 (m), & 5.06 {m), 8 1.43
(s), 8 1.33 (5).

[00293] Procedure for the preparation of 2-(2-(benzyloxy)-5-tert-butylphenyl)-2-
methylpropan-1-ol (9)

Naaﬂﬁ

CHO OH

0OBn OBn
8 9
100294] To a stirred solution of compound 8 (9.21 g, 0.030 mol) in MeOH (150 mL) was
added slowly NaBH; (2.3 g, 0.061 mol ) at 0 °C. After the mixture was stirred at 20 °C for 3.
hours, 12 mL of 6 N HCI was added, and the mixture was stirred for an additional 30
minutes. The solution was then concentrated to about one-quarter of the original volume and

extracted with EtOAc. The organic layer was separated and washed with water and brine,
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3902NH2NO 00 1213 14 [00308] Procedure for the preparation of methyl
2-(5-ten-buty1-2-hydroxy-4-nitrophenyl)- 2-methylpropanoate (38): 38 1003091 A mixture of
2-bromo-4-tert-butyl-5-nitrophenol (15.00 g, 54.72 mmol), bis(tritert-butylphospine)palladium(0) (1.422

g, 2.783 mmal), zing fluaride (2.82 g,,27.27 mmaoal), methyl trimethylsilyl dimethylketene acetal (MTDA)
(19.35 g,r%ﬁ%.%» @ﬁ%ﬁi?gﬁ’ﬁ%ﬁgt@?& FiiefE %‘éﬂrﬂi_)y‘{ﬁé%[ﬁ O SPTFHEURST A % 8. WHE mixture was
cooled to sulidn tHNMRADIMSOV LHOEMHHNWAIE (T stirng Sor. Dnehosin. Mg ageenus phase was
extracted wi T ic layer ried.i tto t ard the crude product as a brown
solid. Purm‘clgﬁolgr‘lg gfﬁé%%ﬁc?ﬂ@?&é‘?f&ﬁﬁ%ﬁ%@& %j%cﬁ&%lt%oi% Ff-)heptane. 1H-

[00295] Procedure for the preparation of 2-(2-hydroxy-5-tert-butylphenyl)-2-

methylpropan-1-ol (10)

Ha, PA(OH), O

oy EOH o
OBn OH
9 10

[00296] Pd(OH); (1 g) and compound 9 (9.26 g, 0.030 mol) in MeOH (200 mL) were
stirred under hydrogen at 20-30 psi pressure for 16-18 hours. The mixture was then filtered
through Celite®, and the filtrate was concentrated to give compound 10 as a white solid. 'H
NMR (DMSO-dg; 400 MHz) § 9.16 (s), 8 7.16 (d}), 6 7.00 (m), & 6.65 (m), 8 4.71 (1), d 3.62
(d), 8 1.27 (5), 8 1.22 (s).

[006297] Procedure for the preparation of 1-((methylcaroboxy)oxy)-2-(1-
((methylcaroboxy)oxy)-2-methylpropan-2-yl)-4-tert-butyl benzene (11)

CiCOOMe

‘ o | OTG

OH ki o

10 o 11
[60298] To a stirred solution of compound 10 (23.2 g, 0.10 mol), DMAP (1.44 g) and DIEA
(72.8 g, 0.56 mol) in anhydrous DCM (720 mL) was added dropwise methyl chloroformate
{43.5 g, 0.46 mol) in DCM (160 mL) at 0 °C. After the mixture was stirred at 20 °C for 16

hours, it was washed with water, 1 N HCI and brine, dried with MgSO, and concentrated in

vacuo. The residue was purified using column chromatography on silica gel (1:20
EtOAc:Petroleum ether) to give compound 11 as a white solid. ' NMR (DMSO-ds; 400
MHz) § 7.32 (m), § 7.10 (d), 8 4.26 (5), 5 3.84 (), 8 3.64 (5), 8 1.31 (s), & 1.28 (s).
[00299] Procedure for preparation of 1-((methylcaroboxyjoxy)-2-(1-
((methylcaroboxy)oxy)-2-methylpropan-2-yl)-4-tert-butyl-5-nitro benzene (12)
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NMR (400MHZ, DMSO-d6) 6 10.38 (s, 11-1); 7.37 (s, 1H); 6.79 (s, 1H); 3.54 (s, 3H); 1.45 (s, 614);
1.32 (s, 9H) [00310] Procedure for the preparation of 4-tert-butyl-2-(1-hydroxy-2-methylpropan-2-y0-
5-nitrophenol (39): [00311] A 1M solution of lithium aluminum hydride in THF (11.80 mL, 11.80 mmol)
was added to a solution of mathyl 2-(5-tert-buty1-2-hydroxy-

1-nitrophenyl)-2-methylpropanoate (536
g, 18.15 mmo() in TI-IF (50mEY" The mixture was stirred atambient temperature for 3 h, and then

111); 3.69-3.65 (m, 214); 1130 (s, 911); 1.29 (s, 6H) [00312] Procedure for the preparation of
4-tert-butyl-2-(2-methoxycarbonylpyy-1,1- dimethyl-ethyl)-5-nitrogphenyll methyl carbonate (12) [00313]
To a solution of 4-tert-butyl-2-(1-hydroxy-2-methylpropan-2-y1)-5-nitrophenol (1.92g, 7.18 mmol),
triethylami@@3¢P17 4Eogt Siirfﬂsmmr),%eramﬁwgﬁﬁ' E)M%@rf@‘(@?iw@%,( SPESLANWS!) in

dichloromgifiang-43@ iselogad ﬁz@wws%?w%qhamﬁ@) rrethyiehigrefREmated 388 a4 mmol),

keeping the temperature below 5 C. Atter the addition, the mixture was allowed to warm to ambient

temperatfaRiRas 8t §- LAY Yidsddy the mbives dsnrdssishloritnd SedningshEsrial (2-8 h).

The reactipenmixiedaardiitiecivishwate tisndacidifiedoimiNWEC ddGeid. TFRY. afienagiueous phase
was extracted with DCM and the com%?@ﬂ or%ani%dried in \{ﬁ%a. The_crude ambelg semi-solid was

recrystalli 2P 5hSHRAAGASPL A EREl &X8 Fhere At FRBtiRRS QSBAEAE Scrystalline
solid. 11-lsheddR4HA Mkt wiadt $4) ISR H TR Axd blihe), tReh Afied Wik MgO0s arbirohEmtaiadhl); 3.64 (s,
3H); 1.3555, 9H)..1.35 1316H [003f14 P.rocefdure g%r thei1 re aratioq.of (12
5-amino-4-‘%5lr'f2butr§ﬁ}f§f el s&)?ﬂ:é? ghay‘fgxlf/T?lg e ng-aé%& Bﬁieﬁfllgr%é%hy?carbonate (13):
[00315] AErDdurBeob]dute atimniyé -@(Rdmathoeynadton Wby b, didimethyl-ethy0-5-nitrophenyl] methyl

carbonat 0,p3.3 ),and PcVC.(75 . mmol) | thanol (50 mlL).was purged with
nitrogen.i‘%%gr% %{1 rgrf\oﬁ%%%p@%kt@vél]ﬁ{fffé F%’ég e n‘?ﬁt}]ﬁgete% %%éﬁfﬁﬁ%&%%ﬁtgg’ %ﬂ% ours at ambient
temperatufeaihpipregmndofiie sokiviprope e bberifirsgh)Celite(r) and dried in vacuo to obtain the
product as a solid. 11-1-NMR;(400MHZ, DMSO-d6) 56.99 (s, 4H); 6.39 (s, 1H); 4.92(s, 2H); 4.13 (s,

in the next step. 1H-NMR> MHZ, DME0-d6) 6 10.1@%@%), 7.37 ( 1H); 6.80 (s, 1H); 4.77 (s,

2H); 3.82 (s, 3H); 3.65 (s, ~%.32 (s, 9H); 1.23 (s, 6H)
O.N HoN
Pd/iC
6. .0
60 Y :
j( O
O
12

[00302] Pd/C (2.6 g) and compound 12 (14 g, crude) were stirred in MeOH (420 mL) at
room temperature under hydrogen at 20-30 psi pressure for 16-18 hours. Then the mixture
was filtered with kieselguhr®, and the filtrate was concentrated in vacro. The residue was
purified via column chromatography on silica gel (1:10 EtOAc:Petroleum ether) to give
compound 13 as a gray solid. 'H NMR (CDCls; 400 MHz) § 7.26 (s), § 7.19 (s), 8 4.26 (5), 8
3.89 (s), 8 3.74 (s), & 1.40 (s), 8 1.35 (s). _
[80303] Procedure for the preparation of N-(2-tert-butyl-5-((methylcaroboxy)oxy)-4-(1-
((methylcaroboxy)oxy)-2-methylpropan-2-yl)phenyl)-4-oxo0-1,4-dihydroguinoline-3-
carboxamide (14)
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[00316] Procedure for the preparation of N-(2-tert-butyl-5-hydroxy-4-(1-hydroxy-2-
methylpropan-2-yOpheny1)-4-oxo-1,4-dihydroquinoline-3-carboxamicle (27): ooo H2NOT3P, Pyridine
2-MeTHF 14 13 27 [00317] To a mixture of
[5-amino-4-tert-buty1-2-(2-methoxycarbonyloxy-1,1-dimethylethyl)phenyl] methyl carbonate (103 mg,
0.29 mmol), 4-oxo-1,4-dihydroquinoline-3- &arlbxylic acid (50 mg, O. mmol), and pyridine (42 mg,

0.53 mmol) |ﬂ % MejTHF (3.0 mL) was g @P as a 50 wt% s in 2-MeTHf (286 mg, 0.45
mmol). The nixtre Was oo
A & OTO\ HOBY,EDCI W
\ﬂ/ 0
O 13

[00304] To a stirred solution of compound 26 (5.0 g, 0.026 mol) in anhydrous DMF (120
mL) was added EDCI (5.6 g, 0.029 mol}, HOBT (3.8 g, 0.028 mol) and DIEA (6.6 g, 0.051
mol) at 0 °C. After stirring for 1 hour, the mixture was added dropwise a solution of
compound 13 (3.0 g, 0.008 mol) in DCM (30 ml) at 0 °C. The mixture was stirred at 25 °C
for 72 hours, and then was concentrated in vacuo. The residue was dissolved in EtQAc (225
mL) and washed with water (120 mIL.x1), 1N HCI (120 mL)} and brine, dried with Na;SQO4 and
concenirated in vacuo. The residue was purified via column chromatography on silica gel
(1:1 EtOAc:Petroleum ether) to give compound 14 as a white solid. 'H NMR (400 MHz,
CDCl3) 6 12.34 (s, 1H), 11.58 (s, 1H), 9.07 (s, 1H), 8.42 (d, 1H), 7.66 (s, 1H), 7.51 (s, IH),
7.47 (s, 1H), 7.39 (s, 1H), 6.72 (s, 1H), 4.34 (s, 2H), 3.82 (s, 3H), 3.74 (s, 3H), 1.41 (s, OH),
1.40 (s, 6H).
[00305] Procedure for the preparation of N-(2-tert-butyl-5-hydroxy-4-(1-hydroxy-2-
methylpropan-2-yl)phenyl)-4-oxo0-1,4-dihydroguinoline-3-carboxamide (27}
Oj)\O o 1_X NH
-~
o O © KOH |

MeOH
N ® HO OH

|

14 27
[60306] To a stirred solution of KOH (1.2 g, 0.02 mol) in MeOH (80 mL) was added
compound 14 (1.9 g, 0.0036 mol) at 0 °C. After stirring for 2-3 hours at 5-15 °C, the mixture
was concentrated to dryness. The residue was then triturated in water (10 mlL), filtered,
washed with DCM and dried in vacnro for 24 hours 1o give compound 27 as a white solid. 'H
NMR (DMSO-ds; 400 MHz) 8 12.77 (8), 6 8.86 (5), 8 8.20 (d), § 7.55 (d), 6§ 742 (1), 7.16
(q), 8 7.02 (s), & 6.85 (m}, 8 3.55 (s), 6 1.55(5), & 1.35(s), 6 1.27 (s). MS Found (M + H)
409.2
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74 heated to 50 C for 18 h. After cooling to ambient temperature, the mixture was diluted with water.
The organic phase was separated and again washed with water. Sodium methoxide (39 mg, 0.72
mmol) was charged to the organic phase and the solution stirred for 2 hours. The reaction was

quenchediggsp7iN iGrhp R mwnaﬁp@myaemﬁwwmmmpﬁ%wﬁmshed with 0.1.N

1-iC1. The organic phase was than dried in vacuo to yield Compound 27 as a solid. The 'H-NIVIR
spectrum WALESRsTedRT AR 2 YRRt - Airrel fhdindTensirglne 3-1abaxopide@dor

2-(5-tert-butyl-2-hydroxy-4-(4-oxo-1,4- dihydroquinoline-3-carboxamido)pltenyl1)-2-methylpropanoic

acid (28): Pd{t-Buy)y. ZnF, LiAIH,
DMF, 70 °C THE
38
0— O—
0 O_ﬂ/ o:(
OH Ao 0 o
0 PA/C, Hy
e I
O,N OH g%ﬁ& %h&ép MeOH
O,N 0 HoN 0
38
N P
12 13

o 0 B ™

oy 5 .
o 0 o o
N ! NaOMe OH
N" 2 9 0 o S N
T4P, Pyridine 7N —o>= © N
2-MeTHF N H
H 27
- 14

(003081 Procedure for the preparation of methyl 2-(5-tert-butyl-2-hydroxy-4-nitrophenyl)-
2-methylpropanoate (38):

Br Pd(t—BUg)z, Zan
t 9 Y =
o o P Npomms  DMF.70°C

2

38
[00309] A mixture of 2-bromo-4-teit-butyl-5-nitrophenol (15.00 g, 54.72 mmol), bis(tri-
tert-butylphospine)palladium(0} (1.422 g, 2.783 mmol), zinc fluoride (2.82 g, 27.27 mmol),
methyl trimethylsilyl dimethylketene acetal (MTDA) (19.35 ¢, 111.0 mmol), and

dimethylformamide (150 mL) was heated at 70 °C for 18 h. The mixture was cooled to room
temperature and diluted with water. After stirring for one hour, the aqueous phase was
extracted with MTBE. The organic layer was dried in vacuo to afford the crude product as a

brown solid. Purification of the product was accomplished by trituration in n-heptane. 'H-
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[00319] Procedure for the preparation of 2-(5-tert-buty1-2-hydroxypheny1)-2- methylpropanenitrile (15)
[00320) Pd (OH)2/C (2.0 g) and compound 7 (20.0 g, 0.104 mol) were stirred in MeOH (150 mL) at
room temperature under hydrogen at 10 psi pressure for 16-18 hours. The mixture was then filtered
through a ad of Celite(r), and the filtrate was concentrated to give compound 15, which was used in
the next R4 AT, LN GO IB (s BTMIBS 65D 55, 24 (5. 8
7.18 (M), &86; SQs;érn), ¢31.71 (s), 8 1.24 (s). [00321] Procedure for the preparation of

4-tert-butéla- é’ nopropan-2-yl)phenyl meE@yI carbonate 1) 1516 [00322] To a stirred mixture of
compount 48P 2 Ereepdssdardliiprenaibve o dyardunen Hugigxy-denabymroratsindls DCM
(1500 nth} W@@M@Qj @mpwise methyl chloroformate (110 g, 1.17 mol) in anhydrous DCM (300 mL) at
0 C within 2 hours. After stirring for 12 hours at 0 C, ice-water (1.5 L) was added and the mixture was
stirred at OC for 30 minutes, The orga il layer was separatedi and washed with 1 N HO, water, and

brine. The DCM solution wa ed oye M@SQJ:‘&PIB_@C At ate g &t give compound 16 as a
yellow solid. 1H NMR (DMSO 400 MHz) 67 4m), 8 7.39 .24 (d), 6 3.84 (s), 81.71(s), 6
. gparation of O2N OH

1.30 (s). [00323] Procedgygfo
2-(1-amino-2-methyl-lI-oxopropan-2-y1)-4-tertbutyl-5-nitrophenyl rggthyl carbonate (17)
38

{00311] A 1M solution of lithium aluminum hydride in THF (11.80 mL, 11.80 mmol) was
added to a solution of methyl 2-(5-tert-butyl-2-hydroxy-4-nitrophenyl)-2-methylpropanoate
(5.36 g, 18.15 mmol) in THF (50 mL). The mixture was stirred at ambient temperature for 3
h, and then diluted with methanol. The mixture was acidified with 1N HCI (pH 1-2) and the
aqueous phase was extracted with MTBE. The organic phase was dried in vacuo to afford 4-
tert-butyl-2-(1-hydroxy-2-methylpropan-2-yi}-5-nitrophenol which was used without further
purification in the next step. "H-NMR (400MHZ, DMSO-d6) 5 10.12 (s, 1H); 7.37 (s, 1H);
6.80 (s, 1H); 4.77 (s, 1H); 3.69-3.65 (m, 2H); 1.30 (5, 9H); 1.29 (s, 6H)

[00312] Procedure for the preparation of 4-tert-butyl-2-(2-methoxycarbenyloxy-1,1-
dimethyl-ethyl)-5-nitro-phenyl] methyl carbonate (12)

o) o o)
2 O
T e
TEA DMAP
O:N OH DCM, 0°C OYO
38 fe}

™~ 42
[00313] To a solution of 4-tert-butyl-2-(1-hydroxy-2-methylpropan-2-yl}-5-nitrophenol
{1.92 g, 7.18 mmol), triethylamine (1.745 g, 17.24 mmol), and dimethylaminopyridine (87.74
mg, 0.718 mmol) in dichloromethane (39 mL} at O °C was slowly charged
methylchloroformate (2.376 g, 25.14 mmol), keeping the temperature below 5 °C. After the
addition, the mixture was allowed to warm to ambient temperature and was stirred until
HPLC showed complete conversion of the starting material (2-8 h). The reaction mixture was
diluted with water and acidified with 1N HCI (pH 1-2). The aqueous phase was extracted |
with DCM and the combined organics dried in vacuo. The crude amber semi-solid was re-

crystallized from methanol and dichloromethane to give the title compound as a yellow

