PROCESS FOR MAKI NG MODULATORS OF CYSTI C FI BROSI S TRANSMVEMBRANE
CONDUCTANCEREGULATOR CLAI M OF PRIORITY [0001] This application clains
priority wotweeie. S. Provi sional Applications having Bemitakoibosso69
61/ 162,148, filed on March 20, 2009; 61/246,303, filed on Septenber 28,

2009; and 61/ 2BROTERS FORMAKINGMODRYLATORIOOF (EEFICFIBROSISr egoi ng

Provi si onal Appl i c ZIRAVSMEMBRANIDEONDIC PANOEREGULATORENCE in their
entirety. TECHNI CAL FITELD OF THE T NVENTION [ 0002] The present invention
relates to a process for nakin rmdul ators of cystic fibrosis transnmenbrane
conduct ance regul ator (" CFTR') THE | NVENTI ON [ 0003] Cystic
fibrosi ) a_lecess enet dis t hat ffe S. appr oxi t. |y

30, 000 1917 c? Th aRefiGHR Eloti FEREY i RSO Brediond AnpleSitRBegs Stthto

chi I dr %sa@m@dm $ilddbrEMaRS0, B8R 612481309/ fBi18§ oh 'Seﬁt@ﬁlbtef 2RO tanal CF,
there is no cure. [0004] CF is caused by nutations In the cystlc fibrosis

t r ans mé48:565 fledi o Qetaber h fl00aFarch oORTRyregring Pravationsl dawpdisationsaps t hel i al
chl ori on channe onS|bI for |d| ng in the regulation of salt and
woter Jeeb? mEORMIRALL EIPERRLR ot BBl i soues. Small ol ecul e dr uge.
known as potentiators tMHN[@AEﬂELDWWPWENTBONf CFTR channel openi ng
represent one potential t eraegarutlc strategy to treat CF. 00Q5¥_ ]

Speci f il@M2y, T S¢H$ inyepigrPy am@cnracteétlfcammkmg:mﬁuﬂéuor& sfigfibsosisessed
inav rlet f ce absorptive and secretory epithelia
cells, f))rfmercé uﬁttaéergﬁ'i‘% #ﬂ.‘;ﬂgé‘ross the nenbrane, as well as the
act i vi ty of ot her ion chpBAMMGROUNIY OFREHBINVIENHEHPN helia cells, nor mal
functlonlrzl,g of CFTRis critical for the mal ntenance of electroly

t r ans pd9403{ hr Gusficdibrosin €CIHoEy reqepdyagingc disegse that @ffyctaﬁaprew@@ewe G00ssue.

CFTR i 2hil&ER ®kE gdults in the United States and approximately 30,000 children and adults in

Europe. Despite progress in the treatment of CF, there is no cure.

[0004] CF is caused by mutations in the cystic fibrosis transmembrane conductance
regulator (CFTR) gene that encodes an epithelial chloride ion channel responsible for aiding
in the regulation of salt and water absorption and secretion in various tissues. Small molecule
drugs, known as potentiators that increase the probability of CFTR channel opening represent
one potential therapeutic strategy to treat CF.

[0005] Specifically, CFTR is a cAMP/ATP-mediated anion channel that is expressed in a
variety of cells types, including absorptive and secretory epithelia cells, where it regulates |
anion flux across the membrane, as well as the activity of other ion channels and proteins. In
epithelia cells, normal functioning of CFTR is critical for the maintenance of electrolyte
transport throughout the body, including respiratory and digestive tissue. CFTR is composed
of approximately 1480 amino acids that encode a protein made up of a tandem repeat of
transmembrane domains, each containing six transmembrane helices and a nucleotide binding
domain. The two transmembrane domains are linked by a large, polar, regulatory (R)-domain
with multiple phosphorylation sites that regulate channel activity and cellular trafficking.
[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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of approximately 1480 am no acids that encode a protein made up of a tandem
repeat of transnenbrane domains, each containing six transnmenbrane helices
and a nucweabiodesisendi ng donai n. The two transnmenbrane ®OoWAISEGI0ALE6Y | nked
by a | gewpeal hitedrStateepnpuddtionyug lﬁ)l—(limi’ad)mpmpld'\cannylztshpgle cppypsipthe klgfeativeon

Gene. oHEBVHPUCRBErFdl SBets: LA o OB AU PR EORS 1S BBory, R 3

347" 35BS Rt ol MRS in Rl fygl ool B R PR RO

def ect diseasehi s gene causes nutations in CFTR resulting in cystic fibrosis
("CF") ...t npst commn fatal geneti sease in humans., Cystic fibrosis

af f ect M%ir om PRI Y et ALt IRy SRl PR AR FERISr i s,
Withing ého Hgln% ﬁa@&n’ﬁén E’éb?élio%tdaﬁﬂn%yxpuh&lé{&e%kddé?ﬂfﬂﬁ@p' e carry a

si ngl e opy o |ve gene w t hout par ent effects. In
cont raamnsportle\hedesalltmgvdeti'eaw\m anayi temispdrt t(bmrnlﬁﬁemsanhamddmgmne suffer from

the debilitating fatal effects of CF, inclu e ng di sease.
[0007] a?wﬂﬁiqt}ogﬁpth?\lppg,a@é: the AGEoTRpasy g Thic %%6‘58'@ &%é‘ﬁl ‘ér&%é‘%"ed in
respir ing an
| ol ageah fn P galiic i SRR @ rRAGRGRRET PRIAD GEENT] drerRAE, O

trans p(gasttranue&tmabpmbbnts(and phogreant innuffisiemayabanifdeft umtrq:aued mesultsimgdeatid t he
acconpanyi m cr obj al fections ul.ti mat eath in CE

o+ ondadadidon it sty of ey pilieary ihrous o et 480 BRESTS BresBae sur e
from gaﬁiohg'faﬁﬁéstwnﬁh RIcTYr6TE ANDnREN S BRlsbvert BFbd bpﬂwemplésfmhe CE |eft
untreated, "results in death. In addition, the mpjority of males with cystic
fibr osuassoaramdu gefigrindivisluals gvifhes !emgletcypy ef theﬂmelatahgen’g exbital ipsreagedh cystic
fibrosis.

associ &% és(ﬂarljﬁ ﬁ%&;qr“%a fagﬁﬁ g‘h‘i‘fquw ‘\f/’ﬁ rf%“ SCt 3 9%%’3}}%%? pg'%‘@ngpg%lg%%g? ed gene

exhi bi trelhtiedl £ Hl%ﬁ(i*reﬁﬁ&i A REECE Qe W iBihah@pshulRiofichydr ation resul ti ng from
di arrhea - aps ‘explaining the relatively high frequency of the CF gene

wi t hi n [0008] poﬁtmammanal){ssmml}e @EE&@@@@O%\GBIC rompsemes has r dpevariesy ofCF

chr ONMDHATER cggssmgr r%\ﬁ?filfogg (éut%ggr,lt'_? tﬁ/ e?al (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. USA 87:8447-8451). To date, greater than 1000 disease
causing mutations in the CF gene have been identified
(http://www.genet.sickkids.on.ca/cftr/app). The most prevalent mutation is a deletion of
phenylalanine at position 508 of the CFTR amino acid sequence, and is commonly referred to
as AF508-CFTR. This mutation occurs in approximately 70% of the cases of cystic fibrosis
and is associated with a severe disease.
[0009] The deletion of residue 508 in AF508-CFTR prevents the nascent protein from
folding correctly. This results in the inability of the mutant protein to exit the ER, and traffic
to the plasma membrane. As a result, the number of channels present in the membrane is far
less than observed in cells expressing wild-type CFTR. In addition to impaired trafficking,
the mutation results in defective channel gating. Together, the reduced number of channels in
the membrane and the defective gating lead to reduced anion transport across epithelia
leading to defective ion and fluid transport. (Quinton, P. M. (1990), FASEB J. 4: 2709-
2727). Studies have shown, however, that the reduced numbers of AF508-CFTR in the
membrane are functional, albeit less than wild-type CFTR. (Dalemans et al. (1991), Nature
Lond. 354: 526-528; Denning et al., supra; Pasyk and Foskett (1995), J. Cell. Biochem. 270:
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di sease causing nutations (Cutting, G R et al. (1990) Nature 346: 366- 369;
Dean, M et al. (1990) Cell 61:863:870; and Kerem B-S. et al. (1989)
Sci ence 2B:2007881080; Kerem B-S et al. (1990) Proc. NaChr/usaciam2sosri . USA
87: 844T1234161)). I additbdeto JFEGE-EFTRhatherldifsclcaemgan@taticrisrig GRTRathiapresult n t he
CF gene have, been_identifjed (http://ww.genet.sickkids. on.cal/cfty/app).
The nodt de,:f?%vaﬁ@ﬁfﬂcw,awtaﬁﬂwnéloaeha@ml(ﬂagag coid B¢ uat rdaven-geufted o on 508
of the TR: and aci | I ferred to as DF508- CFTR
Thi s e SeBRBE il AT AR e Rk S IR LT O Dt c i brosi s
and i s[@H®dci Attkelighi TR trassperte adiadetg o€ malé(:8]in ddditioke teedriions, dfis clesi due 508
I n DF508- CFTR prevents th(g nascent protein fromfolding correctly. This
resul t 3t His 1l (R BARsPPY ObANICRY IRRFEEAS QRESISNant TharbimRroraRemeehanisiyok ¢ af f j ¢
to the NG r S TR [ h
i e I in the
menbr ane s}?ﬁ?ﬂﬁ F%;éss t%tgﬁ&cr) s? é&%éegdﬁllelr@@el’@g %E%Ere%@s? f‘ﬁgﬂ@mﬁ{i%‘-h? fg';‘ﬁ%@m. In
addi t i Oa* tharnal) ENa€Y Naf/2Ct iK' kdorganspogernNh aKi - AT Rass plimp and thbdfasolateva channel
gating. Tqgether, the reduced nu r _of channels. |n. the nbrane and the
def ect mpanigans i thanaelstBatateitasBensibly & tas Ukt ehlarids dodht ¢91E1 | o | eadi ng
to def egjizye TRLe RMchehtshokith ARRARY hehidVetiiftkGbhal Randfort( 4
2709- 27). St ugi es hasve sﬁogﬁ, hom%\;ée‘;ra,.alt ha"?nat hrgngl}ggdua%gﬁg}]%eférgﬁé@
DF508- @rltReir selediemrpiesaioreaat lecdlimton eithin thakdlki €hlosds albdoaption thkkestplaee CFTR.

Dal t .. 991)., 354:. 526-528; .Denni t, al + ;
baayk. BhiasoRbined a0k of FNeCCand CPER gestenondhgana etaaie fid BadVaT on ©o
DF508- %T&P&%?iﬁfcnigiddnaﬁ%l SRRLIS 9x15?é§s/@tt;l bﬁiﬁﬁe Ba@oll%'{d? shitade SraR&IEdIL T N

defective tra ng, synthesis, ‘and/or channel gating could be up- or

down- r Sgeorelarythctive trhnsportarficbloride roet the lurindl sidalieads tditbeassmulasipnedsi on
and/ or .severity. [0010]. Al t hogugh CETR t{rangports.a-yariety of | ecules in
ddi ¢1 gt sy which o 8RR syl o€ PN Ca et Ehario o BRe I B one)
repres %&tarim@an%&nmﬁanlrgemeﬂt JFTRROIICATK* ERERRPLAER, Na' K FPHE Pulp dndns and
wat er across the epithellium The other elenents include the epithelial Na+
channelthe tasplagierflangmigansdc” channelksonhe baselatexel-sufacerard{SIET R onphalvninde

basol at er al . . . . . . )
51c{e 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.
[0013] 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.

[0014] There is a need for methods of treating diseases caused by mutation in CFTR using
such modulators of CFTR activity.

[0015] There is a need for methods of modulating CFTR activity in an ex vivo cell

membrane of a mammal.



menbr ane K+ channel s, that are responsible for the uptake of chloride into
the cell. [0011] These elenents work together to achieve directional

t ranspor twaeenums®stehe epitheliumvia their selective expPeTAiSonoazsdeo

| ocal i pEg16PN Therdisraldoendzelfbr probdsedsi fdetha lpsepapitioanf takpsurpls addctby t he
coordinated activity of ENaC and CFTR present on the apical nenbrane and

t he Namodplate/FIPER actiity and C i on channel s expressed on the basol ateral
surface of the cell. Seco h i chloride fromthe

| um nal side leads to the@quwI ¥ OF THEIRRENT NuI ar chloride, which can
t hen ppeoaiyel v deaerdk; tidigvertion providés protessesdbisthe ipecpatation @f compowmelst or i al
transport. Arrangenment of Na+/2Cl7K+ co-transporter, Na+-K+-ATPaSe punp and
t he ba§%ﬂf'alt3éﬁ%ﬂdugfé%|°§m|3+ channel s on the basol ateral surface and CFTR on
the | umg Sj [ et ] i dl e

| i naOUBh T SOREE APk Sehith AERUET 4 e 6 PPl ARraloA of BB Tl
its fl efiFaeiudss, epi thelia depends on tiny transepithelial osnotic gradients
generated by the bulk flow of sodium and chloride. [0012] As discussed
above, it is believed that the deletion of restdue 508 in DF5C8- CFTR
prevents the nascent protein from folying corree Uy, resulting in the
inability of this nmutant protein to éxit th, and traffic to the plasna
menbrane. As a result, ingufficig€ P 5" 0f the mature protein are
present at the plasma ne ar By 8 rAansport within epithelial
tissues is significantly reduced. "In{yact, this cellular phenonenon of
defective ER processing of ABC transporters by the ER machi nery has been
shown to be the underlying basis notroafilily 1f or CF di sease, but for a w de
range of other isolated and inherited diseases. [0013] Accordingly, there

i s a nee@prHyng gennlingtacatbasylicaikobFeimwla Y and conpositions thereof, which
can be used to nodulate the activity of 4 heqCFTR in the cell nenbrane of a

manmal . [ 0014] There is a need for nethdds fpf treating di seases caused by
mutation in CFTR using such r(%gw)l( t 0 | activity.
y N
H

Formula 2

with an aniline of Formula 3
Rs
R4

H,oN
Ro
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 R, is independently selected from hydrogen, CN, CF3, halo, C,.¢ straight
or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.1o heteroaryl or Cs.4
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 C3_7 heterocyclic is independently and optionally substituted with up to
three substituents selected from —OR', —CF3;, —OCF;, SR’, S(O)R’, SO;R’, —SCF;, halo,
CN,



[ 0015] There is a need for nethods of nodul ating CFTR activity in an ex

vivo cell nmenbrane of a manmal . [0016] There is also a need for processes
for the pweparvamsmn of conpounds whi ch nodul at e CFTR actPCTiusgo1088WARY OF
THE | NVECDORY -@WIR-, FROgEHER B(R )(Rhe—+OMEHNR)(B)owv+OeN(RYE Esses for the

preparation of conpounds useful as dul ators, of TR.. [ 0018] ~qne

afspect ,—m)l%em%) ® ih@& qptaenadly substigyed Plllf"gr‘éfpﬂ’regf’ﬂbrr Bllﬂﬁéﬁgbrrpound

of For nuia: AN Y r i 64 Iy gg hc acid of Fornula 2

For mul a RW| Oﬁﬁgn’ am(ljjﬁgﬁg? I(—%P%]I\Igeg or rrul%gf‘%jwpt(%g presence of a

coupl i ng ag@&ath Relsdadependenviy stleeted frouphydvogins +HOH, NH, 2ENhCeite- NHB-,
-2-imdazoliumtetrafl uoroborate

g.zgﬁf g&kag,@arﬁ@pagwq@p& 8GR P OB GG ONOERT DONHRS, GG 2ach
an 0 i -
strai gr(l-l't?ﬁc())r%’lbr &n&gﬁgﬁﬁgp&ﬁ%@% @%ﬁ@?’%ﬁ%ﬁﬁé tol(lig3 pﬂglngi : OCs-i o

het eroaryl @rRzand Retagy akstcloigethemoan ain7 ariibeledtrargosmnydiniag OFfethegeocycl i ¢ has

up to 3 heteroatons selected fromQ, S, . or N and each ¢ .6 straight or
br anch&aternagms selectes frRIpdh Q @1 Sy whergin sgithiingis %H@Pﬁj\y, supsfltpigd uthavd iy yl or

C3-7 h C Lo LS i ndependently and optionally substituted with up to
t hr ee ?Lrgés?i’?‘g‘lesh chB. | ect od from-OR, -CF 3, -OCF, SR, S(OR, S®R,

- SCF 3, hal EaclCX, is GideptndentBPRbond 6f iStan 2pA0#(aRY 306 tiuted Q) Chlk)idériRchaR ) |
;,?OF\,IE S ﬁ%;(@;u)l hmié;i%g( éet)%ggné u;ligscg} )%)arae:\:)p’tio%_f?yce'l\ldd iggéﬂegggld)y regllzjllcoescf l|33$ uted phenyl
—CO—, —CS—, —COCO—, —CONR'—, —CONR'NR'—, —CO;—, —OCO—,
—NR'CO;—, —O—, —NR'CONR'—, —OCONR'—, —NR'NR’, —NR'NR'CO—,
—NR'CO—, —S—, —S0, —S0O»—, —NR'—, —SO;NR'—, NR'SO;—, or —
NR'SO;NR'—. Each R%is independently R’, halo, NO,, CN, CF;, or OCFs.

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 independently selected
from N, O, or S.

Each R; is independently —C,-C3 alkyl, C,-C3 perhaloalkyl, —O(C,-C; alkyl), —
CF;, —OCF;, —SCF;, —F, —Cl, —Br, —COOR', —COR', —O(CH,);N(R")(R"),
—O(CH)N(R)R"), —CON(R')R'), —(CH,),OR', —(CH,)OR’, optionally substituted
monocyclic or bicyclic aromatic ring, optionally substituted arylsulfone, optionally
substituted
5-membered heteroaryl ring, —N(R")(R"), —(CH,)2N(R")}R"), or —(CH2)N(R)(R).

[0019] Embodiments of this aspect include one or more of the following features. Rs is
independently —OC(O)OR', —OC(O)NHR', or —OC(O)N(R"),, and R’ is not hydrogen; at

least one of R4 or R, is independently a C,.¢ straight or branched alkyl which is substituted
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-NRCOOR, -NRCOR, -(CH)2N(R )(Rf), or -(CH 2)N(R J(R ). Each R5 is
| ndependent I y sel ected from hydrogen, -OH NH2, CN, CHF2, NHR, N(R )2,

- NHC( O RwoMB@(@©6R , NHSO2R, -OR, OC(OOR, OC(O NHR'PCTLIISQﬂpNEé%Q
CH2CH, witi2BOOR Zor -CCOMZR )(RS%NI-BRm ncS(B&ﬂKdg'el) 2Th©pro&:§3l‘ﬂrl€fh@)caﬁpns@ R4 and
R5 are taken together forma ri ng%cont aining 0-3 three

het er o&leaing s FQ@@)%W@C(@)N&R S’r ‘VVQ@K@PN igoun o o obg 1 y

bst t tl
bona oPHES Ml et RV P BIGEHCOOR Br FEORG BobBEREREEN Y, &
nmet hyl eﬂm)un The hgﬁro}ys&rle pa}ﬁmnwd&iyl tyeaangla lcmlpmmmffrﬂdrmuraepwmad alopheliO- |
2 o soINFRRdbAR Rrcseopt REPASE sugk N0 RO Rfer soshum migowds, Theslcohalis 50 2.

o " e e oo s o AR e Fastk i RO 1 R

I ndeperdapdind cfdicemuad fdprualdmdrcmgmoumd ofali"‘ommﬂa bizgerformed it the lpt&dn@rofup
selected froma G- aliphatic group, a _3-8-nenbered saturateddgpFartl

unsat uPR¥SUcBas KaF 0y Efpd MM Rididigs 5 QIEA- cThe Goyphing s rempound pftkarmy aoms

i ndepen I gy ‘ﬁﬁﬂ'

menber e%ﬁggtcé@?gg&agg?rﬂﬁﬁmtﬁgat ur%t , %Of? H@HLE%S ?rgérg%gﬁgl cyclic

ri ng sysdsemelod\aisolyeft suchas Et@At,dipic ﬂHEpMIE(KeNMP anetoaahhx;l DMbon24 r ogen,
occurrences of are taken tog r with the

| f t th
gi‘gﬂf;‘ w@ﬁv@ﬁ@%ﬁa@n f@ qo4BHEE 3 sommW&ﬁ Fgpnyla @aqnfj;?‘ COROu % 5 of Egrmula o
menber %q?ﬁ?&dﬁw% %ﬁmga.ﬂféafq*d umség, eFBinSd a qrre ?Ajﬁ@ahw@hﬁﬂ f,gmnocycl ic
ycC t t

or bic c ring etero ons |neen en el ecte romN
or S. mMemitaied bstwenniebmmd@r?Cl and-78i°CGuh a kqugeﬂbo@BZ@é@hadGﬁPEybetwe&( q-c3

alkyl) ‘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.

[0020] In some embodiments, Rs is independently —OC(O)OR', —OC(O)NHR', or
—OC(O)N(R")3, and R’ is not hydrogen; and each of R, and R4 is independently selected
from hydrogen, CFs, C;-Cg 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 Ry is independently C;-Cs straight or branched alkyl or 3-12
membered cycloaliphatic.

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

[0023] In another aspect, the invention provides a process for the preparation of compound
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Compound 27
comprising:

(a) coupling compound 26



CF3,-OCF3, -SCF 3,-F, -d, -Br, -COOR, -COR, -QCH2)2N(R)(R), -0(CH
2)N(R)(R), -CON(R XR'), (CI—|2)2CR\ -(CH 2)OR, optionally substituted
nonocycl iwoaniobiogysel i ¢ aromatic ring, optionally substi taras2e@opb®as f one,
optionally substituted 5-nenbered heQerdaryl ring, -N(R)(R),

-(CH2)2N(R ) (R ), or-(CH2)N(R ) ( M O0M9] Enmbodi nents of this aspect
i ncl ude one or nore of the foll f pat s. R5 is independently
-OC(OOR, -CC(ONHR , or-0C(0) » and R is not hydrogen; at |east

one of R4 or R2 is independently a CH straight or branched al kyl which is
substitutedwth -COOR or-CON(R ) and R is not hydrogen. The process
further conprises cleaving the Jéx'eg’m OC(O)NHR or-OC(O)N(R‘)Z group
to form-CH further conprises hydrolyzing each-

or- CON(R )2%%?8‘?{@8‘?3%- COOH. The hydrolysis is perforned by treatl ng a
conmpound of Forrmula 1 with an al copolic solvent in the presence of base
such as NaOH, KOH or sodi um met hoxjde. The al coholic solvent used in the
hydrol ysis is nmethanol. The ck Rg a conpound of Formula 2 and a conpound
of Formula 3 to produce a corrpou Forrrula 1 is perforned in the
presence of a base such as K 2 %I’I dine or DI EA. The coupling
a conpound of Fornula 2 and a la 3 to produce a conpound
of Formula 1 is performed in the presence @‘ a solvent such as Et QAc, | PAc,
THF, MEK, NWP, acetonitrile, DVFQ or 2- nethyltetrahydrofuran. The coupl i ng
a corrpound of Formula 2 and a congound of Formula 3 to produce a conpound
of Formula 1 is perforned at a re E'!‘P?h'i‘dt@rrperature whi ch is nmintained

pet woor ARGeRs SEECh HOp Hme BN ISpfIMP S uBAOonf ditkeiR D i

coupl i Rgnpeeaciel O hairBainéd bétaded ﬁHou&lZO PEasd 3@ °Opatidsthe vebtias isfallowatd | east 70
hours or for at |east 3 days 0020] In some enbodi nents, R5 is

i ndepeRtReaed fpr adeasty/Brours, &R ygareompgpnd B 0) N(R ) 2, and R is not

hydr ogen; and each of Rand R4 is |ndependyﬁ/d3_\4 sel ected

A

Compound 14 - and

(b) treating compound 14 with KOH in methanol.

[0024] In still another aspect, the invention provides a process for the preparation of

OH Q
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Compound 28

compound 28

comprising:

(a) coupling compound 26



from hydrogen, CF3, C -C straight or branched al kyl, 3-12 nenbered

cycl oal i phatic or phenyl. [0021] In sone further enbodinents, R5 is

i ndependewl2gt0d08@OR , and R is not hydrogen; and eackrCofUsRRoazsheR4 i s
i ndependently C -C6 straight or branothedal kyl or 3-12 nenbered

cycloaliphatic. [0022] In sone ephodigepts, R and R are r-butyl. [0023] In
anot her aspect, the invention p desjfa B¥bcess for the preparation of
conmpound 27 Conpound 27 conprisiNage~(a coupling conpound 26Conpound 26

wi th conmpound 13 Conpound 13 in the presence of EDCI, HOBT and DI EA using
DMF as the solvent, wherein the reaction tenperature is maintai ned between
about 20 OC and 30 0OC, and the rec2@PPYNdi2€ 5| | owed proceed for at |east 70

hours, to p(vqtﬂté%gwgﬁﬁﬁ)?gnd 14 Conmpound 14 . ancj (b) treating conpound 14
nmet hanol .

with KOH in 024] In still another aspect, the invention
provi des a process for the preparatiorf of conpound 28 Conpound 28
conprising: (a) coupling conpound 2 ound 26 with conpound 20
H,N
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

0
@]
O O
N
08
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

OH
O O
N
Oy
N
H

Compound 34

compound 34

comprising:

(a) coupling compound 26



Compound 20 in the presence of HATU and DI EA using acetonitrile as the

sol vent, wherein the reaction tenperature is maintai ned between about 40 C
and 50 OGyvoanth/mBmseei n the reaction is all owed proceed fomr/ustolbez®sy 3 days,
to produce conpound 21 Conpound 21 aﬁn (®) treating compound 21 with NaCH
in methanol. [0025] In yet anothe v .t he invention provides a process
for the preparation of conpound @ JourRt! 34 conprising: (a) coupling
conmpound 26Conpound 26 wi th conmpey#o Compound 32 in the presence of
T3P(r) and pyridine using 2-nethyl tefrahydrofuran as the solvent, wherein
the reaction tenperature i s maintai ned between about 42 0C and 53 0C, and
wherein the reaction is all owed pFBBBENG2S at | east 2 hours, to produce
conmpound 33v$9h gﬁgﬂ nd32(b) treating conpound 33 with NaOVe/ MeCH i n
2-methyl tetra uran. [0026] In one enbodi nent, the nethod further

i ncl udes the step of formng a slurr conpound 34 in a mxture of
acetonitrile and water, wherein the sdlid formof conpound 34 is converted
to Conmpound 34. [0027] Enbodi mentiNQ e forgoi ng aspect include one or
nore of the follow ng features. The ess further conprises dissolving
Compound 34 in a biphasic solution,o X
HCO, which is stirred. The processéfuk;he

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/

O)\O

Compound 33

4

(b) treating compound 33 with NaOMe/MeOH in 2-methyl tetrahydrofuran.
[06026] 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.
[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 0.1N 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 MeOAc, EtOAc, IPAc,
-BuOAc, tetrahydrofuran (THF), EtoO or methyl-s-butyl 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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separating the organi c phase fromthe biphasic solution. The process
further conprises filtering and renoving solid nmatter fromthe organic
phase. Thwopoox®ss:2f urther conprises reduci ng the vol umecofustéie/ogsogani c
phase loygaappphazd by b@doysbiRodisigiarign.dTlse prokess ifuther Ehmp;js&smdd'mnge(DAer

O OB TP FB BB Aenieakgeo irkts TS 0k sl ehek MTE R o 1 he
or gani gy g@hﬁgﬁmmmh the ol N AL W EheQr &nmeg sgﬁ{&efas&h?ﬁﬁ)d%“CTH@P%eQWu&Q&% and

reducin vol une of theorganlc y 50% using distiflation. The
proces somprlsdsélleatmg’ﬁhc osgeicytdsaiy rhﬁmmmpEtaﬂﬁe andPMAaintaini®g €4d reflux

tetrah rof ura TH t 20, or th but he MIBE) to t '
phase l?el atpys; Oéﬁflﬂg?é‘[ E?"S’tWQubgg (;l‘ fﬁrPééJ ¥? ﬂ’(‘f&@ﬁg PSS )f%g%g gﬁeo[)?gglegs
furt heror%aﬂfﬂ)ﬁﬂa%t% zh%ﬁ{pbﬁﬂjré BEwWRES 5"5“’(‘? altN§'8€ olver 4 annle n&@ BP@ 53HoUFsGo 5391

mai ntaining 'said reflux tenperature for a tine at as bout 5 hours. The
processofisr t her conprises cooling the organi c phase to a terrperature

betvvee 0C an over ti nme period,of 4.5 hour hours. [0028
In sti I?"éﬂnot We%‘q‘af’é‘ﬂg@{ aSpeflet eri%‘m‘ BBH“HH%F&E’QOE dgﬁlcﬁ‘aﬁ@é‘?‘f"ﬁy[any ]
procesgedeped hdem, herein. [0029] In a further aspect, the invention
provi des a pharmaceutical conposition conprising a conpound produced by any
pr ocesiOQ?é’icrIrbeﬂlrﬂher apnct (he daGhtibmprowvides agphammacheticahegrapositiothe i nvent i on

provi des a .net hod of d l,at i qgl CFTR activity i.n _a biological sanple
conpr i SPRETFIAE 3 SPBBOYA @8H't‘%?9t ﬁgygaqc&ssoéeafrb &' anmpl e with a conpound

pr oducego3ay am/smmﬁl%ér é’sﬁé&rdh@%ehﬁéx@bﬂbwcfe@Q%iéthdcfbﬁﬂ@dthmng@mt t he
i nvention al so provides a nethod of treating or |essening the severity of a

di seasaciivityainpdtidlogicalsampld eimgyisingthesisp of forjactingsaiddbiplagicehtampiewsh at he
OO0 e S SR 20750 0, 1 <1 o from eyet o
const i pe6319N, IPa1deHeR aépekt, $he AR oA AMsoProvides f ineithea ©f tredtBigtoriledsenihg tHet ¥
caused by congenital bilateral absence of the vas
severity of a disease in a 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,
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 (DI), neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome,
Perlizaeus-Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuclear 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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deferens (CBAVD), mld pul nonary di sease, idiopathic pancreatitis, allergic
bronchopul nonary aspergillosis (ABPA), liver disease, hereditary enphysens,
her edi t arwohemooBréemat osi s, coagul ation-fi brinol ysis defPcriusacio®zsoesuch as

pr ot ei dis€hsdéduectb gnioy profyingrdcebsingdéfea), \Fabnodicsaeks Saraussigri Sthpimkeressi ng

deficienci es, s famlial hyperchol esterolema, Type 1 |
chyl onmdm{afmf/féﬁﬁb@mw BEP6t i JiREHeER S ":‘Vé%@ﬁﬁppgﬁoé@aég‘e?ﬂ%?@%? such as

| -cel | p&i; : : ' : : - :
o i gl el EE AR bR Hic ling RUROR R IARE MAenCARGT. rp Y g bRl
hm&*l li t exsd irx]lbﬂ:asing Homer ddpesition)y Gedpen' o3 ydizeme ddl dradeschaynel gprathres such as

ypopar at hyroi di s | anoma, . gl ycaposi s_CDG type 1, congenjtal
h>c/:_[|)_e EI t AYPIINA We%@ﬁ’é‘ﬁ%?‘? g?f%é? %@Bﬁ)a,BaHEF éé}%%dé?‘?e gﬁr ng‘r%genem a,
A efi.cl ' t I OS bR , enic DI,
Cnar cot SKie D PRsEpRRE, S31cpRE et frib ey B pROMEE Blsel: ARBRIARC
neur odegEnana tand Prichasy Gdesy Byskinessa @G b terni for dibestedalisdfderk phthen' s

di sease, anyotrophic.lateral .scl erosi SSi I I ,
pi ok sundubead oL Birron oy, jriudhe BEDhulh SgRier o RbBIaENE % ch g
Hunt | ”gfaﬂg%e?ner %BFB?E&[F@B \J_Jiﬁ’foluﬁ‘giﬂi&'iﬁ‘véréiﬁa%nh cilrby Eﬁhsiﬁ”d bul bar muscul ar

I
at roph nt at’or ubal™ pal I i dol uysi an, and nyotonic dystrophy, as well as
spongi {0832] ennepttainepatodinests, shecdisease sevystdti fitaoyis Cr eut zf el dt - Jakobdi sease

(due t | on,_protein processi ng defect), ,Fabry di sease ..

St aus B3 SRBiAingr BxlilhE arer o proviiey s Aot seah BB Ginashe POl sease,
Cst €OPRFIRI 6ta @}h%?ﬁﬁte%f iPP BRI sifpIR M v iV Borhprikihg!di ng bone
repair, bone regeneration, reducing bone resorption and 1ncreasing bone
deposi tion), Gorham saSymgositien carnprisingiecarhpound|popdichd by asyiptocass nmyot oni a
congeni tdaf‘éi;ghggson'an Becker fornms), Bartter's syndrone type II1l, Dent's
di sease CH{IGET BRSIRNG, epil epsy, hyperekpl exia, |ysosonal storage di sease,

Angel man syndrong, anghsRuétBisY¥od |1 ary Dyskinesia (PCD), a termfor
i nherited disorders of the structure and/or function of cilia, including

PCD with situs inversas (akemaiingihe eampositiongeitiethedyelagicatespmpiecandy t hout
o taase o e o T bpar Y it The ARAGr bl CHRRLM . AIERGN TRALS:  N°
[0034] In certain embodiments, the kit further comprises instructions for:
i. contacting an additional compound with the biological sample;
il. 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.
[0035] 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] 1. DEFINITIONS
[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 "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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[0033] In another aspect, the invention provides a kit for use in neasuring
the activity of CFTR or a fragment thereof in a biological sample in vitro
or in viwsQ20omnmp8icsi Ng: i. a composition conprising a cecpasadopessduced by
any pr (o393 The sarm SFT Rieaseised hereigd méans icym'tcrﬁhrosiimrmsﬁrmmbrme cmnduaamdeng t he

conposi tion th the bj ol I b. f
cai 6 crserfilor S stpligie (nersRE pigple Fobabof Hiiky B RoGR B ot A e i ¢
further F@QW&@%IWGF’TRQ&J %a htt? .’ﬁ*‘;"{“ %Eﬁét.@&kﬁiﬁs.%ﬁ.@ Feener cggiRpound

vvlththe bi ol ogi cal sanple; it. e activity of said CFTR or a
fragrremutathmxsbof in the presence of said additional conpound; and iii.

conpari activit Ln the presence of the dd|t|onal
conpoui dhe i “asdiipet s vird hereimumenio Res SRR 8 fssrsafing Wmpos 11 on of
For mul g,ehsurhi@3mbudvant ageously, the invention provides processes for the
synt hesi s of conpounds useful as nodulators of CFTR in higher yield and in

BlE glhﬁi' #?ﬂmﬂ tFpg gmmasas\oétms)mvnmm mecﬂ:emiselememmtﬁeemmmncheose] |

f ] f |
oni ess vitniae pashs TaRe SF Bif EIEO8S CAR Seistm Ahdbok ot CBptnifRrand vhiel” ¥
her ei n 7BRANE ARRiRGHY, RAGERSARIp 1&@&%5111@51@1&&%@%5@%3ﬁ@@d)rg'ﬁﬁmor i sing at

| east one bi ndi ng domai n erein sai rotein or fragnment thereof is
pr esentChlemlsHWOThnm&lerwneﬂr bniversey tSeremce BD@ldil, Bausdbitonil 999, asd (Mlerrchiser ei n neans

o SR 15 A0S AR St 9 B bAoAy s,

term " §HRY 0AS 200E thd \&iiiRé PorliBANST WNieh iafe HerdlyahitspbratddsyReRiéite. conduct ance
[0042] As described herein, compounds of the invention may optionally be substituted with
one or more substituents, such as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the invention. It will be appreciated that the
phrase "optionally substituted" is used interchangeably with the phrase "substituted or
unsubstituted." In general, the term "substituted", whether preceded by the term "optionally"
or not, refers to the replacement of hydrogen radicals in a given structure with the radical of a
specified substituent.
[0043] Unless otherwise indicated, an optionally substituted group may have a substituent at
each substitutable position of the group, and when more than one position in any given
structure may be substituted with more than one substituent selected from a specified group,
the substituent may be either the same or different at every position. Combinations of
substituents envisioned by this invention are preferably those that result in the formation of |
stable or chemically feasible compounds.
[0044] The term "stable", as used herein, refers to compounds that are not substantially
altered when subjected to conditions to allow for their production, detection, and preferably
their recovery, purification, and use for one or more of the purposes disclosed herein. In
some embodiments, a stable compound or chemically feasible compound is one that is not
substantially altered when kept at a temperature of 40 °C or less, in the absence of moisture
or other chemically reactive conditions, for at least a week.
[0045] The term "aliphatic" or "aliphatic group", as used herein, means a straight-chain (ie.,
unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is completely

saturated or that contains one or more units of unsaturation, or a monocyclic hydrocarbon or
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regulator or a nmutation thereof capable of regulator activity, including,
but not limted to, DF508 CFTR and G551D CFTR (see, e.g.,

htt p: // wwiogenetoss2ckki ds. on. ca/cftr/, for CFTR nut ati omeX/USR@OA06The term
" modul didyoli¢ hykoessiesh thetriecomplesahy Sdtllmateda:s ithregy camtatie oneesinoe wytsaf measur abl e
anount For Eighposes of thl ven I on, .the chem c l el enents are

i dent i PP%?&“P?\A‘E@BBW é%“%af%“i‘tﬁe(a SHF tofhgein agf CArpREYECerent s, CAS
versi om gﬂaﬁk &f"cwﬁmnfﬁ' Yo REs & Q}{él'eﬁ)%bm&?ﬁt@acﬁﬂlenﬂéﬂhé tanaf hy. gener al

princi p?es of organic’c ry are Organic Chem stry",

Thomas nisdeaudd. | Unlessi otlearwnste;sp&aﬁ&h tahplﬁmmlgx;ou[ﬁ&uamin -0 alipigBic carbebn"akéms h's
Advanced Or ganj ¢, .Chem try 5th . .Smth, B. an rch, J., John
Wiey & Speempgdimeppal lpbemgmpﬂsecmm T Oc%wg‘ém g Faren pBeher eby

| nCor PRiRLEfndA, BEAIENE Bfips CORAR] a1 dRnE kB RARCTR s fiRPUNds of 1 he

i nvention nmay optional Py bBe substituted with one or nore substituents, such
as ar e eirlbbdistenss, eliplgen grapk gomtbinviet abiphatis catbenptdnis, end byygpather cul ar

| bcl d s ti . [ d
et ¢ REOBHPRIE S GBI OHARPY SRR 1 oD DU s b FRBSHIRGRS t t ne
phrase g %@ggﬁ?g& UrddEFHOSs *c%‘él@ﬂk 1"} REGE LA Alonodyefic (8% RydiéRbboh byt ed”

whet her y the term"optionally"” or not, refers to the repl acerrent
of hydbigyehc oaniicgdlcsCs 3 hydgicarbon ghat woctomlﬂetallytsmumted Olatdiat:%qntiblﬂs @nespem fied

substi tuent .. Unl ess rwi se indj.ca an. 't t ed
o oup. R HGOLhrS A P B I 5 20ereTBt 155 P ABBSHERaH: TR oup,
and whepe OF 6F thd'@Bleeiie wiRpdih hﬁ’ﬁldd'ihw nﬂFY@Qalé brcly@m@ﬁﬁg YerPRasS3ihst i t ut ed

with nore than one substituent” sel ected froma speci rou t he
subst i uwnhemasmtableealnphmc groepssiaclede butiarfeinot bmlteéto émemwrgmn ebn.

oo e RSy SHRRHAT RS Ko, RS Ml bR PG o <0

conpoungsloalkylyalkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl. Suitable cycloaliphatic groups
include cycloalkyl, bicyclic cycloalkyl (e.g., decalin), bridged bicycloalkyl such as norbornyl
or [2.2.2]bicyclo-octyl, or bridged tricyclic such as adamantyl.
[0046] The term "heteroaliphatic”, as used herein, means aliphatic groups wherein one or two
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, bicyelic, 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
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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[0044] The term "stable", as used herein, refers to conpounds that are not
substantially altered when subjected to conditions to allow for their
product i onQ 208®8ts2on, and preferably their recovery, pecrflise@biozsvs9 and use
for oné00#9] Fbe terof "unrtupiedfyos eseddieseih omeahshikeat @i moietyrhas one oenbodinienifs, a
stabl e conpound or chem cally feasible conpound is one that is not

subst aHBLFRYPY)| t er ed when kept at a tenperature of 40 OC or less, in the
absenc TRE Rlrii G110k y'Q ol thi &h@mr %@hée)a 88 U1 r at least a
week. 004]5] The termya I'1 ph ém He atr}:c rougd ,); %%L?seg her ei n,
means armauaiygh:finom attacheil tethe pnmbrpzahcﬂnbmi) ch:am thrcmghrmobxygmbs nikouy'daror
unsubst i ut eg HW[)SCM bon chain that is conpletely saturated or that

cont ai ﬁ'él Widhigp 8%hi ts of unsaturation, or a nonocyclic hydrocarbon
or bi cy gdg5q] THe iemd " Radaliphafic sdCRABAIRbEY YimSAk UlighfR Rkt ns one or
nor e umts]of unsat ur at |p'ci}n Cb whi ¢ ?}Ls nr110t arlgﬁ tic I&Pgoasﬁg garasrbed to
her ei nmay Uecmblsmmyadlvem oneagrahmralhakoMms: Th&)nermékradbgai"loyl"hz)lo" mears Had, a
single oi f atta t to the res f nl ess ot herw se
specifpg ﬁ’ﬂB F@FB?WE‘E}@aE%HFHﬁi%_lé}i& Eﬁﬁ@) eé(i:léj’a A at®ns. In sone
enbodi B&‘Bhl%alk?i s@diedsi C OFegRs contain 1-10 aliphatic carbon atons. In other
enmbodi nents, al’i phatic groups contain 1-8 aliphatic carbon atons. In still
ot her E0853HiThe tersy, "agyll mteltalcmegm @sIpst of)antaagem nmlﬁyals ip Feaglk gl c'ardbox ydt ans, and
in yet ,,ot rrbod ment s aI| rou ta| n 1-4 hatlc car.bon
atons. 1™ °§é§*’h‘§ t?ﬁ?éﬁ?%"cy i)rcaa ?6H rl‘“é“’ %BPgﬁ%%?rﬂgJE%‘F?ea tofal ot ve”

"cycl o@ fovttedn fifd REMbER, @hé@iﬁ%!’é&kﬂ Sneir, n*ﬂh(éjsf)@téﬂ{ R QorRAtiArWehdr&inOF
tricyclic C .14 ydrocarbon that is conpletely saturated or that contains
one or emhrrmgjmth%smenummm Aitd bring membets. cFhejternm carylimaaeld wsedt hat has a

si ngl e. poi att nt oS0 the,.r st. of .th | ecul e wher ei n .any
naivi e ranefe W IRERE b PO i et bl B AP R o o
al i phatysterly AURSindRérefbeldit are not limted to, linear or branched,
substituted or unsubstituted al kyl, alkenyl, alkynyl groups and hybrlds

t her eof0053L Ahe tering eternar Wy used kly»ne of By adevgpr yelety bs ior eteroaralkyl" or
| : t abl | i phat d |
bi oycl  REEORDARR e o oS, PRYBR b i s B s B AR S o ny

five to fourteen ring members, wherein at least one ring in the system is aromatic, at least one

ring in the system contains one or more heteroatoms, and wherein each ring in the system
contains 3 to 7 ring members. The term "heteroaryl" may be used interchangeably with the
term "heteroaryl ring" or the term "heteroaromatic”.

[0054] An aryl (including aralkyl, aralkoxy, aryloxyalkyl and the like) or heteroaryl
(including heteroaralkyl and heteroarylalkoxy and the like) group may contain one or more
substituents. Suitable substituents on the unsaturated carbon atom of an aryl or heteroaryl
group are selected from halo; —R°;, —OR°®; —SR?; 1,2-methylene-dioxy; 1,2-ethylenedioxy;
phenyl (Ph) optionally substituted with R® —O(Ph) optionally substituted with R® —(CHy),-
2(Ph), optionally substituted with R® —CH=CH(Ph), optionally substituted with R% —NO,;
—CN; —N(R®;;

—NR°C(O)R"; —NR°C(O)N(R")2; —NR°CO;R°; —NR°NR’C(O)R’; —
NR°NR°C(O)N(R®),; —NR°NR°CO,R’ —C(0)C(O)R’ —C(O)CH,C(O)R® —CO,R’%; —
C(O)R% —C(O)N(R);

—OC(O)N(R")2; —S(0)2R® —SO;N(R")2; —S(O)R’; —NR°SO,N(R°)2; —NR’SO;R®;
—C(=S)N(R®); —C(=NH)—N(R®),; or —(CH,).2NHC(O)R® wherein each independent

occurrence of R’ is selected from hydrogen, optionally substituted C,.¢ aliphatic, an
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or [2.2.2]bicyc|o-octy|, or bridged tricyclic such as adamantyl. [0046] The
term "heteroaliphatic", as used herein, neans aliphatic groups wherein one
oF two cawbaniateme ar e i ndependent |y repI aced by one orcmarseoiof2gekygen,

sul f ur unsybstitgtedrd-6 mwrbprﬁdrhmrozuyl @lhetem@crycllmngrmhylphe@(%)@reuﬁﬁz(f&y be

ana | et ARG Jet i s B Ghgsbent N BEFEe A b aRe o, ©
" het er ogbigituefit’ OIQHH&Eﬁt suia@t@(ﬂgﬂts Tﬁl&nﬁ@ééﬂﬂer Qﬁﬂﬁh@ﬁbb%(?) to wlh@ﬁ @z{cﬂw&’dp is

"het erocycl oal i phatic", or "heterocyclic" as used herein means
non ar beiend, formaidopenbered bydgaikylchetcnocyqiylcwl iog heterapr @y tgdrawinigD-dhi ch one

dent | | d |
eroai RERoRori B0 gertly ek B TR e R o Syl PRESRAIOH NIl o o
"het er g an@hawcr Sip BﬁR" 4B s81Bctk® foRUNHE BVH(C, Qgh;sm@ibﬁw(d 1%5&&)2 QﬁPo,Of

nore ring nbers is a heteroatomi ndependent y sel ected from oxygen,

iul fur ,ClmﬁhlPl'@QerQHOO(Qh(ﬁi]wh@tm)sNOﬁ,rﬂNe@@hﬂrﬁifﬁgqmahﬁmtsyﬂ(baﬁoébm ains 3to
ri .. [,0048] .. t t t
sul f ur A 3 hAIOC e igha e o Fieftin 350t AR CiFFectEAE ny SIHG* ST 268 Rot m o

ni t r og@Asubstitufedr ., phosphorus, or silicon; the quaternized formof any basic
nitrogen or; a substitutable nitrogen of a heterocyclic ring, for exanple N

(as i nlG9S3] &nlﬂ}mhailczmlq@wmhp;mt)c SIRHP,(U S TIoN-3p9matig hqiernyyc)hcarngl\umy ¢emainn
Nsubst it ut ed i di ny, 00 The t unsat u ate used herein,
means. PhE BB ool o Bl ATk Fm A PBOREF e ter m
" al koxYeteroaliphdtidigd@lp ¥t of a Aén-bSafAtib BERIdtycliEfi®y frelsleatdd &lokyihoSk Ried as
previously defined, attached to the principal carbon chain through an

oxygen abovg) fRithg upsasurated|cathon of an ity bk hetetpasyl graup[and sagitivnallyt iaelvgde the
e st EP U ORERS: VR RS ravR by oo o TRaro
rreans ENNHSO0,(alkyl), or =NR*, where each R* is independently selected from hydrogen or an
optionally substituted C, ¢ aliphatic. Optional substituents on the aliphatic group of R* are
selected from NHj,
NH(C, .4 aliphatic), N(C,.4 aliphatic),, halo, C,.4 aliphatic, OH, O(C,.4 aliphatic), NO,, CN,
COzH,
CO4(C 4 aliphatic), O(halo C,.4aliphatic), or halo(C, .4 aliphatic), wherein each of the
foregoing C,.4 aliphatic groups of R* is unsubstituted.
[0056] Optional substituents on the nitrogen of a non-aromatic heterocyclic ring are selected
from —R*, —N(R*),, —C(O)R*, —CO;R*, —C(0)C(O)R*, —C(O)CH,C(O)R*, —SO:R",
—SO,;N(RY),, —C(=S)N(R");, —C(=NH)—N(R*), or —NR*SO,R"; wherein R" is
hydrogen, an optionally substituted C,.¢ aliphatic, optionally substituted phenyl, optionally
substituted
—O(Ph), optionally substituted —CH,(Ph), optionally substituted —(CHy),2(Ph); optionally
substituted —CH=CH(Ph); or an unsubstituted 5-6 membered heteroaryl or heterocyclic ring
having one to four heteroatoms independently selected from oxygen, nitrogen, or sulfur, 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-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, .4 aliphatic),
g
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Br, or |I. Exanples of haloaliphatic incude-CHF2, - CHZF, -CF3, -CF2-, or
per hal oal kyl, such as, CFZCF3 [0052] The term "aryl" used al one or as

part of avba&mSM| ety as in "aral ky al koxy", or pCarysbaepadoky| "
ref er s N(61-mali ihalo, 61 g pliphatic, @Hdo((ﬁlmlﬂ@hm@)rNﬁg @Ys€Qrhd. having a total

e ar oAb QAR CERtBhte W TR UG nPRE R o g 17 0o T

rrerrber$oregchﬁgt¢tmtpmmlgrodﬁ»fhé1¢mdbgtmte<ﬂchangeabl y with the term"aryl
ring". The term"aryl" also refers to heteroaryl ring systens as defined

Iher ein (@576 Whe feyoe 3fkylideng @wm"'rnf@tﬁetp@astryfught orfyanchgd sadop chaig thatmpaydte a

ar ger het er oar al k: or_"h tero I aI ko

ronocy SPRLSERe@) of ey s ARAEYEN of Pomy EHEpaEtas S miteact hEFRBR B, ve (o

f our t eel fektng tHEEMBRESle. WAE k@™ spirod yeRsalkytidéne” iréfdrsith alcAfbhosyslicaifd ha@r onat i c,

at least one ring in the systemcontains one or nore heteroatons, and

V\/(‘lhel’ ei mayhefully pajuiatedias hiays encon raesaith ef @sgwrallqnlaﬂg hﬁeﬁbepemtsnfe term
eter e "het I

the. ¢ efhmsplRbuiife SHREng PERERRBRATAN e dilnd Bl oy *ar il koxy )

aryl oxye03sy! Thelteiheshirdye)as @kedigdreinpigdgfindd 43cd mddtung cbeipeisngnabky hndad
het er oaryl al koxy and the |ike) roug/ may contain one or nore substituents.
Sui t ablliguishywaerein g salidis, @tﬁ'éost&r@atﬂ% &0 leclartm)hqtatlo%ete shrpings or

het er oa rQ fu

1o ot oS i fert (EEdile o ERONR pfoce s e BER4 bows s defined ¢ e
W th Ras tHa(cha»f aedttmgmadlduyy,smbstmmtsaﬂ s\Mrt)hde@ ler{gfiBf time. 2( Ph), optional ly
substituted wi th RO; - CH=CH( Ph) gtlonally substituted with R, -NO 2; -CN;
- N(R) 2005HR g toyro Pfqtmpe)gmtm;_ﬁ ) NRUSGhpIn, repxpsepisrbesegraups. intended

&R%MQE%‘%? ﬂj"_ﬁ’w&ﬁ Wm as; for g%ﬁe,%n%lcohg,m, %gt(bg)(ﬁ,) carb&@l,2 RO; -

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, benzoyl, 4-
chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoy! 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-
dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 2-nitro-4,5-
dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1-
methylethoxycarbonyl, a,a-dimethyl-3,5-dimethoxybenzyloxycarbonyl,
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,
2,2,2,-trichloroethox ycarbonyl, phenoxycarbonyl, 4-nitrophenoxy carbonyl,
fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl,

cyclohexyloxycarbonyl, phenylthiocarbonyl and the like, arylalkyl groups such as benzyl,
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-OC(ONR 2; -S(O 2R'; -S2N(RO 2; -S(OR 0; -NRS&2N(R) 2; -NR 0SQ2R0;

-C(=S)N(R) 2;-C(=NH)- N(RO 2; or-(CH2)0.2NHC(O R wherei n each i ndependent

occur r encwoah10R08i62 sel ect ed from hydrogen, optional |y subaisedwpeshed

alhi ph?ttﬂlmenalmmﬂadﬂmnizyloxyerdelﬁyksandﬂhbh’kcetmduityégmmpysuohras iudmethytsilyl anad the ng,

pheny , or-CH2(P not wi.t hst andj ng t he inition above, two

i ndepe;%%og‘ %‘8&?%}?&8&& 1‘2?"‘%&9""%&“{%& eaty “tgtﬂ’ﬁg‘faiﬂ? ﬂfﬁ?ﬁ) di ff erent

subst i S, S
[60%0Y S EXAK fes 5%%%%&@2 %E Pd'é(d%)aré Qfﬁé‘fli 2] yFﬁst QlRYP

bound, forma 3- nbered cyclo et erocyc eteroaryl
ring Ih&vﬁluvgex@nhﬁelhgt, meduixxyrmthydxdnq:tbyldanmhl}nyls edttahytmipjmaoyrh, mtmahp@emrarqx,ygen
or sul fur onal stituents on the aliphatic are selected
from qu?th Y‘T‘?)‘h&lr E(,( r‘mﬁgﬁfﬁy]x&?%ﬁﬂﬁ NZy|gx ¥t net 5}91 4 aI i phatic, OH,
(G - ,ﬂm\ra,&rleﬂ) L, ;h{@a @tlo I, (3

al i phat | c), h Iyo 4 al ?\%ﬁt%}cw where proéyé?ﬁilﬂ?%?lh}g)%yg%mgﬂhw chtol

al i phalphmagylo&pistmlltedqﬂlenacyh nstaﬂss2 212unmllllorpﬁbﬂ5]l hAh)eEhyil [mrahllocoaikyl 2-

hetero i or, n i.c het i rin ont ai n one
or - mor dritaons BB mbfh Bueet DiBem metybn R etrioked bai8hn of an
al i pharC 8 et dmkil 1 feh [aleo sty tggocyclic rin
are sel zc?geglt}glr oyr?thojs(gm stgd H%lgs%r&f%rg? tpﬁgﬂgnnsslg'gurat elgengglra?l;lgn of an arylg
or het eubrtityed benaplestans) 2:wtdiatkydpiwhyhestencsughi@s pensafleirbpivingly 2,60, =S, =NNHR*,

=NN( R* =NNHCO 2 = =
oneh ity P g B prolC IR ERLE foF abidh e nmy s 2t ey bnal 1y
substi 100@J Oviethods bpmdmg& l_sQB&és@@@Aeraﬂ%@fdlFebl%"h§"ﬁBteEthﬁl“zhhdJMﬁd&nQrOUp of

R* are selected fromN 4~al i phati c) -4 aliphatic)2, halo
C-4 al(pxph@ss igenerdhy, re@f(r@d to4s & appdataqtum)) smmlmndmrompg:gmpaaﬁephat ic),

(hal o well lélno%lnl 1ghﬁ art 211’1d avallhgleof%r exampe}e uP p?tﬁoc?ehskl ﬁro?ec?lng %ﬁ'gu;%t the
Thieme, 1994, which is hereby incorporated by reference in its entirety and in Greene and
Wauts, Protective Groups in Organic Synthesis, 3rd Edition (John Wiley & Sons, New York,
1999).

[06062] 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 (MeOALC), ethyl acetate (EtOAc), isopropyl acetate (IPAc), t-butyl acetate (-
BuOAc), isopropyl alcohol (IPA), tetrahydrofuran (THF), methyl ethyl ketone (MEK), #-
butanol, diethyl ether (Et,0), methyl-r-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-chlorohexafluorophosphate (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 (K,CO3), N-methylmorpholine (NMM), triethylamine (Et;N; TEA),
diisopropyl-ethyl amine (i-Pr,EtN; DIEA), pyridine, potassium hydroxide (KOH), sodium
hydroxide (NaOH), and sodium methoxide (NaOMe; NaOCH3).
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foregoing Ci -4 aliphatic groups of R* is unsubstituted. [0056] Optional
substituents on the nitrogen of a non-aromatic heterocyclic ring are

sel ect ed woamo/10862- N(R+) 2, -C(O R +, -CO 2R+, - C( O C( OpRTAIS201Q(02306H

2C( O) R{00655Mn srae emBaliniets) @yo- igle@niinR oeqrenCfs—dfiR°; aled@i()t@d inthe stR B2 R+;
V\,herel R+ i s dr oge ptionally substituted | i pha

option IPV §'i?52'¥ “ttﬂgeélge dﬁ'gh&f" aqus) @d@?‘g@i@ﬁﬁﬁ 4tfaﬁlf“?§bt° f@‘@ﬁ;& éopt i onal | y
substi tiad %C%Rﬁ) ’he%%d Mldr*bgﬁérbﬁﬁt ﬂﬁl%hﬁ\%ablh r6itbmsOPt i onal 'y

substltut ed uns ut ered heteroaryl or
het er om;tbpenﬂemlylgpltra&d ftgmoanogem, oxygen retselfuat Exemplarg eings ten ateyfosmédct ed

f | t wi t hst andj def b
two | B e MdeBaRER arfbncss OER” 5 keR sodsihes vaihibs ROROSHNEN Fedr ent
subst i raféeﬂttaéhedtlﬁl‘lﬁﬂ'e tbqgereber 1.%&&&& ﬂne amﬁ@a)w?\nfaes&& @ccﬁﬁ AR\ 1S

bound, forma 3-8-menbered cycloal kyl, heterocyc ary heteroaryl
ri ng h&Y thag a@-b®uhd teethe atmemtommatelera thduwen tqgeﬂret amhehhtfatmrrtmfdrnugnemg fmxygen

of e artnplEr MUEDaWARERL OSSR O Rareaketoserierrih the Birogta iy 8 o o
G-4 alfd)rﬂh@bip@ﬂdlﬁl'i’-ylof)faerazﬂl ﬁjgl W%dr?dolmuqk rg\%gl tw@@x&gencﬂmﬁl ' phat ic),

QA hal o Callphatlc) 4 aliphaticC erein each of the foregoing
C -4 abrphmences CérPoukn@aoﬁb(mﬂdne ddfmtmgtqrmsumddxre {aberbigethiepwithboth' of thedei dene

chai n" refer to a ht or .bran car bon haln that may be fully

Cat ur aflsiegp ot & ipRdof PRI ORI LY G BrubOHeARITE ol HsERL & o
attachgepRreto the rest of the nolecule. The term "spirocycl oal kyli dene"
refers to a carbocyclic ring that nay be fully saturated or have one or

nore units of unsaturation and has pBf nts of attachment fromthe sane
ring carbon atomto the rest of thuI e. [0058] The term"slurry," as
used herein, is defined as a m xtuxke~onperising a solid and a l'iquid,
wherein_ t solid is, partlally soluyble in the i e term
"sl ur yﬁ‘}@f thgpe i GcERes OLR" AakandpRTtRer (URLIBp Oy e ems glCBﬁ@%Yuct was
slurri gf §fdhd 2R fised 6 nientttldd B gen containing ring;

SO0

[6067] It will be appreciated that a variety of other rings can be formed when two
independent occurrences 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 limiting.

[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.