73



E00324] To a stirred mxture of compound 16 (10.0 g, 36.3 mmol ) and KNO3 (5.51 g, 54.5 nunol) in
DCM (1000 mL) was added dropwise 98% H2S0O4 (145.4g. 1.45 mol) at 0 C. The mixture was stirred
at 30 C for 4 days. The H2S0O4 layer was then separated and poured into ice-water (50 g) and then
extracted with PCM (10Q . The comhined organic layers were washed with water, aqueous
NG SHDR AT IB e AINS G b Aot (AL ocd e B vt
purified vingsolsH)CBBNMatdEnapis o) giica gek{Ramoleum ether/EtOAc 20:1,10:1,5:1,3:1) to give
compoun ellow sqlid. 1H NMR (CDCJ3; 400 MHz) 88.0 s@S 7.74 (s), 87.61 (s), 87.32 (s),
a3 (o) WHIET (Rfoeethy e as g oy it Ry oS SMARS for the
preparatidyl afi@:dhytetiylpiery sl vehoyl-dertitiopb er8)1)-2- methylpropanoic acid (18) 0 1718 [00326]
To a mixture of compound 17(7.3 g,.21.6 mmol) in methanol (180 mL) was added water (18 mL) and

NaOH (8.64 g, 216 mmol). The § ?ion was heated and maintained ux for 3 days. The solvent
was evaporated in vacua and the residue was dissolved in 140 mL of wa}gr. Then the solution was

5-tert-buty1-3,3-dimethy1-6-nitroh . furan2(311)-one (19) [00328] gsgia lution of compound 18
(7.10 g, 25.2 mmol) in 710 mL of Qnhydrous THE was added EDCI (145 g, 75.6 mmol). The resulting
suspension was left stirring at 38 C overnight. The precipitate was filléred and thoroughly washed with

DCM. Th?ﬂ@i@}e \Ma}ﬁiz&re of [4-tert-butyl-2-(2-methoxycarbonyloxy-1,1-dimethyl-ethyl)-5-nitro-
phenyl] methyl carbonate (1.27 g, 3.313 mmol) and Pd/C (75 mg, 0.035 mmeol) in methanol
(50 mL) was purged with nitrogen. After purging the flask with hydrogen, the mixture was
hydrogenated for 18 hours at ambient temperature and pressure. The solution was filtered
through Celite® and dried in vacuo to obtain the product as a solid. 'H-NMR (400MHZ,
DMSO-d6) 6 6.99 (s, 1H); 6.39 (s, 1H); 4.92(s, 2H); 4.13 (s, 2H): 3.82 (s, 3H); 3.65 (s, 3H);
1.32 (s, 9H); 1.23 (s, 6H)
[00316] Procedure for the preparation of N-(2-tert-butyl-5-hydroxy-d4-(I-iyydroxy-2-
methylpropan-2-yl)phenyl)-4-oxo-1,4-dihydroguinoline-3-carboxamide (27):

o}
e O O
=<O )0,
OH of o} NH
| 4
N 2 i NH
> o]
HaN Q T4P, Pyridine 0”0
P 2-MeTHF | N
o0 -

14

OH
O 0
NaOWMe OH
Dy N
|-
N
H
27

[00317] To a mixture of [5-amino-4-tert-butyl-2-(2-methoxycarbonylioxy-1,1-dimethyl-
ethyl)phenyl] methyl carbonate (103 mg, 0.29 mmol}, 4-oxo-1,4-dihydroquinoline-3-
carboxylic acid (50 mg, 0.26 mmol), and pyridine (42 mg, 0.53 mmol) in 2-MeTHF (3.0 mL)

was charged T3P as a 50 wi% soluation in 2-MeTHF (286 mg, 0.45 mmol). The mixture was
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concentrated to dryness and the residue was dissolved in DCM (100 mL). The solution was washed
with water (50 mLx2) and brine (50 mLx1). The DCM layer was then dried over anhydrous Na2S04
and concentrated to give the crude product, which was purified via column chromatography on silica

gel (Petrqleypy &I%“@% £h!

(CDCI3; 400 MHz) 8 7.36 s)

R L A e

87.10

a Whlte
ure W
roce

{ I|d 1HhNMR
urelfl o the. preparation of

6-amino-Butt- Ebw@awh%wbémmmeagwanmyf wig0836F Ft/divyb. 5ehpridd @@mpound 19

(3.000. 134 mmolliefe sushpaded bk,

The mixturé was then ?lltered throu
give com&i‘ﬁﬁﬂ“mg‘&%@hﬂ‘é‘%ﬂd

1.35 (s), Qvdsiedt (Bn{ OQRBLI roRe g
dihydrobenzofuran-6-y1)-4-aro-1,4

i,

g’@'a)gﬂh%%ﬁ ﬁ%ﬂ%{l%grﬁg%}g&%%& for 4 hours.
t

ad of k‘.@%lte (n, and [trate was concentrated in vacua to
ftmsmpa@ﬂn@dlmm;aImw(san@a)h@@as 5.01 (s), 8

T@bﬁﬂ%%@@ﬁ{ﬁtm@f%&@;&?% by ]2-0x0-2,3-
ydroquinaline-3-carboxamide (21) 000 ATU DIEA CH3CN

a solid. The NMR spectrum was consistent with that reported above.

[00318] Example 3: Total Synthesis of 2-(5-tert-butyl-2-kydroxy-d-(4-0xo-1,4-

dihydroguinoline-3-carboxamido)phenyl)-2-methyipropanoic acid (28):

(CHO), MgCiy, TEA BAC), chos __NaBH, _S0C
CHaCN EtOH OH GH2053
OH
1
_NeH,Mel _Hg, PA(OH)/C CICOOMe, DMAP

Cl DME MeOHmF‘sa DIEA, CHCl,
OBn OBn OBn
5

OGN o
KNO;, H,80, NH,__ NaOH NaOH EDCI Hz PdIC
—reei R
° °
o}
© i 17 18
0o 0 0 o
CLy "
HoN N” 26 NaOH |
H - N
HATU,DIEA, CHyCN “MeOH H
5 HO
Y COOH
20
28

[00319] Procedure for the preparation of 2-(5-tert-butyl-2-hydroxyphenyl)-2-

methylpropanenitrile (15)
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[00332] A suspension of HATU (17.6 g, 46.3 mol) and compound 26(8.36 g, 44.2 mmol) in anhydrous
acetonitrile (1 L) was stirred at room temperature for 1 hour. Compound 20 (3.40g. 14.6 mmol) was
added to the suspension, and then DIEA (11.5 g, 89.0 rnmol) was added dropwise. The mixture was
stirred at 45 C for 4 days. The resulting precipitate was filtered and thoroughly washed with DCM. The
filtrate was concentrated to dryness and the residue was dissolved in DCM (200 mL) and washed with
IN HC1 (200 tnLx2) followed by 5% aqueous NaHCO3 (2 mLx3) and then brine (200 mLx1). The
mixture was then dried over Na2 ua. The residue was purified via column
chromatography on silica gel (C iye compound 21 as a light yellow
solid. 1H-NMR (400MHZ, DMSO-d 6(d J 6.4 Hz, I_?; ts, 1H); 8.9 (d, J 6.4Hz, IH); 8.33 (d,
J 8Hz, 1H); 7.84-7.75 (m, 2H); 7.55;7.48 (m, 3H); 1.47 (s, gfl); 1.45 (s, 9H). [00333] Procedure for the
preparation of 2-(S-tert-butyl-2-hydroxy-4-(4-oxo-1,4-

dihydroquiffSi¢ - Pd 4l EA 210 pHedyipapesth i 6200231 8id ool 2 e t0stig:f00dd4D o a stirred
solution O{I@9%@3tA@f&&%@ﬂ&&é@MP%&gaﬁgésieva Th-LWas a5l0Rd NPk (14§, 37.5 mmol) at 0

C. After stirring for 16 hours at 40 C, the s orated in vacuo, then the residue was

dissolvedTwrpnysothsnfitaredshsonshaeadaf Grbi®, andthecdipin e RRsaHaWREEDEM (100
mLx1) angheifmiresaith{dP0 bk inl (he AAUeaIs AARINAS ARIISGMIE RN HEP taet 1-2. The

precipitate was filtered and washed with H20 (80 rnLé and heptane (50 mL). It was dried in vacua to

give com@BYhf26:408 WHice S8k (i rél%ﬁ’e“(ﬁm%l 6macoMfiEnE .85 @) Ol 2 §(s), 5 11.77 (s),
8 9.39 (S)0BRBE Be&didd ) the riBdribioR BfRUP BT AR aRopRPdR)250phénsD), 5 1.40 (s). MS
found (M + H) 423.08 [00335] Example 4: Second alternative Synthesis of

N-(2- tert-mégﬁ%ﬁw -
hydroxy-2-methylpropan-2-Apheny1)-4-oxo-1,4-dihydroquinoline-3-carboxamide (27) 000 27 [00336] A
3-neck 50mL round bottom flask was equipped with magnetit 3fifrer, nitrogen bubbler and
thermocouple. Compound 21 (314mg, 1.27mmol) and 2-MeTHR(4mL) are charged to the flask. The
reaction mixture was stirred m tempmm al @ m/ydride (204 rug, 6.6 mmol) was
added as solid until 100% co ioff is ach&febiiaihich was monjlored using HPLC. Potassium
sodium 2,3-dihydroxybutanediogte Aettahydrate salt (50 nﬁ\ﬂf% 400 g/L solution) and MTBE (50mL)
were added to the reaction

eOweaiaoRsi50:

15 18

[06322] To a stirred mixture of compound 15 (126.6 g, 0.564 mol), DMAP (6.0 g} and
DIEA (188 g, .46 mol) in anhydrous DCM (1500 mL) was added dropwise methyl
chioroformate (110 g, 1.17 mol) in anhydrous DCM (300 mL) at 0 °C within 2 hours. After
stirring for 12 hours at 0 °C, ice-water (1.5 L.) was added and the mixture was stirred at 0 °C
for 30 minutes. The organic layer was separated and washed with 1 N HCI, water, and brine,
The DCM solution was dried over MgSO4 and concentrated in vacuo to give compound 16 as
a yellow solid. 'H NMR (DMSO-d; 400 MHz) § 7.47 (m), 8 7.39 (d), 8 7.24 (d), § 3.84 (s),
8 1.71 (s), 6 1.30 (s).

[00323] Procedure for the preparation of 2-( I-ammo-.?-metkyl-l ~oxppropan-2-yl)-4-tert-
butyl-5-nitrophenyl methyl carbonate (17)

ON
! = KNO,, H,S0, | X Q NH
= B P 2

i ON CHxCl, |

.0 0.0

T bl

O
© 18 17
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mixture. The resulting solution was stirred for 15 minutes and then let sit for 15min. The organic layer
was separated and the pl1-1 of the aqueous layer was adjusted to a pH of about 6- 7 by adding
Tartaric acid. The aqueous layer was extracted with MTBE. The organic layer was concentrated and

dried undejgyigh) vasurmdaiRrUAe e HlerRMBYNE 28 NSRS (I Be gl,'éa'_\!;“f/'R spectrum

was consistent with that reported above. [00337] Example 5: Alternative Total synthésis o
2-(5-tert-6%?liiﬁm§1@§%@xb%%@%%ﬂﬁ%?ﬁ%—@é&?b@ﬁéﬁiEo)ﬂ?e‘ﬁ?@)@%@th%ﬂopanoic
acid (28):mi3aRbwaldilRBR8hProrR dsyforthe MISOARIORAL FRIARPIFACIhAa Qg e 4-tertbutyl
phenyl ester methyl ester (35) 0 )

ice~-water {50 g) and then extracted with DCM (100 mLx3). The combined organic layers

were washed with water, agueous NaHCO3 solution and brine, then dried over MgSQ, and

concentrated in vacuo. The residue was purified via column chromatography on silica gel

(Petroleum ether/EtOAc 20:1—10:1—5:1—3:1) to give compound 17 s a yellow solid. 'H

NMR (CDCl3; 400 MHz) 6 8.05(5), 6 7.74 (), § 7.61 (5), 8 7.32 (5), 8 5.32 (s), 6§ 3.91 (s5), &

3.92 (s), § 1.62 (s}, 1.59 (s), § 1.42 (s), § 1.38 (s).

[00325] Procedure for the preparation of 2-(5-tert-butyl-2-hydroxy-4-nitrophenyl)-2-

methylpropanoic acid (18)

O o ON
NHz NaOH

| MeOH
O OH

0\“/ COOH
017 18
[60326] To a mixture of compound 17 (7.3 g, 21.6 mmol) in methanol (180 mL.) was added
water (18 mL) and NaOH (8.64 g, 216 mmol). The solution was heated and maintained at
reflux for 3 days. The solvent was evaporated in vacuo and the residue was dissolved in 140
mk. of water. Then the solution was acidified to pH 2 by the addition of 2N HCL. The
aqueous phase was extracted with ethyl acetate (100 mEx3}, and the combined organic
phases were washed with water and brine, dried over anhydrous Na,SO, and then
concentrated to give compound 18 as a yellow solid, which was used in the next reaction
without further purification. |
[00327] Procedure for the preparation of 5-tert-butyl-3,3-dimethyl-6-nitrobenzofuran-
2(3H)-one {19)

O.N O,N
EDC

THF
OH CCOH o

o)

18 19
[00328] To a solution of compound 18 (7.10 g, 25.2 mmol) in 710 mL of anhydrous THF
was added EDCI (14.5 g, 75.6 mmol). The resulting suspension was left stirring at 30 °C

overnight. The precipitate was filtered and thoroughly washed with DCM. The filirate was
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35 [00339] A 3-neck 2L round bottom flask was equipped with mechanical stirrer, nitrogen bubbler and
thermocouple. 2-B romo-4-tertbutyl phenol (50g, 211.7mmol) was added followed by DCM (1.75L),
DMAP (1.29g, 10.58mmol) and Et3N (44.3mL, 317.6mmol). The reaction mixture was cooled down to
0 C. Methyl chloroformate (19.62mL, 254mmol) was added drop-wise to the reaction mixture. The

mixture weRISHHIREY 16 FanrssanbimresidireraE fissolied SiRRYIEVEr R, Vansalwtienawstion was
complete yiadéaistuaasElienestanaintaietshnnsll T e filtseter was iaRsiRA eddatovt: separatory

funnel. To quench, IN HCI (300tnL) was added to filtrate and the organic layer was separated. The

organic | HRLS e (4 SR ARFEAIRR V6 BT HE RIGHNEH B eIl 100 mL water. The
:ayers W%ﬁlﬁﬁﬂaﬂ&fﬁﬂadta@ﬁ[ig? amisdwgelqvefrwaﬁxdaﬁméwﬂagdw&mpﬂois@t;g%%-i%he orgaréic
ayer was concentrated and dried ynder.high v m for about 16 _hours_to give the tifle compound as
o Cloar YOOI AL SR G0t TR RS M RbAD (oo HOOMH.
DMSO-d&) 74464, J 2.0 Hz, 1H), 7.46 (dd, J 8.4, 2.0 Hz, 1H), 7.32 (d, 38.4 Hz, 1H), 3.86 (s, 3H), 1.28
(s,9H) [0 rqcedure for the preparation of (2-bromo-4-tert-butyl-5-nitrg-phenyl) methyl carbonate
(56 5o S s P g PR G T o eI AR, mitrogen
bubbler aaBesreo@dlple. Compound 35 (1769, 612.9mmol) and concentrated sulfuric acid (264mL)
were charged to the flask. The reaction mixture was cooled to -5 C - 0 C. Nitric acid (28.6mL,

612.9mmol) was added drop-wise ang-the reaction mixture wasistirred at O C for 2 hours. When
complete, water (264mL) was @gpje llowed by MTBE (24 ). The solution was stirred for 15

further purification. II-I-NMR (400MHzaR} -d6) 7.96 (s, 1H), 92 (S, 11-1), 3.89 (s, 3H), 1.34 (s,
9H) [00342] Procedure for the preparatiorgof 2-bromo-4-tert-buty1-5snitro-phenol (37)
19 20

[00330] Pd/C (1.50 g) and compound 1% (3.00 g, 1.14 mmol) were suspended in THF (1500
mL) at 25 °C under hydrogen at 30 psi for 4 hours. The mixture was then filtered through a
pad of Celite®, and the filtrate was concentrated in vacuo to give compound 2@ as a white
solid. "H NMR (DMSO-dg; 400 MHz) & 7.05 (5), § 6.49 (s), § 5.01 (s), 8 1.35(s). 8 1.33 (5).
[00331] Procedure for the preparation of N-(5-tert-butyl-3,3-dimethyl-2-0x0-2,3-
dihydrobenzofuran-6-ylj-4-oxo-1,4-diltydroquinoline-3-carboxamide (21}

o 0 O
HalN N
2 Ho28 N o 0O
HATLL,DIEA, CH,CN ] ﬁ
o : N
20 0 H 24

[00332] A suspension of HATU (17.6 g, 46.3 mol) and compound 26 (8.36 g, 44.2 mmol)
in anhydrous acetonitrile (1 L) was stirred at room temperature for 1 hour. Compound 28
(3.40 g, 14.6 mmol) was added to the suspension, and then DIEA (11.5 g, 89.0 mmol) was
added dropwise. The mixture was stimed at 45 °C for 4 days. The resulting precipitate was
filtered and thoroughly washed with DCM. The filtrate was concentrated to dryness and the
residue was dissolved in DCM (200 mL) and washed with 1N HCI (200 mLx2) followed by
5% aqueous NaHCO; (200 mL.x3) and then brine (200 mLx1). The mixture was then dried .
over Na,SO4 and concentrated in vacuo, The residue was purified via column

chromatography on silica gel (CH,Cl/MeCOH 100:1—50:1) to give compound 21 as a light
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3637 [00343] (2-Bromo-4-tert-butyl-5-nitro-phenyl)methyl carbonate (72.9 g, 219.5 mmol) was charged
to a reactor and DCM (291.6 mL) was added. The yellow reaction solution was cooled using an ice
bath. Sodium methoxide (67.04 g, 69.11 mL of 5.4 M, 373.2 mmol) was added portion-wise at 2.2 - 6.9

the reacti e o R el B 7 R (B D T ¥ Bnace
mixture whs 4tesddiioB 20 (@id 8Hd. ttEnsTeitet th (ms2Heratery7idd Gml. 3khe lodgdni6Hydrdivas separated

and Wash@dgyxﬁt_h water (300 mL) followed by brine (300m1). The organic layer was concentrated and
the crude product dried under high vacuum. The product was further purified using Supercritical Fluid