[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) 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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as the act of creating a slurry, and stirring said slurry for a length of
time. [0059] The term "protecting group" (PG as used herein, represents
those group=oiobersded to protect a functional group, suebTas20moesoexanpl e,
an al cohol, ami ne, carboxyl,Rgarbonyl, etc., against undesirabke reactions
during synthetic pr Comgonl y used prot ecting groups ane disclosed
in Geene and Wits,

(John W e}(/
ref erenceR nu-troen protecting RXOKP S ‘
car banyl "groups R7as form@d, acetyl, propi o o oyl', -Butyl acetyl
2-chl oroacetyl, 2-bHompacetyl, trifl uoroacetyl tr| chI oroacetyl, phthalyl,
o- ni trophenoxyacetyl, a-chlor - chlorobenzoyl

4- br omobenzoyl , 4-ni trobenzoquﬁuw ﬁhsl ?gfﬁgﬁﬂl |ar| es such as protected or
unpr ot éﬂiﬂ@ﬁi Aldditionally,Mnldss athermlsas:tméd sucturasdeplcsstd liegein lasalsdmeant to

phenyl a n ne and ‘Sasn‘g 41& rﬁu nyl groups such as, benzenesul fonyl

p-tolu ICPHWP“ at e‘l‘? ¥ 10 08 PEARRACE QP%Hb@O%’éWOHE:aB)éﬁ&WhGchar bonyl ,
p-chl o n s

oni trog%y%&%%ﬁ S n| i @)ﬂ‘&f Fécg))%/{car EFEEQQ&QH for the replacement of

p- br omhigdrozsn h)y(;mnenhnmot trltﬁl,ml-or dieveplaconyde 0f y barbm ay adi by '*C are within

4" ot hEyERSGH DEEEE oy Do dis Wtk ORI 3) FBIEA! lsbhy

3,4, 5- HE?H’!SRS F%J y&q,gla%lg tid addpidi phenyl yl) - I met hyl et hoxycar bonyl,
a, a-di ?;Et hyl - bb% i xybenzy?ﬂ(g)%);ca })Sgyl benzhydryl oxycar bonyl ,

t - but yI[QM&l&arHonPRO(EESSEﬂo@EﬂSHEJﬁtJHENﬂ‘d@NbonyI i sopr opyl oxycar bonyI :
et hox n car bon on bonyl , )
o 505 TR b asBrmb b GBI PropRE RGO O yihinis PLCATRRNEYS EstfWony |

£ uoregyhoaulmpgp@pﬁ;bonyl cycl opent yI oxycar bonyl, adamantyl oxycarbonyl,
cycl ohexyl oxycar bon phenyl t hi ocarbonyl and the |i ke, arylal kyl groups

such a$00¥8hzyln, stomq:dnlﬂm}llimemmyhc invemtion payides hplocesadort the prépamtianaf ai | vl

groups such tr | silyl and the Iike. Another exenplary -protecting
group |9;mP?'\'Pad§tﬁ ggﬁ %‘r‘%ﬁrﬁyl (Boc) .

OH
o O
N
sen
N
H .

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

] aroyl, or

compound having the structure

OH
O O OH
N
oL
N
H

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

compound having the structure

O O
N
sen
N
H
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[ 0060] Exanpl es of useful protecting groups for acids are substituted al kyl
esters such as 9-fluorenyl nethyl, methoxynethyl, nethylthionethyl,

t et r ahydrwpyosmBie2t et r ahydr of uranyl, met hoxyet hoxy net Rgir/US2010/028069

2- (tril0e76ly| dnlope pspehio shenpydéngion poenidsslagrgenss foyrlthe piepabtign ofkay catpauind

phenyl tox§gfthyl, triisopropropylsysilylnmethyl, cyanonethyl, acetol,
phenacyl”, i tuted phenacyl esters, 2,2,2- trichloroethyl, 2-hal oethyl,
m#chloroalkyl, 2- (trimethylsilyl)ethyl, 2- n&%hylthloethyl f-butyl,
3-net hyl - 3-pentyl, dicyclopropyl net hyl, cyclo-enﬁy cyclohexyl al lyl,
met hal Iyl , cynnanyl, phenyl, silyl eéters, P and substltuted benzyl
esters, 2,6-dialky|pheny| esters SUGCR_as abl uor ophenyl , 2, 6-

di al kyl pyhenyl . O her cf i ougp fyr acids are nethyl or et hyl
esters. [0061] Met hods of' addin RFocess denerally referred to as
“protection”) and renmpving (process generally referred to as
"deprotection”) such amne and acid protecting groups are well-known in the
art and available, for exanple in PFOrm#!enski, Protecting G oups, Thiene,

1994, MM%&BE}?%?CLI%%@&&%@@F&% B{eﬁ erence inits entirety and in

G eene a ectirv oups 1n ganic Synthesis, 3rd Edition (John
Wley & Sons, New York, 1999). [0062] Ewan es of suitable solvents that
may be used in this invention are, t fdot Himted to water, nethanol,

di chl or onet hane (DCM), acet oyt ki i mef hyQtor mani de (DMF), nethyl
acetate (MeQAc), ethyl acetate { opropyl acetate (IPAc), r-butyl

acetate (/- BuOAc), isopropyl al cohol ”P tetrahydrofuran (THF), nethyl
et hyl ketone (MEK), tbutanol, diethyl et her (Et 20, nethyl-/-butyl ether
(MIBE), 1, 4-di oxane and N—nethyl pyrrolldone (NMP). [0063] Exanples of

sui tabl e coupllng agents that may be° in this invention are, but not
limte felELY Bam no) propyl ) - 3-et hyl -carbodi i m de hydrochl ori de
(EDCI )@ltgq?fﬂ@eﬁ%ot %zo? l-yl)-1,1,3,3-tetramet hyl uroni um
hexaf | uor ophosphate (HBTU), 1- R5
Ra4
H,N
Rz
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 Ry is independently selected from hydrogen, CN, CFs, halo, C; straight

or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs. (o heteroaryl or C3.7
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.7 heterocyclic is independently and optionally substituted with up to
three substituents selected from —OR’, —CF3, —OCFs, SR’, S(O)R’, SO;R’, —SCF3, halo,
CN,
—COOR’, —COR—, —O(CH2):N(R")}R"), —O(CH2)N(R")(R"), —CON(R')(R"),
—(CH,),0R’, —(CH,)OR’, CH,CN, optionally substituted phenyl or phenoxy, —N(R')(R"),
—NR’'C(O)OR’, —NR'C(O)R’, —(CH2):N(R'}(R"), or —(CH2)N(R")(R").

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

N(R"),
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hydr oxybenzotri azol e (HOBT),

2- (I H7-Azabenzotriazol -1 -yl)-I,1,3,3-tetranethyl uronium

hexaf | uorwplzo stee (HATU), 2-chloro-I|, 3-dinethyl -2-i m ¢azaiSeenio28069
t et r af FoDIHSKEYRE HAPRADSHEO A '0++QR OC(O)OR', OC(O)NHR', OC(O)NR",

chi or o CA @%%ﬁ%ﬁ?@aﬁ SRR eSO RS B e B on < annyar i de
(T3P(r)). [ QR6R]addriab %ﬁ(eﬁftog%tHeF fdthea Bashsmbdrad rlﬂgioﬁﬁln@)?a ithrek hi s

i nvention are, but not limted to potassium carbonate (K2

N- et hWWmﬂFﬂm Se&@tf(dl\pr N,Q.ice Shyheneinrraid gisoplienglly sibstitoredopigh upthy |
anm ne ¢ pyri di ne, potassium hydroxide (KOH), sodium
hydr oxi 8 E( 1ue d sodi um net hoxi de (NaOve; NaOCH ).[0065] In sone

efbodi ment s EatW ik ndﬂF@rméﬁn a B6RAI6Y 8RR %Enmalmubﬁﬁu@@ [u} gmshlaawtdﬁ@m
structure below, are taken together wt he”at on( s) which they are

at t achedherain ipinivwe Betbyleme uhity ofdX ayecdpsiohidiy andhedmeodwlyybplaaerq/by or

het er oa rin avi het t ons dent sel ec from

ni troge_néboxygq;‘g] rkgggpﬁr I_ary¢(?ﬁ§ hat™ ¢ %rf'o ‘G when two

I ndepeﬂdNRFCOELULE@ﬂD&SI\MCBNR@Le LekeNR'aget RR'NRY LANRIRRatQLS) to which
they are attached include, but are not I|mtedtothefollovmng a) two

i ndepend@&c@mwﬁa%@(bf—mz-t—ha-t-f‘l&re, BhiNR o INR'SOarrs oatem and are taken
t oget hz\ﬂ&%@t fhat atomto forma ring, for exanple, N(R)2, where both
occurr RO are taken together with the nitrogen atomto forma

pi peri di n- 1. Evth RBiPRESFENDerk , h#16, NOY, [0| CFy; 6r GCFYr ¢ an infegePromi4.,
i ndependent occurrenc??nof l%Rthat are bound to dlffgrent g’?ons and are

t aken tEegeRnisiindopendendy ieloeted frogehydreges or en pptionadlyshbsituted graupaseisciednner e a

phenyl ou upstituted wth,t cC n t hese two
occurré’% Ebfglﬁgl Fgro[ugkfé %’8&‘5‘?’%@?%‘{#@% ﬁ%&g%g‘“ﬁ%&m rﬁgil%hl ch they
ar e bouﬁsﬂatﬁ@teﬁ%dﬁoe ydl1es @l (v (28 he@raaommiemdesenti ety setectddfoom nRespeh, 1t wil |
be appreciated that”a variety of other rings can be fornmed when two

i ndepevdpgem, om:snlu‘rllr,en@e§ b¥ mpmbered saikeed; paraiehe pnspturated ar fally Hﬂ@}mﬁ@dv\hl ch
?ﬁf gn\é Efly? L ﬁgé ?’(Sﬁ‘i %83{38 -3 3ol 36 S AR RRa Y hidkL £ o ARG M, BxJikh,
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.
Each R; is independently —C 3 alkyl, C,.; perhaloalkyl, —O(C,; alkyl),
—CF3;, —OCF;, —SCF;, —F, —Cl, —Br, or —COOR', —COR’, —O(CH2):N(R")(R"),
—O(CH2)NR)R"), —CON(R')(R’), —(CH;),0R’, —(CH;)OR’, optionally substituted
monocyclic or bicyclic aromatic ring, optionally substituted arylsulfone, optionally
substituted
5-membered heteroaryl ring, —N(R")(R’), —(CH;):N(R")(R"), or —(CHz)N(R')(R’).
[0077]1 In one embodiment, Rs is independently —OC(O)OR’, —OC(O)NHR’, or
—OC(O)N(R'),, 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
—OC(0)OR', —OC(O)NHR', or —OC(O)N(R); Rs group to form —OH. The cleavage is
performed by treating a compound of Formula 1 containing the —OC(O)OR,
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[0068] Ring substituents on, for exanple, nono and poly aryl, aliphatic,
het eroal i phatic ring systens can be attached on any ring position for which
it is chewDealdsfeeasi ble to attach a substituent. [006@LTUisc@eP2896Mer Wi se
st at ed—OC(ORHR & sr dePCED IN{RNe Re grouprvatledisalcohmdintsolivent in chaptesemice of basger i ¢

(e.g., enantiamer.i di ast ereonerjc, _and geqpetric (or, .confqrmational

f or s a*e%%é“@ﬁ%@ﬁr%;so i wehepide, T ﬁélcgbéjwofo eebsgﬁerigw@tqcfwgg?or ehth
asyMetdiofiot Rthdthandl AAnARH iddplopiPiibbiol BpRgubaarer s, and (2) and (B)
conformati onal 1soners. er e, single stereochem cal isoners as well as
eEant | §6050] c, Incinatice embodinieat, anledst@ae 0ERf bR{ Brindapohdentigta ©RE} $traighttour es of
the present compounds, are within the scope of the invention. Unless

ot hemﬁga_éw@tda@ W fh IStSagittswe@ Mdthfvﬂ%o%forrngoww@m@gsli d #Qtﬁwgr%?@m i on
are wi ﬁrbbéhaﬁﬁ‘ﬁng%ﬁ%,eoﬁgof{lt"‘g)rl:lfo&vi?m(tg@ci}f’ Ik fshotfiofet Yfn ditfbr dnsifeBQUN Of

Formula 1 1s rogen, sai npoun Formula 1" may exi st as
t aut omene dBRS iRy 5 oCOR RN bad R’ {s @07Rydrégdi t i onal | y, unl ess ot herw se

st at ed ucjures dqepicted herein are al so negnt, to .i ncl ude ounds t hat
differ I‘Bﬁb@ iisqu‘?éﬂgaﬁgeﬁ&ethsprqsﬁ% (iR hersPRPFSEABSFRIAFiNg s GUIGH. S orrs.  For
exanpl ac@giag;jy@ga 1BAY bRYof ﬁfarizn@;enieolﬁfdwﬁwsgﬁrf%ﬁ@cpsy{ Stidghe T epl acenent

of hydroge utertumor tritium e replacenent” of a“carbon by a
13C or campowrdeofiliorinula k ¢doataiciop¢heotCOOR' omv-EIAN@RY), gBuphorcaiigastontsofdR e

usef ul r exanpl e s anal ytical tools, probges i ' I cal ,assays or as
ther apitt R WA BE 7ayen it ingesseaceeet beke sl 5 NOERRAF B 69SRE 1

gener alyefdxedd. MM doRBI1IP SAVed %§ed3i'hQH@§§tﬁ§ly§i9 is fBRasN NSO SisGproppmpounds
useful as nmodul ators of CFTR [0073] I'n sone enbodi nents, the invention

pr ovi dekoholpredbeswof.or the preparation of a conpound having the structure

L?g;g]r gﬁk&io (Tﬁ'l zﬁnot %9 E%Qéi?ﬁen%, rzll?leiasr{\é)%g tol" ﬁ? 01p f(zo }/siirqgespegdé%lrtlg)'cae .S.c, Sftl%Eghtt gre
branched alkyl which is substituted with —COOR' or —CON(R"); and R; is independently
—OC(O)OR', —OC(O)NHR', or —OC(O)N(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"); Rs group. The hydrolysis/cleavage reaction is performed by treating a
compound of Formula 1 containing the —COOR' or —CON(R); group on at least one of Ry
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 K»COs, Et3N,
N-methylmorpholine (NMM), pyridine or DIEA.

[0084] 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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conpound having the structure [0075] In sonme enbodi ments, the invention
provi des a process for the preparation of a conpound having the

st ruct ur ey0QéB}1081620Ne aspect, the invention provides aPpTaISe®s/ kw69t he

pr epar & iand 78 £ C auchoasgmtweEnatboFo2 T and130 Fyrbetween hboordd) iG ambSEeCpindng a
carboxylic acid g&ogorggh% 2 Formula 2 with an aniline of Formula 3 Fornula
3 in t REWEFRLERNE A2 0F ad 2306t i ng agent selected fromthe group consisting of

2- chl ofgash 3-1nGt; efiboRimiarOkH I ; :
- chl orRB oI MITTMG eApol A G e Bupitd MR RREAA B ol I 2AEE  cach
R2 andswRhias foread dguen@ibonrs yfosatl least 20 houreor fordt legsr3, daghl, CF3, halo, Ci-6

straig anched al kyl, 3-12 nenbered cycl oal i phatic, phenyl, C5. 10
heteroﬂf%gf orb[rn(‘;‘@?t-h?r WB{’@B‘E%W“CQ' wherein said heteroaryl or heterocyclic

has up[do8oP NRLE[ ML EMmbBBINRIER, i @Midy1S, or N, and each G 6 straight or
branched al kyl, 3-12 nenbered cycl oal i phatic, phenyl, C5.10 heteroaryl or C

E het K088} c| Incoine emmbid peends i liy indeptnd it yorOTCE)ORYSHAWOINHR tér up to
N A e T e s
- CON £ \ j I Hsti.tut ed ph I
SO A L sl G R kS sl 0 e
-(CH 2pidoRl.) (R f). Each R5 is independently selected from hydrogen, -OH,

g&z’o) %opﬁlgsr{gg%mb@@%@@ :imgg[%)ngedtlyl\lﬂg&)o%w, NS N R
—OC(O)N(R");, and R' is not hydrogen; and each of R, and Ry is independently selected
from C,-Cg straight or branched alkyl.

[0092] Insome 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 Ry is independently selected
from methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, -butyl, n-pentyl, or n-hexyl.
[0093] In some embodiments, R; and R, are t-butyl.

[0094] In one embodiment, the invention provides a process for the preparation of a

compound of Formula 5
PG
0
R4
H,N
Rz
Formula 5
by reacting a compound of Formula 6

OH
R4

Ra
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

Formula 7
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CH2OH, CH2N(R )2, C(OOR , SO2NHR , SO2N(R )2, or CHZNHC(OOR . O, R4 and
R5 are taken together forma 5-7 nenbered ring containing 0-3 three

het er oat owe 288/@8ted from N, O or S, wherein said ringPC3/uUsptivozabd y
substituted with up to three R3 subgyPPuents. Each X is independently a

6 al kylidene chain wherein up to
two nethylene units of X are optio ‘and i ndependently repl aced by -CO
-CS-, -COCO, -CONR -, -CONR NR -, , -OCO, -NR 1CO2-

,-O,-NRCONR -,-CCONR -,-NRNR, -FRNRCO , -NRCO, -S-, -SO -SO 2-
,-NR - , -SO 2NR -, NR SO2-, or- NRREO2NR -. Each Rx is independently R,
hal o, NO2, CN, CF3, or OCF3. y is gn iPat7eger from0-4. Each R is

i ndependent |y sel ected from hydr ogef™? an optional |y substituted group
selected.froma .8 aliphatic gr -8-nmenbered saturated, partially
unsat u F%d?“W?“ﬁhP%v“hﬁE%Tﬁ?ﬁPgﬁ%ﬁEHB@ clic ring having 0-3 heteroatons

i ndependently sel ected fromnitrogen, @Rggen, or sulfur, or an 8-12
nenbered saturated, partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms i pdegeRdent|y sel ected from nitrogen,
oxygen, or sulfur; or two occurrence R are taken together with the
aton(s) to which they are bound tamNfo an optionally substituted 3-12
menbered saturated, partially unsaturated, or fully unsaturated nonocyclic
or bicyclic ring having 0-4 heteroatons independently selected fromN, O
or S. Each R3 is independentl|y-Ci-Boemwa8 C -3 perhal oal kyl,-0(C -3

al kyl), ,.CFE - -SCF 3. -F, - -Br,- Or- .

"o G it femersaied o fiven Rp PRI §F Foripbia S Warah PO 8 AP IS(498 E10WR 2) o |
optionaﬁdg4ﬁﬁpﬁ%h%qkﬁﬁhﬁgﬂﬂ@y&lic or bicyclic aromatic ring, optionally

substituted arylsulfone, optionally )
[0095] In one embodiment, the solvent used in the conversion of compound of Formula 6

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.

[0098] 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 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.

[00102] In another embodiment, the process further comprises the step of contacting a

compound of Formula 4

O O
OEt
S8 h
y N
H
Formula 4

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

[00103] In one embodiment, the compound of Formula 3 is a compound of Formula 40
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substituted 5-nmenbered heteroaryl ring, -N(R)(R), -(CH2)2N(R )(R ),
or-(CH2)N(R )(R ). [0077] In one enbodinent, R5 is independently -OC(O OR ,
- OC( O) NHRvO 2010/10860) N(R ) 2, and R is not hydrogen. | RCTArst@ion280ast ances
R5is -OC(OOR and R is not hydrogen. Ip other instances, R5 is
-OC(ONHR and R is not hydrdb stily—@ther instances, R5 is
-0C(0O)N(R') 2 and R is not hydrop [ 20@8] ¥ n one enbodi ment, the process
further conprises cleaving the -0
group to form-0OH The cleavage ispgerforned by treating a conpound of
Formula 1 containing the-OC(O OR ,-GC(O)NHR' , or-OC(ONR)2 R5 group with
an al coholic solvent in the presentggmifa 442s€ such as NaCH, KOH or sodium
nmet hoxi de. The al coholic solvent used i n the cl eavage reaction is nethanol,
et hanol, isopropyl alcohol or f-butanol. [0079] In another enbodi nent, at

| east one of R4 or Ris independently a C -C straight or branched al kyl

whi ch 1€019dbsn angthed embodimeaUiR procescfintRr @mprased tR stepofhamtdryidgegen. | n
certain ins';t!@néﬁ_s 0 elof R4 or Ris -COOR and R is not hydrogen. In

ot her RPN Foymilatl n4 or R2 is -CON(R) 2 and R is not hydrogen.
[0080] In one enbodi nent, the prodqass Aursher conprises hydrolyzing the
-COOR or -CON(R )2 on at |east one and R2. The hydrolysis is
performed by treating a conpound ¢ a 1 containing the-COOR
or-CON(Rr)2 group on at |east one®f R and®R with an al coholic solvent in

t he presence of base such as NaOH, gdtfddiadq sodi um net hoxi de. The al coholic
sol vent used in the hydrolysis is nethanol, ethanol, isopropyl alcohol or

- but anol . [ ®Gddhethyl taEimethydsil b dimathyleetene aetal @dFDAOne of R or R2 is

i ndependently a C - straight or branghed al kyl which is substituted

W th-COOR or-CON(R) 2 and RS is in ndently -OC(OOR, -OC(ONHR , or
-OC(ONR'")2, and each R is not @ ogen.
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 Formula 40.

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

R2
HoN
0]
0
Formula 43
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[0082] In one enbodi nent, the process further conprises hydrolyzing the
-COOR or -CON(R )2 on at least one of R4 and R2 and cl eaving the
-OC( O OR WO @s1dkIR , or -OC(Q)N(R) 2 R5 group. The hydralsg@iostsobeavage
react i ¢90%0] pm%béaelnboctm@a% thepraces eRibRIiES BT step ohroatactingd comppynst

t he- kit (R) 2 group on at least one of R4 and R2 and -OC(O OR ,
-0C(0O Ep or-0OC(0O)N(R) 2 R5 group with an al coholic solvent in the
presence of base such as NaOH, KOH or Rpdi um net hoxi de. The al coholic

sol vent used in the hydrolysis/cleaa reaction is nethanol, ethanol,

i sopropyl al cohol or tbutanol. [0083 anot her enbodi nent, the coupling
of the carboxylic acid of Fornula 2 té? aniline of Fornmula 3 is
performed in the presence of a base sugch as K2CO, Et N, N-nethyl norpholi ne
(NW), pyridine or DIEA. [0084] In ano Rer enbodi nent, the coupling of the
carboxylic acid of Formula 2 and tFﬁ H ne of Fornula 3 is perfornmed in
the presence of pyridine or DIEA B@@"i n yet anot her enbodi nent, the
coupl i ng of wittemedybeetiydsifg idin@hylkeendihctal (THA)e aniline of Formula 3
is perforned in the presence of a solvent such as Et QAc, |PAc, THF, MEK,
NVP, acetonitrile, DWVF, or 2-nethylte{rahydrofuran. [0086] In further
enbodi nents, the coupling of the carbpxylic acid of Formula 2 and the
aniline of Fornmula 3 is perforned/at \g_ggaction tenperature which is

mai nt ai ned between 100C and 78 0OC such as between about 20 0C and 30 0C,
bet ween about 40 OC and 50 0C, and bgipwgen about 42 C and 53 0C. [0087] In
still further enbodinents, the coupling reaction is stirred for at |east 2
hours such &@Pragucea corapayndaffigypdla4for at | east 70 hours or for at |east 3
days. [0088] In another enbodi nent, yﬁ'zs 0. [0089] In still other

enbodi nents, R2 is tert-butyl [O ] yn sonme enbodi nents, RS is

i ndependently -OC(OOR, -OC(ON ) -OC(ONR) 2, and R is not
hydrogen; and each of R2 and R4 is ildependently sel ected

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 of a

compound of Formula 2

Formula 2

comprising contacting a compound of Formula 4
o O

E
y N

H

Formula 4
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from hydrogen, CF.-?, C -C6 straight or branched al kyl, 3-12 nenbered

cycl oal i phatic or phenyl. [0091] In sone enbodinents, R5 is independently
-0OC(O) ORWO2(1p1deiIR , or -OC(ON(R) 2, and R is not krygdrusgen,2sened each
of R2 and Rwith dnrdepasdeidt Wheel ected from G -C strai ght or branched al kyl .

[0092] In so nbodi nent s 5 is i.ndependently - OOR , - ONHR , or
e o% N(R) en,% )gmng@pqngemlyt a%@r%g%?ﬂ g@maﬁhégbsag%@& a«rﬂkﬁlq%gé chain
i ndepe : &AtwaSh i : : - 1 /j-butyl,
| sobut 3‘?‘2*;%'? B DR INRIY pre LML 4 BAORendiSERROMY 11 O
and R ar€0/—puCi—, Fa00CD—+n—a@GNRIbpdiGC@NR NR he, HO@AL | -0rOQOov, des a
process he prepar at.| of ,a conpound of Fornmula S5 by reacting a
compou n_clltlgfl;c T mut (g—e —%ﬁﬁfp&k@—\mﬁg%?eagmﬁ l%:Iélgab‘I‘E“;'olﬁRc,(?sﬁ?rs*r’ ng ° a
pr ot ecti QR/EHOUP_§0 QQSétt—afd%e_d toykhe R'%?J i C QY én_ofora conmpound of

t

Formula 6 in tHe présencé of a 5olvent’ reby 'produéi g a conpound of
For mul a—NRIB@INR's—;nitrated to forma conpound of Forrmula 8 Formula 8 which

is then reduced 4£0.9jve onpqund of Fornula 5 _wherein PGis a protecting
group and Reé‘ﬁ’g{ﬁéI&‘e@legPﬁﬁgdqﬁg”mgN’ F(lf@»g?i]oq:lﬁﬁ;one enbodi nent, the
sol vent “Segiéﬁhfrxh'ﬂ%epﬂﬂﬁﬁ-ﬁjzﬁﬂ of conmpound of Formula 6 to a conpound of

di et et her,’

Formula 7 i or nethylene chloride. [0096] I|In another
enbodi ment , eadheR'Ipindependastbdselertddfeorphgtegen onar egttinaliy sutstita¢dgrioepe

(r:rglt ﬁ;hg&%téggggl],a é&ﬁﬁp}léﬁﬁbﬁébe rg,zgfirrilenrr?l)r]éréd st)l%riatsed,p ra?‘gﬁi(yyur];sgtru%led, 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
fromN, O, or S.

[00110] In one embodiment of this aspect, the compouned of Formula 4
O O
(R [ OBt

y N
H

Formula 4

was prepared by contacting a compound of Formula 50
NH,

Formula 50
with a compound of Formula 51

RB

|
0x 0 ge
RA.O\;[“/?)
0

Formula 51
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et hoxy fornyl, butoxy fornyl, r-butoxy fornyl, /-propoxy fornyl or nethoxy
fornyl. [0098] In another enbodinent, PGis nethoxy formyl. [0099] In

anot her ewbadwma&mz chonpgund of Formula 7 is nitratedpragiusgoia/onsose ur e of
sul furic aciwherem Rf'iR" awd B amdba@tmlk)dne chl ori de. [00100] In one

enbod tro,co of Formul a 8 rified b rystallization.
[00103%% ﬂ\ﬂfFlﬁ el %aspfﬁe‘hﬁlcf’?’ao AT MP éO@P?‘énldz |
puri fi gAFE¥nAA 595@' rehcdtéd At%ch&ﬁéﬂaﬂnr@%ﬁx ]pu{ RIYLR210 dydubiR e 1 g@%&g | ment,

the process further conprises the step of contacting a conpou Formul a

4 For mainhodinwint, theacongpuead of Faiuda 50 apd ﬂﬂmmpauﬁma@wﬂdxl@f)o herrsadtet 2-a
[00103] In one enbodi nent, the conpound of Fornmula 3 is a conpound of
For mul SmaRsraurec pboy 19AGChdn anotherfimhodimenthige spmpesnd ¢flﬁqrmtar§bans!:ths es the

Cri et RYREPIor Eorm i RRe e ot Brherreite! pRok 200 r dntee RufEbnyound of
For mul @nﬂgdlﬁ%mﬂﬁ@cd}@p&g@ 5P Pbrnila 80 b Eﬂé%nﬁﬂﬁﬁﬂjbmulé Wa&rreééf&lsat a

conprises the step of reducing a conpound Formula 42 to produce a
conpoutminperatéerafabaut400 *COaMDlEn hina emperidre df atentt 250 A€. conpound of For mul a
3is a corIE]ound of, Formul a 43 Formula 43n a urt er emo nent, t e process

conpr SUW12] Ingne further smbedimeny ofthisaspesiny B0 For nul a 44 For nul a 44

[00113] In another aspect, the invention provides a process for the preparation of a

Rz
O
HoN. : Yo
o \
Rs

Formula 40

compound of Formula 40

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

with methyl trimethylsilyl dimethylketene acetal (MTDA)

o—
/" O-TMS
MTDA

to produce a compound of Formula 42

0]

R, o~

O.N Rs
Formula 42 , wherein

each R is independently selected from hydrogen, CN, CF;, halo, C).¢ straight or branched
alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.jo heteroaryl or C3_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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with nethyl trimethylsilyl dinmethyl ketene acetal (MIDA) MIDA to produce a
conpound of Fornula 45 [00108] In a further enbodi nent, the process

conpr i seswohe1tew20f reduci ng a conpound of Fornul a 45 PCo/yscadoessen
conpousstraightis branchedidkyl] 3d 2 egdmbenediensidadiphatip plianyl,tao hetomatyilonCpr ovi des a

f t.h t] f d of FE la 2 I | Si
Cont achRges Egn BueRa Gt Eandon Endy b i SLmiBhE 1o bres Bl UG X s
i ndepepgdgnt loR ; ,si—;tbci:,% SRN syeesli'@fs@g(w—ss@%t, halg! l@lﬁ, Ge@onl kyl i dene chain

wherein up to two nethylene units o are optionally and i ndependently
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hal 0, NREC(GHIR’ CENR'CIOREF3:(CH, ), NRYR' bEISCHAMR RS, and each R s

[ ndependen(t(IS;;l/§ sel ect egl ﬁzg%(hyéjrzoée?l( ojr} a%e(gptz?lggﬂa I ?/ substituted group

sel ect ed fr eanhdRsGs iglepérplently seleptedfsomdry8rcgeneriOH OHs INVGHEd NHR ti al | y

_unsatuh@%ﬁd, or fully unsaturated nonocyclic ring having 0-3 heteroatons
I ndepe tly selected fromnitrogen, oxygen, or sulfur, or an 8-12

menber edvge{ ot ﬁglc(s_e@ki, AHSOMNSAOR'2OEL0)BR’, DA(OYNHRS DEIANRD,, bi cycl i c

ring system havin het er oat ons i ndependently sel ected from nitrogen,
oxygenCHOHs GH:D(R )5 COMOR b SOINHRAS:NR )R or SHENHKENORSgedher with t he

e nd Sat et it e P AR BIMERe DB arStiomiuy SibRiktett §8ud ™ +2
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 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.

[00115] In another aspect, the invention provides a process for the preparation of a

compound of Formula 43

R
HyN
0
0
Formula 43

comprising the step of contacting a compound having the Formula 44
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fully unsaturated nonocyclic or bicyclic ring having 0-4 heteroatons

I ndependently selected fromN, O or S. [00110] In one enbodi nent of this
aspect, twewompswsaed of Forrmula 4 Fornula 4 was prepar edThis2@iontsn6t i ng a
conmpound of Forrnula 50 Fornula 50 wi t Rea conmpound of Forrmula 51 Formul a
51lwherein R, R and R can be C,. &2} [00111] In one enbodinent of this
aspect, the conpound of Forrmula 50 a he conmpound of Fornula 50 are
reacted at a tenperature from about Ofr t 0 about 300 OC. In anot her
enbodi nent, the conmpound of Formula SQ)CE@nd t he conpound of Fornula 50 are
reacted at a tenperature of about 100 C. |n another enbodinent, the
conpound of Forrnmula 50 and the conpfath4f Fornula 50 are reacted at a
tenperature of about 250 C. In one further enbodi nent, the conpound of
Formul a 50 ik méthylanmethytsil ybdintethylkdtenesoetal eMITPA0t ed at a tenperature of
about 100 0C, and then at a terrperat re of about 250 O0C. [00112] In one
further enbodi nent of this aspect, 0. [00113] In another aspect, the
invention provides a process for t(bl /preparatlon of a conmpound of Formul a
40 Fornul a 40 conprising the step/of gompecting a conpound of Fornula 4 1
Formula 41 with nethyl trinmethylsilyl dinethyl ketene acetal (MIDA) MIDA to
produce a conpound of Fornula 42 MTDA

to produce a compound of Formula 45

R
O,N

O
0]

Formulad5  yherein

each R; is independently selected from hydrogen, CN, CF3, halo, C;.¢ straight or branched
alkyl, 3-12 membered cycloaliphatic, phenyl, Cs.io heteroaryl or C3 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.jo heteroaryl or C;.7
heterocyclic is independently and optionally substituted with up to three substituents selected
from —OR ', —CF3, —OCF;, SR', S(O)R’, SO;R’, —SCF;, halo, CN, —COOR/,
—COR—, —O(CH;):N(R")(R"), —O(CH)N(R")(R"), —CON(R")(R"), —(CH)20R/,
—(CH»)OR’, CH,CN, optionally substituted phenyl or phenoxy, —N(R')(R’), —
NR'C(O)OR', —NR'C(O)R’, —(CH);N(R")R"), 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 3-8-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.

30



Forrmula 42 , wherein each R2 is independently selected from hydrogen, CN,
CF , halo, G -6 straight or branched al kyl, 3-12 nenbered cycl oal i phati c,
phenyl , Gsol010meswroaryl or C3-7 heterocyclic, wherein arasheboessayyl or
het erocyclic has up to 3 het eroatoms selected fromQ S, or N, and each Q

net or oL 6yIndnf SFBdefinl ¥ mis oS he aton Ry arui B O Pk ss T abst ot e
with U%ﬁé&dﬂﬂkﬁ?ﬁﬂ@lﬁ@ﬁt&?%&@@b C%%dfdfmmﬁﬁﬂ Ck 3, -OCF 3, SR,

S(OR O CH2) 2N(R ) (R ),
~O(CH2)N(R ) (R ), -CON(R)(R), (CHZ)ZCR\ -(CH 2)OR, CH2CN, optional ly

U orp) MAHEA PasPine speciBEEMRAYimenk £ploeeis iy ¢ spr@cf%aﬁéha@%f@(@%ﬁect ed

from hydr ogen, O—I NH2, CN, CHF2, NHR ,o;lN(R')Z -NHC(O R, NHC(O OR ,
NHSO2R , -OR, OC(OOR , OC(O)NHR' 0C( Q) NR $£H20H, CH2N(R ) 2, (O OR
S2NHR' , SOZN(R )2, or CHZNHC( CPORQ F? i s independently sel ected
from hydrogen or an optiona : Ht el group selected froma (G .s

al i phatic group, a 3-8-ne uﬂate partially unsaturated, or fully
unsat urated nonocyclic ring~&avj 0- 3 hApteroat ons i ndependently sel ected
fromnitrogen, oxygen, or sulfuH, or an 8-12 nenbered saturated, partially
unsaturated, or fully unsaturated bicyclic ring system having 0-5

het er oat ons i ndependent|y sel ect eBompe#ndd7 r ogen, oxygen, or sulfur; or two
occurrences of R are taken together with the aton(s) to which they are
bound to PBPH&h optionally substituted 3-12 menbered saturated, partially
unsat ur at edg)Q€acfitg bymmeat ed nonocyclic or bicyclic ring havi ng 0-4
het er oat ons I ndepenhdently selected fromN, O or S. [00114] In one

enbodi nent of this aspect, the proce$

Dnprises the step of reducing a
|-fj of Fornul a 40.

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
OYO\

~o

O O
N
L
N
H
Compound 14 - and
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[00115] In another aspect, the invention provides a process for the
preparation of a conpound of Forrmula 43 Fornula 43 conprising the step of
cont act i lyoaomowpwand havi ng the Fornul a 44For mul a 44 wipCh/usediaksocy

tri met hyl si K§)itregting compousnddidenigle KQA in( mgbm)olMIDA t o produce a conpound of
Formul a 45 Fornul a 45 “herein each R2 is independently selected from

hydr ogen, CN, CF3, halo, G- straight or branched al kyl, 3-12 nenbered
cycl oafoghs} | B anbfiRPYpeciffe embodhBER! #pfokess For tﬁepiepaﬁﬁigﬁ@w«sﬁapgunmr ein said
het eroaryl or heterocyclic has up to 3 heteroatons selected fromOQO, S, or
N, and each G- 6 straight or branched g)kyl ,03-12 menbered cycl oal i phati c,
phenyl, Cs-io heteroaryl or C3-7 heterocycli '(ﬁéi ndependent |y and
optionally substituted with up po tdree SusStN tdents selected from-0OR -CF
3, OCF3, SR, S(OR, SR ,.-S ) CN, -COOR, -COR-,
-Q(CH2)2N(R ) (R), -Q(CH2) ” YR)(R), -(CH2)20R -(CH 2)OR,
CH2CN, optionally substitu yl “or_shenoxy, -N(R)(R), - NR C(0)OR ,
-NR C(OR, -(CH2)2N(R)(Rr Er-(CHZ)N R)(R); and each R is

i ndependently sel ected from hydr ogen or an optionally substituted group
selected froma C|.g aliphatic greeppound®8g- nenbered saturated, partially
unsaturated, or fully unsaturated nonocyclic ring having 0-3 heteroatons

i ndependetXIRISEE| ect ed from nitrogen, oxygen, or sulfur, or an 8-12
nenber ed saiyiradctilg cOmpbhudl 2¢/ unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatons independently selected from nitrogen,
oxygen, or sulfur; or two occurrence® ofOR are taken together with the
aton(s) to which they are bound 3 |_8pti onal ly substituted 3-12
menbered saturated, partially u r

Compound 26

with compound 20

HN A
| 2
0
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

0
0O
0O O
N

Ly

N

H

Compound 21 - and

(b) treating compound 21 with NaOH in methanol.

[00119] In yet another specific embodiment, a process for the preparation of compound 34
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fully unsaturated nonocyclic or bicyclic ring having 0-4 heteroatons

i ndependently selected fromN, O or S.[00116] In one enbodi nent of this
aspect, twe2proowese conprises the step of reduci ng a comrpoarsdoiof2geey nul a 45
to produce a conpound of Formula 43. [001¥r |n sonme specific enbodi nents,
a process for the preparation of conpoung gonpound 27 conprises: (a)
reacti ng conpound 26 Conpound 26 Wit | nd 13 Conpound 13 in the
presence of EDCl, HOBT and DLBAMSKHAT™ t he solvent, wherein the
reaction tenperature i s mainf ed |betMeer] about 20 OC and 30 0OC, and the
reaction is allowed proceed o a O~ hours, to produce conpound 14
Compound 14 ; and(b) treating codﬁound 14 with KOH in nethanol. [00118] In
anot her specific enbodi nent, a pr&&ﬁé&h&f%i t he preparation of conpound 28
Conmpound 28 conprises: (a) reacting conpound 26 Compound 26 with conpound
20 Conpouwaghpsided:n the presence of HATU and DI EA using acetonitrile as the
sol vent, wherein the reaction tenperature is maintai ned between about 40 OC
and 50 C, affd redsingcompend2faction is allowed proceed for at |east 3 days,

to produce conpound 21 o 0o
| OH
N
H
Compound 26

with compound 32
HoN

0. 0

bl

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 about 3 °C, and wherein the

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

0
O)\O
O O
N
o
N
H

Compound 33 : and

(b) treating compound 33 with NaOMe/MeOH in 2-methyl tetrahydrofuran.
[00120] In another 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.

[00121] In one embodiment, the ratio of acetonitrile to water is about 9:1 in the slurry.
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Compound 21 . anc j (b) treating conmpound 21 with NaCOH in net hanol. [00119]
In yet another specific enbodi nent, a process for the preparation of
conpound 8OComposresd 34 conpri ses: (a) reacti ng conpoundP2®/USeompoeseds 26 W t h
conpoulf122] dl)lrﬂpjl@tmd embodiment ¢henlesendeaied 18 Rfmperatne heyweeah abeutsd 7@

2- met hé? %iggahydrofuran as the solvent, wherein the reaction tenperature
IS mal da bet ween about 42 0C and about 3 C, and wherein the reaction
i's al ! gmdsprm%ednef @mbadm{eﬁa%bmgomsﬁs i meer&g%?aﬂ@w%&ﬂ Frburempound 33
: treatin nmpound 33 with NaOwe/ MeCH'in 2-neth

t et r ah{lli}laﬂhrhlra fupgmqm}odllmelandlﬁ mcemglddcﬂequepcltmg theereammnahs:mrc mithudes

t he st . ry af co 34.in m xture of acetonitrile
and vva?@rﬁébvﬁgélg ﬁq{ﬁéﬁég ﬁhé MIgfuAe %ncd?flﬁw& asbdpl?aélcéBH\t/‘érFt% A1 BSrmpound
34. [ 08fbRddic hitxORe s@EPR TR breatid Phbstiticin of i s about
9 :1 mﬂptghécsl urryS 0012 5 Inr gnlo? her enbod lflgeﬁhgeﬁlgiul;@tﬁlfré;rllwlgtgﬁ%eat ed to a
t enper mmsmng)mhdeeatt&alﬁm sa?dmtgaand)hssb @@UC@QMQ\B;lumn ofihetdrganie phasdibyent |,
conmpound_ 34 s he. sl for east .abou 00124] I n a

Fur  hepviatifet 0% Bink iditaust! neiformiabrfit e Of HATine BERPRITISR i e

Wi th | Betdebani@pithse anl thilvbiamel oF shid@rgintd pile irdcRas&BY FU(ﬁ/@hhd‘&dﬁCl’ﬂ%Fﬂlf@s' c

m xture; agitating the biphasic mxture; separatingthe organic phase from
sai d bwpllumquﬁm GmamephaselbwappmlraatdWrS@ﬁbvmrgasmg the vahimecof the orgaam d

or gani

209 L PBe Ry EppioRHifie Aoy diNEaloni e SR GNP SR o FRE SRRt Vi 1

to 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 -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 HCl 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 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 55 °C.
[00126] 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 HCl 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 outside the

reaction vessel is less than about 45 °C and the temperature of the reaction mixture is more
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the organi c phase until the volune of said organic phase increases by 100%
and reducing the volune of the organi c phase by approxi mately 50%

i ncreasi gotznm/weléane of the organi ¢ phase by approxi marelryusiofedngs addi ng
acet onthaniabeutand t hen adding water, to forma slurry wherein the final
solvenglo atio is 9:1 acetonitrile/water; heating said slurry to a

t enperat tire between about 73 0C and 83 0C;, stirring said slurry for at

I ' ' A -5 0C
east g)ng%SIn RSB RBMER ﬂheﬂweg%gglgd@s fbﬁﬂmgaagﬁ%&?fob@éﬁf@ﬁ@ﬁdaﬂgggt

and 5 0125] In an alternative e | ment, ocess
guenchisegropykeacesgst i on m xture with 1.2 N HC; thereby creating a biphasic

m xt ure: rtatin ai.d biphasic m xture; separating the organic phase from
sai d bf%ggj “rﬂ%%ﬂ%@fi‘%tﬁﬁsbnﬁ? ed;lg ¢ tS‘r“@S‘ﬁ‘&Ee-l ayer thereby

creat | py1a9 P! mNABIHer BhibcifrEnr, Botbald s is i fheRIRAARE fi 18 : rating

t he orgg)n?cpp ase; ??Fter?ﬁa’aﬁ@bﬁd&%lgg{@%} rrahcﬁelga%%géﬁﬁs:’al li)gcj)'lrganic
phase; [(0430ki Ingetthia endiodimerns, thdyproossg fovithe piepsatioy obfpmpsumbd4efurthed% usi ng
distillation; performng thr eps of : addi ng acetonitrile to the

; iLce the s :
or gani eorﬁn%%eédwﬁ?lmngtqqgwanmélrbi-nwy tepalypudrofuranp adding RANHE o e 1009% and

reduci : 3 : | : ' And si ng
e cofiBE 9 LU, Ok 058, RS LSRG B et
acet onfrthet eorapriset beparaihgi the osganiephadedrdm thra Hplsdsicr sojutisine Meianothére i nal

sol vent ha(ijiois 9:1 acg; nitrilel/water; hetin%,saiglslurr to a

t enper SNOPEMSBY MERTOSASS Eirthes cemprizes grering and Femovig © Fid“%ﬂeﬁ}l’}ow thsr at | east

5 hoursg; i ' ; and
25 00 B o G, P e AR R Lol e
solid tetdrganioplidie bgapprokimatély 98 usheg distilbnjpar & anceharfentbedwen, thbout 20 C

Fermer BIFS THRNrCOPAHSS TS OB RO CS S Btecepirs Pbeyiaing MROASBEIRIRAS t he
Vo e SO kBB e El Oy ]y RO el o
t he r eantlithevoluxtewf ¢hd ergajophasedn@sieoby 1005% tind edduvinguhevaimelnf ther i gi nal
react! 8pgamcxp lésreel;y ?&’2 using distillation. In another embodiment, the process further

comprises adding MeOAc, EtOAc, IPAc, t-BuOAc, tetrahydrofuran (THF), Et,O or methyl-z-

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.

[00131] 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 least one crystal of substantially pure

Compound 34.

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

compound of Formula 2
o O

y N

H
Formula 2

comprising hydrolyzing a compound of Formula 4
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the distillation steps are perfornmed at reduced pressure wherein the
tenperature outside the reaction vessel is |less than about 45 0C and the

t enper at tWwe 20fo/toks2r eact i on m xture i s noret han about ORPCI/US@LAZ069 N a
further enbodiment, the process include§ f## mng a slurry of conmpound 34 in
i sopropyl acetate. [00128] In one em 5 he slurry is heated to
reflux tenperature. [00129] KRX X ‘ment, conpound 34 is in the
slurry for at |east about 3 ‘ In certain enbodi nents, the
process for the preparation of ConpoundH34 further conprises dissolving
conpound 34 in 2-nethyltetrahydr offgrafulaaddi ng 0. 1IN HCl to the solution, to
creating a biphasic solution, which is stirred.” I n anot her enbodi nent, the
proces$00138] hEra fupthir ¢rfibsdimena thatconpotMEofF@ailL4 RBARI Z@sidie bi phasi c
solution. In another enbodi ment, the process further conprises filtering
and r ehdtoligingoigent indhe piesgncenf 8 Bavenitgani ¢ phase. | n anot her enbodi nent,

the pr furt her .Ses dygi ng,. the. val t r hC phase by
appr oxioaea] | Ml e b B DB AT T A PRSP ocess

f urt heNagOORMLIOEE KBH frNd@H. t hrice the procedure of: adding MeOAc, Et OAc,
| PAc, r-BuOAc, tetrahydrofuran (THF), Et20 or nethyl-r-butyl ether (MIBE)
to t he [@M38hi In somesembindiments Hbe selvanisesrin thechysdrofasi és Hidoretharal catanol by
100% an i ol une of the organic phase by 50% usi ng

distil Ilsgplrog)%g&loggg%%ﬂl\e{r enbodi nent, the process further conprises adding
MeQAc, [60136F, Inl dtificotherBaiBd@imérts, tkdhindémion pasvidestdompdud@pesduded By ny - but yl
ether (MIBE) to _the organic phase until the volune of the organic phase

i ncr eaPrasespdesoripgd hegeimnot her enmbodi ment, the process further conprises

e ) L PR it g BRI PR o

enbodi BMprisinga compeasbprodiideddy zmggmdesse@esaﬁhadim@iﬁ.he organi ¢ phase to a
t enper at ure_bet ween about -5 QC and about 5 OC over a tinme period of 4.5
hours 100138F Huenegaspect, the invention provides a process for the preparation of Compound 27

OH
O HN OH
0]
|
N 27
comprising contacting Compound 34
O HN OH
0
|
N 34

with a biological composition.
[00139] In one embodiment of this aspect, the biological composition includes a biological
organism selected from the group consisting of fungi, bacteria and archaea.
[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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[00131] In another enbodi nent, the process for the preparation of Conpound
34 further conprises crystallizing Conpound 34, conprising seeding a
sat ur at edwoeanri081s2m xt ure conprising Conpound 34 in solpariuseomiotsecat | east
one cr {épeladivin, Massereia Mutor, Baarer@hapeustdmpiylig) Sy8&phulasamotandr

enbodi Lot he invention provides a process for the preparation of a
conpou ﬁr5f ¥Brnula 2 Fornula 2 conprising hydrol yzi ng a conpound of

For mul o482y ulaarufthéQddAlmed. Ae Fikgh ﬁ%fmﬁﬁf_@@l@'fd@%eleét@@frﬁ&“ﬁ@é% of Formul a
4 is hydrolyzed using a hydr olyzing agent in thé& presence o sgl vent .

|[D%91 134?%“&1&?59 ebAbsidinlyseudoaplodiromors Aspérgilhw dilddegas, Agpagdhis dcbrddels, H2SO4, H

, . LI OH  KOH, or NaOH. [00135] |nh so enpodi rent's,. .t he sol vent

used i’\?e‘flﬂ’é" ’ﬂ%ﬁﬂ’%Eg"’i"gg’ﬁ'"éﬁ,(ﬁj‘r{?é%’?fa‘%ﬁfr"!a’ E'qu‘ﬁ’éfﬁ am f’B’ﬂéff%lMB’f”efgl&Jt anol .
[ 00136]sabdliind, Wrkco? phfkbea T s i ' nd
producgg b; anyl cpr%cess desc#?ﬁ)‘giééert\ee%}g?%dfp %’%8’1’3%6%%;& urﬁlt'%ggrggyn@gdi ment ,
t he i nashVeroniliprm Wiedbsonaaephar maceut i cal conposition conprising a conpound

orodc iy JpBLOCSa, Sl WSt Sl LORISE) Lnoon aopest e
cbodi g SpRHAAAE Db cel DBy PRI N oBrlk ECHreBegS) ogi cal
or gani §mrebdlemyens, WilbopsihendyYougviconsi sting of fungi, bacteria and archaea.
]E 8?3 ﬁgl%é%gggﬁe?%im ogltrr’ler{[t,q e Pdn%g 1%%' s(f'l?glle Eﬁmﬁgf ste. e%?edi f?orL Ltjlglegérbupl) na

consisting of Candida paripsilosis, Debaryomyces hansenii, Geotrichum candidum , Pichia

methanolica, Pichia subpellicosa, Rhodotorula glutinis, Rhodotorula mucaliginosa,

Saccharomyces cerevisiae, Sporobolomyces salmonicolor, Williopsis saturnis and Yarrowia

lipolytica.

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

embodiment, the archaea is Pyrococcus. 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.

[060149] In still a further embodiment, the biological composition includes Streptomyces

rimosus, or a fragment thereof.

[00150] 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.

[00151] In one aspect, the invention provides a process for the preparation of Compound 28
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the fungi is a single cell fungi. In another enbodinent, the fungi is a
multicell fungi. [00141] In a further enbodinent, the fungi is a nmulticell
fungi selwotzeth/foswn t he group consisting o Absidia, Aspecgiusbus/j28eauveri a,
Botrytis, Cunninghanella, Cyathus, QJi ocl adijygo,Hortierella, Micor,

Phaner ochaete, Stenphylium Syncepkh ii'ﬂ m~and Verticillium [00142] In a

further enbodinent, the fungi is a nul el | fungi selected fromthe group
consi sting of Absidia pseudocyli@dHdNSpora, OAspergillus alliaceus,

Aspergi |l |l us ochraceus, Beauvegi assi ana, Cunni nghanel | a bl akesl eeana,
Cunni nghanel | a echi nul at a, i enel ' isabel lina, Mucor plunbeus,
Phaner ochaet e chrysosporiu hal astrum_racenosum and Verticillium

t heobr omae. [00143] | n another egbodi nent, t48e fungi is a single cell fungi
selected fromthe group consjsting of Candi da, Debaryonyces, Geotrichum

Pi chi a, RhodotSMPraingsecting (ompoaad 34,0r obol omyces, Wl liopsis and

Yarrowi a. [00144] In further enbodinent, the fungi is a single cell fungi
selected fromthe group consisting o i pari psil osis, Debaryonyces
hansenii, Geotrichum candi dum, Pichia anol i ca, Pichia subpellicosa,
Rhodotorul a glutinis, Rhodotorul aqugg g, Saccharonyces cerevisi ae,
Spor obol onmyces sal noni col or, W lijopsis saturnis and Yarrow a |ipol ytica.

[ 00145] I n anot her enbodi nent b Of®@gi cal organismis an archaea. In a
further enbodinent, the arch S Pyrococcus. In still a further

enbodi nent, the archaea is Pyr gﬁrs furppsus. [00146] In anot her

enbodi nent, the biol ogical organi is a bacteria. [00147] In a further
enmbodi nent, t kettbabiotdgical compsditgsit.ed from the group consisting of

Lact obaci | | us, Pseudononas, Rhodococcus and Streptonyces. [00148] In a

f ur t hel00dfdl dnmagembpdinass ef s aspeds, the bivdagien! competiien Bichidss & Bipdogicalng of

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
isabellina, 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, Sporobolomyces salmonicolor, Williopsis saturnis and Yarrowia

lipolytica.
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Lactobacillus reuterii, Pseudononas nethanolica, Rhodococcus erythropolis,
Streptonyces griseus, Streptonyces griseolus, Streptonyces platensis and

St rept ongweaord/mmus. 81[1700'149 In still a further enbodi memius2atom2896o! ogi cal
conposil8P8] i Franathes embpdinestaebiolagirsborganism igan prghaganin 2 fisthenf . [ 00150]

I ' i t he..bi pl_ogi cal i ti i ncl ud
ol voncTpaeE the fendellif pREGs. ML ALBE) SfbodiRRRC g aRen ' ot T %,
f ur t herPyesdooélisnRAbsust he solvent is a buffer. In still a further enbodiment,

the solvent is a potassium phosphate buffer having a pH of about 7. [00151]
| n one [6&458L t In anpgher gbadiment, shobiolpgicahorgavismgs abactetihe pr epar ati on of

Conpou o] FShng_reactin ound 3 1,th a biol ogi cal conposition.

[ 00n 521 0yTE08 P Bl P Rl Y e BRHR G stfeoll Borf b R0 BB BERE o1

| ncl udgacbhtiths Pseitdondndd RivMb&Rt®Cadfepimyche group consisting of fungi,
bacteria and archaea. [00153] In one enbodi nent, the biological conposition

i s fundf016lh I g furtheeembodimgitrthetbacterie is sglegiedifeorn the grgle censisting@figi . | n

anot her, ephodi,nent . t.hg fungi is multicgll, fungi. [[00154].ln a further
enbod HERPBAHET ftest okl indiolivh dfrodas AR P RTRIeH L Sy Bt

consi storiRelsO5tréomsiéed gridedIRs, StreblofnycE3aeRsifandtkdpYbhyves Wuiv3iighat nel | a,
Cyat hutsgl, di oclé)gdi Sém gl_\/brt ierella, yl\/Ucon, Rhanerocpjﬁ'a_e)zc,_ St enphyl i um
Synceph@@162] r Inenerrnbgsimentiof this aspeptothediglogigalcompositiep ieghidedi ment , t he

fungi I¢S§ a multicell fungi sel ?gﬁeedffromthe group consi sting of Absidia
pseudo ﬂePtrﬁ’myS%spfé'Fﬁs,usﬁ%rp%r%r??h %Y aceus, Aspergillus ochraceus, Beauve a
bassi ange163y N st eBIdideritl o2 aS hgRan the HidlogicAddAIPRLtidN eedMIdYdladbBvent. In
Mrtierella isabellina, Micor plunbeus, Phanerochaete chrysosporium .

Sy ncephdhaheremhodimentobe solaent indudes ovatari mrstilhe Sythsrambodigensahe salvenhit her

embodi a rllltffer.t ﬁlestiflluan@lirthi:rsem O%ir?lgljlt?th% %(l)llvef;tulg] g ipo?agil%%tp%gsgt{aper%l}f&? h%iﬂgg
pH of about 7.
[00164] III. GENERAL SYNTHESIS

[00165] Compounds of Formula 1 can be synthesized according to Scheme 1.

Scheme 1
R Rs
5
b1 Ry 1. Coupling o 0 R4
OH . 2. Deprotection
(RX'X | (if necessary) « N
Y HzN > (R -X | H
” R y N R2
2 H
Formula 2 Formula 3 Formula 1

[60166] In Scheme 1, anilines of Formula 3, wherein Rz, R4 and Rs are optionally and
independently substituted with functional groups defined above, and wherein those functional
groups optionally and independently bear protecting groups thereon, are reacted with
carboxylic acid intermediates of Formula 2 under coupling conditions. Derivatives of
Formula 1 that bear one or more protecting groups can then be deprotected to provide
unprotected derivatives of Formula 1.

[00167] The coupling reaction described in Scheme 1 can be achieved by dissolving the
reactants in a suitable solvent, treating the resulting solution with a suitable coupling reagent

optionally in the presence of a suitable base.
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consi sting of Candi da, Debaryonyces, CGeotrichum Pichia, Rhodotorula,
Sacchar onyces, Sporobol omyces, WIlliopsis and Yarrow a. [00157] In further
enbodi menwQ 20toe1086agi is a single cell fungi sel ected fPomush@ogesvap

consi st[DOLH8Hf Addirets 0 Fpmuiilp3j Whertin, R0 baroienad hytidRr g inkthy(peopdn-Z-HLUm
candidum , Pichia nmethanolica, Pichia subpellicosa, Rhodotorula glutinis,
Rhodot &AfP&S Hegﬁﬁ%él,“gig%éﬁmﬂryces cerevi si ae, Sporobol onyces

sal nonicolor, WIlliopsis saturnis and Yarrowia |ipolytica.n anot er emo
ment, the biological organismis an archaea. In a further enbodi nent, the
ar chaed®cheme2r ococcus. In still a further enbodinment, the archaea is
Pyrococcwsfuriosus. [00158) I n another enbah nent, the biol @y cal organism
, theSQdcteriaglis sel ected

is a bactleri 0] Ipka furt hdeBrbodi
fromth ogcpH%'g\ﬁ)r?sjclgsti Lac Ilu seudo . coccuxcund
Strepto s. [00161] | buphe odi 2eri 3 Hectren

Rgroup consi stingsof Lactobacillus geute i, Pseudongpas

met hanol i €a, Rhodococcus et ythropolis, Strepstonyces gri seus, “Streptonyces
griseolus, Streptomyces platensis and Streptonyces nosus. [00162] In one
enbodi negt of this aspect, the biologi cal conposi tion ipcludes Streptonyces
ri nosus, ;or a fragnent théreof. [00163] ;fn one enbodi nept of this aspect,

t he bi ical c ity i ncl udlBAHa ent. Inped,f r enbodigent, the
sol vent I udem. syil | golf ur rrbodj_l:teﬁt, ol venﬁ&
buffer. Tn SH¥AN a furthdr pdi nent, The/sghyent is alpo Him phosphat e
buffer hdwing a pH of ab&at 7. [00164] Ré1. GENERAL SYN¥HESI S [ 00165]
Compounds of Fornula 1 can be synthesized according to Schenme 1. Schene 1

R2 RZ
O,N HoN
HNO, ™2 Hp PAIC
DCM o 0
O ~ ~
- PG
PG L PG L

[00169] Alternatively, anilines of Formula 3, wherein Ry is a protected 1-hydroxy-2-

R

Rs

methylpropan-2-yl can be synthesized according to Scheme 3.

Scheme 3
Rz:@Br 4}/, Pd(t-Bus)y, ZnF» . o~ _ LiAH,
+ Foo- 2 —_—
0 o THF
ON Re P No_tms  OMF.70°C o A
2
0
0 . o
R2 OH cn)Lo/ Pd/C, H,
— R, — R,
O,N Rs TEA, DMAP MeOH
0 0
N
N 2

\

DCM,0°C
OzN R5 HZN Rs

0O O
9 9 Q NaOMe OH
- l H —0 H R
-~ R; N 2
T4P, Pyridine N H

2-MeTHF L H _
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Formula 1 [00166] In Schenme 1, anilines of Fornula 3, wherein R2, R and RS
are optionally and i ndependently substituted with functional groups defined
above, amdowhavesre2t hose functi onal groups optionally amrdTiusdepessbent | y
bear p{6Mgo} i AgilipeoofForinutr ¥ evherdif ® bRARE Gsbetict Withahdphenyl n@ Which
internedi ates of Fornmula 2 under coupling conditions. Derivatives of

For mul ey af%%tt%b@aﬂorlaﬁé,Mlmﬁhﬂbw@f@e@ﬂagﬂgqmw kessynthesizedacegedingtect ed
to proyjgle,pprotected derivatives of Formula 1. [00167] The coupling
reaction described in Scheme 1 can be achi eved by di ssolving the reactants
in a sSchend & solvent, treating the resulting solution with a suitable
coupling reagent optionally in the presence of a suitable basge.[00168]
Anilines & Fornula 3, wherein R4Ris a protected

| - hydr oxy>- met hyl poRa ﬂ)‘/!ﬁ' ca
9 Al_t_émg?_lis;’ ' Y,

Schene 2
pr ot ect eth Ry xy MeoHnzAsy | pr opaa~d>¢N canbpige, ot hesi zed hcedrding to
TBP, Pyridine 2-MeTHFQ0470] Anilines of Foyﬁr\»géD& wherein R4

Schene 3. %n

and R5 to her with the phenyl rirng to which they are attAched forma

3, 3-di net hyl benzof uran- 2( 3H) - one, can be synthesized according to Schene 4.
[00171] Alternatively, anilines of Formula 3, wherein R and R5 together
with the phenyl ring to which tRey are attached formhRa

3, 3-di net hyl benzof ur an- 2( 3N OpP&,  can be synt hedH,r ccording to Schene

5. Scheme 5 [ 0017NO:AkSPi nes of mul a 3z W#Her ei n a protected

hydroxyl, can be synf nedi zed a d ngmlﬁ'me 6.

o 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 5.
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Schenme 6 [00173] Di hydroqui noline carboxylic acids of Formula 2 can be

synt hesi zed according to Schene 7, wherein the aniline derivative undergoes
conj ugat ewaadioiosrs2t o Et OCH=C( COOEt) , foll owed by t her ralr/use@onasvge mrent
and hyScldmeSs. Schene 7 1. 2N NaOH r [00174] |V. USES AND METHODS OF USE

[ 00175] Pharmaceutically acdgptabl e conpositions [ORL76] In one aspect of

t he preser2 i nvention, phar euti cal |y accept@jp e tonpositions are

provi ded, er ei MePREEe co he conpomsds as
descri be rein Ei'@'pti COQRr | a phar
carrier, }é@nyag‘r hiclel | \ér cePri qjo%enbodi ment

ical 'WJ tabl e
opti onal | yof urther conprise Osr nore additional ¢ eutic agents.