Chromatd§P3pdly @refushiantivpurerBioref Mitiatdunili INplienT6lddeodidChem, Newark DE).
The methag) DB YSIE Ao EANGh A SSOURYIBILAR AT Gamn (30°150) from Princeton
Chromatography, 100 bar, 35C, 220nm. An injection of 3.5mL of a 55-70mg/mL solution was injected.
The data was collected using SFC ProNTsoftware. The purified {Ict received from SFC

y pic distillation was performed.
f1,°5-nitréighienol anolisolvate, ¥¥11.3g, .59.9mmol) was
sk, llgwed by NEpETe (500mL) NThe[Slunjy is heated to 64 C to
obtain a clear soluti u@ ) Ive{ﬁ wass distilled under reduced pregsure£649 mbar) for 30 minutes
and then stripped to thymesg” This pro¢edure was repeated three time b eOH was detected by
1H-NMR. The product wasttried under high vacuum for 16 hours to givelthe product as a dark yellow
semi solid. 'H-NMR (400MHZ, BMSO-d6) 5 11.2 (bs, OH), 7.69 (s, 1#8); 7.03 (s, IH); 1.30 (s, 91-1)
[00344] P, re.for t%e eparation of 5-tert- 3@ -dimethy1-6-nitr uran2(311)-one (19)
100345) D¢ (o DR g L) o et 2R e e R VR AT s e
with nitrogdeedP¥{BU8RIZ(2h; 388 airth 8. weltetvonr igded ifrimirnitr 498G, shespivent was

r{;@g&ﬂ@ﬂ}fa—ms% (dfale vgas5cﬁs?8|&9m9'i{9&§?5’é‘,’l%ﬂ.i(”lrFPéVlB'?eéﬁﬁtZé k) was then

2-Bromo-$, ?)ﬁh'
added to the The reaction mixture was an orange suspension. (1-

Methoxy-Zlipsthgiditepiil taroxgstmasbedyaiinREY (188 pLx3 nmdmthy reetrin 8P whxAdded to the
mixture angdhe eauline: WadiEwRs hanted ICPi Grand strrediaidtlk WibanLamplgte, the reaction

mixture was cooled to ambient temperature and filtered through Celite(r). The filter cake was washed

with MTBRaesse with HQ{§vaterambrentant {30 42l dadeasitird itrgeorneiviaemronad Eirred for 15

min and sgtiechiersanether ihmimNikelayam war)eragsted, and 84Hi HQ1(590sins 9280.0 mmol)

water (50T RE DB EEID S ERoR O Br ORI RAPE AT Y (500 L &

wit%). Thevs ganie (ayermyag separated and the solvent removed in vacuo. The crude product was
obtained as a brown crystalline solid and was then purified through a silica plug, using hexane:MTBE
20:1 -10:1 as an eluent. The fractions containing product were combined and the solvent removed in

vacua to §iisip (fixenpleduSeand witsiteatmesiatithessoliiviia-tat R plaDikpdZoPME-d6) 67.80 (s,

1H); 7.62 1H);.1.49 6H): 1.34 9 0] f ' f

6-a)mino- J?é"r” 'Eaﬁé/f"ftéjs’éqfﬁgﬁ?jggl Sg d@r@?ﬁ@b&?ﬁfgg%ﬁéﬁgﬁg%pdsllé?ny%@rfgcgfg{)n (wet; 5 wt%)
0 o

was placed into a round botf
5-tert-butyl-3,3-dimetBy 6T bgpzofuran-2-one (4.7 g, 1785
Methanol (120 mL) gareflilly wharged to the vessel updd[ nitpogen atmosphere. The vessel
was then purged with N7, @ then c ed.,with hyt
re-charged with hydrogen gas,.arrd.then a My gen ﬁ‘ﬁ%
completion, the reaction was filfered through Celite(r) and the cake was Washgg, with MeOH (300m1).
The solvent was removex in ,..,-": and the product dried under g#gh vacuum to give a white crystalline
solid. 1H-NMR6(]400MHZ, DMSO-d6) 67.05 (s, 1H): 8.48 (s, 1H): 5.02 (s, 2H, NH7). 1.34 (s, 6H); 1.30
(s, 9H) {00336] A 3-neck S0mL round bottom flask was equipped with maghetic stirrer, fitrogen
bubbler and thermocouple. Compound 21 (514mg, 1.27mmol) and 2-MeTHF (4mL) are

charged to the flask. The reaction mixture was stirred at room temperature. Lithium

charged to a IL round Rottg

aluminum hydride (204 mg, 6.6 mmol) was added as solid until 100% conversion is
achieved, which was monitored using HPLC. Potassium sodium 2,3-dihydroxybutanedioate

tetrahydrate salt (50 mL of a 400 g/L solution) and MTBE (50mL) were added to the reaction
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[00348] Procedure for the preparation of N-(5-tert-butyl-3,3-dimethy1-2-ox0-2,3-
dihydrobenzofuran-6-y1)-4-oxo-1,4-dihydroquinoline-3-carboxamide (21) 00 21 [00349] A reaction
vessel was charged with compound 26 (2.926 g, 15.43 mmol), Compound 20 (4.32 g, 18.52 mmol),
2-MeTHF (35.99 mL), and subsequently 50% T3P in 2- MeTHF (13.36 g, 21.00 mmol). Pyridine (2.441
g, 2.496 X SEESE IR e sl dtreddgs b & minHasand thep ley syt fonlEmbn Boe. Atter

completiosgdigcRgetinns Wahsrl et darRIpRIBNHE MRSSALURS 2Reh2ala TR d 3D HRRw@les.(30 ml)

were added. The layers were split and the organic layer was washed with 10 wt% citric acid solution
(30m1), watdr D EALIRAE WA Rt A as raHe R TR e T etfin BSKith brine (50
ml), separatedaioehifiresoiveaticemakatiphvacuom theeruge REafllciom chase ve GiNWARBE (100m1)
and hexan%%golfﬂ? %as ded as an anti-sojvent. A S?ﬁid grecip&a ed and the resulting slurry was
stirred for B RodE THE M SRR ELHA S LU i Hit AERATSH ARE cake was washed with
hexane. The resulting product was dried in a vacuum oven at 55 C with nitrogen bleed to give the title
compoun ige salid. 1H-NMR. (400MHZ, PMSO:d6).8 12.9 J,6.4Hz, 1H); 12.1 (s, 1H); 8.9
d, J 6.4Hi %%fff)%@%@@gs—sfgl’fe’ﬂ’ ‘§? %ﬁ&?g o %ﬂ%‘;&f.{%‘?’?@%ﬁf’%‘#’ﬁ?&“ﬁfﬁ(@?‘%ﬁ%ﬁ.45 (s, 9H).
[00350] Pdleaitugeiiaiithepreparatinilap B «iyletisubylpthiyparinryeit (28)x0-1,4-,
dihydroquinoline-3-carboxami4o)phenyl)-2-methylpropanoic acid (28

O,N
MeOCCI HNO3, Ha80, Nz2OMe
. NEts, DCM Br  DCM, 0°C Br  DCM
r 0.0 0__0
bn o o
0 s)
35 36
o
/" o-TMs .
ON N PA(C), Hy ?

Pd{PPhs)s, ZniFs,

e .
Br * MeOH, 100%
DmF, 80°C, 7T1%

OH _ 0 © 5
37 ©
B o o ] o o
0O O
OH NH "
| 1 LIOH N
H H MeTHF, 45 °C .
T4P, MeTHF 9 COOH
pyridine, 45°C
L © . 28

[00338) Procedure for the preparation of Carbonic acid 2-bromide, 4-tertbutyl phenyl
ester methyl ester (35)
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00 T3P, MeTHF pyridine, 45C 00 28 [00351] Compound 26 (81.30 mg, 0.4288 mmol) and
Compound 20 (110 mg, 0.4715 mind) were charged to a round bottomed flask. 2-MeTHF (1 mL)
followed by 50% T3P in 2- MeTHF (371.4 mg, 0.5836 mmol) and pyridine (67.84 mg, 69.37 pL, 0.8576
mmol) in 2- MeTHF were then added. The suspension was heated at 47.5 C -5C overnight. After

DMAP,
MeQCC!
NEty, DCM Br
Br 0 0
OH b
O

35

[G0339] A 3-neck 2L round bottom flask was equipped with mechanical stirrer, nitrogen
bubbler and thermocouple. 2-Bromo-4-tertbutyl phenol (50g, 211.7mmol) was added
followed by DCM (1.75L), DMAP (1.29g, 10.58mmol) and Et;N (44.3ml, 317.6mmol). The
reaction mixture was cooled down to 0 °C. Methyl chloroformate (19.62ml., 254mmol) was
added drop-wise to the reaction mixwre. The mixture was allowed to warm to room
temperature while stirring overnight. When the reaction was complete, the mixture was
filtered via sintered funnel. The filtrate was transferred into 1L separatory funnel. To quench,
1N HC! (300mL) was added to filtrate and the organic layer was separated. The organic layer
was then washed with a mixture of 291 mL saturated NaHCO; and 100 mL water. The layers
were separated, and the aqueous layer was determined to have a pH of about 8. The organic
layer was concentrated and dried under high vacuum for about 16 hours to give the title
compound as a clear yellow oil, which was used in the next step without further purification.
'H-NMR (400MHz. DMSO-d6) 7.66 (d, J 2.0 Hz, 1H), 7.46 (dd, J 8.4, 2.0 Hz, 1H), 7.32 (d,
J 8.4 Hz, 1H), 3.86 (s, 3H), 1.28 (5, 9H)

[00340] Procedure for the preparation of (2-bromo-4-tert-butyl-5-nitro-phenyl) methyl

carbonate (36)
0N
HNO3, H,80,
Br DCM, ¢ °C Br
o
O
36

[00341] A 3-neck 2L round bottom flask was equipped with mechanical stirrer, nitrogen

35

bubbler and thermocouple. Compound 385 (176g, 612.9mmol) and concentrated sulfuric acid
(264mL) were charged to the flask. The reaction mixture was cooled to -5 °C - 0 °C. Nitric
acid (28.6mL, 612.9mmol) was added drop-wise and the reaction mixture was stirred at 0 °C

for 2 hours. When complete, water (264mL) was added followed by MTBE (264mL). The
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completion, the reaction was cooled to ambient temperature. 2-MeTHF (1.014 mL) and water (811.2
vL) were added. The layers were separated and the organic layer was washed with water (811.2 ML)
and twice with NaHCOS3 (2 m1). The organic layer was transferred into a round bottomed flask. LiOH
(38. 6 mg, 0.9 mmol) dissolved in water (2 mL) was -added and the reaction was heated to 45 C. After
completiof@HiPmYyas stistbioe bhmitearion biganfordyeninaeuitha memniv iy eigidous layer was
cooled itkspdee, RaHeaRd By drachelic RRIGEER ViR b &f 4 Me 107 2mBY¢¥Rs added to the

solution until the pH reached a pH of about 3-4. The aqueous layer was extracted twice with 2-MeTHF
(5m1), and"HERSFyaHcYE Lire e Bs Bk SR ious ek imHireesmiy NMR Giiidaayer was
separatedpvgthessaleent,removed ip Yaguo 8 e sesultinggodid)was dried in a vacuum oven with
nitrogen b{ fgf'ﬁ' 50C to give,the title compound. 1H-NMR (400MHZ, DMSQO-d6),6 12.89 (d, J 6.8 Hz,
IH); 11.84 ? ey TIosadfte fo) FBe s Rarmprls- Bt Qs huiyd-StifirasphenobB1d, 39.1 Hz 1H):
7.83-7.745 (m, 2H); 7.17-7.09 (m, 1H); 7.17 (s, IH); 7.09 (s, IN); 1.43 (s, 6H); 1.40 (s, 9H) [00352]
Example 6: Total synthesis of N-(2,2-gi-tert-buty1-5-hydroxyphenyl)-4-oxo-1,4-
dihydroquinoline-3-carboxami0@ P [90353] Procedure far the preparation of 2,4-di-tert-butylphenyl
methyl carbonate (30) 2930 Meth n@ 00354-}'\-‘?8-&%%%% -di-ten-butyl phenol, 29, (10 g,
48.5mmol) in diethyl ether (100 mL) ahd t@éthylafiMe (10.1 mL¥_z218 mmol), was added methyl
chloroformate (7.46 inL, 97 mmol) dr | £ 0 C. The mixture Was fien allowed to warm to room
temperature and stir for an additional 2 Rours. An additional 5 mL triethylamine and 3.7 inL methyl
chloroformate was then added and the,geaction stirred overnight3The reaction was then filtered, the
filtrate was cooled to 0 C, and an additional 5 mL triethylamine and 3.7 mL methyl chloroformate was

then addefbgAIne s GHRNAR GG AL RRI JETIRSIEEANG Iben sl Pt an additon 1

hours. At this stage, the reaction was almost complete and was wor ring; then washing

with watercl@sgeddiioweerloy indiRCVhESblhitidn wasadvisd. irecsivateeneti prodiuderaasiiow oil and
b 'gegzusa'asl&?&mg SRR HARMN QMR 8LTR VAN &1 LENMR 440012 [ [AMS Q) 87.35 (d, J

added portion-wise at 2.2 - 6.9 °C. After complete addition, the reaction was slowly warmed

to ambient temperature. When complete, the reaction was cooled to 0 °C and quenched with
1M HCI (373.2 mL, 373.2 mmol). The biphasic mixture was stirred for 20 min and
transferred to a seperatory funnel. The organic layer was separated and washed with water
(300 mL) followed by brine (300ml). The organic layer was concentrated and the crude _
product dried under high vacuum. The product was further purified using Supercritical Fluid
Chromatography (SFC) separation on a Berger MultiGram Il (Mettler Toledo AutoChem,
Newark DE). The method conditions were 20% methanol at 250ml/min on a PPU column
(30%150) from Princeton Chromatography, 100 bar, 35C, 220nm. An injection of 3.5mL of a
55-70mg/mL solution was injected. The data was collected using SFC ProNTo software.
The purified product received from SFC purification was a methanol solvate. To remove the
methanol, an azeotropic distillation was performed. The dark yellow solid, 2-bromo, 4-
tertbuyl, 5-nitro phenol methanol solvate, (111.3g, .59.9mmol) was charged tc a 1L round
bottom flask, followed by heptane (500mL). The slurry is heated to 64 °C to obtain a clear
solution. The solvent was distilled under reduced pressure (649 mbar) for 30 minutes and
then stripped to dryness. This procedure was repeated three times until no MeOH was
detected by 'H-NMR. The product was dried under high vacuum for 16 hours to give the
product as a dark yeliow semi solid. 'H-NMR (400MHZ, DMSQ-d6) 8 11.2 (bs, OH), 7.69
(s, 1H); 7.03 (s, [H); 1.30 (s, 9H)
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1H), 7.29 (dd, J= 8.4, 2.4 Hz, 1H), 7.06 (d, J = 8.4 Hz, IFI), 3.85 (s, 314), 1.30 (s, 9H), 1.29 (s, 9H).
Method 2 [00355] To a reactor vessel charged with 4-dimethylaminopyridine (DMAP, 3.16 g, 25.7
mmol) and 2,4-ditert-butyl phenol (compound 29, 103.5 g, 501.6 mmol) was added methylene chloride

(4159, 3 the, soluti itated wptil all, soli issolved. Triethylamipe (76 g, 751 )
was then R S R RN b e Rl TR RS 580 & o) was

then added3&fbpndséver 2.5 - 4 hours, while keeping the solution temperature between 0 -5 C. The
reaction mixture was then slowly heated to 23 - 28 C and stirred for 20 hours. The reaction was then
cooled to 10- 15 C and charged with 150 mL water. The mixture was stirredtat-15 -20 C for 35 - 45
minutes and the aqueotstayer was then.separated and extracted wi#f} methylene chloride.
The organic layersoarre.egmbined and n lized RAtAF2:EEZHE (ag) at perature of 5- 20 C to
give afinal pH of 5 - 6. rganf’c la as then Wdﬂghggo\gltp‘@ater and~gghesghtrated in vacua at a
temperature below 20 Ct 158 inL td givélcdMpound 30 in methylene chlorige{[00356] Procedure for
the preparation of 5-nitro<-di-tert-butylphenyl methyl carbonate (31) 3031 Mgthod 1 [00357] To a
stirred solution of compougd 30 (6.77g, 25.6 mmol) was added 6 mL of a 1:119mixture of sulfuric acid
and nitric acid at 0 C dropwise. The mixture was allowed to warm to room temperature and stirred for 1
hour. Th ct rifi ing liguid chromatography. (ISCQ, 120 q. 0-7% EtOAalexanes, 38
min) prog{@lng b}(?@%aér%gé:l fgq?ﬂg%i%% gfnrlggigfgg?ngg?s %‘%%gjmu%(gﬁﬂ%g %7:2,{ %S%\’/Fﬁ elcgolid. 1H NMR
(400 MHzyBNiBgwe)vahedegen-HdB6R Y, (214) 3X87 nendHyyas B6n(sdded)undeonieroged). HPLC ret. time
3.92 min 10:99% : ' L ESI- ] ; . S und 30
(L00g, 578 o e e s M G T T iscavec,
and then Bdole@sthes afic todivddanraldg maKtioe Merd (e 83 angrerragasiadpwise, while
maintainiigeihephiEmRSaI ek RiRARYRANEING BISIG WES AIEMifwhours. Nitric acid