5, Hese conpositions
H.

[00177] 1t wi |l also be appreg¢jated that certain of tlhe conpounds of
present invention can exist in free formfor treatnment, or where
appropriate, as a pharmaceutically acceptable derivative or a prodrug
thereof. According to t present invention, a pharnaceutically acceptable
derivative or a prodrug ymncludes, but js not limted to, pha&naceutically
acceptabl e salts, est salts of su esters, or any other

der i Vatioéf wBech upor adRMSt r at32Bn ta patpgoy, Hyn nedd of is
capabl e prQVi di ng Ll ec or i nct y,—a—conpornd as erw se
descri bed [@ n, or g i 'Ll% e or NEsidue Mefh.d@0% [ 00178F As{ used
herein, the™#&r ose salts

3r" phampragss 7el |y accepiabl e salt” refers t @
which are, wphhin the scope of sound nedigal judgnent, suitabledor use in
contact with the tissues of humans and | ower aninmals w thout undue
toxicity, irritation, allergic response and the |like, and are comensurate
with a reasonable benefit/risk ratio. AZXpharmaceutically

O O O O
O 0
> o MeTHF, 45 °C HHO
T4P, MeTHF
pyridine, 45 °C COOH
L O _

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

according to Scheme 6.

Siheme 6 ., N .
2 ON HN
Hydroxyl Protection H;S0,, HNO3 H,, Pd/C, MeQH
Re g Re — Re Re
0 o) .0
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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acceptabl e salt” neans any non-toxic salt or salt of an ester of a conpound
of this invention that, upon admnistration to a recipient, is capable of
provi di ngyvoebtonesiedi rectly or indirectly, a conmpound of PCHits20100e8969 on or
an i nhiSchemei7l y active netabolite or residue thereof.[00179]

Phar maceuti cal acceptable salts are well knom®o beoatt. For exanpl e,

S. M Berge, et lal. describe rmaceutically accec?)?Ebl e salts in detail in

J. Phar maceu®i i ences, 19/7,,66, 1-19, incorporajgd herpsenyl btper

ref erence. Pha m ut*l @[g (Pt abPe°Gdit s of the conpg nds qf Ths

i nvent i OnA hosé ted)from suitabl e i porggrisyahd #&nt @ aci ds
and bases. Exa es of pharnaceutically accepr(Bg pt oxi ¢ acid addition

salts are salts of an amino group formed with |noran c acids such as
hydrochl ori ¢ acid, hydrobrom c acid, phosphoric acid, sulfuric acid and
perchloric acid or with organic aci ds such as acetic acid, oxalic acid,

mal eic acid, tartaric acid, Cltl’l102 H succinic acid or malonic acid or
by using ot her met hods usecbl n t e such as ion exchange. O her
pharmaceutical ly aé:cet abl e~salts include adi e, alginate, ‘f= e,
aspartate, benzenul onat e, benzoate, bisulfate,~Qorate, OH
canphor at e, oftate, citrate, cycl opent anep RbXard | uSBnat e,

dodecyl KX &di yI ate (ethanedi sul fonate), sul or mat e,
fumarate, glucdheponate, gl ycq-[m@g@spggmqaq) o] nat e, hem sul flalt e,
hept anoat e, hexandate, hydri “et hanesul f onat e,

| act obi onate, lactate, laurate, | auryl sul fate, nmal ate, naleate, nalonate,
met hanesul f onat e, 2-napht hal enesul fonate, nicotinate, nitrate, ol eate,
oxal at {0017d] MVat%E&MbﬁTh@%l%&SE persul fate, 3-phenyl propionate,

phosphab& _{53 , st earate, succinate, sulfate,
tartratl 1 | ST ; undecanoate, valerate salts, and
the li ﬁﬁ tll? oﬁ@ﬁs‘pﬁf&%fftl{é)ﬁbébﬁpfn@%tkﬁat h&ﬁﬁ@@ticﬂnﬂr bétepableddompdkitiohs

al kal i met al’, ammoni um and (C -4al kyl )4 salts. This_invention
al so eraré pmvrttedt Wherqmaheiemombsmqnmonmwe (21} Dﬁthﬁlcpmgémsc%ﬁi@%ﬁfmeﬂg gr oups
of the conpounds d| Iosed her

| b
pr oducthETe: é’PBB’P rFé’(’j“pﬁVe §@§f‘f"&ﬁ5'§‘f écrahy Q%ﬁePL? %@#)ér}égdég%%? ?\ég&ﬁﬁagap’? or
al kal i n@aaf dntbdihélts, 3Rdst SomPesitsia spadhaly fukthéhdasiprise 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 limited 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.

[00178] 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 administration 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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potassium cal cium nagnesium and the |ike. Further pharnaceutically

acceptabl e salts include, when appropriate, nontoxic amopnium quaternary

anmoni umwenduawsree cations fornmed using counterions suebTas26alo2g069

ngr g>r< |[?M79F?Pm?mbai[tgglll)ggticégshbl§ splesos o hatlknowintin eecart. | Forexainislel SsML. f onat e
sul fonate escri bed above, the pharmaceuti cal l

aﬁcept rae. efd#p%wwecﬂmr@awpﬁéal}:Vraé%ﬁ@bb pRlSAR ﬂsﬁalla@dlf’wmmﬂcebnpr?/se a

phar ”H%E"éhé 7)7 @8 Cle 31? &Qtre Ihglre W{f&’%{'@r%e P‘%rrﬁfé@kﬁ ’yla\é@éﬁf{!ﬂ used

herein,; |nc es’ any ven uents, or o cle

di sper of the d@hlpﬁ)llﬁdk&‘[f&hl@ I‘m&hdsn maurdfa- dose detivedefr@g Quitshle indoganid mdaggairm
t hi ckeni ng or enuIS|fy|ng agents, freservatlves solid, binders, lubricants
gﬂd t h&cids ped b l%ﬁgs -sExaraples of Rhaemangntic aémaa@em%g@nw&%%r&ww satfg Aengt on' s
ar ma t hi
0" RSB lag SR8 T BEBLRER 8 ok o BHdAC G RIGpIT

phar nageidt pli‘d%bhdi‘lc%&(ﬂ Fﬁtlmiﬂl@acﬁ@ BRDpdrthlons acdddr k}litﬂ\m,gztrﬁ!@ﬁﬂ‘idﬂsmh af acetic
thepreparation thereof. Except insofar as any conventional r medi um
is i nc@ﬁlﬁaﬂ%llcéc\ﬂb mlraletlwl@dmmsd  6ftri¢ ped; sygeinic asil orsmélﬁm&sa%{ﬁ g’ryoduci ng
any un I S

s Bl R ] b RS b FPRALAe g v

fﬁcgﬁflshltﬂﬂ%ludé adipae, z?lgnnﬁt@?éseﬁﬂbh&t sspaitare heznwérielbalforfabes bemp& blfsullfzite,s
i on one exanpl es of materials which can ph

a?:cept dorate, @ahﬁt@f@mm@ﬁﬁiéamﬁhﬂfﬂ&f@aﬁoF“‘F‘?eﬁrFY“é‘éi;seﬂelgﬁ\;‘gpgls?m@i‘glgﬁg’é’gtg‘hgal Y
alumn h

ol buri @bd%{ﬁ’s‘mﬂén&ﬁéﬁ 2%(@&1&(}%&lfBﬁHt%hetﬁglﬁ]éﬂplf&{a% %t‘(?:rf‘art]ee th'xgxgrrageisc ;2?3 sg; um
pot assighiBoh&stondt€ gl yrfdphasphgley glacoree, hiemisuifate, h)efptamiater he)emioateget able fatty

d
Pyl 0 dw el 2o b oS S Hss PR CGu RDLANENS: A o
sal ts, rrg?/zﬁ%;{té) | 8bnad 'n'léiﬁa e%?ﬂxﬁﬁé %ﬁtbﬂbﬁésﬁﬁ&ﬁt Ql%&l\ﬁhﬂaiﬁltlﬁw bRhdedone,

polyac Waxes, yoxypropy eneb pol ymers, wool

fat, sugalat, §hlﬁﬁta%$ phlﬁﬁit@S}&Ctl@tﬂ@ﬁﬂﬁlfaﬁad3-$hm}01$teplomatar plivephage,qiicras, cor n

starch and potato starch; cellulose and its derivatives su
ch
car box\pi¥alaig, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p- toluenesul‘?ona%odl um

undecanoate, valerate salts, and the like. Salts derived from appropriate bases include alkali
metal, alkaline earth metal, ammonium and N*(C\.salkyl), 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, sulfate, 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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cel lulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
mal t; gelatin; talc; excipients such as cocoa butter and suppository waxes;
oil's suchvegopma&uu oi |, cottonseed oil; safflower oil; peeamawondos ol i ve
glo : ; efﬁrejlpamubn amamleI cffovﬂxe?n iofar aﬁhwcdr@ﬁntmhcmiafmadﬁhmﬁe igloypatiblewith

y yl ene glycol; esters such as ethyl oleate and ethyl |aurate; agar;
b:Jf fer Fh?gcoﬁﬁ@ﬁﬂ‘ii of thtinygntingy slacki as yyerusineRay adesirable mg%gwbef&@i ae; °
al gi ni guachde iRYha86Nn WSl ' | I ne: . Ri r. ol ution; ethyl
al cohoﬁ, an egﬁorspﬁglg ab‘%&fter ggﬁagb?@k@?h@g&&g ‘fb%e{)sol?}gﬁkﬁﬁrdmeﬁ- t oxi c Y

conpat iphrthakcelhicaltp aéceprableieoatposiadh Ut Usa iy gontenplited o badithiaghe seapaost ear at e,
as well as coloring agents, releasing agents, coating agents, sweetening,
f 1 avor fHginygatione ryame eigmpdes af snateriadsswhich can saf v pophasnaesitigalht acceptablgl so be

present, jn._t. Lt . ok di he. | . | at or.
00151 p s GO TRERE o kB BR1GH Andbels B TR Binn Sl AECME

[ 00182keruih proteirnfichas hampe sérumt dlisunpincbEffdr substgites archpis phibshates, giptihgd of
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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
lessening 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.

[00183] In another aspect, the invention also provides a method of treating or lessening the
severity of a disease in a 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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rosis in a patient conprising admnistering to said
patientd aftq)h(?}‘ ast\bal mppogafdrnm&eﬂml@]ﬂfmﬂemdhasécredltalry Crentzéaldi-lakblodi nent s,

the patdlls(zg;e (gl(ljes E)epsriso%sprgtlé}napnrgcgsgag dei%ct) r\!:'Iabry dlgga;geR 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 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 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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cysti c [60185PsImssonit dntaimens, thonpthiodiimguded iésserin@thengvdrity sfcybtipdibrestt one
of the conpositions as defined herein. In certain enbodi nents, the patient
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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. In one embodiment, the method includes lessening the
severity of cystic fibrosis in a patient possessing the AF508 mutation of human CFIR 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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[ 00188]00190F Inl Sontdspectss nhxoidivereivhprotiies mmtthod obfredtingatrilesgerdng thesseni ng t he
severity of Osteoporosis in a patient conprises admnistering t aid
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essent Oiritnd A R e BBl BB (BB Tent conpr i ses. adi nisteri ng
t 0 sai {00191] ehx somepdnaiodiments,ithaimethod of treating or lessening the severity of
Osteopenia in a patient comprises administering to said patient substantially amorphous
compound of Formula 1 or a pharmaceutically acceptable salt thereof.
[00192] In still other embodiments, the method of treating or lessening the severity of
Osteopenia in a patient comprises administering to said patient amorphous compound of
Formula 1.
[00193] In certain embodiments, the method of treating or lessening the severity of
Osteopenia in a patient comprises administering to said patient a pharmaceutical composition
as described herein.
[00194] In some aspects, the invention provides a method of bone healing and/or bone
repair in a patient comprising administering to said patient compound of Formula 1 or a
pharmaceutically acceptable salt thereof.
[00195] In some embodiments, the method of bone healing and/or bone repair in a patient
comprises administering to said patient substantially amorphous compound of Formula 1 ora
pharmaceutically acceptable salt thereof.
[00196] In still other embodiments, the method of bone healing and/or bone repair in a

patient comprises administering to said patient amorphous compound of Formula 1 or a

pharmaceutically acceptable salt thereof.
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conposi tion as described herein. [00190] In some aspects, the invention
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[00202] In some embodiments, the method of increasing bone deposition in a patient
comprises administering to said patient substantially amorphous compound of Formula 1 or a
pharmaceutically acceptable salt thereof.
[00203] In still other embodiments, the method of increasing bone deposition in a patient
comprises administering to said patient amorphous compound of Formula 1 or a
pharmaceutically acceptable salt thereof.
[00204] In certain embodiments, the method of increasing bone deposition in a patient
comprises administering to said patient a pharmaceutical composition as described herein.
[00205] In some aspects, the invention provides a method of treating or lessening the
severity of COPD in a patient comprising administering to said patient compound of Formula
1 or a pharmaceutically acceptable salt thereof.
[00206] In some embodiments, the method of treating or lessening the severity of COPD in
a patient comprises administering to said patient substantially amorphous compound of
Formula 1 or a pharmaceutically acceptable salt thereof.
[00207] In still other embodiments, the method of treating or lessening the severity of
COPD in a patient comprises administering to said patient amorphous compound of Formula
1 or a pharmaceutically acceptable salt thereof.
[00208] In certain embodiments, the method of treating or lessening the severity of COPD

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

described herein.

49



patient conprising admnistering to said patient conpound of Fornmula 1 or a
phar maceutical ly acceptable salt thereof. [00199] In sone enbodi nents, the
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a pharnmaceutical ept ahl e sal 1. thereof. '“8 4 n certain enbodi nents,
the mefHBACOHH q%rﬁ(‘?i!@ﬁ@icln% %@W&maceeb‘h%%'@i agﬁeqt%bl%g’ é@?lléaﬁt' conpri ses

admi ni $60212]9Inl @Rrtail cnbidihents, the MRMOHRE Gedtingdr 1606/ tei sevierdty ofl emoke bed
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admnistering to saj tient conpound of Forrmula 1 or a pharmaceutically
accept ggxpgosgtg(mast%g?r(fe{)oe@%efedﬁz%] In some enbodi mnents, the method of

treati @n218] | BSsvaid 3edtd) ehesiavertionyprovidésCRinethod af pedtingrir lessening ges
adm nistering to said patient substantially_ anorphous conpound of
severity of chronic bronchitis in a patient comprising administering to said patient compound
of Formula 1 or a pharmaceutically acceptable salt thereof.
[00214] 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.
[060215] In still 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 1 or a pharmaceutically 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
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Formula 1 or a pharmaceutically acceptable salt thereof. [00207] In still
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the. neaiript B telseRETRE AfefiSdtdne o lofEs e AREdE, dibritt bELMARIRALTEY °,
Camos, L on a6 descri bad her ei b, | 005131 I come. agpect s, the jnvent

pr ovi dé09221helvpsaarembodimenis, the coraraueds Ayl sarepasitipes of (hegiresent ipHegtion

orFor M 2 AAUREE SR B} A-AETUR AP0t HPRRRE P 1B G
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accept gplie, ¥ #hbwh ri'l?{h%%h', 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 CI’ 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.
[00223] 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 11l 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, II, 111, 1V, 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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[00215] In still other enbodinments, the method of treating or |essening the
severity of chronic bronchitis in a patient conprises adm nistering to said
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her ei nmuEaQ%mﬂté:ﬁ%ngagé ﬁ%“fﬁ‘ﬁ an al ternative enbodi nent, the present
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accept éﬁ% %{)&)@ f}ﬁgger'atse tE) rﬂﬁ# (tq f)he%f g@gttllxaé? 193{ Iyt dotdl dt&%gﬁ Heesseni ng
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lever y[(0225PUTlse e)daﬁt aiiwidﬂ@équﬂﬁbﬂdlll NBytfronh hlﬂ)_]emltdnmbjmmupeﬁchﬁg anheni st eri ng

a pharmaceutical conposition conprising a conpound of Formula 1 12
hour s. Spagies, Fa¢r anskgenerab sendition Oanﬁ &”bd‘i‘f-g Hbﬁsecvsqufsté%"ﬁ%ﬁﬂ% @lﬁé’@ﬂ%\éﬁéy

phar mi%gelﬁ% 1&%0(%]06%9?{61? %ﬁﬂloﬁ\‘lo%% tzlj\? Irlrlgg 3 ?h%ﬁ%ﬂ?ﬁ%{?ﬁogf thEQhvBAiBn Ard Nree tines

per conprises admi ni stering
a phar prgaubly faimulsed asddsageumiofopm for exge af edmindmaton androniferimtylofevery 4

hours. [0022 The conmpounds and conposi tjons, accordi th t hod of
the pr dewge. TLW@FRYF%FP“ lﬁlﬁ@agﬁé‘“b{éﬂ‘if‘hl%gt”éii T ARSI\ Ei"r}gl?ﬁﬁy gﬁgreglfhevlfou? e
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eases, Ui sor ders or conditions
daily usage of the compounds and compositions of the present mventlon will be decided by

the attending physician within the scope of sound medical judgment. The specific effective
dose level for any particular patient or organism will depend upon a variety of factors
including the disorder being treated and the severity of the disorder; the activity of the
specific compound employed; the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of administration, route of administration,
and rate of excretion of the specific compound employed; the duration of the treatment; drugs
used in combination or coincidental with the specific compound employed, and like factors
well known in the medical arts. The term "patient”, as used herein, means an animal,
preferably a mammal, and most preferably a human.

[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.
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reci ted above. [00221] In certain enbodiments, the conpounds and

conposi tions of the present invention are useful for treating or |essening
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c§§¥

usef ul Ekssrol, ﬁ@%wﬁ@fwfuwb%lsml Rel¥eHhylenealys %/a"tSlffaWé?‘ ESErS tapy,
pati e“gﬁq m&uﬂag Rrddt gg&aés L &l méa/mr é&ﬁ%@ﬁlog AVSSE HchiticWdjhents
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phar macol ogi ca gene therap ds i ncrease the anount
of CFTRxcmraeSrfdtlﬁngaztgehheemelbifymg mﬁdlmpcmd]mg adeyits, pelestenigg, flavotihgrand absent
CFTR activity in a patient or augnenting the existing | evel of residual
CFTR aleifWning agenty patient. [00223] In one enmbodi ment, the conpounds and

COMPOoSsigg29 | | esseni
the soliVz28f) Bleckbf HeFnsiins, RYCRUAE, Fafe LS belecht el | esseni g
exhi bi sispensi@simasbe fokRagedtacvortling te thyg. knosinassusing sumabktdispessigg omai r ed

Lﬁ?ﬁ't " isdimeragatio st SyEMIGE Sgens. dPerier i, DUV PO PHAGPRTEY APIRA T4 Type
D’e f 'eL ; éﬁjé&ﬁﬂ:lg%{)lu ursuystp%)e{s;ig% 6o Teﬂsearggglyu?aﬁagtpgrgvﬁamnmlmwwmmeﬂegul at or
solvent, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer’s solution, U.S.P. and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or

suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables.

[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 absorption of the compound from subcutaneous or intramuscular
injection. This may be accomplished by the use of a liquid suspension of crystalline or
amorphous material with poor water solubility. The rate of absorption of the compound then
depends upon its rate of dissolution that, in turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a parenterally administered compound form is
accomplished by dissolving or suspending the compound in an oil vehicle. Injectable depot
forms are made by forming microencapsule matrices of the compound in biodegradable

polymers such as polylactide-polyglycolide. Depending upon the ratio of compound to
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activity of the sgec_l fic conpound enpl oyed; the specific conposition
enpl oy aud siligis agisk b) binderswachyas: forgaprmplg) Caskenymethydestiulgss, Algidpleyrgelatis,

patient; , the tie. d i stratior 1 i [ - ate of
exccr ot P aD 3TTgiond eRiss gl sk b it AL el SfuisifleaiBE? 2
drugs lagac{s buthGe ARAMAE 0 Bal GlunCAirbuhace potalo okitigiodatarsipadgihicacih caeaind

enpl oyed, and |like factors well known in the nedical arts. The term

"pat i entlcatessandsediunesashonateyehyplution rgiardiag agents such as paratfin, f) absorption

accelerators such as quaternary ammonium compounds, g) wetting agents such as, for
example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite
clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills,
the dosage form may also comprise buffering agents.

[00233] Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed manner. Examples of embedding compositions that can be used include
polymeric substances and waxes. Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar

as well as high molecular weight polethylene glycols and the like.
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preferably a mammal, and nost preferably a human. [00226] The
pharmaceutical |y acceptabl e conpositions of this invention can be
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pharmaceutically acceptable carrier and any needed preservatives or buffers as may be

required. Ophthalmic formulation, eardrops, and eye drops are also contemplated as being
within the scope of this invention. Additionally, the present invention contemplates the use
of transdermal patches, which have the added advantage of providing controlled delivery of a
compound to the body. Such dosage forms are prepared by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the flux
of the compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a polymer matrix or gel.

[00236] The activity of a compound utilized in this invention as a modulator of CFTR may
be assayed according to methods described generally in the art and in the Examples herein.
[00237] It will also be appreciated that the compounds and pharmaceutically acceptable
compositions of the present invention can be employed in combination therapies, that is, the
compounds and pharmaceutically acceptable compositions can be administered concurrently
with, prior to, or subsequent to, one or more other desired therapeutics or medical procedures.
The particular combination of therapies (therapeutics or procedures) to employ in a
combination regimen will take into account compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be achieved. It will also be appreciated that

the therapies employed may achieve a desired effect for the same disorder (for example, an
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by m xi'ng the conpounds of this invention with suitable non- irritating
exci pi asdfsl lteremmqlu@s?uknmlyma:@ cocoa butter, polyethylene glycol or a

supposi t or
PP [(t! 24¥] V\ﬁl an\g/ﬁler embodiment, the additional agent is a bronchodialator. Exemplary

bronchodialtors include albuterol, metaprotenerol sulfate, pirbuterol acetate, salmeterol, or
tetrabuline sulfate.

[00242] In another embodiment, the additional agent is effective in restoring lung airway
surface liquid. Such agents improve the movement of salt in and out of cells, allowing mucus
in the lung airway to be more hydrated and, therefore, cleared more easily. Exemplary such
agents include hypertonic saline, denufosol tetrasodium ([[(3S,
5R)-5-(4-amino-2-oxopyrimidin- 1-yl)-3-hydroxyoxolan-2-yl|methoxy-

hydroxyphosphoryl] [[[(2R,3S,4R,5R)-5-(2,4-dioxopyrimidin-1-yl)-3,
4-dihydroxyoxolan-2—yl]methoxy—hydroxyphosphoryl]oxy-hydroxyphosphoryl]

hydrogen phosphate), or bronchitol (inhaled formulation of mannitol).

[00243] In another embodiment, the additional agent is an anti-inflammatory agent, i.e., an
agent that can reduce the inflammation in the lungs. Exemplary such agents useful herein
include ibuprofen, docosahexanoic acid (DHA), sildenafil, inhaled glutathione, pioglitazone,
hydroxychloroquine, or simavastatin.

[00244] In another embodiment, the additional agent is a CFTR modulator other than
compound 1, i.e., an agent that has the effect of modulating CFTR activity. Exemplary such
agents include ataluren (“PTC124®"; 3-[5-(2-fluorophenyl)-1,2,4-oxadiazol-3-yl]benzoic

56



are solid at anbient tenperature but liquid at body tenperature and
therefore nelt in the rectumor vaginal cavity and rel ease the active
conmpound.wpQoRB@3i63ol i d dosage forns for oral adm ni str &Crars2e0100bsede

capsul asid), smhapeltide, lmdoivmdepdamsmx (zalmdngf i@bothBinant reuaruphiil sladtast dosage
forms, .the active conmpound is n xe at | east one inert,

Shar Fa&&ﬁ‘?%hlc??ﬁp%?%ﬁl(%(%‘ 43R %ﬁ(eﬁﬁ)@r[(é%ﬂ,ll wifluqrets- %t@H&PUﬁH Zitrate or
i cal ¢ S
ot oo VEEORPBSAIBLEL AR opdhual ibyfh S Hin EXERARIG SLESERLBEITIC 1 o,

for exaiﬂﬂoﬁobeﬁaf[bﬂx,)ﬂdébmllscyﬂb bydlq&eparﬁbgbﬂm%) gaehahylpyridin-2-yl)benzoic
pol yvi nyl pﬁ;rrol I di none, sucrose, and acaci cﬁ hunmect ants such as

gl %/cter&:l )angther embegiment theaddHionalagent 1§£3 -6 (agar, cal ci um carbonat e,
pot at 0
Car bon Lot ARRETRIESREH LT SorBiltear BRI S ith FRaip SRR

accel eméilors such as quaternary ammnl um conpounds, Q) vvettl ng agents such
as, for_exanple, cetyl alcohol and. glycerol m)nostearate ahsor bent s

such af00243] .waalﬁawbémb%we éhf'e@fidltmal qgfﬂﬁlé@rnuer&m@ agrah E&em%lwzy sugh| ci um

st
Sul Tt BEen RERBE AR Baforenfll dh bR YL, BNBMeTarERA ST BV
t he dOP&@&ezfo@fb@ raHrasei®y @rC@m@ W&M&e@ﬂ@rm@ﬂpﬂ&zy{eﬁm 3/8<]|uaﬂeks®i or

conpositions of a simlar ty may al so be enployed as fiJlers jn soft and
har d- f.glqt@@og@n&l@laﬁoeayswwwpm@tsﬁhe ﬁd@%emﬂmémt?nag aeabtsd’égﬂsfﬂp%ﬁ k sugar

as wel yoag g ?ne ML&M%} Egﬁa@'{l{&%%hbﬁ%&% N agﬁ&%:c% gmbg@omse The

solid dosage forns of ees granul es can
be pr epaveadonivilhbe natnorgiham ik zsﬂfmjnt ﬂaaswohldamrmalﬂyebé edmimistérad) s aand ot her

opt 1 onePRPOGIR SRRy FEP RGBS AR dne ol AHA 88T B UET ) on ¢ hat
part ofTORG ohanai ﬁ%‘l&l‘&aﬁ%e‘@%‘ﬁ?‘} P hily gLl B RS il e Pee of |
enbeddifrogn stswup 58%tto A08%tdf alte ammurinaonszﬂly presehuinhes @ohposeioncosppisingribas and
NBXeS . ont as the Oy therapautically agtive agenc | YPe MY al so be enpl oyed

[00247] The compounds of this invention or pharmaceutically acceptable compositions

thereof may also be incorporated into compositions for coating an implantable medical

device, such as prostheses, artificial valves, vascular grafts, stents and catheters.

Accordingly, the present invention, in another aspect, includes a composition for coating an

implantable device comprising a compound of the present invention as described generally

above, and in classes and subclasses herein, and a carrier suitable for coating said implantable

device. In still another aspect, the present invention includes an implantable device coated

with a composition comprising a compound of the present invention as described generally

above, and in classes and subclasses herein, and a carrier suitable for coating said implantable

device. Suitable coatings and the general preparation of coated implantable devices are

described in US Patents 6,099,562; 5,886,026; and 5,304,121. The coatings are typically

biocompatible polymeric materials such as a hydrogel polymer, polymethyldisiloxane,

polycaprolactone, polyethylene glycol, polylactic acid, ethylene vinyl acetate, and mixtures

thereof. The coatings may optionally be further covered by a suitable topcoat of

fluorosilicone, polysaccarides, polyethylene glycol, phospholipids or combinations thereof to

impart controlled release characteristics in the composition.
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as fillers in soft and hard-filled gelatin capsul es using such excipients
as lactose or mlk sugar as well as high nol ecul ar wei ght pol et hyl ene

gl ycol s amd 20tveioBicke. [ 00234] The active conmpounds can alP€®/Use010/028069

m cr oe[p2AsH| Rﬁ(ﬁﬂcrfa@?é& of (he iveatien rei@eLoansdulitBip GFER atligdnalhivegicdlne
solid dosage forms of tablets, dragees, capsules, pills, and granules can
be pr epranmEe onk pafienbee: g nigyitanar Ehdvd)swhigh mesodeGomatses aaMISINE P dhoase

trol]i ' .ot h ' | ' at i cal
For mut BRUeAG of PoneaqtERREbShERY HETL AR 8 RlrpiRP Y el L P S B EE
adni xegorbridingéaid EGfipoudde The &drin 'Bidlugivhl sample" 2% BU¢ hereh, ilochaledseitiut st ar ch.

Such dosage forns may al so conprise, as is normal practice, additional
subst alimétation, iceM culbures orrxinactdithaseadt Biopsedymaterighotipinedy fromy memmad obnd ot her

bl eti ' h i um ' . :
the. cathrst Bepahan BoPRRER, e RN lealh L SRV AGICORGH T O

buf f er iHageogent s. They may optionally contain opacifying agents and can
al so be of a conposition that they release the active ingredient(s) only,

or pref9249} i MotlylatiomofCEER fimp hiolegieal simpleds usefWdor fyariaty gEpurpesssitlaial | v,

in a del ayed nner anpl e enbeddi n sitjion { 1 . used

I ncl udé“’g%w P oge %%%E‘ifé{hn@(%éﬁa &awgnl/)?éé)g%(%d%gﬁ% nglglélgg,squg:ﬂ%smﬁgﬁufe gpi cal or
t ransdey, i staflMAfTELR & bislbgal @@@ﬁm@?@hl@heﬁﬁ@at MvEthe icomparativeide

oi ntnents, pastes, creans, |otions, gels, powders, solutions, sprays,

i nhal aavaluaionpanewarodulsiers € GRI&. conponent i s adnmi xed under sterile

condi t | it h Lcall . | o

or eser IABROL LIyl pRAL TROOYINGE 4 sheMa P iBHb B REcilty o 28 oA ARG

ear dr opgro GH1A vBWEis PrdpdeddotnpsiR (ORES BPt@i&Ling SaidehBgheltithi acdnippuad ope of
this invention. Additionall the present invention contenplates the use of

) y ! !
t r ans def Feimulad ¢ Freembegiments he aniop shapngbly ailasidlesfantst opa BigroRgiecont r ol | ed
del i very of C ] h . . d are prepared b
i ssor oharghel, in SR BhrBa b fenl e A et 110 BRIRAC ARelEl & P oD Po P

enhanc ¢aeR5tpnAatddinp €o bis sltbriiviereaibodieerit ke plesent diventien providewadnethodss t he

skin. The rate can be controlled by either providing a rate,
of increasing the number of functional CFTR in a membrane of a c€ll, 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 a membrane in the biological sample may employ any of the known methods in the
art, such as optical membrane potential assay or other electrophysiological methods.

[00253] 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/Ion Probe
Reader (VIPR) (See, Gonzalez, J. E., K. Oades, et al. (1999) "Cell-based assays and
instrumentation for screening ion-channel targets” Drug Discov Today 4(9): 431-439).
[00254] These voltage sensitive assays are based on the change in fluorescence resonant
energy transfer (FRET) between the membrane-soluble, voltage-sensitive dye, DiISBAC,(3),
and a fluorescent phospholipid, CC2-DMPE, which is attached to the outer leaflet of the

plasma membrane and acts as a FRET donor. Changes in membrane potential (V,,) cause the
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controlling nenbrane or by dispersing the conmpound in a polynmer matrix or
gel. [00236] The activity of a conpound utilized in this invention as a
nodul at orwof20ADR6ray be assayed accordi ng to net hods destrnisbed/ogsaer al |y
i Nt he nagdiivalythhiged MeSEXERR) asrelRfriiube adr&@ 2/ pladrha Wiehlbralesad ke &npuaci at ed
that the conpounds and pharnaceutical |y acceptabl e conpositions of the

pr esen®f eney@ntransfer feom CE2JMMIPE changas aceordinghyt i Dre ahiagespn oresepsice s, t he

conpounds and ar naceut,i cal | aaept abl.e. conposi 1i,Qns. m ni st ered
concur PERSIY) C\ﬂﬁ?ﬁ magitorsd e %I}Dﬁs uﬁgg‘%\.ﬁ%‘f apy e%[ﬁgeedg'r u%%dget?ﬁg desired
t her ap@ybiesGnPetbmel d‘e@%n@d pEaAidi@ el - basediRidens i 98- of 3BHiwllthidfotiér t her api es

(therapeutics or procedures) to enploy in a conbination reginen wll take
into aplatesnt conpatibility of the desired therapeutics and/or procedures

and th jred therapeutic,effect .to hbe achieved, | ] 0

appr ecf@ﬁggi tﬁ’a‘f“eteﬂg’o Hg?gﬁpggreé%p%‘gﬁgﬁor},gg?gﬂ%ﬁﬁ veéh%d %e@??lg%&egf ‘?Ey? f or
the saggidiySRadeslogibasafmpR @Intprisaidi tAY Step bF SortaNiAg uaid bislwgiesl sagplawihar ed
concurrentl’y with another agent used to treat the sane di sprde{rl%, or_they
may ackpepeund dfffiormnla lepf @ phaymageyjically aerepblestlt dpyeafdwbersin B RacRs R4 As
used herg'xnd agr\c}_léehlt ongl t herapeutic agents that are normally adm ni stered
to tredbdIrHPEVENRS A P ti cul ar di sease, or condition, are known as

"appr opggasep fndneldddodirfi@iSle pRiserit Givbntib® Providkls Agndthehbesodulb®GPCGBTRI n one
enbodi ment, the additional agent is selected froma nucol ytic agent

br onchedivityanarbiolagicalsampls esmprising-the step of rortecting saidyelegicaksample with a

anti-infla ory, agent .. a CFTR npdul ator ot t .conpound of the

pr esentcoﬁnﬂén‘gﬁt Pfﬂ%i,uc%fwgtl?‘FerPfetS?e&[?éfcrg’ﬁgﬁ‘Fr.elTgggg?lfﬁ?w?edne enbodi nent, the
additional agent is an antibiotic. Exenpl &y antibiotics useful herein

i nclude tobranycin, including tobranycin pghakéd powder (TIP),

azi thromycin, aztreonam i ncl udin oI ized form of aztreonam

am kacin, including |iposomal N st her eof , ci profl oxaci n,
including formul ations there ui tlpbl g fof admini stration by inhalation,

| evof | axaci n, including aero Rd formufatki ons thereof, and conbi nati ons
of two antibiotics, e.g., fosfomybdin and tobranycin.

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:

H
N
L
N
0 O on
OH

or a pharmaceutically acceptable salt thereof.
[00258] 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
o
0 O -
OH

or a pharmaceutically acceptable salt thereof.
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[ 00240] I n another enbodi nent, the additional agent is a nucol yte.

Exenpl ary mucol ytes useful herein includes Pul nozyme(r). [00241] In another
enbodi merwo 2tveosdi ti onal agent is a bronchodi al ator. Bxengsk@op28069

br onch{@i289] olnsoneraibodimeit lihi¢ presént invehagi pioeitdes almeshdd aftiesatipg bbut er ol
acetate, salneterol, or tetrabuline sulfate. [00242] In anot her enbodi nent,
g hehad&ﬁssqna}eéhe aeyerity ol disgase in 4 patient sQmprsRaRAmMinisiEring Q83 PAHEHAR | i qui d.
uch a ver n
micus. PACi e RS d AingERAE BE Pherlla Tbra jrdnRRteu Rt Rec pNE saPleRE "D

'?atSi | YWéIEPéﬁ‘[T?} EszR$ Ryhandoemeslefined astkboky,pad saididiseas i Sﬁectd&ﬁuﬁﬂ@@hc
etrasodi um

SE) 5I {ibrasisi mhrga,csméfy Andyced QQPDy IC?EOBIQRIGM&%%P%D@% FoRstiRglSMy dr oxyphos
or
épl dl% h?‘&éfia 1)%(101pa§c%§h$?)s f?%ée?(lf/é roxyp c?m Zﬂl l} XA& Cﬁi’ta rbggtf;r)%ggspﬁoryl]

hydr 09@ﬂth@h¢@§ péraicas (CBAVKD)Qm@HIpﬁmhor(erlbﬁézad 1ﬂmpmhicapan0reauﬁs rabiergid ol ) .
[002431b I n anot her enbodi nent, the additional agent is an anti-jnflamuatory
r ﬁmf‘-ﬂEf‘Fdj

aE)g(,entI onghopulmonary aspergillpsis GhBPAY Iver dinease.frereditaey sraphys

enp n [
Coriny, TRl RHE R EPFAISHD ghAGEARS, HRNAS Biden ClERISIET qﬁi e, -
or si mayrRakayiafgiobdw 4ibid ;ﬁl‘oﬁ&%@n‘h@@éﬁﬁﬂiﬁﬁéﬂ soechtas fhlhﬂlahﬂybdrclmheskerakg,ma, is a

CFTR nodul at or ot her than conpound 1, , an agent. that has ffect of
nodul amynglehxlmpnwnﬂ abeBl@ﬁpﬂOéﬁ*@ﬂf%lﬂdﬁS%@Eﬁl gforage (isgases, e P% Ce(l PTC

124(r)" Azt

Si napuld Se%eﬁpéfléd’r%’c%ﬂ\'}ﬂ% %‘QW%%FJ:M désegxsaﬂg man alygcon%)ltt%g%@ ﬁgﬁ%ﬁg%eh{l
el ast appl ﬂdbobmbpﬁthy/hy]ﬁ&ﬂinpmleﬁﬁa)IlD&alie?es{r(le?ﬁtus Aadon BRarfism, myleoperoxidase
7aR)-2-1(3S)-1,1-dif]uoro-3-nethyl penty

hydr oxyle cmyoemﬁs»d?m%naﬁw @%pﬁwgwaéyw}%g%t@% capeenip!

.1 kAot ABSEPRTE e St AT

enbodi f[ﬁ%atestlhﬁpﬂdd(lbi),ami‘olmg&m Dil snepogehic(DL; Chazot-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-Jakob
disease (due to prion protein processing defect), Fabry disease, Straussler-Scheinker
syndrome, COPD, dry-eye disease, or Sjogren’s disease.
[00260] 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:

OH
O O
N
Co
N
H

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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di fl uorobenzo[d]tl, 3] di oxol -5-yl)

cycl opr opanecar boxam do) - 3- et hyl pyri di n-2-yl ) benzoi c acid. [00245] In

anot her ewbadiomste2 the additional agent is a nutritionaCTagenvo2dakenpl ary
such agents include pancrelipadg (pancregting enzyne replacement),

i ncluding Pancrease(r), Pgrmtreatygrb(r Utrase(r), or Creon(r),

Li protomase(r) (formerly uadeks(r), or gl utathione

inhal ation. In one enbodi nment, ‘ nutritional agent is

pancrel i pase. [00246] The anourg t herapeutic agent present in
t he conpositions of this invention wll Re He than the anount that
vvoul;:l nornﬁllql y be admnistered in a conp®%ii ti on conprising that therapeutic
agen . feerably the anount of additional

t her apgﬁ?bc ‘é‘gg‘iﬁ‘?“‘?@ %%gp%?%gé]ﬁ{d:%/&& scl osed conpositions will range from
about f6UZ62p hQndthef ethbedimny e mehod idcludes @sitig or fesseringhesevéritp of a
conprising that agent as the only therapeutically active agent. [00247] The
Cﬁnpouﬁ@gassﬂn g pRUCTE Ry adminisierdng eraidnacienkanceifecveypeipit 9hp €0pp itions

t hereo : ' r ' Sde gl for coating an

i npl an%%ﬁﬁeeufr\ehgﬂ’gi%%eggegégg&g}ﬁgﬂe%g}’gl?‘g@ esgé@?&gér'ti ficial valgves, vascul ar
grafts, stents and catheters. A the present invention, in

anot her aspect, includes a-Copposition Pgr” coating an inplantabl e device
conprising a conmpound of t $ }:L ntion as described generally
above, and in classes and subclfiss§S heyp , &8hd a carrier suitable for
coating said inplantable deviced 10 sti A k r. aspect, the present
invention includes an inplantable device [cod ed%\'ﬂi th a composition

cgrrprl sing a conpound of the present i nvéht | on as described generally
above, herein, and a carrier suitable for
coati naﬁgg%lécfﬂ}a%ﬁ%?ﬁg%%gﬁgt\#ggﬁ%ﬁ?t abl e coatings and the general

pr epar §80268] ofn motice dspeopthapteatiiténvbation peoviates adkitor udedd measwhgheent s

6, 099, 562; 5, 886, 026; and 5, 304,f121. .The coatinpgs are typi.cally ..

bi oconpetivity & IR, aes frazmentdhergy §n§&w0&§aléam§r'6dgro Pty Contprising

pol yner(ﬁ%'cﬁfnf»biiﬁ&?@&nprising 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 c) 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.

[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 O
N
oy
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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pol ycaprol act one, pol yethyl ene glycol, polylactic acid, ethylene vinyl
acetate, and m xtures thereof. The coatings may optionally be further
covered byoaomuios®wl e t opcoat of fluorosilicone, polysaecanisdes/028069

pol yet hyl ene gl ycol, phospholipiHds or conbinations thereof to inpart
control l ed rel ease charactefrstiss in thd Conposi tion.[00248] Anot her
aspect of the invention remggfsto nﬁyul.tlng CFTR activity in a biological
sanple or a patient (e.g it ryror , Whi ch nethod conpri ses
adm nistering to the patient, op contactipgd id biological sanple with a
conpound of Forrmula 1 or a conposition cdnmprAsi sai d conpound. The term
"bi ol ogi cal sanple", as used herein, inclQlés, without linmtation, cel

cul tur%za@ha%rcélﬁf&‘ﬁ}gt“%%éaﬁ e’saR'tﬁ&?&fed nmat er i aI obtained from a marmal or

extract ereo an 0 saliva, urine, feces, senen, tears, or other

body f I[00268] OIn sxie @kbicalimbmE abé kit [RORKEDh cHpgodiaén eompisikg-d Ebmpmmd;n ol ogi cal

sampl e is useful for a variety of purposes that are known to one of skill

i n t he PEgduce larﬁlﬁ@@C%ﬁess‘iféﬁllﬁdﬂmﬁéléshw%lthﬁﬁmcbﬁ? are not linmted to, the

study of CFTR in bi ol ogi cal aanpathoIoglcaI phenonena; and the conparative

[ OINCFTR. [8Q250] In yet another enbodi nent, a

i channel in vitro or in vivo, is

saigl channel with a conmpound of
3 pnngl ijf a chloride channel or a

bi carbonate channel . In ot her enbOolnent 7 tKe @M on channel is a chloride

channel . [00251] According to an alternatgwé enbodi nent, the present

i nvention Rrow des a net hod of |ncrea5| ng the nunber of functional CFTR in

a menboaA@hymasewioally agespinolessalighere®f. st ep of contacting said cell with a

conpou F t e

acti VI ] ﬁ{agpé@h&'i tlslg %egégﬁ%neg& gﬁ%e%g‘ﬂ%‘ ?mg%?hrﬂ&?rfglns rrerrcgﬁ g(?]de tlIl/é(;I t age

pot ent lfalllowM@amanﬁ)les argBasforthn @t shbeldvwel magetopdttlmtheaé examplesara faenbr ane in

t he bi ol ogi cal sanple may enpl oy %Qy of t FnomntH%thods in

t he
illustrative purposes only and are not to construed as [imiting invention in any manner.
[00270] V. EXAMPLES

[00271] Preparation 1: Total Synthesis of 4-oxo-1,4-dihydroquinoline-3-carboxylic acid

nmet hod of nodul ating activ
provi ded conprising the st
Formula 1. In enbodi nents,

(26)
0 0
\ /\o o™~
Ox0 — Rz _100-110°C NH phenyl ether
—_—
\/0\1’(0 @ 228-232°C
o
22 23
Method 1
0O O >
HCV/H,0
OEt
| Method2
N 1 2NNaOH
28 2. 2N HCI

[00272] Procedure for the preparation of ethyl 4-oxo-1,4-dihydroquinoline-3-carboxylate
(25)
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art, such as optical nmenbrane potential assay or other el ectrophysiol ogical
nmet hods. [ 00253] The optical nenbrane potential assay utilizes

vol t age- swo20t0/we16ERET sensors descri bed by Gonzal ez an@CTAiSeono(3meg .
Gonzalez, J . E. and R Y. Tsien (1995) OVolktage sensing by fluorescence

resonance energy transfer in single peld "Bl ephys J 69(4): 127280 and
Gonzal ez, Jg . and R N Tﬁ'oe1 (1997) "lInpFoved j ndicators of Jcel
nenbrane pot&nti @l that A e-—f—é—ugié&e' ence resenancelSALPER .t r er] Céhn
Bi ol 4(¥4)0 <AF¥) in @. nati on w th instyyunment at328832fGr NG

fl uorescence cfjanges su as the Vol tage/l r obe Reader (VIPR) H See
Gonzal ez, J . K. QCades, et al. (1999) | - based assays and

i nstrunent at izen for screeni ng i on-channel targets" Drug Discov Teslay 4(9):
431-439). [00254] These vol tage sensitive assays are based on the change in

fluorescence resonant energy transfer (FRET) between the nenbrane-sol uble,
vol t agd082738i Cogwouyk23 fﬂ.é‘g&&(@mm%\ma%addﬁ@ grapadsato conwoprd 22 ol tig.

CC2- DVEE, ' ' t . f ° d
0 A YRR PR 18 6 A BBl e 3 L OSTRIR. T one on

t henegabiuvieh yvas fiendrateDitSBAE-1) 0 PO and slirséd fob015ehoey. OSftertdaeling drmixaeebr ane
and t he anount oof energly transfer from CC2- DVPE changes accordingly. The
changedo belom 681G slinhsa i ethar yeas ddeda T hsaresidiing slwépn yasagdded prapiye 1o | whi ch

conanctRERYFH R b 40 Berl PVl Ry 38 252 SC TR SRR B AP Bl NS 4D o5 1

one enhpilesanéthaddleThé asie wivdittedan278-031 e foranowiehd Hooxs, conted tat i ng CFTR

activity in a biol o%lgcal sanple conprising the step of contacting said

bi ol ogitstaw L3t andyhen heptapmpvausrded o pigeipiintg the profud. Jharertingsaay | y
accept avpeis%tigr%é t21te Z%%E% ?oqfﬂ.? %ﬁ%}.g*l‘fée Rlids %e fRen tfiﬁf‘lat@d1 dnd ﬂ%;ceakg Wab Badh above.

[ 00256] odi ren resent 1 nvention provides a nethod of
modul at»@ziﬂﬁhéﬁ?a}ig ag_a Hiﬁea yiyvc}cman @iiv@ |CO_@1bﬁl&ﬂd Eﬁﬂﬁr&wg aoipd.i H n@/ék IQ_BM;S@h{de;Of
contacting sai iiol ogi cal sanple with_a conpound, pro [

o b ao o8 MBELS 1228 (5 £ @ B KLy § 3dmars 135 (e o°F158 G, 8 £16 5, o

1.23 (¢).

[00274] Procedure for the preparation of 4-oxo-1,4-dihydroquinoline-3-carboxylic acid

(26)
HCI/H,0
[ OEt z [ oH
Method 2

N > N

H 1. 2N NaOH H

25 2. 2N HCI 26
Method 1

[00275] Compound 25 (1.0 eq) was suspended in a solution of HCI (10.0 eq) and H,0O (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 stirring 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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or a pharmaceutically acceptable salt thereof. [00257] In one enbodi nent,
the present invention provides a nethod of nodul ating CFTR activity in a
bi ol ogi cavosampiogieonpri sing the step of contacting sai #Chiusbagioesbs sanpl e
with aagd ﬁiiiomdd Thpr@dwm/eeka/mb titsed prithdé s> @svad ast)r iThe daleewsad then ofaslidde

structur. I mac cept bl e salt thereof 00258] I n one
enbodi N8 2“?] 08 Qgﬁﬁ eﬁj%\}eﬁt Jf%fhc%ie dyieduindefv asHumSY pa@ﬁﬁ@“@FTR
activi _Eb)’mFE'mﬁi 3y, ol ogi cal sanple conprising the step of contacting said
bi ol ogi cal sanmple with a conpound, produced via the processes descri bed

her ei nMethod Be structure: or a pharnmaceutically acceptable salt
t her eof . 42;{0259] In one enbodi nent, the present jnvention provides a nethod

of tredU28] oFompeunddSd lhe @@@Pl)t"iﬁséﬂdf& tgjaduixtuse ph 167 MaQH K2 ddfpri si ng
adm ni %Lg ah@%gltggﬁlt ?gg rrfi,?t g‘cﬁ(@:éoﬁﬂ #?Wa?ﬁ%z{té’cﬁ%ﬁ for%&?g&ogﬁféﬁq% - %gor mul a

and Y aCeandlﬂfdnnE@IpHsNzatadjLstedaﬁd $@lthl 86 Hé:aS’Ehe mnaedeemtsehlerf stmadcfpst)ﬁc
fibrosis, asth ke |1 nduce ronic bronchitis, rhinosinusitis,

const | PawEs@ad le&Wér Ja@ F@keswasp\aﬁ%lﬁé é{*tlﬁ'hcwz}tﬂs(é@ mlgiasd dhen drifddnivasuq ©igive y
d | £t | d
oul ronsTyPARROA Ak BT M NMIRIDNR P 408 NRD) S 53585 1530 e T

asper giglg7qs), ss(%&ﬁﬂ)aﬂm\(ﬁn 817 302:9,5 186 ad).t ar y enphysena heredi tary

henochr omat osi s, coagul ation-fibrinolysis deficiencies, such as protein C
deficiency, Type 1 hereditary angioedens, |ipid processing deficiencies,

h } | -
et ai M9 ERAmOKRCTHUR L Rh T YN Arord YRR 1GBQT CLRPARLRL,
di se?s Q&@ﬁﬁpﬁ@pahilﬂﬂgjh,enmmml Lésaﬁlqlqutdmdh Bﬁd Smrbdhmlhidﬁe(;??jsaphs
er ol yendocr | nopat e ns e , et
rrel i ungozfs r bhe qwaali F@Wi%erﬁ%lt@o%’@ﬂ}?klﬁg §@%%¥ﬁ%&7léﬁé‘§°w %aﬂﬂ?@%weﬁ%y
hypoparat b A RROTRE RNGARBS fu congeni t al
65 BEERH Bt

hypert enesi’s | rrp r tary hypofi bri nogeneni a,
ACT deficiency, D abetes insipidus (DI) neur ophyseal DI, neprogenic D,

Charcot-Mari e Tooth syndrone,
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Per i zaeus- Mer zbacher di sease, neurodegenerative di seases such as
Al zhei mer' s di sease, Parkinson's disease, amyotrophic |ateral sclerosis,
progr essiwe mlqmm&niucl ear plasy, Pick's disease, several Ppolusgdionasusne

neur ol ogl cal disorders such as Huntijngton, spinolcerebullar atéxia type I,
spinal a d bulbar nus ul ar atrophy, |[dent at oruba pallldoluy5| and

my ot oni PM&§£@ offoRy or niValige as KcN
her edi t C}@uﬁwfel bDMFsea\ gUﬁ | NOMF
defect), Fabry di seasg, aussler- %h ker syndrone, COPD, y-eye
dlsease r Sjogren's Hlsease [002861 In one eﬁﬁ%dlnent theoﬂbthod

i ncl udes treating or fessenl ng the severity of a disease in a patient by
adm nistéring to said patient an effective anount |of a conpound, | produced

via the processes descfibed herein aving the s ture: or a
phar ma i cal [NpHdec bl e BBAY_t NaBI2:6 1 one Relffibipdi t he
met hod udes OMFeat | BESe the swoeri f ya dE®gas

pati ent I%51%&1!9!“ni steri nsai d paXi
pr oduced a the pr oce‘?‘g‘es descri befBherein, havi 8"t he structure or a
phar macelti cal | y acceptable salt thereof. [00262] I n anot her enbodi nent,
the method includes treating or |essening the severity of a disease in a
patient by administering to said patig an effective anou
produced via the processes descriggd ferein, having theys . or a
phar nace®PMsl | cetabIF 5Py the [00263] Pé#Canot K spect the
present gHIENt | OK oackich, f NoMeasuT e t he '

or a fragnent &hegedf |n\n€1 bi ol ogl I gsahprenvitro or(ljnov' 0~ COYfprt si ng
(i) a conpositign conpri$ing a corrpa‘ﬁnd of Fdtnula 1 or any of the @bove
enbodi ments; an® (i1i) instructions f&r @) contacting the c®nposition with

t he bi ol ogi cal sanpl e and b) neasuring activity of said CFTR or a fragnent
thereof. [@0264] In one enbddi nent, the kit furthery coyprises instructions
for a) m-ng an

I NH
KOH ”
HOBt,EDCI MeOH
27

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

(CHO), MgCl,
CHO
OH OH

[00280] To a stirred solution of compound 1 (700 g, 4.66 mol) in CH;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,.

nan ef fecti v

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 aqueous
layer 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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addi tional conposition with the biol ogical sanple; b) measuring the
activity of said CFTR or a fragnment thereof in the presence of said
addi ti onavocompiosred, and c) conparing the activity of treT@SIR0Z8ENE
pr esengLgiof copouddd dsi H00ht- ye om0 SoIRFwhich wds iigedlipngé hyxt@éactibe wilhd®R i n the
presence of a conposition qf Formula 1. [00265] |n enbodinents, the kit is
used t furthenduying aripurifieatign bel‘ﬂNtﬂ:(@DC[m@éJdtﬁﬁZD 19186 ERBIBDERO, 7-3hEmk t

i ncl ud j 1 i sing a conmpound, produced via the processes
descrigz&ﬁﬁgfgﬁﬁ%iﬁg3?nggfﬁé structure: or a pharmaceutically acceptable
sal t t (R8s - PARARRE for Me PREPAPIIRACYEWenzyIi ) Ster gy Ibenaldehyde®)si t i on
conpri sing a conpound, produced via the processes described herein, having
the structure:or a pharnaegptically acceptaple salt thereof. [00268] In
sonme enbodi nents, the kit ipcludes a conposiftion conprising a conmpound,
produced via the processes~ggscri Bet, Ky€0Dei having the structure: or a
phar maceutical |y acceptab
i nventi on described herei n“f gy st ood, the follow ng
exanples are set forth. It ghoul d be undersgged that these exanples are for
il lustrative purposes only %nd are not to be,construed as limting this

I nvention in any manner. [00270] V. EXANPLEé’[OOZ?l] Preparation 1. Total
Synt he g0R82f 4T&¥ Stifredsclitiybfaatipdahd 6135 ar X itol )an DME (8.34)) 43Qaded
Procedurefor the preparation o

4- ox0- K280d{(938, SR mob) ian@bglzagelﬁt@%ql @8 g 389 zlp sThemixuie s hspteditmound
e sob<Band Lol SOPRE kop T O S5PRSIR S RoB /TR fnebitul: wéf B O

sol uti MTBBS$2 Liveas hddedefblliowed 89-whtckQ1DC).aNke miiitareadasithen Rirfedfort®. After

cooling the m xture i )
minutes and the aqueous layer was separated and extracted with MTBE (2 Lx3). The organic

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-dg; 400 MHz) § 10.42 (s), &
7.71 (m), 8 7.51 (m), 8 7.43 (m),  7.35 (m), & 7.24 (m), & 5.27 (s), 6 1.26 (s).

[00283] Procedure for the preparation of 2-(benzyloxy)-5-tert-butylbenzyl alcohol (4)

NaBH4
—_—
CHO EtOH OH
OBn OBn
3 4

[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 Lx2) 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) & 7.40 (m), § 7.32
(m), 8 7.17 (m), 8 6.91 (m), & 5.09 (s), & 5.00 (t), 8 4.56 (d), & 1.26 (s).

[00285] Procedure for the preparation of 2-(benzyloxy)-5-tert-butylbenzyl chloride (5)
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to bel ow 60 0C, diphenyl ether was added. The resulting solution was added
dropwi se to di phenyl ether that had been heated to 228-232 0C for 1.5 hours
wi t h subswofamelods2f | ow to drive out ethanol. The m xturPeTwsg0eesosed at
228-232 C for another 2 houns, cooled to bel gw 100 OC and t hen hept ane was
added to precipitate the prgduct. The resulting slurry was stirred at 30 0C
for 0.5 hours. The solids ye d, and the cake was washed with
hept ane and dried in vacuo gi ve 5 as brown solid. 1H NWR
(Dvsd ; 400 MHz) d 12.25 19 (m, d 7.64 (m, d 7.55
(m, d7.34 (m, d4.16 (q) . d 1 23 (t). [0274] Procedurefor the
preparation of 4- oxo-1, 4-di h?EPoqw nol i ne-3 c?,E’:i'?boxyl ic acid (26) Method 1

[ 00275] Conpound 25 (1.0 eq)4was suspended i%n a solution of HO (10.0 eq)
and H20 (11.6 vol). The slurry was heated to 85 - 90 0OC, although
alternative tenperatures are also suitable for this hydrolysis step. For

exarml 0288}; 1y 8 s @B ictutiaofdobpoliad 4 YFI e, Besenask o amtidedusDCPNRO0GE ur e of
fromabout 75 to about 100 OC. In some instances, the hydrol ySis is

per f or mdg weas addedesipeha8QER (835 gréohmeabau0 °€o The rmw@ was sireed at20oihidr's, t he

hydr ol ysi erf r.med at a. tenper ut 93
0 o Y3t B B L Tkl o SUREORI S B ol R PR ik e,

00). Afréa%ﬁoﬁvithéﬁtffﬁrtﬁércﬁﬁn oPPurification. approxi mately 6 5 hours, the reaction
was sanpled for reaction conpletion. Stirri n may be erforrred under any of

t he t efi}2871 uProsedurieifenithe prepanation of begryox +$ete5tolrw epehaErile{6h cool ed to
20 - 25 0Cand filtered. The, reactor/cake s rinsed with H2O (2 vol x 2).
The cake was then washed % 2 vol H20 the pH > 3.0. The cake was

t hen dried under vacuum at 60 OC to give orrpound 26. Method 2 [00276]

Conpound 25 ( 11.3 g, was _Eddle 'ded a mxture of 10% NaOH (aq) (10

CHZCN

[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 aqueous 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) & 7.51 (m), § 7.37 (m), 7.02 (d), 8 5.17 (s), & 3.88 (s), 1.26 (s).
[00289] Procedure for the preparation of 2-(2-(benzyloxy)-5-tert-butylphenyl)-2-
methylpropanenitrile (7)

NaH, Mel

CH,CN
OBn OBn
6 7

CN

[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 DMF (500 mL) at
20 °C. After stirring for 30 minutes, Mel (205 g, 1.44 mol) in DMF (500 mL) was added

dropwise at below 30 °C during a period of 2 hours. The suspension was stirred for 1.5 hours
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m.) and ethanol (100 nlL). The solution was heated to reflux for 16 hours,
cooled to 20-25 0C and then the pH was adjusted to 2-3 with 8% HCl . The
m xt ure wae 20tverssi rred for 0.5 hours and filtered. Thectalseomwassosashed
wi th wat 2530 &0, thén ice (EO(t g)evasidt €Fls bWl Ml Qo tels @hyge[ﬁmun% wa§ a brown
solid. 1H NWR (DVBO-d6; 400 MHz) d 15.33 (s), d 13.39 (s), d 8.87 (s), d
8. 26 ( adjusted o apprqxagatelty 7bpthe(stgw additiorsef INHCI[ Jhe PriktuRx wiapHiduted witst al

o ot Bt B DA SR Y ol Qi s so PR AN e nqusoys Javerwas 57

[ 0027 8kxdeedavie MITBEGUONRLLS). tTihe combiree Drganedf lagaiperdWashédivdittswaen bel ow,
foll owed by the procedure for the synthesis of each synthetic

i nt er meat} brire, floerer Nap$Qe dilieesdoand then pergatraied dmnvacuo to give compound 7 as

o ompounate paish T N YDRERF 30BN 56 s Rl hnfl o A0 Rl ™" %5,
ol ), g’g_rzq-(gpsqajﬂgj])g;QQz-(ﬁs;LlQO g) and TEA (2.5L, 17.9 nol) under N2. The
m xture was heated to reflux for 5 hours. After cool Izqu]%pto room

t enper HI0298] Procedure favcthe prepasativioefR-(2o(benzylenyOctert-butpheridd?oy 6 L of 3 M
HC (aa&. L’he su ;?gagsion was |left stirring until the solution becanme clear.
The or B&HY 'P&‘{/@’ﬁ s separated and the aqueous |ayer was extracted with
MIBE (3 Lx3). The organic lpyers were conbj ned and concentrated to dryness.
The residue was di ssol ved—H )~ washed with water (1000 nmix2)
and brine (1000n), dried gyer anhyslgmys Ma2SO , filtered, then
concentratedto give conpo 2 as at+t+ght |l ow solid which was used in

t he next reaction w thout Ny syrification. 1H NVR (CDO 3;
400 MHz) d 10.86 (s), d 9.809 (S)¢eNd 7.59 (r1 dCRO51 (d), d 6.94 (d), d
10. 61 (s). [00281] Procedur®or the preparat]on

of 2- (benzyl oxy) -5-tert-butyfbenzal dehyde (8) [00282] To a stirred solution

of compound 2 (614.5.9g, 3.33. nol) i L) was ,add 953 g,
6. 90 ntP0292hqTpasugred g‘ﬂ}“b‘?‘] Ao 6“57%5'8)39% T?’l)ﬁg(’lﬁ%?t%g(r)de(%ﬁw leat eg to
90 0C ?t?&iedl &B,% wide ]R/%zlg {%@E\L@l'ﬁ@% ﬁ}éueﬁlgﬁ?t%llé&ﬁleﬂﬁ LOBONES Afel sigrifigfor@om

a

tenperature, then ) was added, followed by water (12 L)._The
M xt ur doussé NHdE1 (0D mlewdsorddgdto 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,SO4 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 (CDCls; 400 MHz) § 9.61 (s), 8 7.36 (m), 5 7.25 (m), 8 6.87 (m), 3 5.06 (m), & 1.43
(s), 8 1.33 (s).