(62 g) was then added dropwise over 2-4 houts while maintaining the initial temperature of the

reaction, afeFhELhREHFFERG I IS HNSSRINME P EediatiteoRAT 4 and stirediRe Yo At nixture was

then slowpyagdred te:ceidiNARIxMaiRA bitged (6 BRSERUER PalaWahd fillerepiginetsgsd reaction was
then heated to 25 C and the aqueous Jayer was removed and extracted with methglene chloride. The

combined GHY&RicTf/BHEL GRS wakshathatiRE Biedode i NaS YT €id doRcéiithted to 124- 155

mL. Hexagnwiéd Soghavilerad desk angthe was sling] foxiur mivas dgaiR Cacentriers @ih22hd 55 mL. More
hexane (160 g) was subsequentl to the mi . The mixture was then stirred at 23-- 27 C for
8 hour Y RO AP ML) Pt BN e (L AL &0 mixtre
was heatéﬂh&dwpﬁmwmadqtﬁmeﬂfmd%&f&gmwkiﬁhwmiwaa}ed/\xaisshthamc&ﬂéwo):mﬁ Qystirred for an
addltlonal&cfc%‘%ﬁ%&?ar%q @ag!{g?grgxgct?a%}{%gg TRREY RS &%@ﬂﬁ!lg\%%ydrhe organic

layer was separated and the solvent removed in vacuo. The crude product was obtained as a

L

brown crystalline solid and was then purified through a silica plug, using hexane:MTBE 20:1
-10:1 as an eluent. The fractions containing product were combined and the solvent removed
in vacuo to give the pure product as a white crystalline solid. '"H-NMR (400MHZ, DMSO-d6)
8 7.80 (s, 1H); 7.62 (s, 1H); 1.49 (s, 6H}); 1.34 (s, SH)

{00346) Procedure for the preparation of 6-amino-5-tert-butyl-3,3-dimethylbenzofuran-
2(3H)-one (20)

O,N PAC) H, N
MeOH, 100%
o o}
O o)
19 20
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[00359] Procedure for the preparation of 5-amino-2,4-di-tert-butylphenyl methyl carbonate (32) [00360]
2,4-Di-tert-buty1-5-nitrophenyl methyl carbonate (1.00 eq) was charged to a suitable hydrogenation
reactor, followed by 5% Pd/C (2.50 wt% dry basis, Johnson-Matthey Type 37). MeOH (15.0 vol) was

o uharpasif i W RURIETuae oSSk Tie. 2y AT HIROMASA A o hae e

pressurized to 2.0 Bar ). The reaction’'was performe a reaction tempera uré of 25 C +/- 5
C. When 88aptatomne reachivilwak dimaisyl-ermdnhbensabintcdkaaids/\gashéd mitioMedH (4.00 vol).
The resulting, fi istille A0S , | r,(2.00 vol) was
added at 45 Cfd%@?%\m ?h%%%&%%m%ﬁﬁ%%ﬁ%?dﬁﬁﬁg %JIC +/i- 5&%§ﬁ§%¥%§¥% z% OC+/-5C
for no les&UFREST AAOFPBFE. ftereersaliveas thes wirgss adte v srecusteroten/cluges0#/H20 (8:2) (2.00
vol). The galeyeasellia LRLerVAGURL (.30 RA- ad: @@i@ﬁﬁ&aﬁoge'é%as%%%%’e compound 32.
1H NMR (400 MHz, DMS0-615) 8 7.05 (s, IH), 6.3c (s, ['H), 4.80°(s, 2H),"3.82 (s, 3H), 1.33 (s, 9H),
1.23 (s, 9YAV OB YRR &hs FEERBOTENVAY eHrRieffieher raRIGHRTY T trarsioray asifalseEdith from
about 5 tarkBualarlre® bRkt Ow i WBRPWER ReaPidveUresale Rl ftamvalant 7 to about

8.5 volumes of MeOH, from about 7.5 to about 8 volumes of MeOH, or about 7.7 volumes of MeOH),
heated to "4EEATHC At PEOSHESIRCIE 8" BighsehaoF e 2 atfite Ao alingestifio e H-ABYFe. [00362]
Preparatiqmof ¥R Baibeedd) 8tyles-ty droxypiseny 1) -980¢, 21iRydiogsingliner3-catexamide (34).
34 [OO363§§)-OXO-1,4-dihydroquinoIine-B-carboxyIic acid, 26, (1.0 eq) and
5-amino-2,4+ditert-butylphenyl methyl carbonate, 32, (1.1 eq) were charged to a reactor. 2-MeTHF (4.0
vol, relati@i®4Bie Resdyduas fod chacpieparieid Dy BB R P eohBidnayMedtdF2(1.7 eq). The T3P
charged vessel was washed wjth,2-MeT .’%346 vol). RPyridine (2.0 eq), was then added, and the
resulting gﬁﬁs%%?\m%fg K "a’é"ﬁ%é?{iéaﬁ‘éx 'glbﬂ w&; ' ézhaélﬁ‘é' oK a%a{g?%iﬁéarz{ure for 8 hours. A sample
was taken and checked for completion by HPLC, Once com @sulting mixture was cooled to
25.0C +/- 2.5 C. 2-MeTHFEwas added (12,5 i A ] ﬁeaction mixture was
washed with water (HpO.yoh2 times. 2- HiF wR8 added fo e tgtal vplame of reaction to 40.0

vol (-16.5 vol charged). T thig sojution was ﬂde%ﬁNaOMe/ p_il g perform the
&tirre 1.0 hour, and ¢ghkacked for completion by

HPLC. Once complete, the @agtion was ﬁg’[ﬂg d/vith 1 N HCI (10. vol), and washed with 0.1 N

) L pyndi it i
HC1 (10.0 vol). The organic sol@tion was’polish filtered to remove apy particulates and placed in a
second reactor. The filtered sglution was concentrated at no more than 35C (jacket temperature) and
no less than 8.0 C (internal reaction temperature) under reduced pres&lre to 20 vol. CH3CN was
added to 40 vol and the solution concentrated at no more than 35 C (jacket temperature) and no less

than 8.0 G4 al reaction temperature) t0.20 yvol. The additi C and concentration cycle
was reped B O e e o DR A PR PE 2 ol BB 0 20 vol e
the final c@nmadaﬁ té&l)g/dﬁviﬁmmgi)oi@ﬁ?ﬁﬁl(%Q%mﬂémmdlmwt&y(ﬁw OfH2@t0 make a
final Concwwmfﬁ?gvgi .@6%9@@&2%5@&@ sgelvedseihe SIREBAARH TR alupas heated to

78.0 C +/- 5.0 C (reflux ~'The slurry was then stirred for no less than 5 hours. The slurry was cooled to
0.0C +1- shesyopansipmheatedrid 4ltérdaxThe Eakd vadigrLomaialian thereastion was @plsti (5 vol) 4

times. The sl %@H&W@%@r@@ WaAHaehis vasHureevateat pReq dyefslnddeGpit! NMR
(400 MHz, DMSO-d6) 612.8 (s, 1H), 11.8 (s, IH), 9.2 (s, 1H), 8.9 (s, 1H), 8.3 (S, 1H), 7.2 (s, 1H), 7.9 (t,

| H), 7.8 (@24 s orgrpic 1ayprmaswannd 1ih 4094t cifric asid solution (30ml), water (30 ml) and
twice with NaHCO3 (20 ml). The organic layer was washed with brine (50 mi), separated and

the solvent removed in vacuo. The crude product was dissolved in MTBE (100ml) and
hexane (200ml) was added as an anti-solvent. A solid precipitated and the resulting slurry
was stirred for two hours. The solid was collected by suction filtration and the cake was
washed with hexane. The resulting product was dried in a vacuum oven at 55 °C with
nitrogen bleed to give the title compound as a beige solid. ‘H-NMR (400MHZ, DMSO-d6) &
12.96(d J 6.4 Hz, 1H); 12.1 (s, 1H); 8.9 (d, J 6.4Hz, 1H); 8.33 (d, J 8Hz, 1H); 7.84-7.75 (m,
2H); 7.55-7.48 (m, 3H); 1.47 (s, 6H); 1.45 (s, 9H).
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9H). [00364] Alternative Preparation of N-(2,4-di-tert-butyl-5-hydroxypheny1)-4-oxo-1,4-
dihydroquinoline-3-carboxamide (34). 34 [00365] 4-0xo-1,4-dihydroquinoline-3-carboxylic acid, 26,
(1.0 eq) and 5-amino-2,4-ditert-butylphenyl methyl carbonate, 32, (1.1 eq) were charged to a reactor.

2-MeTHF (4.0 vol, relative to the acid) was added followed by T3P(r) 50% solution in 2-MeTHF (1.7
eq). The TEBWafearshaedpiihe areeretion s 2-detbapievayrevrdifeard &) was then added,

90 and therRRuliRgeRAPE0R 8BRS GHOD P25 el %},Q&@Q@p@@t this temperature for 8 hours.
A sample was taken and checkeagsompletion by HPLC?. nce complete, the resulting mixture was
cooled to 20 C +/- 5 C. 2-MeTHF was added (12.5 vol) to_dilute the mixture. The_reaction mixture was

washed with water (10.0 vol) 2 times and 2-MeTHF (16.5 vol) wag charged to the|reactor. This solution

was charged with 30% w/ NaOMe/MeOH (@.7 @quiv) to perfqorm the riethanolysig. The reaction was
stirred at 25.0 C +/'r52r@ Clornolesst : K and d fq HPLC. Once
complete, the reaction uenched N2 NpIC1/1- R 70l) an héd with 0.1 N

HC1/H20 (10.0 vol). Thexaggaj¢ solution ws polish filtered to rehhov particulates and placed in a

CH3CN was added to 40 vol and the solution concentrated at no m8re than 35 C {(jacket temperature)
and no less than 8.0C (interﬁ%l reaction temperature) to 20 vol. The ggdition of CH3CN and
concentration cycle was repeated 2 more times for a total of 3 additions of CH3CN and 4
concentrations to 20 vol. After the final concentration to 2§ vol?16.0 vol of CH3CN was charged
followed by 4.0 vol of H20 to make a final concentr. @Qf 10% H20/CH3CN relative to the
starting acid. This slurry was heateditg#8.0C +/- 5. . HTy was then stirred for no less
than 5 hours. The slurry was COOWQ%’ZS Cover5 }ﬁbur @ iltered. The cake was washed
with CH3CN (5 vol) heated to 20 ¥ FC% mes. The resuliigsotd (compound 34) was dried in a
vacuum oven at 50.0 C +15.0 C. 11-1 NMR (400 MHz, DMS0-4) 8 $38is, 1H), 11.8 (s, 1H), 9.2 (s,
1H), 8.9 (s, 1H), 8.3 (s, 1H), 7.2 (s, 1H), 7.9 (t, 1H), 7.8 (d, tH), 7.b (t, 1H), 7.1 (s, 1H), 1.4 (s, 9H), 1.4
(s, 9H). [00367] Example 7: Procedure for the biosynthesis ofg\-(2-tert-buty1-5-hydroxy-4-(1-
hydroxy-2-methylpropan-2-yOpheny1)-4-oxo-1,4-dihydroquinoline-3-carboxamide (27) and
2-(5-tert-bygdsA- hpdeapdyndd(@6qR0e-104ndiyares vinlinend Confaxamzio) Rdany 10-27 Ifethylpropanoic

acid (28) ncx)llr;'ol) were charged to a round bottomed flask. 2-MeTHF (1 mL) followed by 50% T3P in 2-

MeTHF (371.4 mg, 0.5836 mmol) and pyridine (67.84 mg, 69.37 L, 0.8576 mmol) in 2-
MeTHF were then added. The suspension was heated at 47.5 °C +5°C overnight. After

completion, the reaction was cooled to ambient temperature. 2-MeTHF (1.014 mL) and water
(811.2 uL) were added. The layers were separated and the organic layer was washed with
water (811.2 pL) and twice with NaHCO; (2 ml). The organic layer was transferred into a
round bottomed flask. LiOH (38. 6 mg, 0.9 mmol) dissolved in water (2 mL) was added and
the reaction was heated to 45 °C. After completion, the layers were separated and the organic
layer was discarded. The aqueous layer was cooled with an ice bath and hydrochloric acid
(10.72 mL of 1.0 M, 10.72 mmol) was added to the solution until the pH reached a pH of
about 3-4. The aqueous layer was extracted twice with 2-MeTHF (5ml), and the organic
layers were combined and washed with brine (5Sml). The organic layer was separated and the
solvent removed in vacuo. The resulting solid was dried in 2 vacuum oven with nitrogen
bleed at 50 °C to give the title compound. 'H-NMR (400MHZ, DMSO-d6) § 12.89 (d, J 6.8
Hz, 1H); 11.84 (s, 1H); 11.74 (s, 1H); 9.36 (s, 1H); 8.87-8.61 (d, J 6.4 Hz ,1H); 8.34-8.32 (d,
J 9.1 Hz 1H); 7.83-7.745 (m, 2H); 7.17-7.09 (m, 1H); 7.17 (s, 1H); 7.09 (s, 1H); 1.43 (s, 6H);
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[00368] Strepwmyces rimosus (DSM 40260) was purchased from DSMZ as frozen culture. This culture
was used to inoculate agar slants, which were maintained and stored at 4 C. Yeast extract-malt
extract-peptone (YMP) media containing yeast extract (4 g/L), malt extract (10 g/L) and soya flour (5
g/L) was prepared and sterilized at 130 C for 60 minutes. Five flasks containing 1 L of YMP media
were diredd? fo@ated with S. rimosus from the agar slants. The culture was allowed to grow for 2 - 3
days at 30 C with gentle agitation of approximately 100 rpm. Under these conditions, two growth types
have been observed, either a cloudy solution or spherical particulates which aggregate at the bottom

of the fladR035 | ErampleQi Wefybasisal Ardfideddutihhigreroaihoartishe® Eémpound 27.

The cells #ps@rshanshnn Hevrpormnigsiad)and resuspended in two flasks containing 1 L of 0.1 M
potassium phosphate buffer, pH 7.0. 5.0 g of Compound 34 in 50 inL N,N- dimethylformamide (DMF)
were added to the flasks. The reactiofiS proceeded for 24 hourg at 30 C with gentle agitatfon of about

100 rpm atwhich peigt&enyersions iy.59% Compound©2Y 1.17% Compoun e indicated
' edﬁoéﬁ%ﬁuged at nﬁfi&?iﬁ‘_ﬁgﬁnutes,

by HPLC. 369]‘Bo‘frrgq‘2%5k5‘vvere
resuspen 00 mL of metharégol. his Suspension wasgstirged vigorously for 30 ndjn s and then

spun down®gain at 6000 rpm for 1§minutes. The organic I%/er was collected and the process was
repeated twp times. The methanol exjgacts were concentrated,in vacuo to yield 2.50 g, 1357 g and 1.11
g of solid material, respectively. The solids froLn these extracts were shown to contain 74.78 - 91.96%
Compound 34, 7.66 - 19.73% Compound 27%nd 0.39 - 5.49% Compound 28. In an effgrt to cull off a

portion of Compourigl 3¢ from the biooxidatidiprogducts, the solids from the figst two
combined, suse IN@50 mL methargl, agf
Compounds 27~&Nnth28 yyere enri i

t YefSpp Ve THour and vdcu i . Whi
N te (22-09-aRd-6-1AS ,rcti elyd, the solids still also
contained Compeuﬂd—zﬁ(g—%% mpouhd 28 (8BS} THE576) The mthanolfiitrate containing

approximately 2.3°% 8ftssolved solid§ was adsorbent onto 4.5 g of silica and puyified by flash
chromatography using a gradient of 100% dichloromethane to 88:12 dichloromethane/methanol.
Fractions containing Compound 27 were concentrated in vacuo and further dried via freeze-drying to
obtain 13(03§3f Compbuada? 2@ Breparptivieyohy #idt@y-indtridhioyboathimierybongis $38bmpound 28
was also concentrated in vacuo to yield less than 10 mg of solid.;[00371] The cell pellet was
re-suspended in 500 mL methaphgl and homogenized in a BeadBgater to break apart the cells and
recover any remaining product. centrifuging the homogenized
suspension at 6000 rpm for J obtained from the third extraction
and the filtered solids fromth ry enrichmertiigf the first fwo gxtragtions and slurried at reflux
overnight. The slurry was then ¢ool nd suction filtered tmrgm'n 1.99 g of solid. The solid was

d

re-dissolved in 300 rnL metharf8twhich was then adsorbed onffo approximately 5 g of silica and
purified by flash chromatography using a gradient of 100% dichloromethane to 94:6

- dichloromethane/methanol to p?évide 820 mg of solid containing@ompound 34 and Compound 27 as
well as other impurities. This was re-columned using a more gradual solvent gradient (100% DCM up
to a mixtuPdehesbd MeoH/94% DCM) to obtain an additional 89 mg of Compound 27. The 1H-NMR

SP UM P S e Wit S 1eROE T aRPMEenol, 29, (10 g, 48.5mmol) in diethy] ether (100
mL) and triethylamine (10.1 mL, 72.8 mmol), was added methyl chloroformate (7.46 mL, 97
mmol) dropwise at 0 °C. The mixture was then aflowed to warm to room temperature and
stir for an additional 2 hours. An additional 5 mL triethylamine and 3.7 mL methyl
chloroformate was then added and the reaction stirred overnight. The reaction was then
filtered, the filtrate was cooled to 0 °C, and an additional 5 mL triethylamine and 3.7 mL
methyl chloroformate was then added and the reaction was allowed to warm to room
temperature and then stir for an addition 1 hours, At this stage, the reaction was almost
complete and was worked up by filtering, then washing with water (2x), followed by brine.
The solution was then concentrated to produce a yellow oil and purified using column
chromatography to give compound 30. 'H NMR (400 MHz, DMSO-dg) § 7.35 (d, J = 2.4 Hz,
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[00372] Example 8: Procedure for the recrystallization of N-(2,4-di-tert-butyl-5-
hydroxyphenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (34) OHOH [00373] Compound 34(1.0
eq) was charged to a reactor. 2-MeTHF (20.0 vol) was added followed by 0.1N HC1 (5.0 vol). The
biphasic ti tire, d thet rgani S icg more with
DI ! B o T o T A S 8 Dced in a
second rdac¥®b. The filtered solution was concentrated at no more than 35 C (jacket temperature) and
no more thamBPL (internal reaction temperature) under reduced pressure to 10 vol. Isopropyl acetate
(IPAc) (10 vol) was added and the solution concentrated at no more than 35C (jacket temperature)

and no muygadmn BoQGBiarvalste AR ISMBaLatHke) JRhthupl-ithe addition ofPhoand

concentration was repeated 2 more times for a total of 3 additions of IPAc and 4 concentrations to 10

vol. After IHBIh &L Sdeditrrahuny! Phenst Grompauited cHitgdd AMaGHal R aldeated to reflux and
maintainegsh gt eRRRIAIIE Fn SN unE IR Sblidowaacogleddafto 4 $41idCdaveredours and
filtered. The cake was washed with IPAc (5 vol) ance. The resulting solid was dried.in a vacuum oven
a1 50,0 C ERU LTS Ao 3] ELBR o SRR BR SORISIRG S P T B [00375] A high
throughpuiisthakehitaskoanasy($og 55603 tamisierasitesaddedittgiaempedads-ia pblik.4shiiger. To
calculate the congentration of compounds in salutiog), two conditions.per compound, were run: 300 uM
i 1000 RTECELIG IO O RS BRISSRLS busrer P S BT TELCR Carmple was eft
to shake tvamtigh? hedSifeetddtmed (HPRTChLIVstoldetemiine penibareaalsihg tHe-fdAdWimyl conditions:

Phenomenc 9AA75350 - 30:2 GRS AAGLE A00R el 0.5 i fqpirate: 20 L

injection volu e;“ﬂ LC grade water with 0.1% tormic acid and rade acetonitrile with 0.1%
formic acitheraghéienptayse 92 dato arpardietoandineideaied 34th i GolubikthilewmMeridea€btated using the

following S%gft&_lkq@yag%é BEBlhAISAPRAANLPER 2508 AEQUM BMIGhplandardeondgion) x 300

uM concenftration 0f standard condition. Peaks of interest were identified in buffer conditions based on

retention fifEo @R ofRAkPH efel - £re Ascrani ¢y J0BA than (Wathed sritawaebArftion. [00376] VI.
ACT'V'T%%%X@[WZLE%Q%M%ﬁé@m@ﬁaﬁtﬁbﬁ’ﬁ@c@w&&ﬂ! tagivgxa%ﬁ@\m[@@ﬁw] Assays for

Detecting and Measuring AF508-CFTR Potentiation Properties of Compounds
methylene chloride.

[00356)] Procedure for the preparation of 5-nifro-2,4-di-tert-butylphenyl methyl carbonate
(31)

O,N
HpS0,, HNO,

Method 1

[00357] To a stirred solution of compound 36 (6.77g, 25.6 mmol) was added 6 mL of a 1:1
mixture of sulfuric acid and nitric acid at 0 °C dropwise. The mixture was allowed to warm
to room temperature and stirred for 1 hour. The product was parified using liquid
chromatography (ISCO, 120 g, 0-7% EtOAc/Hexanes, 38 min) producing about an 8:1 —
10:1 mixture of regioisomers of compound 31 as a white solid. 'H NMR (400 MHz, DMSO-
de) & 7.63 (s, 1H), 7.56 (s, 1H), 3.87 (s, 3H), 1.36 (s, 9H), 1.32 (s, 9H). HPLC ret. time 3.92
min 10-99% CH3CN, 5 min run; ESI-MS 310 m/z (MH)".

Method 2
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[00379] Membrane potential optical methods for assaying AF508-CFTR modulation properties of
compounds [00380] The assay utilizes fluorescent voltage sensing dyes to measure changes in
membrane potential using a fluorescent plate reader (e.g., FLIPR lIll, Molecular Devices, Inc.) as a

readout fgo gieae i UAGHiPRg (G508 RARINAALPrselr e dina forom for the response i

the creation lon gra in conjunction with channel acfivation by a single liquid addition

step afteminbuseNeststivesbratialistplisisalissased dapfihenraplsdias i SabSeRfiFantidtedaded with a

voltage sesiaiio e bRl lsaion alhnalentalanmampRY A APk ety potentiators
of AF508-CFTR, a doublé-addition FITS assay format was developed. This WI'S assay utilizes
fluorescehe vesieige, seh e grariaLe 1y ah siEer €05 Han BRI Sn NBIRBRGE d Sekas s ﬁ‘ilsgeiﬁl)l/_lPR Il as a

measuregent for JocreassoORHNG Aendisianre A RRQRGRIF Mie repaisiadcatected AF508
CFTR NIH 3T3 cells. The driving force for the response is a i_—qion gradient in 0(3‘2%1 ction with channel

activationh@tsisrdiab iHs emBsFEaifianadditionl tep MRy 4 MRGASLP RS FSuch as FLIPR

Il after the,e)lsdRyeFEMIGMEY, hpandiaates witfepaianbitor SCMDPOUBdadnttBaEDishicle control)
and subsequently loaded Wigh a redistribution d e.7L00383(l S%utigns Bath,Sa tior%;l# : (in mM) NaC1
19365 73 (AR

160, KCvasgh RigC A1 fhe pRieos, CRIBSHEL A B 351[8 ution: Chloride

salts in Baffa;RRIUtEB dhmbieca\dasiiiu e withvgiticasiate walt sy {60 3RKMCBINE DitgBON 2B T3 mouse

fibroblasts stably expressin 508-CFTR are used for.gptical. mea brane potential.
The cellscaPéq’Ffé‘ﬁﬁ%\fﬂel&%Tgés\%"i%‘5%?6%5{5?%&%9\6% %ﬁ%ﬁéﬁg ?ﬁe %%%@n% ifie%l1 Eagle's medium
supplemegiasdsifeRrinéd glurings il Ktet bexine ($60ugh weoswoEsgpendymdet so gin/strep, and 25
mM HEPES in 175 cm2 culture flasks,. IL.gpticak , ] -28000/well in
384- wel REHTGet ES LT ETates laﬁﬁ& %ﬁlﬁ%&re%d%r ﬁo%??%%%@%%f@g?ﬁﬁﬁﬁgﬁﬁte%d C@%)r 24 hours
for the patentinéoraesays ot iecureddlidnadvapsyities cairsureias hgaief 40 2418X87 C with and
without com ds f - 24 ; j ' ssayg-fQf ng ABOSIERTR
modulatigﬁlrr%%%%rrgég o%%%“n%po?ﬁ?@ %ggggfm%%%qﬁa%mbqer%\;ggfyé?gg;%%] Ussing chamber
experiments Werepenibfilieddn poramemgamddy sppdiaetionsskidressing AF508-CFTR to further
characterigp VWa8igurd RBREpaiaradnR ayficehinhs. atieat asapphebinraiyand CF ainay
epithelia were 1solated from bronchial tissue, cultured as previously described (Galietta, LTV., Lantero,
S., GazzoWebanagddéd, 0., Romano, L., Rossi, G.A., & Zegarra-Moran, 0. (1998) In Vitro Cell. Dev.
Biol. 34, 478-481), and plated ontp Costar@ SnapwellTM filters ere pre-coated with
NIH3T3-conditioned media. After Tour days the apical media was rémoved and the cells were grown at

an air liquid interface for >4 ior to use. This resulted’aY olayer of fully differentiated
Hyp, PdIC, MeOH

31 32

[00360] 2,4-Di-tert-butyl-5-nitrophenyl methyl carbonate (1.00 eq) was charged to a
suitable hydrogenation reactor, followed by 5% Pd/C (2.50 wt% dry basis, Johnson-Matthey
Type 37). MeOH (15.0 vol) was charged to the reactor, and the system was closed. The
system was purged with Ny (g), and was then pressurized to 2.0 Bar with Ha (g). The reaction
was perforrhed at a reaction temperature of 25 °C +/- 5°C. When complete, the reaction was
filtered, and the reactor/cake was washed with MeOH (4.00 vol). The resulting filtrate was
distilled under vacuum at no more than 50 °C to 8.00 vol. Water (2.00 vol) was added at 45
°C +/- 5°C. The resultant slurry was cooled to 0 °C +/- 5. The slurry was held at 0°C +- 5
°C for no less than 1 hour, and filtered. The cake was washed once with 0°C +-5°C

MeOH/H,0 (8:2) (2.00 vol). The cake was dried under vacuum {(-0.90 bar and -0.86 bar) at 5
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columnar cells that were ciliated, features that are characteristic of airway epithelia. Non-CF HBE were
isolated from non-smokers that did not have any known lung disease. CF-HBE were isolated from
patients homozygous for AF508-CFTR. [00389] HBE grown on Costar@ SnapwellTM cell culture
inserts were mounted in an Ussing chamber (Fé?%siolo ic Instruments, Inc., San Diego, CA), and the

transepithi 4t rediiGrie &R unRd3fit &L NMR HRMEedMROsfd DA ndtetdi ﬂé%\l a- gradient

(Ise) werg meagiared using & voltage-ickann siisterm(Remaytment of Bioengineering, University of lowa,
IA). Brieflfg HBE were examined under voltage-clamp recording conditions ;Vhaid =0mV) at 37 C.

The basolfB6Hs RGeS ER SR AR s g dest e T RFPEM, Al s oBdrm PMyc12, 1.2
CaCl2, 16 @uoosuhssHERMESH pkkadivaiadde: 8.3banith Naibheand MreOanieainsabdion eontained (in
mM) 1450%aGI c?on(ﬂte, 1.2 ﬁﬁoéz C%CIZ 'J%O(g%ﬁgos , 10 HEP E’Icéef ac%jgcgte(t:i_}og.% with
NaOH). [(93807 THERHRE R PRABYHE dm s [5%)Iglgff’f§ (o} %Yg destlitiized a basolateral
to apical msiaibea o My dnikad ongrasierttufocseboy #5is §radjdittemdy madiddgard dvagd.used on the
basolateral emﬁr ne. whereas apical NaCl was replaced by equimolar sodium gluconate (titrated to
pH 7.4 wiffi %’36 ?a(llcz)i g%%‘ a large a- concentration gradient across the epithelium. Forskolin (10 gM)
and all te§é@dstpoRragamtoe afiNe@, bdhembieol Sdodbiyeloelyiuitareihderts. The efficacy of the
putative A&EO@-CE}%ﬁgég]tiatgrs was g}pared to that of the known potentiator, genistein. [00392]
2.Patch-c arﬁp REESS Ings [‘616 6'3‘1 otal'a® current in AF508-NIH3T3 cells was monitored using the
perforated-patch recording configuration as previously described (Rae, J.,GEf)oper, K., Gates, P., &
Watsky, M. (1991)J. Newrosci. Methods 3'& 15¢26). Voltage-clamp record § were performed at 22C
using an Axopatch.,®00 amplifietli{ Axon Instruments Inc., Fostey City,-CA). The pipette
solution contained (in ¢ ) CacCl2, 10 EGTA, 10
HEPES, and 240 pg{m ICI<E usted to 7.3 N tracellular medium
contained (in mM) 160 12, 10 H : adjusted |to 7.35 with HCI). Pulse
generation, data acqu\iﬁtion, and analysis wergmerformed using 8 PC equigped with a Digidata 1320
A/D interface in conjur%ti% with Clampex 8 (Axon Instruments In‘é.). Tactivate 1F508-CFTR, 10 uM
forskolin and 20 uM genistein were added to the bath and the current-voltage relation was monitored
every 30 sec. [00394] Identification of Potentiator Compounds [00395] The ability of AF508-CFTR
potentiators to increase the macroscopic AF508-CFTR CF currentflaFs& in NIH3T3 cells stably

expressing AF508-C1- | R was also investigated using perforated:R <recording techniques. The
potentiators identified from the 0 tigﬁl! 3 evoked gjdo _ ent increase in lams with similar
potency and efficacy o%&&%ﬁj&ﬁ@ﬁa ass xgihined, the reversal potential before

and during potentiator appheation-was-arewad -3 which ¥ thd.calculated Eci (-28 mV). [00396]
Cell Culture [00397] NIH3T3 mouse fibroblasts stably é}pressing F508-CFTR are used for whole-cell
recordings. The cells are maintained at 37C in 5% CO2 and 90% humidity in Dulbecco's modified
Eagle's medium supplemented with 2 mM glutamine, 10% féfal bovine serum, 1 X NEAA,13-ME, 1 X

pen/strep, and 25 mM HEPES in 175 cm2 culture flasks. For whole-cell recordings, 2,500 - 5,000 cells
were seed@83§3polyQxeybindibpdneigelizechvarempdia asib A e @ /5P 289 AR5 before use

to test the @gtiyityiof AREREAArSiARshiacHDAted il are Wihpsd ibe RABIOEIDMeIHPeUNd 6l 37 C for
measuring the activity of correctors. [00398] 3.8%%- hgnn I recoﬁc_j{%%?%%%savgi%gtl%eactlvny of
wt-CFTR dpi@tiesipaiafidlcess Eeysy ex%? LA swa&Bbsérved using
excised ingige Dt ghe nabianeap Algihse eatt MOseTHPr@®ougly Berdiiesd.(RalwmnisenddBarbry, P.,

Champigny, G., Jallat, S., Dott, K., Dreyer, D., Crystal, R.G...Payirani .Lecocq, J-P..Lazdunski, M.
(1991) Naﬁﬂ%t@%fﬁsﬂﬁﬁgﬁﬁeﬂﬁ%%?fﬁ%ﬁ%tgéi%tﬁé ggtcﬁ-%?gn‘%%%a?n%%e%?r{%%oart]]ufﬁgﬁlfu%nents Inc.).

The pipettggigntaineshfie mid)alatahibEkdbbaspapticiacity BRIAC| DrRdtg@pRiatte10 HEPES (pH

djusted to 7.35 with Tris base). b ined.(i - - GTA, 1.0
TS, and T RO A Cleh B2 Do He AT e e T were
activated hjreaithingel iy tobgtial BinBmMasfwashedtaifitivaabUfifoodMimeaepehdehdBEesin kinase
(PKA; Pfor%%%vﬁn %ﬁ@nﬁﬁﬂé&? vl 8BE QBN ,?&d@dﬁ%?&i)&%ﬁeéﬁhpgmp%taﬁ%w@&h prevented

current run Ipette potential was maintained at 80 mV. Channel activity was analyzed from

membranewsataddsd daAdiaiNg 812 dctivauinaamerorn piasthanely Hembes BRSNS bti&%penings
determinec i TP BER of FEULE RPONEIEdHsing e saitspiafen. dxpes aniclo distermioe the

single-channel current amplitude, the data recorded from 120 sec of AF508-CEFTR activity. was filtered
"off-line" at*PaEFRksE Ykh! [N EHAS IO RsRlcrah worhrpith bl H?&o‘d%%‘é"%hairb\?e? &d with
multigaussian functions using Bio-Patch Analysis software (Bio-Logic Comp. France). The total
microscopic current and open probability (P.) were &fetermined from 120 sec of channel activity. The P.
was determined using the Bio-Patch software or from the relationship P. =



Vi(N), where | = mean current, i = single-channel current amplitude, and N = number of active
channels in patch. [00400] Cell Culture [00401] NIH3T3 mouse fibroblasts stably expressing
AF508-CFTR are used for excised-membrane patch-clamp recordings. The cells are maintained at 37
_Cin 5% CO2 and 90% humidity in Dulbecco's modified Eagle's medium supplemented with 2 mM
 glutamineSolsianies BRINRELERAHP FROKEIRX Paifaketes %@%EH@?@&%&%@ FARERRS in 175 cm2

culture flagkscl 06 istieeah RIERIAIANGSMIR Whn SPW (Rellewarpaartethad folyst theginecoated
glass coversl(iﬁs,and cultured for 24 - 48 hrs at 27 C before use, %&4&)&] unds é)fg:ormula 1 are
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the prepafeibyrof Bheshpyori trersimeddor nRless than S hours. The slurry was cooled to 0.0 °
+/- 5 °C over 5 hours, and filtered. The cake was washed with 0.0 °C +/- 5.0 °CCH;CN (5

vol) 4 times. The resulting solid (compound 34) was dried in a vacuum oven at 50.0 °C +/-
5.0 °C. 'H NMR (400 MHz, DMSO-ds) § 12.8 (s, 1H), 11.8 (s, 1H), 9.2 (s, 1H), 8.9 (s, 1H),
8.3 (s, 1H), 7.2 (s, 1H), 7.9 (1, 1H), 7.8 (d, 1H), 7.5 (1, 1H), 7.1 (s, 1H), 1.4 (s, 9H), 1.4 (s,
SH}).

[00364] Alternative Preparation of N-(2,4-di-tert-butyl-5-hydroxyphenyl)-4-oxo-1,4-
dihvdroquinoline-3-carboxamide (34).
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[06365] 4-Oxo-1,4-dihydroquinoline-3-carboxylic acid, 26, (1.0 eq) and 5-amino-2,4-di-

tert-butylpheny! methyl carbonate, 32, (1.1 eq) were charged to a reactor. 2-MeTHF (4.0 vol,

relative to the acid) was added followed by T3P® 50% solution in 2-MeTHF (1.7 eq). The

T3P charged vessel was washed with 2-MeTHF (0.6 vol). Pyridine (2.0 eq) was then added,
%0



Formula 1 comprising coupling a carboxylic acid of Formula 2 00 Formula 2 with an aniline of
Formula 3

and the resulting suspension was heated to 47.5 +/- 5.0 °C and held at this temperature for 8
hours. A sample was taken and checked for completion by HPLC. Once complete, the
resulting mixture was cooled to 20 °C +/- 5 °C. 2-MeTHF was added (12.5 vol) to dilute the
mixture. The reaction mixture was washed with water {10.0 vo!) 2 times and 2-MeTHF (16.5
vol) was charged to the reactor. This solution was charged with 30% w/w NaOMe/MeGH
(1.7 equiv) to perform the methanolysis. The reaction was stirred at 25.0 °C +/- 5.0 °C for no
tess than 1.0 hour, and checked for completion by HPLC. Once complete, the reaction was
quenched with 1.2 N HCI/H,O (10.0 vol), and washed with 0.1 N HCI/H,O (10.0 vol). The
organic solution was polish filtered to remove any particulates and placed in a second reactor.
[00366] The filtered solution was concentrated at no more than 35 °C (jacket temperature}
and no less than 8.0 °C (internal reaction temperature) under reduced pressure to 20 vol.
CH;CN was added to 40 vol and the solution concentrated at no more than 35 °C (jacket
temperature) and no less than 8.0 °C (internal reaction temperature) to 20 vol. The addition
of CH3CN and concentration cycle was repeated 2 more times for a total of 3 additions of
CH;CN and 4 concentrations to 20 vol. After the final concentration to 20 vol, 16.0 vol of
CH2CN was charged followed by 4.0 vol of H,O to make a final concentration of 40 vol of
10% HyO/CH3CN relative to the starting acid. This slurry was heated to 78.0°C +/- 5.0°C
(reflux). The slurry was then stirred for no less than 5 hours. The slurry was cooled to 20 to
25 °C over 5 hours, and filtered. The cake was washed with CH3CN (5 vol) heated to 20 to
25°C 4 times. The resulting solid (compound 34) was dried in a vacuum oven at 50.0 °C +/-
5.0 °C. 'H NMR (400 MHz, DMSO-ds) 8 12.8 (s, 1H), 11.8 (s, 1H), 9.2 (s, 1H), 8.9 (s, 1H),
8.3 (s, 1H), 7.2 (5, 1H), 7.9 (¢, 1H), 7.8 (¢, LH), 7.5 (t, 1H), 7.1 {5, LH), 1.4 {5, SH), 1.4 (s,
9H).