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

NaBHe

CHO OH

OBn 0Bn
8 9
[00294] 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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m nutes and the aqueous | ayer was separated and extracted with MIBE (2
Lx3). The organic |ayers were conbi ned and washed with water (2 Lx2) and
bri ne (1.Wwokrioy10srsd concentrated to gi ve conpound 3 as acClriusharopesobow
sol i d. diiittl WitR NabBBOiltefed, 40DthdtriednadntRed 21 k@)o telafford bofribundl9 gs B whit) , d
7.43 (m,, d 7. 35 é?% d 7.24]\&;[1), d 5.27 ('541 d 1.26 (s). [00283%1
Pr oceddlisk oH MR S-da: 400 MIHD-§ Hah m). SxAA2 G 8734y b B84y, &l d6hol  ( 4)
[ 00284 j ' f , 3.63 nmol) in MeOH
(000 () SEELEEPURET RS2 45F & 520 00 The sol uti on
was | e{00295] r Procedure f3r5¢hQ prépatratior G 3-82-hidvdxy-baertbapisiibnyD-2 C. 2N HA (aq)
(1300mM.) was added dropwi se at bel ow 20 OC. The solution was then filtered
and evHisHpiarepan-d-ad(ifess, and the residue was dissolved in MIBE (5L). The
solution was then washed with water (2 Lx2) and brine (1.5 Lxl).
Evaporati on of the solue gave conpound 4 asta |light-yellow solid which
was used in the next re@ction wt OBl rther | purification. 1H NVR (DVBO-d
6; 400 MHz) d 7.40 (m), 7.32 (m* d 6.9 (m, d 5.09 (s), d
5.00 (t), d 4.56 (d), 26 é [EOR85] Proceduf ef or the preparation
@yl chloride (Bb)[08268] To a stirred

sol ution of conpound 4 QB , 3.56 nol) in &Mhydrous DCM (2000 nl) was
added slowy SOC 2 (535 g,94.5 nol) at 0 OC. Jfe m xture was stirred at 20
OC for 2 hours, then concentrated in vacuo to give conmpound 5 as an oil,

whi ch #0296k eRd(OH ) tleg)radtcompaund $60.26 030 mobtih MeQi y2Hymb) weee i fi cat i on.
[00287]..Prpcedurefor th epar ati on.of 2- (henzylQxy)-5-tert-butyl benzyl

i tr 1t S s b peep QOSITRT BFUEF (15 SV B i e i 4R AGIEEZY )

i n anhygdsaisciie®( AR0Re Faawdas sstiest 4N ol A RScdinpokhd 10MR ) whitthwlid XEur e was
stirred at- 35 OC for 24 hours, then poured’into water (10 L). Ethyl acetate
(4 L) WAMRADVMSO-dadt00NdHz) & OUbdsMAF . 16t(d), 660G am), 86.65 (i &4.71KRed 8idani ¢

| ayer S S ted and the aqueous |ayer was extracted with ethyl
acet at & (%gggqﬁ)tgg‘ai}?(?)‘ﬁe organi c | ayers were conbi ned and washed with

vat er WOZM]?)P%E’%IP?WM@%{?%%OII BEN(GRDRAIrbBsx9IbxiyfL24acuo to give

conpound 6 as a yelldw so
((methylcaroboxy)oxy)-2-methylpropan-2-yl)-4-tert-butyl benzene (11)

CICOOMe $7<1
- - |
o._.0
OH cl) 0 T
OH hig ©
10 0

11
[00298] 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. 'H NMR (DMSO-dg; 400
MHz) § 7.32 (m), & 7.10 (d), & 4.26 (s), 8 3.84 (s), 8 3.64 (s), 8 1.31 (s), 3 1.28 (s).
[00299] Procedure for preparation of 1-((methylcaroboxy)oxy )-2-(1-
((methylcaroboxy)oxy)-2-methylpropan-2-yl )-4-tert-butyl-5-nitro benzene (12)
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NVR (DMBSQd 6; 400 MHz) d 7.51 (mM, d 7.37 (m, 7.02 (d), d 5.17 (s), d 3.88
(s), 1.26 (s). [00289] Procedurefor the preparation

of 2- (2- (bwoz2yloongide25-t ert - but yl phenyl ) - 2- et hyl pr opanerctrnisk@ 0029069 00290]

To a stirred suspensign of NaH (86 g, 2.15 no|, 60%in mneral oil) in DW
(1000 nL) was added drfopw se a solution of cofrpound 6 (100.0 g, 0.358 nol)

in DM (500 nL) at 20QC. After stirrindPMNogr <Q mnutes, Mel (205 g, 1.44
nol) in DVF (500 nl) 3 added dfo e at 1@ 0 OC during a period of 2
hours. The suspensi ONMNAASYKSt ig.r fgm 1- 5 hov 250300C then ice (100 g)

was added sl owy tily gas %s gener at%ﬂ. Ah a}lj usted to
approximately 7 by 0O)fie sl ow ad@ition of 2N The m&ture was dil uted
with water (4 L) anddMIBE (2 L). The organi o | ayer was separated and the
aqueous |ayer was extract®ad with MIBE (500 mix2)12 The conbi ned organic

| ayers were washed with water and brine, dried over filtered, and

t hen c&M39A1 r Ze édtmﬁi selutien elramnound At @ -0P3mol) IWPQM 3550 ThL) veas. MR
(2150 el 55,5k o P, S ifTlr 28l vl S 21

of 2- ( 2-66%cHN; ¢k6/} gH0 tl@liriol))wtisl:hdﬂaé Ittyih):-rﬁxtumﬁﬂmplvﬁﬁecwﬁﬁﬁi TH)mix0G29s To a

stirred solution of conp é/ﬁ , 0.065 m)ll)- in toluene (300 nL), was
added &iwnweéet bil8RA f(’B@)hﬁ‘I‘!S anqthen 1‘%@0}”6@%2)00&? hysiaddedo The aqupeuyc.  Aft er

stirri I‘Was ge Iﬁ&‘l’éds d%x't\l ?ccl) r\aﬂl@g?cﬁf@om %ﬁggﬁh fn cbﬂl%fl{eﬂ%%dn?@la%fét ure

and stl ring S con Cnted tes organi c | ayer-was

separ atwate wnﬂ&b@dtlvwathr @qN NAHCO phrddawird, thgn dnéﬁiwﬁh MgS0) aid amcerithwed & bri ne
solution, dried qgver Na SQ and concentrated in vacuyg to afford the conpound
8 as ana@ia Thedesidueswacpurified via erlump chramategraphyeansilicmeshi(h: ﬁgut further

purifi ( d 736 (m, d7.25 (m, d

6. 87 (%%Aglpgtré'g E %tﬂ fo§é?@3dwéé%fg%%} ?2135 a%%0(510293] Procedurefor the

pr epar §00301]) OPt?oc@dm(eU'Gﬂﬂw preparabion ef 2-tértsbyly b€ méthylearoboxy)oxy)-4-(1-
((methylcaroboxy)oxy)-2-methylpropan-2-yl) aniline (13)

OzN H2N

Pd/C
| OO — | 0.0
0.0 T 0.0 T

O 0]
12 13

[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 vacuo. 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), 8 7.19 (s),  4.26 (s), d
3.89 (s), 8 3.74 (s), 6 1.40 (s), 6 1.35 (s).

[060303] Procedure for the preparation of N-(2-tert-butyl-5-((methylcaroboxy)oxy)-4-(1-
((methylcaroboxy)oxy)-2-methylpropan-2-yl)phenyl)-4-oxo-1,4-dihydroquinoline-3-

carboxamide (14)
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met hyl propan-1-ol (9) [00294] To a stirred solution of conpound 8 (9.2 1 g,
0.030 nol) in MeOH (150 nL) was added slowly NaBH4 (2.3 g, 0.061 nol ) at O
C. After wbeorvrsisee was stirred at 20 OC for 3 hours, PeTrds2ab/og8obd HCl was
added, and the m xture was stirredcjor an additional O30 m nutes. The

sol ution was en concent r at ed RQyt one-quarter the origbnal vol une
and extraNed i th Et OAc. Th dni C | ayer was sep?araed apd w&\smad W th
wat er and br dried with Na scﬁ, hltered and & he eentPat & in vacuo
to afford cohpeting 9@5 Wmqunh ~1H NVR]||( DMbCOd ) MHz) d 7. 47
(m, d 7.4% ‘ dHGBtEBC( M) , (A K18 .94 (m, d 5.08
(s), d 4.4 d 3 6 (d) d 1.28 (s), N0?295] Procedure for

t he preparatgon 2- (2- hydroxy-5-tert-but hgnyl)-Z- et hyl propan- 1- ol

(10) 10 [00296] Pd(OH) 2 ( 1 g) and conpound (9.126 g, 0.030 nol) in MeOH
(200 n) were stirred under hydrogen at 20-30 psi pressure for 16-18 hours.
The m 1?0030&] vvp@a%h@éu {dlhtier &to hgabﬁhtﬂim G0 5t @026 moBﬂﬂ ahlﬁeir&hd mlvm(qzwas

concentrat ed dgl ve conpound as a white solid 6;: 400

Mz) dnd) Y@S(adgle BD¢I (L%G €d9.02% mpl) OB (3.812.6).628 may), and DiEz’s(l(ﬁ(ft £,0.9613. 62
(d), dm]g?y)lz% g;?n d&@%ré%%%ng(zﬁ% I1 hL) %hgqnxtur ag %(rigcc{ (ﬁrop&vgg a%roﬁl?%;l%tf' on of

|- ((nme
((mret h%@mﬁ@sy(hwg%a)srmblbyd POM &0 Ah¥k D2¢: tmetmlhuw Wwabemzena 251°0)
[ 00298] a stirred solution of conpound 10 (23.2 g, 0.10 nol

DVAP
1. 44 gforgiachoprszand then 8vag concenBaigd 7 vacroahhg erstsiye V@@Ml?(svlzed i EtQas (Qa?édec(j

dr opwi se \neth r I t 0oC.
artor o el o VR PP P aNGacPy 20 pilhd piin€; bt Ridsiiand |
wat er, cdnddnirbeed anehchb] The redidue Gvasipulifidd) Htohmsh &Qﬁﬁlemigf@hgdmlsﬂlmegého The
re5|due was purified using colum chromatography on silica

Et OAcr Bl FsDAgRetroleum)ethes) i give eompaindd4es aydite sphfs S NYIRJ: Q W\/R
(DVBO- Enyry 40D 34 (s, 1H), 11.58 (s, 1H), 9.07 (s, 1H), 8.42 (d, 1H), 7.66 (s, 1H), 7.51 (s, 1H),

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, 9H),
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—oxo-1 4-dihydroquinoline-3-carboxamide (27)

o o
oy x
KOH N
MeOH_ H
HO OH
27

[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 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 mL), filtered,
washed with DCM and dried in vacuo for 24 hours to give compound 27 as a white solid. 'H
NMR (DMSO-dg; 400 MHz) & 12.77 (s), & 8.86 (s), § 8.20 (d), 8 7.55 (d), 8 7.42 (1), 8 7.16
(q), 8 7.02 (s), 8 6.85 (m), 8 3.55 (s), 8 1.55 (s), 8 1.35 (s), 8 1.27 (s). MS Found (M + H)
409.2
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MAz) d 7.32 (m, d 7.10 (d), d 4.26 (s), d 3.84 (s), d 3.64 (s), d 1.31
(s), d 1.28 (s). [00299] Procedure for preparation of

| ~( ( met hywoanmhiogiyoxy) - 2- (| - PCT/US2010/028069
( ( met hy 037 bbBExathple \?) AXermetting Tptad Spathesis bff N424ent-bubybSyhydoxy-44 b benzene

JRITAC R e R RN eOn

After stirring for 20 mnutes at 0 C, 65% HNO3 (16.2 g, ®.17 nol) was added

to the mxjdr e dgppwi se at\ 0 0C. phesudl gheir € was| then reed ajaql- 10 0C
for 4 hours t hen+i cg-yat er (Qﬁe—nﬂ%—m-ad . qfeous—tayer was
separ at ecy,§ fact ed wighreCM P¥BA°. x 3) and combi ned THF gani ¢

| ayers were washed with water (aq), NaHCO and Be¥ne, tfAEn dried with MySO4
and concentrated in vacuo. The residue was purifi edasvi a colum
chromat ography on silica gel (1:20 Et OAci Petroleumether) to afford crude

conpound 12 as an oil. [00301] Procedurefor,_the preparation o—

of 2-tert-butyl-5-((nethyl catoboxy) oxy) - 4,4[) 0=(

( (et hyl cgroboxy) axy) - 2- met yUaropan- 2-yl)paniline (13) 12 13 [00302}p Pd/ C
(2.6 9) - 12 (& 7 crude) , wer m.) (at room

stirreggichyMeOH §]420
e for—16=*8 ou

t enperat ure sur =

er hydr =30 i h&n t he
mxture @& 711 ed wit E&@@iel guhr’(r nt at ed
in vacuo. The residue was purified o mm chr omat ogr aphy Ho roa gel
(1:10 EtAc: B2t r ol eum et her) to give corrpo,dnd/13 as a gray solid. 103 VR
(CDA : 400 MHz) d 7.26 (s), d 7.19 (s), 9 4926 (s), d 3.89 (s), dB. #
(s), d 1.40 (s), d 1.35 (s). [00303] Prézedurefor the preparationtd
of N-(2-tert-butyl-5-((methyl caroboxy) oxy)-4- (I -
((met hyl car ohoxy) oxy) - 2- met hyl pr opan- 2-yl ) phenyl ) - 4- oxo- | t 4- di hydr oqui nol i n
e- 3- carboxafy dgf (14)|[ 00304] To stirred sol ution of conpound 26085, 0 g,

0.026 no n iglr dus DVF (1 ) was added EDCI (5.6 9 @ 02 ,
HOBT ( 3. 1 028 nol ) and DI EA (k. , 0.051 naoMe OH
N 2 o 0 o>= —_— m N
— 0
T4P, Pyrid N N
2METUF | H —0 H
N 27

14

[00308] Procedure for the preparation of methyl 2-(5-tert-butyl-2-hydroxy-4-nitrophenyl)-

2-methylpropanoate (38):
o

Br Pd(t-Bus),, ZnFp ~
+ 0‘27 o ot 0
/ DMF, 70 °C

O,N OH ON OH

38

[00309] A mixture of 2-bromo-4-tert-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 g, 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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nol) at O OC. After stirring for 1 hour, the m xture was added dropw se a
sol ution of conpound 13 (3.0 g, 0.008 nol) in DCM (30 m) at O OC. The

m xture wae2etmswd at 25 C for 72 hours, and then was EOMASRM0AREBEI i N
vacuo. NMR (4GNHEcDMBO-d658 00.38¢s, I1R)EL.OAG, (B9%.79.(s, 8HY EBEReSHMIt45 @at er
(120 m_xl) IN HQ (120 nlL) and brine, dried with Na2SO4 and concentrated
in vacfb) ﬁ?e(sr%lé) due was purified via columm chromat ography on sili ca gel

(1:1 E mY

(400 WSHEagbBHY A)E plepaffin' G FREPRISES f h5 R 2pibbpbode- 2301 4

| H), 7568¢réphenbl39):7. 51 (s, |H), 7.47 (s, IH), 7.39 (s, IH, 6.72 (s, IH),
4.34 (s, 2H), 3.82 (s, 3H), 3.74 (s, 3H), 1.41 (s, 9H), 1.40 (s, 6H).

[ 00305] Procedurefor, the prearation

of N-(2-tert-butyl - NG~ hy duiAdby - 2-
met hyl propan- 2-yl ) phen xé-l , Z—di hydr oqui nq|
[ 00306] To a stirred glol ytion of KOIHleg P Hin MeOH (80 niL) was
added conpound 14 @N'9 g, ®036 nol) at 0 0 After stirring for 2-3 hours
at 5-15 C, the mixture was concentrated to drynes% The resi due was then

triturated in water (10 , filtered, washed with DCM and dried in vacuo

) 4BHE %qf*“%’ﬁ%&@@ﬂ?“@% Gy a9y SFRADES SEMRIIRgs 400,
(), dad’deGZo asolution 6f BlethyiR(5-derBbbiyl-2 dydrak y4-hitrophdny)d2-neBliyl propanadtel . 27

(()fs ¥\|_ (2% @ g ]tﬁJ}ESIS\,/Im;‘@ 9&8‘2&94048{%?%] rng)lgggpré \(?\)/as2 stlrretdeart Qaﬁaﬁe‘ﬁ? te-lr-r%e?zlatur yfgr 9e5| S
2o hBgRar i hah ol TR Gt dLDHAAR Wil IORICH GRS RIRE (27)

12 13 roce re or the preparation o
2- (5- t aguieobsiplydse Rrab pdtractad withiMTBPERydrgani pinast fwaks pine@ anwaye t¢ 38drd 488

Eﬂgf’? g{ngAgl?gyl?—(ikj g—gygroxy-meethylpérloSa%th ylt)) %t %troghenof whic %‘a%lusédl ni')xoutgfhrﬂ? 3 12
purification in the next step. 'H-NMR (400MHZ, DMSO-d6) § 10.12 (s, 1H); 7.37 (s, 1H);
6.80 (s, 1H); 4.77 (s, 1H); 3.69-3.65 (m, 2H); 1.30 (s, 9H); 1.29 (s, 6H)
[00312] Procedure for the preparation of 4-tert-butyl-2-(2-methoxycarbonyloxy-1,1-

OH
b- 3- car boxam de (27)

dimethyl-ethyl)-5-nitro-phenyl] methyl carbonate (12)

o) o)
OzN o
oH g o>— \
O,N OH TEA, DMAP
2 DCM, 0 °C OYO
39 o)

12
[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 (30 mL) at 0 °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
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but yl phosri ne) pal l adium(O (1.422 g, 2.783 mol ), zinc fluoride (2.82 g,
27.27 mmol ), nmethyl trinmethylsilyl dinethyl ketene acetal (MIDA) (19.35 g,
111. 0 mowd,20evids2z et hyl f or mam de (150 nl) was heat ed aCTABG2@@o0ksw69 18 h.
The ni xtystalinessslid.odl-NMR AO0DOHY: BMSO-d6)5 2.6210d 18i)] TI52 ¢, Wi .88 (L 2H)Af t er

or gani 836 5argedrioat: [ FasEB Taf M ™t ne or ude product @S a br own

sol i d. i | ' ) comlk i 26_BY, ' ' j,n
- hepi LRSL | REcblyein 2 e Qb of PPl bpBES- Qmbiplitafhd Byl
| H) ; 3134digethybebhy)phéiyl] methyHarbandde (133; 9H) [00310] Procedure for the
preparation of4-tert-butyl-2-(I-hydroxy-2-nethyl propan-2-yl)- 5-nitrophenol
(39): 38 3 9 [00311] A IMAEoTution of iithium alunm numAydride in THF (
11.80 nmL, 11.80 nmol) w5 added to a sol ution of net ﬁ(
2-(5-tert-butyl - 2- hydr oxy-A-ni trophenyl ) - 2- et hyl pr opa Bat e (5.36 g, 18.15
mml) in THF (50 / ixture REAE H1irred ambi eng_+ enperature for 3
h, and then dilute hanoI.MTgﬁm'xture bdNfied with I N HC
(pH 1-2) and the aque hase was '€xtracted with The organi ¢ phase
was dried in vacud,Nd fobd 4- H,N 0
tert-butyl-2-(Il-hydroxy- 2-4é:etbyl propan-2-yl)-5-nit rophgb\ol/vvni ch was used
wi thout further purificatQon9in the next step. 1H NVRC(40OMHz, DVBO d6) d
10.12 (s, IH); 7.37 (s,12H); 6.80 (s, IH; 4.77 (s,13H); 3.69-3.65 (m 2H);
1.30 (s, 9H); 1.29 (s, 6H) [00312] Procedure for the preparation of
4-t er t {003AF] ~3-niiRture phbkieasritdrRH Bbrgthox ydarbaiytaxtyhly L -dimethy)-etbyhiStmitropheny | |
met hyl carbonat e 2 o) 3 a solutign 4-t -but yl.-.2-
by ir BEGACRER R demsanati o2 53 A AR ARIC 75 Tad YT f pfphanol
tri et NySRmy Hak @ with nittogeh. AFRE purg@igdnfIARI WA RYArDLANY thelinDRure8/as 74 N,
0.718 )r€m)I ) rjli r? é}lc | or onet %%ef;e (30hn§?@at 0 0C vvasyﬂsl %\E}\Ay_y char ged
met hy| dydrogerfatednfor 8 howrd a6ambicpGiempenatvst jnd pressurard he lselutionwas Stltgred bel ow 5
oc. A ttherE)ugthh((?elite® and dried in vacuo to obtain the product as a solid. 'H-NMR (400MHZ,

DMSO-d6) § 6.99 (s, 1H); 6.39 (s, 1H); 4.92(s, 2H); 4.13 (s, 2H); 3.82 (s, 3H); 3.63 (s, 3H);

1.32 (s, 9H); 1.23 (s, 6H)

[00316] Procedure for the preparation of N-(2-tert-butyl-S-hydroxy-4-(1-hydroxy-2-

methylpropan-2-yl)phenyl)-4-oxo-1,4-dihydrogquinoline-3-carboxamide (27):

o— — o -

0o 0O O
=<0 }—o\
OH o} o} NH
I 2
ﬁ 2 )oj\ NH
- 0]
HzN ¢} TaP, Pyridine 0o 0O
J\ P 2:MeTHF L' _

o~ "o

14

OH
O O
NaOMe OH
EE—— N
| H
N
H
27

[00317] To a mixture of [5-amino-4-tert-butyl-2-(2-methoxycarbonyloxy-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 wt% solution in 2-MeTHF (286 mg, 0.45 mmol). The mixture was
74



addition, the mxture was allowed to warmto anbient tenperature and was
stirred until HPLC showed conpl ete conversion of the starting material (2-8
h). The rwacbioomwsmext ure was diluted with water and aci ecfriusdomioesvéd N HCl
(PH 1- BeatedTide50srqLf2P U8 hp ARG LcoMing ex hhbehedmpeiatur&eh aitttutdWasdiliidwith
organics dried in _vacuo. The crude anber sem -solid was recrystallized from
net han¥pteaheArgHie plnse wia separdedandagaiiewashed avitiorgen fadim alethoxlde (39

yeI ! Owﬁ'@oé ?anj“JQ{’}? vﬁlg g%g?ﬁo%&%g%g@é(e HE@E@ soﬁﬁtl%s?ttrpeé ‘S_& ho'tips 'ghe( 52 ( S

[ 003 14jealticicwakigiehotied With PNEH@Y, afid Sfter separating the phases, the organic phase was
of 5- am no 4~ tert butyl - 2- (2- met hoxycar bonyl oxyl, |-dinethyl-et hyI27phenyI ]
net hy| waghed ﬁél Tho onganjcahgssy assthag digd & wgruo to yield Compound

ot iyt 230 Xt%?@‘%%ﬂeﬂéﬁéﬁﬁ% R L R P

rrethanol (50 m.) was purged with nitrogen. After purgl ng the flask with
hydrogen, the m xture was hydrogenated for 18 hours at anbient tenperature

and pr E9348k Exameple 3] Tnfnb&nﬁh@mfd X Griey- wlo&;@ydw-ﬂt(é taxp-bhitd dried in
49, 9bt { H-NNR ovrsoaa d 6.99
! 2 Rl A S B8 ol R AL

1 32 (s, 9H); 1.23 (s, 6H) [|00316] Procedurlefor the prep ratl on
of N-(2-ter -buty ydr oxy-[4-(I-h oxy-
net hyl pro Zgﬂﬂ_éﬂgbjh j_,_%' 2% Ui-ASl he- 3 rboxa&n-&é»(Z 7):

NaOwe 27 OB17] TWCH i xt ?‘% HOEtOH

[ 5-am no- 4- tert but yl - 2- (2- net 9<ycarbonyl (o) (i | -di net h Let hyI) phenyl]
met hyl car 5'nate (103 rrg, 0 9 mol ), 4-oxgrl, 4-di hydroqul Mol i ne- 3-
carboxylic acid (50 nyg, rrrml) and pyr|d| ne (42 ng, 0.53 mmol) in

2- MeTHF (3 0 nL) was ch rged T3P as a 50 wt % solutionjin 2- MeTHF (286 ny,
0. 45 nmol he mxtur sheated to for 18 h. r cooling to
ambi ent t r at u{cu xt UN&H, MaS ut ecal2 Rl (OH),/C CICOOMe, DMAP
c omF Me0H10PS| DIEA, CH,Cl,
KNOa H2504 NaOH EDCI Ha, Pd/C
—_—— -
CH2C|2 MeOH COOH THF THF, 30Psi
o]

16 17 18 19

0 0 ‘
NH
HaN _NeOH_ |
N
HATU,DIEA, CH3CN Cﬁ‘j)\ “MeOH HHO
o COOH
0
28

20

[00319] Procedure for the preparation of 2-(5-tert-butyl-2-hydroxyphenyl)-2-
methylpropanenitrile (15)
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wat er. The organi c phase was separated and again washed with water. Sodi um
nmet hoxi de (39 ng, 0.72 mmol) was charged to the organi c phase and the

sol uti on woi2oroe@sfeor 2 hours. The reacti on was quenchedpairtus2dibor4oky and
after separating the phasels, the organic phase was washed with 0. 1N HC .
The organi ¢ phase was thamdried in vacuo i el d Conpound 27 as a solid.
The 1H NWR spectrum was coRgi st aqf pidHy,E&hatlyg eported above. [00318]
Exanpl e 3: Total Synthes f2-f5é+e++—%nﬁ - hydr oxy- 4- (4- oxo-1, 4-

di hydr oqui nol i ne- 3- car boxag# opanoi c acid (28): [00319]
Procedurefor the preparatign /Of@N(5-tert- bu%; ¢iydr oxyphenyl ) - 2-

met hyl propanenitrile (15) 'u't 20] Pd (OH)2/CY2.0 g) and conpound 7 (20.0 g,
0.104 nol) were stirred in MeOH (150 nl) at Foom tenperature under hydrogen
at 10 pR320r exscﬁgoﬁ)zi@(z dgyérﬁl doRiotind 7180.070X0. mo&mmsv&e%ﬂnéa b Bree t hrough a
pad of Celite(r an he filtrate was concentrated %I ve conpound 15,

whi ch (9 mikkat roomti¢raperature urslge hydsngeni at A0 psi fregstitecior [b@fl fhouest iThe. 1H NWVR

DVBO- d6;. 400 3 4171
(o ™ ket pa hEd oflerdd el ot i Gl gt i Bhs gfheBiiilod @ givé
4-tert ehpotlmiAs( %hcc‘ﬁmms@@ﬁmanaior%ﬁaﬂ kmﬂmhmhh@@mm@hsn ("¥PNMRO322] To

a stirred m xture of conpound 15 (126.6 g, 4 nol), DVAP (6.0 g) and

Dl EA ( (BBIS®-dg 446 Mid1))6 9.83 énhyd24 (9, W((m&(ﬁﬁ EWlImWaSsl AdGed H2éfd se net hyl

> nour WUBHF] Cprocidive Jorhe grebeiedn - BOHE Tt -Rattga aent WP has acdod

and t hg oyt eirbenifeg16) i rred at 0 OC for 30 minutes. The organic |ayer was
separated and washed with 1 N HC, water, and brine. The DCM sol uti on was
dried over MJSO and congcentrated in vacuo to gi ve conmpound 16 as a yell ow
solid. 1H NWVR (DVSO-d_6f 400 MHz) d 7.47 , df 7.39 (d), d 7.24 (d), d

3.84 (s), d 1.71 (s), d{1.30 (s). 0032 Pro seiylr ef or the preparation
of 2- (I - am no- 2- et hyl - Xopr @

DIEA, CHZCIZ
CN o o)

OH b

15 16

[00322] To a stirred mixture of compound 15 (126.6 g, 0.564 mol), DMAP (6.0 g) and
DIEA (188 g, 1.46 mol) in anhydrous DCM (1500 mL) was added dropwise 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 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 MgSO, and concentrated in vacuo to give compound 16 as
a yellow solid. 'H NMR (DMSO-ds; 400 MHz) § 7.47 (m), § 7.39 (d), 8 7.24 (d), 8 3.84 (s),
8 1.71 (s), 6 1.30 (s).