[00367] Example 7: Procedure for the biosynthesis of N-(2-tert-butyl-5-irydroxy-4-(1-
hydroxy-2-methylpropan-2-yl)phenyl)-4-oxo-1,4-dikydroquiroline-3-carboxamide (27) and
2-(5-tert-butyl-2-kydroxy-d4-(4-oxo-1,4-dihydroguinoline-3-carboxamido)phenyl)-2-
methylpropanoic acid (28)
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Formula 3 in the presence of a coupling agent selected from the group consisting of 2-chloro-1,3-
dimethy1-2-imidazolium tetrafluoroborate, HBTU, HCTU, 2-chloro-4,6-dimethoxy-1,3,5- triazine,
HATU, HOBT/EDC, and T3P(r); wherein each R2 and R4 is independently selected from hydrogen,
CN, CF3, halo, C14, straight or branched alkyl, 3-12 membered cycloaliphatic, phen%IHCS.lo
heteroaryl or C3.2 heterocyclic, wherein said heteroaryl or heterocyclic has up to ¥heteroatoms

d-eycloaliphatic,

COR-, -0(CH2)2N(R.1)(R"), -0(CH2)N(R")(R1), -CON(W)(W), -(& :

optionally substituted phenyl or phenoxy, -N(R")(R’), - NR'C(0) -NRIC(O)R’, -(CH2)2N(W)(111), or

-(CI-12)N(W)(W); eaclrR54s.ineependently selected from hydrogennOH, NH2, CN, CHF2, NHR',

R', NHSO2W, 'O,_B' OC(0)OR, OC(O)IQIHR', OC(0)NWZ, CH20H,
QHOZN(\AL).Z_QLEI!%LH.C.@).OR', or + R4 and R5 are taken together

: ".- containing 0-3 three heteroatoms selected from N, 0, or; S, wherein said ring

stituled with up to three R3 substituents; each X is Independenty QHond or is an

form a 5-7
is optionally]

_optionally substitoeed C1.6 alkylidene chain wherein up to two methylene u f X are optionally and
independently rep’l’éced by -, -CS-, -COCO-, -CONR'-, -CONR'NB'-,HRO2%~-06Q-, -NRICO2-, -0-,
-NR'CONW-, -OCONW-, -NR'NR’, -NR'NR'CO-, o
|
N 28

[00368] Streptomyces rimosus (DSM 40260) was purchased from DSMZ as frozen culture.
This culture was used to inoculate agar slants, which were maintained and stored at 4 °C.
Yeast extract-malt extract-peptone (YMP) media containing yeast extract (4 g/L), malt
extract (10 g/L) and soya flour (5 g/L.) was prepared and sterilized at 130 °C for 60 minutes.
Five flasks containing 1 L of YMP media were directly inoculated with S. rimosus from the
agar stants. The culture was allowed to grow for 2 — 3 days at 30 °C with gentle agitation of
approximately 100 rpm. Under these conditions, two growth types have been observed,
either a cloudy solution or spherical particulates which aggregate at the bottom of the flask.
The latter growth type has been shown to result in higher conversions to Compound 27. The
cells were then spun down, harvested and resuspended in two flasks containing 1 L of 0.1 M
potassium phosphate buffer, pH 7.0. 5.0 g of Compound 34 in 50 mL N,N-
dimethylformamide (DMF) were added to the flasks. The reactions proceeded for 24 hours at
30 °C with gentle agitation of about 100 rpm at which point conversions of 7.59% Compound
27 and 1.17% Compound 28 were indicated by HPLC.

[00369] Both flasks were combined, centrifuged at 3500 rpm for 10 minutes, and re-
suspended in 500 mL of methanol. This suspension was stirred vigorously for 30 minutes
and then spun down again at 6000 rpm for 10 minutes. The organic layer was collected and
the process was repeated two times. The methanol extracts were concentrated in vacuo to
yield 2.50 g, 1.57 g and 1.11 g of solid material, respectively. The solids from these extracts
were shown to contain 74.78 — 91.96% Compound 34, 7.66 ~ 19.73% Compound 27 and 0.39
~ 5.49% Compound 28. In an effort to cull off a portion of Compound 34 from the bio-

oxidation products, the solids from the first two extractions were combined, suspended in 250
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NWCO-, -5-, -SO, -502-, -NR'-, -SO2NW-, NR'S02-, or -NWSO2N121--; each Rx is independently R’,
halo, NO2, CN, CES, or OCF3; y is an integer from 0-4; each R' is independently selected from
hydrogen or an optionally substituted group selected from a C1.8 aliphatic group, a 3-8-membered

saturated, partially unsaturated, or fully unsaturated monocyclic ring haying 0-3 h t
indeaendg%@@%ﬁ{eﬁs%m miﬁgaﬂyé%@ﬁ%? it e A SN S,
unsaturategiwerefefiyicies atunatBirhieyzd O9ined sy stem Bapand 8hp hrtarslatosndl e pandeslly selected
from nitrogen, oxgl(?gl,/n 8‘? rﬁsS%Ifur; g two ogﬁt%%iggg% of R"are tl?ken together with tﬁ?;tomé)st?)?/t/:h?ch
they are SRS ¥ nﬁ 6@8% R)W ed 3- ‘Q‘membered saturated, partially unsaturated, or
fulléunsc?lﬁﬁﬁéﬁ mnﬁ}&&iiﬁ)bﬁMW@tmmpp@ﬁfﬂakﬂyeI@gmﬁdimdbpélsdléntatlya;elected from N, O,
o DR PR (125 LR R CE DR e foz0w,
—-(CH2)OBichiptioraibns tbssitl fatichionoastbliseinticyeiic Broniatcampivpscintipemdituted
arylsulfone, optionally suhstituted 5-me I e | ring, -N( N(R)(R", or -
RPN s ke R R L R O
OC(O)N(Rgzmpuméwr@?sﬁmmwrbgémmxhé frretier s@heiaing RrpyFhcPEBRBEABgvéleaving the
'OC(O)ORaIsb Q‘%‘@Mgﬁ ,I.,%Q‘%g)og(;\l}(}é{ﬁé& Eﬂﬁﬂ‘lﬂjﬁk ofsolige process of claim 3, wherein the

cleavage Is performed by treating a compound of Formula 1 with an alcoholic solvent in the presence
of NaOH, 1663713r Ibeicalh pakehusatiee-suspended in 500 mL methanol and homogenized in a

BeadBeater to break apart the cells and recover any remaining product. The organic layer
was obtained by centrifuging the homogenized suspension at 6000 rpm for 10 minutes. This
was added to the solid obtained from the third extraction and the filtered solids from the
slurry enrichment of the first two extractions and slurried at reflux overnight. The slurry was
then cooled and suction filtered to obtain 1,99 g of solid. The solid was re-dissolved in 300
ml methanol which was then adsorbed onto approximately 5 g of silica and purified by flash
chromatography using a gradient of 100% dichloromethane to 94:6
dichloromethane/methanol to provide 820 mg of solid containing Compound 34 and
Compound 27 as well as other impurities. This was re-columned using a more gradual
solvent gradient (100% DCM up to a mixture of 6% MeOH/94% DCM), to obtain an
additional 89 mg of Compound 27. The "H-NMR spectrum was consistent with that reported

above.

[060372] Example 8: Procedure for the recrystallization of N-(2,4~di-tert-butyl-5-
hydroxyphenyl)-d-oxo-1,4-dihydroguinoline-3-carboxamide (34}

OH OH
0 0 = g O
l 1) 0.1 N HCI

N7 N 2-MeTHF N
I H 2) IPAC _ I H
N ” N
H H

34

34

[06373] Compound 34 (1.0 eq) was charged to a reactor. 2-MeTHF (20.0 vol) was added
followed by 0.1N HCI (5.0 vol). The biphasic solution was stirred and separated and the top.
organic phase was washed twice more with 0.IN HCI (5.0 vol). The organic solution was
polish filtered to remove any particulates and placed in a second reactor. The filtered
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5. The process of claim 4, wherein the alcoholic solvent is methanol. 6. The process of claim 1,
whergin at least one of R4 or R2 is independently a C1-6 straight or branched alkyl which is
substituted with -COOR' or -CON(R)2, wherein R' is not hydrogen. 7. The process of claim 6, further
comprising hydrolyzing each -COOR', or -C%géR%%)Z_to form -COOH. 8. The process of claim 7,
wherein (RSP TSRS ALBHE RS SoRSBERGBREBHTRET DTSR BebhGlic solvent in
th(T prese?(ceiﬂﬁefﬁaﬂldadiaﬂe@fpﬁﬁﬂﬂm) unesheaddesd Yrebhedrotossoiletpropy] udearei(iRie)alcoholic
solvent is methanol. 10, The process of claim 6, wherein R5 is ind ntly -0C(0)0R%.-0C(O)NHR',
o1 -00(0) 2D e AR PSR SATaE EH S B DL P LoCRRRF B hg clemving
the -0C(0)@Rio-BIGEOMIHRA *ONHOE(R) MR ) D v dompara@id) 121 Thal pithecski bivolaffiPAL, antherein the
cleavage is performed by treating.a compound of Formula 1. wijth an halic, solvent in the presence
of NaOH,CR %F%%“dma%‘e 8?%%%%3@& ) Sgopr)ﬁ)té%%@%? gl%%lmﬁ,ow e%é:iﬁnt%% alcoholic solvent is
methanolcdstefitnatipnscedd vblamyfef daifitsllcds;eniveion bedoijitg wasalfargaddrid tive presence of

a base. 15. The RIRsss 8%@ !’Jfél [?1 £ﬁ4 tQtedB [ Toll DIEA. 16

f té ?&%k&%ﬁ?ﬁ% E&NJ\‘ Ryfidipg or DIEA. 16.

The process%rrgfvérnsy 8? cglmrs % w er§n tﬁde coupllnglai% per orr‘?'E |nrth?‘!)}gessence'd’:)(%c a solvent.
cooled to 0.0 °C +/- 5°C over 5 hours and filtered. The cake was washed with IPAc (5 vol}

once. The resulting solid was dried in a vacuum oven at 530.0 °C +/- 5.0 °C.

[00374] Example 9: General Procedure to Test Solubility at pH 7.4

[00375] A high throughput shake flask assay was used to determine solubility of
compounds in pH 7.4 buffer. To calculate the concentration of compounds in solution, two
conditions per compound were run: 300 uM in 100% DMSO and 200 uM in pH 7.4
phosphate buffer with 2% DMSO present. Each sample was left to shake overnight then
injected onto HPLC-UV 1o determine peak area using the following conditions: Phenomenex
00A-4251-BO ~ 30x2.00 mm Luna 3u C18(2) 100A column; 0.8 mL/min flow rate; 20 uL.
injection volume; HPLC grade water with 0.1% formic acid and HPLC grade acetonitrile
with 0.1% formic acid mobile phases; peak area determined at 254 nm. Solubility in uM was
calculated using the following equation: conc. = (peak area pH 7.4) / (peak area 300uM
DMSO standard condition) x 300 uM concentration of standard condition. Peaks of interest
were identified in buffer conditions based on retention time (RT) of the largest area peak in |
the 300 uM DMSO standard condition.

[00376] VL ACTIVITY ASSAYS

[00377] Example 10: General Procedure for Activity Assays

[00378] Assays for Detecting and Measuring AF508-CFTR Potentiation Properties of
Compounds

[60379] Membrane potential optical methods for assaying AFSO8-CFIR modulation

properties of compounds
[60380] The assay utilizes fluorescent voltage sensing dyes to measure changes in

membrane potential using a fluorescent plate reader (e.g., FLIPR IIl, Molecular Devices,
Inc.) as a readout for increase in functional AF508-CFTR in NIH 3T3 cells. The driving

force for the response is the creation of a chloride ion gradient in conjunction with channel
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17. The process of claim 16, wherein the solvent is acetonitrile. 18. The process of claim 16, wherein
the solvent is DMF. 19. The process of claim 16, wherein the solvent is 2-methyltetrahydrofuran. 20.
The process of any of claims 1-19, wherein the coupling is performed at a reaction temperature which

is maintained between abqut.10.C gnd. 78 C. 21. The progess of claim 20, wherein the, coupling is
performed R A CHar RB S ARUIHTEATE AT SR e SEhER Ao 46 C ARSUE, 22, The
ErC:CESS Qfdﬂﬁi&rg@,ammmaqﬂmwpuﬂﬁa@aistbarf@imﬁisaﬁﬁ}@ayﬁion temperature which is maintained
etween t4 & ang 50 C. é% The gr ess of claim 20, wherein the coupling is performed at a
reaonn t@ﬁ%@t‘%\t : ' Gentiaiby Compound out 42 C and 53 C. 24. The process of y of
c:a!ms;la[i“%}&ﬁS,thmtﬁgheteﬁmﬁn@fmm:mdbtmiaamﬁ%& mssa23oitas precess of
claim 24, wheyein thyla. counling reactipn is.stirred for. ours. f claim 24,
where?n tr%vgg{ﬂ]ﬁﬁhg }rlé%%taljog;glsgagt#rﬁéef"or at| esgg? 3%%%%%.%%%gﬁwgyﬁ%éf&%%?gﬁg%%ﬁa%ms 1-26,
wherein yrneBbr8. pblvatpiovets GLIFR B siainmeaburamerh & inarease iepabug)fcopduchegrocess

according 0,34 OECIAIMR dii IR SANRHHRSGHE SR FIMARING PHRAMPAIGLL fprmula 4

the response is a Cl” ion gradient in conjunction with channel activation with forskolin in a
single liquid addition step using a fluorescent plate reader such as FLIPR III after the cells
have previously been treated with potentiator compounds (or DMSO vehicle control) and
subsequently loaded with a redistribution dye.

[00383] Sclutions

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

Chloride-free bath solution: Chloride salts in Bath Solution #1 are substituted with
gluconate salts.

[00384] Cell Culture NIH3T3 mouse fibroblasts stably expressing AFS08-CFTR are used
for optical measurements of membrane potential. The cells are maintained at 37 °C in 5%
CO, and 90% humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM
glutamine, 10% fetal bovine serum, 1 X NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in
175 cm® culture flasks. For all optical assays, the cells were seeded at ~20,000/well in 384-
well matrigel-coated plates and cultured for 2 hours at 37 °C before culturing at 27 °C for 24
hours for the potentiator assay. For the correction assays, the cells are cultured at 27 *C or 37
°C with and without compounds for 16 — 24 hours. Electrophysiological Assays for assaying
AF508-CFTR modulation properties of compounds.

[00387] 1. Ussing Chamber Assay

[00388] Ussing chamber experiments were performed on polarized alrway epithelial ceils
expressing AFS08-CFTR to further characterize the AF508-CFTR modulators identified in
the optical assays. Non-CF and CF airway epithelia were isolated from bronchial tissue,
cultured as previously described (Galietta, L.J.V., Lantero, S., Gazzolo, A., Sacco, 0.,
Romano, L., Rossi, G.A., & Zegarra-Moran, O. (1998} In Vitro Cell. Dev, Biol, 34, 478-481),
and plated onto Costar® Snapwelim filters that were pre-coated with NIH3T3-conditioned
media. After four days the apical media was removed and the cells were grown at an air

liquid interface for >14 days prior to use. This resulted in a monolayer of fully differentiated

5



OO_ Formula 4 with an aqueous acid to produce a compound of Formula 2. 30. The process of any of
claims 1-29, wherein the compound of Formula 3 is a compound of Formula 40 H2N Formula 40 31.
The process of claim 30 further comprising the step of contacting a compound of Formula 41

columnar cells that were ciliated, features that are characteristic of airway epithelia. Non-CF
HBE were isolated from non-smokers that did not have any known lung disease. CF-HBE
were isolated from patients homozygous for AF508-CFTR.

{06389] HBE grown on Costar® Snapwell™ cell culture inserts were mounted in an Ussing
chamber (Physiologic Instruments, Inc., San Diego, CA), and the transepithelial resistance
and short-circuit current in the presence of a basolateral to apical CI” gradient (Isc) were
measured using a voltage-clamp system (Department of Bioengineering, University of lowa,
IA). Briefly, HBE were examined under voltage-clamp recording conditions (Vs = 0 mV)
at 37 °C. The basolateral solution contained (in mM) 145 NaCl, 0.83 K HPO,, 3.3 KH,PO,,
1.2 MgCl,, 1.2 CaCl,, 10 Glucose, 10 HEPES (pH adjusted to 7.35 with NaOH) and the
apical solution contained (in mM) 145 NaGluconate, 1.2 MgCl,, 1.2 CaCly, 10 glucose, 10
HEPES (pH adjusted to 7.35 with NaOH),

100390] Identification of Potentiator Compounds

[00391] Typical protocol utilized a basolateral to apical membrane CI” concentration
gradient. To set up this gradient, normal ringers was used on the basolateral membrane,
whereas apical NaCl was replaced by equimolar sodium gluconate (titrated to pH 7.4 with
NaOH) to give a large Cl" concentration gradient across the epithelium. Forskolin (10 pM)
and all test compounds were added to the apical side of the cell culture inserts. The efficacy
of the putative AFS08-CFTR potentiators was compared to that of the known potentiator,
genistein.

[60392] 2. Patch-clamp Recordings

[66393] Total CI' current in AF508-NIH3T3 cells was monitored using the perforated-patch
recording configuration as previously described (Rae, J., Cooper, K., Gates, P., & Watsky, M.
(1991) J. Neurosci. Methods 37, 15-26). Voltage-clamp recordings were performed at 22 °C
using an Axopatch 200B patch-clamp amplifier (Axon Instruments Inc., Foster City, CA).
The pipeite solution contained (in mM) 150 N-methyl-D-glucamine (NMDG)-Cl, 2 MgCl,, 2
CaCl,, 10 EGTA, 10 HEPES, and 240 pg/m! amphotericin-B (pH adjusted to 7.35 with HCL).
The extraceliular medium contained (in mM) 150 NMDG-Cl, 2 MgCl,, 2 CaCly, 10 HEPES
(pH adjusted to 7.35 with HC1). Pulse generation, data acquisition, and analysis were
performed using a PC equipped with a Digidata 1320 A/D interface in conjunction with
Clampex 8 (Axon Instruments Inc.). To activate AF508-CFTR, 10 uM forskolin and 20 pM
genistein were added to the bath and the current-voltage relation was monitored every 30 sec.

[00394] Identification of Potentiator Compounds
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Formula 41 with methyl trimethylsilyl dimethylketene acetal (MTDA) O-TMS
RITTD_A_ to produce a compound of Formula 42 0 Formula 42 32. The process of claim 31 further
comprising the step of reducing a compound of Formula 42 to produce a compound of Formula 40.

e PIES38 e S AR eI o R LEOHRIR B pe hSRRRAAR Of Formul
Cl current (Iapsos) in NIH3T3 cells stably expressing AF508-CFTR was also investigated |
using perforated-patch-recording techniques. The potentiators identified from the optical
assays evoked a dose-dependent increase in Iapsos With similar potency and efficacy observed
in the optical assays. In all cells examined, the reversal potential before and during
potentiator application was around -30 mV, which is the calculated E¢; (-28 mV).

[00396] Cell Culture

[00397] NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for whole-cell
recordings. The cells are maintained at 37 °C in 5% CO; and 90% humidity in Dulbecco’s
modified Eagle's medium supplemented with 2 mM glutamine, 10% fetal bovine serum, 1 X
NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 cm? culture flasks. For whole-cell
recordings, 2,500 - 5,000 cells were seeded on poly-L-lysine-coated glass coverslips and
cultured for 24 - 48 hrs at 27 °C before use to test the activity of potentiators; and incubated
with or without the correction compound at 37 °C for measuring the activity of correctors.
[60398] 3. Single-channel recordings

[06399) Gating activity of wt-CFTR and temperature-corrected AF508-CFTR expressed in
NIH3T3 cells was observed using excised inside-out membrane patch recordings as
previously described (Dalemans, W., Barbry, P., Champigny, G., Jallat, S., Dott, K., Dreyer,
D., Crystal, R.G., Pavirani, A., Lecocg, I-P., Lazdunski, M. (1991) Nature 354, 526 — 528)
using an Axopatch 200B patch-clamp amplifier (Axon Instruments Inc.). The pipette
contained (in mM): 150 NMDG, 150 aspartic acid, 5 CaCls, 2 MgCl, and 10 HEPES (pH
adjusted to 7.35 with Tris base). The bath contained (in mM): 150 NMDG-CI, 2 MgCl, 5
EGTA, 10 TES, and 14 Tris base (pH adjusted to 7.35 with HC. After exciston, both wt-
and AF508-CFTR were activated by adding I mM Mg-ATP, 75 nM of the catalytic subunit of
cAMP-dependent protein kinase (PKA; Promega Corp. Madison, WI), and 10 mM NaF to
inhibit protein phosphatases, which prevented current rundown. The pipette potential was
maintained at 80 mV. Channel activity was analyzed from membrane patches containing < 2
active channels. The maximum number of simultaneous openings determined the number of
active channels during the course of an experiment. To determine the single-channel current
amplitude, the data recorded from 120 sec of AF508-CFTR activity was filtered "off-line" at
100 Hz and then used to construct all-point amplitude histograms that were fitted with
multigaussian functions using Bio-Patch Analysis software (Bio-Logic Comp. France). The
total microscopic current and open probability (Po) were determined from 120 sec of channel

activity. The P, was determined using the Bio-Patch software or from the relationship P, =
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Formula 43 34.The process of claim 33, comprising the step of contacting a compound of Formula 44
R2 Formula 44 with methyl trimethylsilyl dimethylketene acetal (MTDA) 0-TMS
MTDA to produce a compound of Formula 45

I/i{N), where I = mean current, i = single-channel current amplitude, and N = number of
active channels in patch.
[06400] Cell Culture
[00401] NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for excised-
membrane patch-clamp recordings. The cells are maintained at 37 °C in 5% CO, and 90%
humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM glutamine, 10%
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.
[00402] Compounds of Formula 1 are useful as modulators of ATP binding cassette
transporters.

OTHER EMBODIMENTS
{00403] All publications and patents referred to in this disclosure are incorporated herein by
reference to the same extent as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Should the meaning
of the terms in any of the patents or publications incorporated by reference conflict with the
meaning of the terms used in this disclosure, the meaning of the terms in this disclosure are 5
intended to be controlling. Furthermore, the foregoing discussion discloses and describes
merely exemplary embodiments of the present invention. One skilled in the art will readily
recognize from such discussion and from the accompanying drawings and claims, that
various changes, modifications and variations can be made therein without departing from the

spirit and scope of the invention as defined in the following claims.
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35.The process of claim 34 further comprising the step of reducing a compound of Formula 45 to
produce a compound of Formula 43. 36.A process for the preparation of a compound of Formula 2 00
Formula 2 comprising contacting a compound of Formula 4 00 Formula 4

WHAT 1S CLAIMED i5:
L. A process for the preparation of a compound of Formula 1,
Ry
o 0 Q,Rct
Y N RZ
H |
Formula 1 |

comprising coupling a carboxylic acid of Formula 2
o 0

o0 B
¥ N

H

Formuia 2
with an aniline of Formula 3 '
Rg
Re

HyN
Rz
Formuia 3

in the presence of a coupling égent selected from the group consisting of 2-chloro-1,3-
dimethyl-2-imidazolium teirafluoroborate, HBTU, HCTU, 2-chloro-4,6-dimethoxy-1,3,5-
triazine, HATU, HOBT/EDC, and T3P®; wherein

each R; and R, is independently selected from hydrogen, CN, CF3, halo, Cy. straight or
branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.i0 heteroaryl or Cs.7 heterocyclic,
wherein said heteroaryl or heterocyclic has up to 3 heteroatoms selected from O, §, or N, and
each C|.¢ straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.io heteroaryl
or Cz.7 heterocyclic is independently and optionally substituted with up to three substituents
selected from —OR , —CF3, —OCF;, SR/, S(O)R’, SO;R‘, —SCFs, halo, CN, —COOR',
wCOR—, —O(CH)2N(R}R"), —O(CH)NRYR"), —CONRKR"), —(CH:),0R’,
—{(CH,)OR', CH,CN, optionally substituted phenyl or phenoxy, —N(R)R’), —
NR'C(O)OR’, —NR'C(O)R', —(CH21:NR"YR"), or —{(CH)N{RR');

each R; is independently selected from hydrogen, —OH, NH3, CN, CHF,, NHR/,

NRY,
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with an aqueous acid, wherein  each X is independently a bond or is an optionally substituted
C1l.5alkylidene chain wherein up to two methylene units of X are optionally and independently
replaced by -CO--, -CS-, -Coco-, -CON1V-, -CONR'N121-,CO2-, -000-, -NR'CO2-, -0-, -NR'CONR1-,
-000NR:-, -NR'NR’, -NR'NR'CO-, -so0, -502-, -NR'-, -SO2N1R1-, NWS02-, or -NR'SO2NR1-; each le is
independentfIR(IBIoNNOEIOR  BHS RO SR y RCHA R g IIRY; @REONEeach R' is
independefilsElepige R MOBROCORNIHRORIGARIEY) S Wp etitlited croypreekscted from a C1,8 aliphatic

group, a 3-8-membered saturated, partia?y unsaturated, or fully unsaturated monocyclic ring having
]

0-3 heteroatomdirmnddisrmie tAkFagethel fom hrrbgembsshERE SPYaIRIrESF-AMPE2 2 membered

saturatedpgariatinysaatdtesmol, follyunsalivratesh enelic dpGonBiemthaving O-hhhgiesoatoms
independently selected from nitrogen, oxygen, or sulfur; or two occurrences of R' are taken together

with the at&iFR & B WHIERY ey are bound to form an optionally substituted 3-12 membered saturated,
partially unsaturaigkl xok ity pengaturaiasbraanocyebpunalby elibstingadavingiRyhdetechaitoms

ndependenty selected fom Ny x L SATIHB AR SRS is sieh pLpmardpo 2 compound of

— L0, ~C§ e, —COCO—, —CONR'—, —CONR'NR ", -—COy—, —OCO-,
—NR'COs—, —0—, —NR'CONR'~—, —OCONR'—, —NR'NR’, —NR'NR'CC-—,
—NR'CO—, —§—, ~-S80, —80;—, —NR"~, —80,;NR'—, NR'SO,—, or
—NR'SO;NR—;
| each R%is independently R’, halo, NO;, CN, CF;, or OCF3;
y is an integer from 0-4;
each R’ is independently selected from hydrogen or an optionally substituted group
selected from a C).g aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms indepehdently setected
from N,0,orS;and
each Rj is independently —C;.3 alkyl, C.3 pethaloalkyl, —O(C, .3 alkyl), —CF3,
-—QCF;, —SCF;, —F, —Cl, —Br, or —COOR', —COR.', —O(CH;):N(R")(R"),
el CHON(R YR, —CONRYR"), —(CH2),0R’, —(CH;)OR’, optionally substituted
monocyclic or bicyclic aromatic ring, optionally substituted arylsulfone, optionally
substituted 5-membered heteroaryl ring, —N{R'YR"), —(CH:N({(R"YR"), or —
(CH)NR')R").
2, The process of claim 1, wherein Rs is independently —OC(O)OR', —OC(O)NHR', or
—OC(O)N(R ", wherein R’ is not hydrogen.

3. The process of claim 2, further comprising cleaving the —OC(O)OR', —
OC(O)NHR', or —OC(OIN(R'); to form —OH.
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Formula 41 with methyl trimethylsilyl dimethylketene acetal (MTDA) 0-TMS

MTDA to produce a compound of Formula 42 0 Formula 42, wherein each R2 is independently
selected from hydrogen, CN, CF3, halo, C1.6 straight or branched alkyl, 3-12 membered
cycloaliphatic, phenyl. C5.10 heteroaryl or C3.7 heterocyclic, wherein said heteroaryl or heterocyclic

has up to®8 heteFbamRESSIESRim forhereis Be Kleaygcs oraraed byigrripmisramayndigl, 3-12

membereg eyeiaaliphatis At CIviR eIREGREE R GBNADEIH 08y diGidincanendriady and
optionally substituted with up to three substituents selected from -OR’, -CF3, -0CF3, SR', 5(0)R1,

SO2R', -SCF3, halo, CN, -COOR1, -COR-, -0(CH2)2N(R")(R", -0(CH2)N(121)(121), -CON(121)(R",
-(0-12)20R!, (CHRI@RucsH2 ablnoplionatngtbsiiotiencrbiayk & mbdanyy, -N(121)(121), -
NR'C(0)OR’, -NR1C(0)R', -(CH2)2N(RD(R"), or -(CH2)N(R")(121); each R5 is independently selected
from hydrogen, -011, NH2, CN, CHF2, NHR', N(121)2, NHC(0)R1, NHC(0)OR', NHSO2R', -OR/,

OC(0)01\5, OC(AMPRIcEAAOINiLR 1 2wRHriOH |G BhYBNR, G{R)GRhBE@BNHARY, BO2N(12)2, or
CH 2 NH 2 30 ched alkyl which is substituted with —COOR’ or —CON(R')z, wherein R'is

not hydrogen.

7. The process of claim 6, further comprising hydrolyzing each —COOR', or
—CON(R"; to form —COOH.

8. The process of claim 7, wherein the hydrolysis is performed by treating a compound

of Formula 1 with an alcoholic solvent in the presence of NaOH, KOH or sodium methoxide.
9. The process of claim 8, wherein the alcoholic solvent is methanol.

10.  The process of claim 6, wherein R; is independently —OC(O)OR', —OC(O)NHR', or
—OC(ON(R");, wherein R’ is not hydrogen.

11, The process of claim 10, further comprising cleaving the —OC(Q)OR/,
—OC(O)NHR', or —OC{OIN(R'); to form —OH.

12.  The process of claim ! 1, wherein the cleavage is performed by treating a compound

of Formula 1 with an alcoholic solvent in the presence of NaOH, KOH or sodium methoxide.
13.  The process of claim 12, wherein the alcoholic solvent is methanol.

14.  The process of any of claims 1-13, wherein the coupling is performed in the presence

of a base.

15.  The process of claim 14, wherein the base is K2CO3, EtaN, NMM, pyridine or DIEA.
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2 each R'is independently selected from hydrogen or an optionally substituted group selected from
a C1.8 aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully unsaturated
monocyclic ring haying 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or an
8-12 membered saturated, partially unsaturated, or fully unsaturated bicyclic ring system having 0-5
heteroatotfis ind@ﬁ%&%ﬁf@é‘?@&gﬁaqﬁﬁwlhﬁﬁb\ﬁ@f?&%éﬁ%*‘%fﬁﬁ?@%d& RSS! R are
taken toggthesMiéik the atom(s) to which they are bound to form an optionally substituted 3-12
membered saturated, partially unsaturated, or fully unsaturated monocyclic or bicyclic ring haying 0-4
heteroatoms independently selected from N, 0, or S. 38. The process of claim 37 further comprising

the step gfyreduttigptocesnpdeiainofd; oitmidia H2 tolpeadisceacimieound of Formula 40. 39. A process
for the preparation of a compound of Formula 43 R2 0 Formula 43 comprising the step of contacting
a compound having the Formula 44 R2

18.  The process of claim 16, wherein the solvent is DMF.

19.  The process of claim 16, wherein the solvent is 2-methyltetrahydrofuran.

20.  The process of any of claims 1-19, wherein the coupling is performed at a reaction

temperature which is maintained between about 10 °C and 78 °C.

21.  The process of claim 20, wherein the coupling is performed at a reaction temperature-

which is maintained between about 20 °C and 30 °C.

22.  The process of claim 20, wherein the coupling is performed at a reaction temperature

which is maintained between about 40 °C and 50 °C.

23.  The process of claim 20, wherein the coupling is performed at a reaction temperature

which is maintained between about 42 °C and 53 °C.

24.  The process of any of claims claim 1-23, wherein the coupling reaction is stirred for at

least 2 hours.

25.  The process of claim 24, wherein the coupling reaction is stirred for at least 70 hours.
26.  The process of claim 24, wherein the coupling reaction is stirmed for at least 3 days.
27.  The process of any of claims 1-26, wherein y is 0.

28.  The process of any of claims 1-27, wherein Ry is terr-butyl,

29.  The process according to any of claims 1-28 further comprising the step of contacting

a compound of Formula 4
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Formula 44 with methyl trimethylsilyl dimethylketene acetal (MTDA) / 0O-TMS

MTDA to produce a compound of Formula 45 R2 0 Formula 45, wherein each R2 is independently
selected from hydrogen, CN, CF3, halo, C1.5 straight or branched alkyl, 3-12 membered
cycloaliphatic, phenyl, C8.10 heteroaryl or C3.7 heterocyclic, wherein said heteroaryl or heterocyclic
has up to 3 heteroatoms selected from O, S, or N, a T- ich Ci. 6 straight or branched alkyl, 3-12
membered cycloaliphatic, phenyl, C5.10 heterggdr-or-C3.
optionally substituted with up to three zﬁfﬁfl elected from -OW, -CF3, -OCF3, SW, S(O)R!,
SO2W, -SCF3, halo, CN, -COOR’, ﬁ

Formula 4

with an aqueous acid to produce a compound of Formula 2.

30.  The process of any of claims 1-29, wherein the compound of Formula3 is a

Rs 0
HaN. i Yo
0 N
Rs

Formula 40

compound of Formula 40

31,  The process of claim 30 further comprising the step of contacting a compound of

O.N Rs

Formula 41

qumuia 41

with methyl trimethylsilyl dimethylketene acetal (MTDA)

o—
/ o-TMS
MTDA

to produce a compound of Formula 42

R, o)

O,N Rs

Formuia 42

32.  The process of claim 31 further comprising the step of reducing a compound of

Formuia 42 to produce a compound of Formula 40.
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-CUR-, -0(CH2)2N(W)(R"). -0(CH2)N(R")(R), -CON(R")(R"), -(CH2)20W, -(CH2)0121, CH2CN,
optionally substituted phenyl or phenoxy, -N(R)(W), - NWC(0)OR', -NWC(0)W, -(CH2)2N(R1)(R.), or
--(CH2)N(R")(W); and each R'is independently selected from hydrogen or an optionally substituted
group selected from a C1.8 aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturate moRPRETHRS Wé%l@%g@o‘%@fﬁ@ HESPEIMIURESERRIEE 35 nitrogen, oxygen, or
sulfur, or a8eliddBembRIad snturated, partially unsaturated, or fully unsaturated bicyclic ring system
having 0-5 heteroatoms independently selected frfgm nitrogen, oxygen, or sulfur; or two occurrences of
R' are taken together with the atom(s) to whjch thg¥ are bound to form an optionally substituted 3-12
membered saturated, partially unsaturated, @ nsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from N, O, 40 The process of claim 39 further comprising
the step of reducing a compound of Formula 45 to e a compound of Formula 43. Compound 34
comprising: (a) reacting compound 26 00 OH Comp gnd 26 with compound 32

Formuia 43

34,  The process of claim 33, comprising the step of contacting a compound of Formula 44

Ry
QN
Br
OH
Formula 44

with methyl trimethylsilyl dimethyiketene acetal (MTDA)

o—
A H-TMS
MTDA

10 produce a compound of Formula 45
Ry
O,N

O
o

Formula 45

35.  The process of claim 34 further comprising the step of reducing a compound of

Formula 45 to produce a compound of Formula 43.
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H2N 11 0 Compound 32 in the presence of T3P(r) and pyridine using 2-methyl tetrahydrofuran as the
solvent, wherein the reaction temperature is maintained between about 42 C and 53 C, and wherein
the reaction is allowed proceed for at least 2 hours, to produce compound 33 0 Oo 00 Compound 33;

and (b) treating compound 33 with NaODMe/MeOH in 2-m | tetrghydrofuran. 42. The process of
claim 41, WherethRSFSALLBT RFRRSIHSY ?)FSBE’@H%P?‘%%\] %hours. 43. The process of claim 41,

further comprising forming a slurry of compound 34 {h a fixture of acetonitrile and water. 44. The
process of claim 43, wherein the ratio of acetony| %rqs about 9:1.
(RX-X |
¥ N
H

Formula 2

comprising contacting a compound of Formula 4

g O
y N
H
Formula 4

with an aqueous acid, wherein

each X is independently a bond or is an optionally substituted C, ¢ alkylidene chain
wherein up to two methylene units of X are optionally and independently replaced by
welCQmny —CS—, —COCO~, —CONR'—, —CONR'NR'—, —COy—, —0CO—,
—NR'COy—, —O—, —NR'CONR'—, —OCONR'—, —NR'NR’, —NR'NR'CO—,
—NR'CO—, —8-, —80, —50;—, —NR'—, —SO;NR"—, NR'S0>—, or
~NR'SG;NR'—;

each R is independently R’, halo, NO,, CN, CF;, or OCF;

y is an integer from 0-4; and

each R’ is independently selected from hydrogen or an optionally substituted group
selected from a Cy.g aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen, |
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, cxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selected:
from N, O, or 8.
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45. The process of claim 43, wherein the slurry is heated to a temperature between about 73 C and 83
C. 46. The process of claim 43, wherein compound 34 is in the slurry for at least about 3 hours. 47.
The process of claim 43, further comprising forming a slurry of compound 34 in Isopropyl acetate. 48.
The process of either of claims 46 or 47, wherein the slurry is heated to reflux temperature. 49. The
process éf?claim‘\ﬂ??ﬁﬁﬁg%Wﬁgﬁﬁo&%&mﬁ@?ﬂﬁéﬁéﬁ’%ﬂiﬁ% biphasic solution of
2-methyltetrahydrofuran and 0.IN HCI; stirring sai@:biphasic solution; separating the organic phase
from said biphasic solution; filtering and remgiing-solid maye.rd‘rom said organic phase; reducing the
volume of said organic phase by approximately | usigydistiilation; performing thrice the procedure
ifotgkan (THE), Et70 or methyl-t-butyl ether (MTBE)
to the organic phase until the volume of said orgaRic phase increases by 100% and reducing the
volume of the organic phase by 50% using distillation; adding MeOAc, EtOAc, IPAc, t-BuOAc,
tetrahydrofuran (THF), Et20 or methyl-t-butyl eth%?’(ﬂﬁ*?éﬁ) to the organic phase until the volume of
said organic phagg,/ g;ﬁgmp’% 4005%PEALINYShe RISPRIFRhARS iq reflux temperature, and
maintaining said reflux temperature for a time at least about 5 hours; and cooling the organic phase to
a temperature between about -5 Cand 5 C ove Bberiod of about 4.5 hours to 5.5 hours. 50. The
process of claim 41, further comprising quenchi reaction mixture with 1.2 N HCI; thereby
creating a biphasic mixture; agitating said bf]):ﬂqlasic mixﬁjre; separating the organic phase from said
biphasic mixture; adding 0.1N HO to the orgagigdaueithereby creating a biphasic mixture; agitating
said biphasic mixture; separating the organic phase; filtering and removing solid matter from said
organic phase; ﬁéﬁ@&ﬁ@‘!h@(}ﬁgﬁ%@& Shytstesrissls ximately 50% using distillation;
performing thrice the steps of: adding acetonitrile\to the organic phase until the volume of said organic
%—

phase increases by 100% and reducing the volunge of the organic phase by approximately 50%;
increasing the volume of the organic phase qg%@ately 100% by adding acetonitrile and then
adding water, to form a slurry wherein the final solvent ratio is 9:1 acetonitrile/water; heating said
slurry to a temperature between about 73 C andBBAC; stirring said slurry for at least 5 hours; and
cooling said slurry t t t 20 C and 25 C,; filtering and removing solid matter
from said slurry;t%%ﬁﬂl%g?h%? ﬁ%ﬁg&fﬁg%ﬁg@gwnm”e having a temperature of between about 20C
and 25 C four times; and drying the solid material 'I' der vacuum at a temperature of from about 45 C
to about 55 C. 51. A compound produggd b AT O

composition comprising a compound prodiiced by the process of any of claims 1-50.

OzN

Formula 42 , wherein

each Rz is independently selected from hydrogen, CN, CFj, halo, Cy.¢ straight or branched
alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.ic heteroaryl or C;.7 heterocyclic, wherein
said heteroaryl or heterocyclic has up to 3 heteroatoms selected from O, S, or N, and each C;.
¢ straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.1o heteroaryl or Cs.;
heterocyclic is independently and optionally substituted with up to three substituents selected.
from —OR, —CF;, —OCF;, SR, S(O)R/, SO;R’, —SCFj, halo, CN, —COOR/, |
—COR—, —O(CH2):N(R")R), —O(CH)N(R)R’), —CON(RYR"), —(CH)20R/,
—(CH,)OR', CH;CN, optionally substituted phenyl or phenoxy, —NR'}R"), —
NR'C(O)OR’, —NR'C(O)R/, —(CHa2):N(R"YR"), or —(CHIN(R")Y(R");

each Rs is independently selected from hydrogen, —OH, NH;, CN, CHF,, NHR',

N(R ")z,
—NHC(O)R', NHC(O)OR', NHSO;R', —OR', OC(O)YOR', OC(O)NHR', OC{O)NR",,
CH,0H, CHaN(R")s, C(OYOR', SOoNHR', SO;N(R ), or CH;NHC(O)YOR'; and
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53. A method of modulating CFTR activity in a biological sample comprising the step of contacting said
biological sample with a compound produced by the process of any of claims 1-50. 54. A method of
treating or lessening therzeverity of a disease in a patient comprising administering to said patient an
effective amount o orfipound, compound produced by the process of any of claims 1-50, wherein
caid disense is SERUORCE MR Y BrURIS AFh CEFREr RLCELPELS L LA EEHBnchit,
rhinosinuséissted fstipatinp appincie gidis, pangreatitbinsditticiency, pasis i ferdity ed)sedly congenital
bilateral absence of the vas defereﬁs gﬁ(}g _VD%, miIId l%ulm nar&di&ea ebtidclctpathi?tg)agcreatitis,
allergic b%ﬁ%ﬁ&%ﬁ‘i‘;ﬁb"ﬁg@%@ﬁé‘?ﬁi oS Il-:3 fr Weraises 87,1 eerzlreyd*f?a?y %mp r§/1snemz§, H’ereditary
hemochramatasisr sad&gutatinri{fiirinalyisised sficienale pasially asspnotesd, Ordefigiensypifygee 1
hereditary angloedema IR iocessing deicisraiss,sueh An mlirypeIEholesisiplemia. Type 1
chylomicronémla, a%e’faﬁmopro't nemia, lysosoma s?orage iSeases, such as f-cél ’
disease/pscutitsHen e neaeopaivsatBhandekes|@athdhwilii alje Swehls) OrighiebNbgnrtgpe |1,
p‘?'ye”dOBBGHé’?&'?%{QN%?SaﬁH%!P'Q:d?ﬂﬂ@&eﬁ SHihSetAr QR AR Mo Ry SRRaIAxdage deficiency,

primary hypoparathyroi melanoma, glycanosis CDG type 1, congenital hyperthyroidism,
osteogen&diy inpsiferdmeapsyflie whbispeitiring SALRES-ATematirmisdersadanidy seiepvdus (DI),
neurophygegl Rl (ngppgenic DI, Charcot-Marie Tooth syndrome, Perlizaeus-Merzbacher disease,
neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease, amyotrophic lateral
sclerosis, progressive supranuclear plasy, Pick's disease, several polyglutamine neurological disorders

such as Hygntingiee. sreteacsreluia7 alakia Saphsiapitlsanrobubacnpiscstascut@rRpy, dentatorubal

pallidoluysian, and myotonic dystrophy, as well as spongiform encephalopathies, such as hereditary
Creutzfel FOTHRE I8y th & I HRIREEARME E8ssing defect), Fabry disease,
Straussler-Scheinlcer syndrome, COPD, dry-eye disease, or Sjogren's disease. 55.The method of
claim 54, ﬁéherein said diieag?ael iS cystic fibrtosis. 56.A ﬁit Fq; use}in4r§1easuring the activity of CFTR or a
fragment ereof IRRE15Yi el%%#éﬁél?ﬁl ltPo BRI RS coorﬁnﬁlﬁfing: I. a composition comprising a
compound produced by the process of any of clairffs I-50; and instructions for: a. contacting the
composition with the biological sample; andHeNneasyring the activity of said CF1'R or a fragment
thereof 57.The kit of claim 56, further comprising uctions for:

Formula 43

comprising the step of contacting a compound having the Formula 44

Rz
O.N
Br
OH
Formula 44

with methy! trimethylsilyl dimethylketene acetal (MTDA)

o
/" O-TMS
MTDA

to produce a compound of Formula 45
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I. contacting an additional compound with the biological sample; ii. measuring the activity of said CFTR
or a fragment thereof in the presence of said additional compound; and comparing the activity of the
CFTR or a fragment thereof in the presence of the additional compound with the activity of the CFTR
or a fragment thereof in the presence of a composition comprising a compound of Formula 1. 58.The
kit according to claim 57, wherein the step of c8mparing the activity of said CFTR or a fragment
thereof provides a measure of the densft ¥ CFTR or a fragment thereof.

O
Formula 45 herein

each R, is independently selected from hydrogen, CN, CF3, halo, C, .6 straight or branched
alkyl, 3-12 membered cycloaliphatic, phenyi, Cs.jo heteroaryl or Cz.5 heterocyclic, wherein
said heteroaryl or heterocyclic has up to 3 heteroatoms selected from O, S, or‘N, and each C,.
¢ straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.io heteroaryl or Cs.9
heterocyclic is independently and optionally substituted with up to three substituents selected
from —OR , —CF3, —OCFE;, SR', S(O)R’, SO:R’, —SCF;, halo, CN, —COOR/,
—COR—, —O(CHz2NRYR"), —O(CHINR'YR'), —CON(R)IR"), —(CH2):0R’,
—(CH,)OR', CH,CN, optionally substituted phenyl or phenoxy, —NR'(R'), —
NR'C(O)OR', —NR‘C(O)R’, —(CH2)2N(R"}R"), or —(CH)N(R'¥R"); and

each R’ is independently selected from hydrogen or an optionally substituted group

selected from a Cy.g aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully
unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having (-5 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; or two occurrences of R’ are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selected
from N, O, or S.

40.  The process of claim 39 further comprising the step of reducing a compound of

Formula 45 to produce a compound of Formula 43.

41. A process for the preparation of a compound 34

OH
o O
N
| H
N
H
Compound 34
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cOmprising:

(a) reacting compound 26

o o
N
H

Compound 26

with compound 32

HoN

0.0

b

0
Compound 32
in the presence of T3P® and pyridine using 2-methyl tetrahydrofuran as the solvent, wherein
the reaction temperature is maintained between about 42 °C and 53 °C, and wherein the

reaction is allowed proceed for at least 2 hours, to produce compound 33

o 0
!
H

Compound 33 : and

(b) treating compound 33 with NaOMe/MeCH in 2-methyl tetrahydrofuran.

42.  The process of claim 41, wherein the reaction is allowed to proceed for at least 6

hours.

43.  The process of claim 41, further comprising forming a slurry of compound 34 in a

mixture of acetonitrile and water.

44,  The process of claim 43, wherein the ratio of acetonitrile to water is about 9:1.
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45.  The process of claim 43, wherein the slurry is heated to a temperature between about
73 °C and 83 °C.

46,  The process of claim 43, wherein compound 34 is in the slurry for at least about 3
hours.

47.  The process of claim 43, further comprising forming a shurry of compound 34 in

Isopropyl acetate.

48.  The process of either of claims 46 or 47, wherein the slurry is heated to reflux

temperature.

49.  The process of claim 41, further comprising dissolving compound 34 in a biphasic
solution of 2-methyltetrahydrofuran and 0.IN HCI; stirring said biphasic solution; separating
the organic phase from said biphasic solution; filtering and removing solid matter from said |
organic phase; reducing the volume of said organic phase by approximately 50% using
distillation; performing thrice the procedure of: adding MeOAc, EtOAc, IPAc, -BuOAc,
tetrahydrofuran (THF), E;O or methyi--butyl ether (MTBE) to the organic phase until the
volume of said organic phase increases by 100% and reducing the volume of the organic
phase by 50% using distillation; adding MeOAc, EtOAc, IPAc, r-BuOAc, tetrahydrofuran
(THF), Et;0 or methyl-#-butyl ether (MTBE) to the organic phase until the volume of said
organic phase increases by 100%:; heating the organic phase 1o reflux temperature, and
maintaining said reflux temperature for a time at least about 5 hours; and cooling the organici
phase to a temperature between about

-5 °C and 5 °C over a time period of about 4.5 hours to 5.5 hours.

50.  The process of claim 41, further comprising quenching the reaction mixture with 1.2
N HCI; thereby creating a biphasic mixture; agitating said biphasic mixture; separating the
organic phase from said biphasic mixture; adding 0.1N HCI to the organic layer thereby
creating a biphasic mixture; agitating said biphasic mixture; separating the organic phase;
filtering and removing solid matter from said organic phase; reducing the volume of the
organic phase by approximately 50% using distillation; performing thrice the steps of: adding
acetonitrile to the organic phase until the volume of said organic phase increases by 100%
and reducing the volume of the organic phase by approximately 50%; increasing the volume

of the organic phase by approximately 100% by adding acetonitrile and then adding water, to
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form a slurry wherein the final solvent ratio is 9:1 acetonitrile/water; heating said slurry to a
temperature between about 73 °C and 83 °C; stirring said slurry for at least 5 hours; and
cooling said slurry 1o a temperature between about 20 °C and 25 °C; filtering and removing
solid matter from said slurry; washing the solid matter with acetonitrile having a temperature
of between about 20 °C and 25 °C four times; and drying the solid material under vacuum at

a temperature of from about 45 °C to about 35 °C.
51. A compound produced by the process of any of claims 1-30.

52. A pharmaceutical composition comprising a compound produced by the process of

any of claims 1-50.

53. A method of modulating CFTR activity in a biological sample comprising the step of
contacting said biological sample with a compound produced by the process of any of claims
1-50. |

54. A method of treating or lessening the severity of a disease in a patient comprising
administering to said patient an effective amount of a compound compound produced by the
process of any of claims 1-50, wherein said disease is selected from cystic fibrosis, asthma,
smoke induced COPD, chronic bronchitis, rhinosinusitis, constipation, pancreatitis,
pancreatic insufficiency, male infertility caused by congenital bilateral absence of the vas
deferens (CBAVD), mild pulmonary disease, idiopathic pancreatitis, allergic
bronchopulmonary aspergillosis (ABPA), liver disease, hereditary emphysema, hereditary
hemochromatosis, coagulation-fibrinolysis deficiencies, such as protein C deficiency, Type 1.
hereditary angioedema, lipid processing deficiencies, such as familial hypercholesterolemia,
Type 1 chylomicronemia, abetalipoproteinemia, lysosomal storage diseases, such as I-cell
disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type II,
polyendocrinopathy/hyperinsulemia, Diabetes mellitus, Laron dwarfism, myleoperoxidase ‘
deficiency, primary hypoparathyroidism, melanoma, glycanosis CDG type 1, congenital
hyperthyroidism, osteogenesis imperfecta, hereditary hypofibrinogenemia, ACT deficiency,
Diabetes insipidus (D), neurophyseal D1, neprogenic DI, Charcot-Marie Tooth syndrome,
Perlizacus-Merzbacher disease, neurodegenerative diseases such as Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis, progressive supranuclear plasy, Pick’s

disease, several polyglutamine neurological disorders such as Huntington, spinocerebullar
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ataxia type I, spinal and bulbar muscular atrophy, dentatorubal pallidoluysian, and myotonic
dystrophy, as well as spongiform encephalopathies, such as hereditary Creutzfeldt-Jakob
disease (due to prion protein processing defect), Fabry disease, Straussler-Scheinker

syndrome, COPD, dry-eye disease, or Sjogren’s disease.

55.  The method of claim 54, wherein said disease is cystic fibrosis.

56. A kit for use in measuring the activity of CFTR or a fragment thereof in a biological
sample in vitro or in vive, comprising:
i.  acomposition comprising a compound produced by the process of any of
claims 1-50; and
itl.  instructions for:
a. contacting the composition with the biological sample; and.

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

57.  The kit of claim 56, further comprising instructions for:
i. contacting an additional compound with the biological sample;
ii. measuring the activity of said CFTR or a fragment thereof in the presence of
said additional compound; and |
iii. comparing the activity of the CFTR or a fragment thereof in the presence of
the additional compound with the activity of the CFTR or a fragment thereof

in the presence of a composition comprising a compound of Formula 1.
58.  The kit according to claim 57, wherein the step of comparing the activity of said

CFTR or a fragment thereof provides a measure of the density of said CFTR or a fragment

thereof.
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