[00323]) Procedure for the preparation of 2-(1-amino-2-methyl-1-oxopropan-2-yl)-4-tert-
butyl-5-nitrophenyl methyl carbonate (17)

O;N 0
KNO,, H,SO, NH,
—_—

| CH,Cl, |

N° - °

o 16 o 17
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5-ni trophenyl nethyl carbonate (17)[00324] To a stirred nxture of conpound
16 (10.0 g, 36.3 mmol ) and KNB (5.51 g, 54.5 mmol) in DCM (1000 nlL) was
added dr opoizse/@82H2SO4 (145.4 g, 1.45 nol) at 0 C. TheCwmustaom2806%

stirr ecﬂOQﬁMBOTG@sfinred fhxtay sf cohpourld 364 10.a\eB6 ammbh)eandslens@a 8.8t gaguls pour ed
into ice- lécﬁ andthen xtracted with DCM (100 é The conbi ned
or gani (',mP f Mas,gdd G%’Pé’rlse BGe B N4HdE. éo%mp At ng- dhene,

th d d 4
vi'a coltiareHE sl 07O AR 1E350 HaR! Bns MR b SRb PR BRIk
S0l 3: lige- Wﬂegﬁﬁ@eg)camhﬂmurcdtra&ecawnh DEMI(000 sbbB3Y. Tﬂd%cdmmné(ca@aam 14085 Mz) d

8.05 (s) s), d 7.61 7.32 (s d 5, 32 d391(s)d
3.92 (é*)ere wafileézvl Watery aquegys %‘@FCQ» sglu&l?ﬂ(agé brige, ihtgedr(eéigovef Pl and

P d f I -
o SEBAm b5 REAPRT B R el s iR L GUEDY ) 2

mol ) Petrobdunasthbr/EGc M)—VWEI-addedBMtoegwé &(&npfh.)ndaﬂchsl\da)@ﬂo(a&oﬁé QH, 216
nol ). The sol ution _was gleate reflux for The

o1 ventNECBel sPAAER FEDAEI o 2ila Drb PSP e Arekoib s Thiido i of
wat er ti 0 pH 2 by the addition of 2N HC .
The aqa-eag @%E?&G&gé ?Q&Sﬁcltﬁts{?\naﬁn%j Sﬁ acetate (100 nLx3), and the
conbi n§@DA2EYH aRr@eqhkms"estW@WmdMS-mmm 2-hpdroxyidaritropheryd)-2v er
anhydrous Na SO4 and, then concentrated to give conpound 18 as a yellow
sol i d, WW%@'&%’&! ({# the next reaction without further purification.
[00327] Procedur ef or theprieparation
of 5-tert-butyl -3, 3-di net 6- ni trobenzof ura
sol ution of corrpoundoéﬁ ( i
added EDClI (14.5 g, 75.
at 30 OC overnight. The i

DCM The filtrate wascbncdnt /ated to“@ﬁq}'hess ab
in DCM (100 nL). The sgkﬂaﬂ on was

6]
17 18

[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 solution was heated and maintained at

3H)-one (19) [00328] To a
7 10 nL of anhydrous THF was
spension was |eft stirring
d thoroughly washed with
eooelsi due was di ssol ved

Io.

reflux for 3 days. The solvent was evaporated in vacuo and the residue was dissolved in 140
mL 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 mLx3), and the combined organic
phases were washed with water and brine, dried over anhydrous Na;SO4 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 OZN
EDCI

THF
COOH
OH 0]

0

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 filtrate was
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washed with water (50 niLx2) and brine (50 mixl). The DCM | ayer was then
dried over anhydrous Na2SO4 and concentrated to give the crude product,
whi ch waswpuniofioeg2vi a col urm chr omat ogr aphy on silica gelr/uSBabnetoeum
ﬁl'ltvgez /Cg%ﬁégtrﬁi@to dryhés®and theQesidye \t/sis (g'ss‘bB/einirD)ﬂM(dl(l(Bmas ﬁhWﬁkiltx@oxﬁth d. 1H
[ 00 3zgyvaﬁegd@guw@pb§5)0tmbx%%z@gg¥ |(§91mLxl) {‘he DCM laygt?’ wgs Zhen dried over( s)-

of 6- a 8u 20 [ 00330
o5 Mgl S s L WO e SR g 20 0090
(1500 aib,limmtchﬂﬁnﬁé,‘gruplqedin ﬁuﬁkg@el’ctaﬂclﬁx@emen/EMC 2000bu+190: 1FA80:11) wt give was
thenfllteredthro Bad of Celi the filtrate was concentrated
| v acoempngil9asaompis pado b AME (ARG 408 INH2) & FORIR. § NBED, 31 08 ) G
7.05 (3)141%)6 49 (s), d 5.01 (s), d 1.35 (s), d 1.33 (s). [00331]
Proceduréefor’”the preparation of N(5-tert-butyl -3, 3-di net hyl - 2- oxo- 2, 3-

di hydr piu3pepf Rroesdibre Yor) thé peparatioir of 6ystineasitérebutyb33-dinietipilbenzofurgi-l)

[ 00332] A suspension of HATU (17.6 g, 46.3 nol) and conmpound 26 (8.36 g,
44,2 )-an¢ BBhydr ous acetonitrile ( 1 L) was stirred at room tenperature
for 1 hour. Conmpound 20 (3.40 g, 14.6 mmol ) was jadded to the suspension,
and then DIEA ( 11.5 g, 89%-G-~nl) was added drgpwi se. The mi xture was

stirred at 45 0C for 4g The resul tingypgecilpitate was filtered and
thoroug_hly washed wi t h DCM e fil pgatig wasS ¢ entrated to dryness and
t he residue was di ssol ved RCM ( and wagt with IN HC (200 nix2)

foll owed by 5% aqueous NaHCQ (28Q nlxB¥F and t henl brfeae (200 nmixl). The

m xture was then dried over {{SH and concentrdel in vacuo. The residue
was purified via colum chronmat@graphy on silica g (CH2d 2/ MeOH 100: |
(r)50:1) to give conmpound 2M%as a |ightyellow sdid. 1H NVR (400VMHZ,

?(;’B%ﬂféoaﬁp& ZP&Eéj%Q g.)gn(?l ﬁ?ma?_\{nla)]? (é@o% j§!4 s glﬁerg il.(s%snc{eg ift E%F l?b@ 8.33
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 20 as a white
solid. 'H NMR (DMSO-ds; 400 MHz) § 7.05 (s), 8 6.49 (s), 6 5.01 (s), & 1.35 (s), 8 1.33 (s).
[00331] Procedure for the preparation of N-(5-tert-butyl-3,3-dimethyl-2-ox0-2,3-
dihydrobenzofuran-6-yl)-4-oxo-1, 4-dihydroquinoline-3-carboxamide (21)

OH
HATU,DIEA, CH3CN @:Uj)L

[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
(3.40 g, 14.6 mmol) was added to the suspension, and then DIEA (11.5 g, 89.0 mmol) was
added dropwise. The mixture was 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 1N HCI (200 mLx2) followed by
5% aqueous NaHCOj3 (200 mLx3) and then brine (200 mLx1). The mixture was then dried .
over Na,SQ4 and concentrated in vacuo. The residue was purified via column

chromatography on silica gel (CH,Cl1/MeOH 100:1—50:1) to give compound 21 as a light
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(s, 9H). [00333] Procedurefor the preparation

of 2- (5-tert-butyl -2-hydroxy-4-(4-oxo-1I, 4-

di hydr oqulvoablommsﬁ-zcar boxam do) phenyl ) - 2- et hyl pr opanoi ecaaisdo1028306¢ 00334]
To a styenas\edolscbl lH-NMRMO(IMHZODMSC?Zi{SX@l?%(d26445HimIlH)) 12.0 (BB, §5Qd) was
added NaOH (1 % L ter stirri ng for 16 hours at 40
0C, t hd otz dRp: %(Cb\/z%ﬁ# dH&d - $4174\7§(§@02H'? HetP-1 48 (e dH¥Ued Intss 61:slsbl ved i n
H O (58 % The precipitate was filtered and the filtrate was washed with
DCM (1 1o Xl) and ethyl acetate (100 nixl). The aqueous |ayer was

aci di f i[{@0838] t Brozblielfort theWp?brauonTbﬁZ {5-Rfi-Paty B hydfsxyld-t4- ¥l 4and washed
wth HO (80 niL) and heptaneg m). It was dried in vacuo to give

conpoudihydepguinalingi-carbexamido pqunylwﬁ -neeiporepayoicrid (38)) d 12.85 (s), d

11.84 (s), d 11.77 (s), d 9.39 (s), d 8.86 (s), d (s), d7.79 (m, d
7.52 (m, d 7.18 (s), d 7.09{s§, d 1.44 (s), s). M5 found (M+ H)
423. 08 [00335] Exanple 4: Seqgond-alternative S"NH
N-(2-tert-butyl-5-hygrogy- 4 ry dr oxyNaOH

2- et hyl propan- 2-yl )lbheliyl DXO0- | 'A—%Tydroq cay boxam de (27)
LiAlH4 , THF [ 3-Meck 50 rcM bottom f Iga equi pped with
magnetic stirr i ogéﬁ bl er and t her nocoupl mpound 21 (514nyg,

1.27mmol ) and 2- MeTHE (4nL) are charged to the flask. "ThEQQ¥bction mixture
was stirred at roomtenperature. Lithium alum num hydri'de (204 ng, 6.6
mml ) was added as solid until 100% conversion is acfi eved, which was

oSN 26, Tkt o s SO B

tetrahydrate and MIBE (50nl)" were added
t o t he adéakcNa@Hr(l btg)B@.5 rfﬁlnel)raeé act Mg:r sunirmglfoml@\hmrs i 40 ¥d theosoldent mamut es

and then | et |t for Teorg |, a ated and the pH of
t he aqG¥Rpsale V’e‘fac%ﬂ%ré&%fhnihﬁ SEsUeRs §§ vge 1 %ﬁé‘a\@?@mﬁbpﬂv PIEdPYRIC Y2 P t ari c
aci d. Tﬂf’créﬁ&a‘ﬂ@‘?@éf itawas%hsa wlmqj@ld[ Mo0 thiMIBEnd iR &regﬁél{mohﬁmr) was
concentrated an drl ed under high vacuumto provide the title conmpound as
an of f -Thkiatjgeous layer was acidified with 2N HCI to pH 1-2. The precipitate was filtered and

washed with H,O (80 mL) and heptane (50 mL). It was dried in vacuo to give compound 28

as a white solid. '"H NMR (DMSO-dg; 400 MHz) & 12.85 (s), & 11.84 (s), § 11.77 (s), 8 9.39

(s), 8 8.86 (s), 8 8.33 (s), 6 7.79 (m), 8 7.52 (m), 8 7.18 (s), 8 7.09 (s), & 1.44 (s), 6 1.40 (s).

MS found (M + H) 423.08

[00335] Example 4: Second alternative Synthesis of N-(2-tert-butyl-5-hydroxy-4-(1-
hydroxy-2-methylpropan-2-yl)phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (27)
O O

o)
N N\
H LiAIH,, THF NH
o) HO
OH
21 o 27

[00336] A 3-neck SOmL round bottom flask was equipped with magnetic stirrer, nitrogen
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
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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powder. The 1H NVR spectrum was consistent with that reported above.

[ 00337] Exanple 5:Alternative Total synthesis

of 2- (5-t ewO-2buB162- hydr oxy- 4- ( 4- oxo- | , 4- PCT/US2010/028069

di hydr egjiiufe IThe @esattiharsbRitidnivele kafed§or)1 5 dnifeleh ¥h@ e 21 it ForrImlin( 2B © 35 36
21 [00338] Procedurefor the preparation of Carbonic acid 2-brom de,

4- t er t Dtgapic lpyrsivas separated ped the|pHeefi the aquoys Boeaeps adjusterdbiole phl of alpw 6bot t om

£l ack ; Netd Coal ot o

2 R RO S ) LSOOI Sl

f ol | oweshs loyndehivhied addldied tRdPhigh.va8gim wﬁaﬂéﬁimmhé tide)ebrigdciiNd (a4 4n SffLwhite
00

317.6mmol ). The reaction m xture was cooled down to 0 OC. Met hyl

chl or obewden he 1d-NMR spectaumwgs Fonsisiens adddhalmeporigdsbove t he reaction

m xture. The m xture was allowed to warmto roomtenperature while stirring
overni ght. Wen the reaction was conplete, the mxture was filtered via

si nt er ¢g0339NNEkamglb 8: Altbrriafive THRS syrithésss 6 X Ster Byl 2-hpdroRy-at (@raxot Ljgnel . To
guench, IN H 300m.) was added to filtrate and the organic |ayer was
separ adéhydroguindingshiarbpxgraidoiphenybrmethzlneerapoiancid @8 ure of 291 nL

ter. The layers were separated, and the

have a pH of about 8—The organic | ayer was
hi gh vacuum for ahgwt 16 hours to give the

w oi | IN®f)Hs$O Nas AsSy n the Qgoshe St ep
W t hout f QVB [.66 0 Hz

purificatio N ; ) ,
|H), 7.46 J ME4 DCM O Hz T | H' ﬂg‘g-q%ﬁe J 8.4 H IH, 3. (s, 3H),
1.28 (s, 9H) [B0340] Pr oceduwﬁ\t he preparation ofO< O«

(2- brono- 4-Qrt-butyl -5-ni tro~ghenyl) nethyl carbonatél (36) [00341] A
3-neck 2L round bottom fl ask s equi pped wth nmechanitcal stirrer, nitrogen
bubbl er and thernocoupl e. Conp3und 35 (176g, 612. 9nmo¥® and concentr at ed
sul furic acid

0 4
/" O-TMS N
O:N OzN P(C), Hy 2
Pd(PPh3)2, Zan, _—_—
B - MeOH, 100%
' DMF, 80°C, 71% o
OH o >
0
37 19 20
B ]
0O O NH
OH r |
| LiOH N
H _ H MeTHF, 45 °C
T.P. MeTHF 0 HO
3, Me
pyridine, 45 °C COOH
L © _ 28

[00338] Procedure for the preparation of Carbonic acid 2-bromide, 4-tertbutyl pheny!
ester methyl ester (35)
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(264nmL) were charged to the flask. The reaction m xture was cooled to -5 C
- 00C Nitric acid (28.6nL, 612.9mvl) was added drop-w se and the

reacti on woxviuwesiwsas stirred at 0 OC for 2 hours. Wien eqmiSet1e/028me er
(264nmL) was added foll owed by MIBE (264nlL). Thesolution was stirred for 15
m nutes, then let stand for| 15 m nutes. The—grganic | ayer was separat ed,
concentrated and dried unde i gh pmarjum to_give the title conpound as a
dark brown oil, which was d i n MeCHext @n wi t hout further
purification. 1H NVR (400 e 00E~gH), 7.92 (s, IH, 3.89 (s,
3H), 1.34 (s, 9H) [00342] gplureﬁa'or he p@ep ation

of 2- bronp-4-tert-butyl-5-nidyo-phenol (37) [
(2-Brono-4-tert-butyl-5-nitro-phenyl)nmethyl cagbonate (72.9 g, 219.5 nmol)
was charged to a reactor and DCM (291.6 i) ﬁeadded. The yel |l ow reaction
solution was cool ed using an ice bath. Sodi um™ret hoxide (67.04 g, 69.1 1 nL
of 5.4 M 373.2 nmml ) was added portion-wise at 2.2 - 6.9 0C. After

conpl ef@338Hi Aidomeck2haronndibotiam flagkswas enuinpedarithemechanicabstisrer, nHibagY at ur e.

When c l.ete,, 1he reacti ) I i Lsh 1M HCG
(375, 2 HR01EEp lfpobBibie 2RBrifEATeR drdall Chp 1L MR VS s v ' e
transf tHy BCHEASTAN DM AR, 10.58meiolpdHdEL Y413 A3 FRGmfmdl e Thand
mshed%v&[ﬁédmﬂgterﬁfgogbnt) f ol Inowegd by rtl)lri ne SOt%)rﬂX}. ThZ or gani c)el ayer was

concenteagtienimaxturetwias copledalopmga OcC. Mdtle chlogeformatg il %a2mbin?S4mmoh Msduct was

further rified usi Supercritical Flui I r separation
on a B@fi‘geérdrﬂm“flf%oéﬂ?gﬁefﬁpmP‘tullrg*r o & 69}}/%8%%891\@%&41@5@ The met hod
condi t iGRferMafcowRRGiiRENSVERhight. WIRAIthE Fdabricinwas Eithplere] temikBRE #a9) from

Princeton Chromatography, 100 bar, 35C, 220nm An injection of 3.5n of a

55- 70ngiltetedsida sinteend fuprel; Fhectiltrate waseangterrsd wpig 1Esepaaionyfungrl doguengd, onTo

sof t war urified, prod r e . LI 1 ke

ot handr H51 AP a8 Pl Hilr FF el SR Sl pheal AR OB AR er
per f or R thehN@astad Wil thixwrs of 291 m2-datupared NAHOGRrdndUPO mISwater r Thedhpers|

met hanol solvate, ( 111.3g, .59.9nmmml) was_charged o a IL_ rqQund bqottom
flask, Weoe separateds gndhdisagueous ervps deteraniged iokave a pkbak adgut & "31? WS opt ai n

a cl earlayer 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 (s, 9H)

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

O.N
HNO3, H,S0,4
Br  DCM,0°C iSBr
OTO\
¢
36

carbonate (36)

0.0

T
0
35

[00341] A 3-neck 2L round bottom flask was equipped with mechanical stirrer, nitrogen
bubbler and thermocouple. Compound 35 (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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solution. The solvent was distilled under reduced pressure (649 nbar) for
30 mnutes and then stripped to dryness. This procedure was repeated three
ti mes untwbD 2nm/ilvkGR was detected by 1H NVR The product paagisdetiomeoander

hi gh vaeliith Wk sthedfor 1S niifut@s, \tker 18EstIHAOMAECS nidutds. dhe lorgtdlid layerseas sol i d.
1H NWVR (400MHz, DMSO-</6) d 11.2 (bs, OH), 7.69 (s, IH,; 7.03 (s, IH,; 1.30
(s, gmfmgqﬁ]com@gg@gragd deed ppder p@p@cg@m@h give the title compound as a dark

of 5-t er 6- enzof 3 n

bi 1 uorhafii gy TRt it B WAROE LA mir o oA R e

whi ch \BMSOL4® Tegb (8 LHD), TioRr(©deD, 3BI($BeBP).24 (9H) 3. 835 mol) was t hen
added under nitrogen stream 2-Bronp-4-tert-butyl-5-nitro- rhenol (16.15 g,
58. 92 M8W4R] dPrargdunedor themppqration af Myom-tm&mdu%wowzqmé(w ask. The
reaction m xture was an orange suspension. (1-

Met hoxy- 2- met hyl - prop-1-e trimethylsilane (23.61 g, 25.13 ni, 117.8
nmol ) was added to the\%rhxt e and the resultinggs-xture was heated to 80 C
and stirred for 16 h m xture was cooled to
anbi ent tenperature and fi The filter cake was
washed with MIBE (536.0 niL) JandBa 893. 3 .} added to the filtrate.
The m xture was stirred for C&@Tﬁ\n and settled f afiot her 15 nin. The

| ayers were separated and O HC (500 ni, 250. @"hm)l) was added to the
organi ¢ phase. The | ayers we separated and the grganic |ayer was washed
with water (500 nL). The | ayé@fs were separated and the organic |ayer was
washed with NaCl (500 m.; 8 wt% . The organic |ayer was separated and the

sol vent[0e343pV €2 Brdmy-daei@-butytS-witrodhepyl Reetayl cattsonatet (a2 0egl 2885 anhol) was
crystalline solid and was then purified through a silica plug, usi ng

hexane:chamged ppa reacton gnd DEM 63914 mbawvas 3gdeds TB%W s reaehitniolitiag Yasoduct wer e
Cor e R bl TP SRR B B R ILAR 5 BRI R
| H);  1.ad8ed portibidwiselat 22 {6.9 °GHAfEOEIdilEte R ditiod the rdaotion vas ploebawatreh
of 6-am no-5-tert-butyl -3, 3-di met hyl benzof ur an-
to ambient temperatire. 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 III (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 to 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 yellow semi solid. 'H-NMR (400MHZ, DMSO-d6) & 11.2 (bs, OH), 7.69

(s, 1H); 7.03 (s, 1H); 1.30 (s, 9H)
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2(3H)-one (20) 19 20[00347] Palladiumon carbon (wet; 5 wt% was pl aced
into a round bottonmed flask under nitrogen flow

5-tert - buwgl208y@8w2 et hyl - 6- ni t r o- benzof ur an- 2- one (4. 7pgT/UBZ018H286®| ) was
then agyi3dd} oProeede Forethe pNpab@ish of SLEPL-Bikiyl-3B3dimbAYI-6 34i@bberzyfuslry ged to

t he vessel under nitrogen atnosphere. The vessel was then purged with N,
evacual@#)-anedd9char ged with hydrogen gas. The vessel was evacuated and
re-charged with hydrogen gas, and then a continuous hydrogen gas stream was
i ntroduced. After gonpletion, the reaction was filtered-tjarough Celite(r)
and the cake was ed with MeOH (300m ). The sol vepf wals renoved in vacuo
and the proﬁ/ﬂ'étNdri ed under hi Vacuuigirphgl, YRF 2 Whi’t & yyjstal I i ne solid.
1H NVR (400MHZ? de) d 7 0/(s II-D,—Q_%—QS—AH) 3 , 2H, NH2);
1.34 (s, 6H); 1. 9H) V 0 8%) gromfureef’omryhe prepa at' Qn of
N-(5-tert-butyl -3, 3-diffet hyl - 2

di hydr obenzof ur an- ®Hyl ) - 4- oxo- I 4- di hydr oqui nol i ne- 3-car boxa@ de (21) 20 21
[ 00349] A reacti on 4 essel was charged wi th conmpound 26 (2,926 g, 15.43
mol ), Conpound 20 (4. 32 9 18.52 nmol ), 2-MeTHF (35. 99 ®), and
subsequentlﬂg 50% T3P in 2- MeTHF (13.36 g, 21.00 mmvp| Pyridine (2.441 g,
2. 496 HA0345h Rifluerpzine M%@é&&%ﬂolﬂ N@Sg%&é%r@w%@amdéiasl&?wlsl%c 5 0C

forl
and 2- BeyEiEe TRy S Buchlir PREL605 HRSGAR yfith ddeRTRbEMbERPD o
the or gagint 2-Bioaio-Maért-bagh e chittdpherd (18. 95 g, 38 9Z3mﬁmll)d:hml\mﬂanMBO$ﬂ 75 water

(30 M) and twice with NaHCO3 (20 nl). -The organic | ayer was washed with
brine @ wast efls@&&ﬁiéﬁ@é flapk Tihﬁée%pogmtureem@wmﬁgwewﬂ%@ crude

ot - SR B Bipo P il e TRLOPECER AET) s R0 aRRE o an

added to the mixture and the resulting mixture was heated to 80 °C and stirred for 16 h. When

complete, the reaction mixture was cooled to ambient temperature and filtered through
Celite®. The filter cake was washed with MTBE (536.0 mL) and water (893.3 mL) was
added to the filtrate. The mixture was stirred for 15 min and settled for another 15 min. The
layers were separated and 0.5M HCI (500 mL, 250.0 mmol) was added to the organic phase. |
The layers were separated and the organic layer was washed with water (500 mL). The layers
were separated and the organic layer was washed with NaCl (500 mL; 8 wt%). The organic
layer was 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 vacuo to give the pure product as a white crystalline solid. 'H-NMR (400MHZ, DMSO-d6)
3 7.80 (s, 1H); 7.62 (s, 1H); 1.49 (s, 6H); 1.34 (s, 9H)

[00346) Procedure for the preparation of 6-amino-5-tert-butyl-3,3-dimethylbenzofuran-
2(3H)-one (20)

ON Pd(C). H, 2N
MeOH, 100%
o o)
o) o)
19 20
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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 owe0 2at0/H81680C Wit h nitrogen bl eed to give the tiPCe/usempoesed as a
bei ge $06034d] mwdumeﬂe&w(wawsat%ﬁasq;labadaﬁoﬁcﬂodndaaoﬂmh&d flaki} unde?- 1 (s,
IH); 8.9 (d, J 6. 4Hz ; )gd 8Hz, (7[ 7.55-7.48
(m  3Hpitrogen flops 5- terF-nbutYi 34%d1(n@,eth ffrfmfrechrysm UPﬂc?c@’@mﬁ“e? Bl n%fewreq&hwa& i on

of 2- ( Syl o tiaby f&/th%%eﬁxgwéfyan I§1&R 1%\%«% hen zﬁeqully charged to th Iva:tsigbmdfé

di hydr oqui noP| ne- oxam opafoi ¢ a
[00351]mtfbgﬁﬂfat.tﬁl§tpﬂﬁc(fﬂe Vi3séTGvas ChehdRiBedti itl) N@,@a@&lﬂfﬁwm ch@rged With no,
0.4715 mol ) were charged to a round bottonmed flask. 2-MeTHF ( 1 nl)

f ol | ondiydipgersgas, Thevesse zvasmﬂme(dmnﬂ 1g-chiyged wirh g dingen ganaad theniadi ne (67. 84

ng, 69. H nsion was
heat ed Cg u@?u%ﬁ)%ﬁ- gé%o%gm r):a twaSA'?tfoedru C‘gio\rfxg egf amﬁgtlgﬂqﬁrﬁeac noﬁgigger ccl)ol ed to
anbi enthroggipeelab®radd the @mwas (wWasRddwith MeOHM (30Tngl}. Thdkolvert Who rewived afded.
The | ayers were separated and the organic |ayer was washed with water (81

1. 2 niyvaeyspndthe proghetidrigd padertrghyacuumie givegayihide q:ra@té}hmaglwér dNMRred into

vas M BRSQ2RES 718 CliRe 8 (e s BN L B U e ™

| ayers gppre separated and the organic |ayer was discarded. The aqueous
| ayer was cooled with an ice bath and hydrochloric acid (10.72 nL of 1.0 M

é()él? 2Thm4ﬁ] mBsoca[dra@ofor thepreparation pON-(Grientbupied, hiimeashyl=are23H of about
-4. t -
or gani ﬂy?g‘%eb%g'lzj% i g’d’r%\]ﬁ ?1"5‘?)1 J%%&\%%HL?OW??Q%?I{%@M?%%A 5The O?Sgnf Eel ayer

was separated and th solvent renoved in vacuo. The r@sulting solid was
dried in a vacuum ovén with nitro§en®bl eed at 5 : 'give the title

conpound. 1I—|-Nl\ﬁeﬁ§40M—|Z, Qv ©B. 89 (d HiH). 11.84 (s,
IH); 11.74 (s, ; 6 (s, 2 8% 8.61 (' . ; 8.34-8.32
(d, J 9.1 Hz IH); 7,745 (m ; 717709(r|q I .17 (s, IH); 7.09
(s, IH; 1.43 (s, 6 40 (s,ng-lMeTHF o
5 pyridine, 45 °C
o)
20

[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 mL, 30.86 mmol) was added and
the suspension heated at 47.5 °C £5 °C for18 h. After completion, the reaction was cooled to
ambient temperature and 2-MeTHF (36) and water (30 ml) were added. The layers were split
and the organic layer was washed with 10 wt% citric acid solution (30ml), water (30 ml) and
twice with NaHCOj3 (20 ml). The organic layer was washed with brine (50 ml), 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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[ 00352] Exanple 6: Total synthesis

of N-(2,4-di-tert-butyl -5-hydroxyphenyl) - 4-oxo-1, 4-

di hydr oguwoabimes2car boxam de (34) [00353] Proceduref orcrhms2quoepasat i on of
2, 4- i {00350} DRRACHAIO Uk hepipiraSon DB RrBiRyL- Maydbasty 4- (OSR5RY- To a

sol ution of 2,4-di-tert-butyl phenol, (10 g, 48.5mmmol) in diethyl ether
(100 néylydmumql@tefﬂymhw@mdwhfnm 2-mghﬂpmmnyw agd (284 ded net hyl
chloroformate (7.46 nmL, 97 nmmol) dropwise at 0 OC. The m xture was then
allowed to warmto roomtenperature and stig for an addition 2 hours. An
additional 5 nL triethylam ne and 3.7 nL mgthyl ¢hl opof ormate|was then
added and the react|on stirred oger@i ght. The redctiffn was then filtered,
the filtrate copled to O ofNn adcw D aI MiHt ri et hyl am ne and
3.7 L et hyl Q or mat e t Blen added he reakt i &4 s allowed to
warmto roomtenpd urandt e st for |an adcﬂtl hour$. At this
stage, the reaction . and was workesudp by filtering,

t hen washing with wat- 2x) ToP g@gg by hrine. The splution|was then
concentrated to produce a yel?é P%nd pdrified ugimg=col u

chromat ography to give conpound 30. 1H NVR|(400 MHE O "6)|d 7.35 (d, J
= 2.4 Hz,IH), 7.29 (#0, J =8.4, 2.4 Hz, IH), 7.06 pg, J = 8.4 Hz, I H),
3.85 (s, 3H), 1.30 (s, 9FD, 1.29 (s, 9FD. Met hod 2 [00355] To a reactor
vessel charged wi th 4-dinmethyl am nopyri di neQ(D@AP, 3.16 g, 25.7 mmol) and
2,4-ditrf-butyl phenol (compound 29, 103.5 1.6 Mol ) was added
met hyl ene chloride (415 g, 313 nL) and sq ut hywas agitated until al
sol i ds dissolved. Triethyl &@He : 2§ then added and the
solution was cooled to O eTﬁFQ8°Cthhy| chlgrof pt e’ (52 g, 550.3 mol)
was then added dropw se over 2.5 - 4 hours, pN@ eepi ng the sol ution
tenperature between 0 - 5 0C. The reaction m xtu then slowy heated

to 23 - 28 0C and stirred for 20 hours. The react|/ion was then cooled to 10
- 15 0C and 28

[00351] Compound 26 (81.30 mg, 0.4288 mmol) and Compound 20 (110 mg, 0.4715
mmo!) were charged to a round bottomed flask. 2-MeTHF (1 mL) followed by 50% TP in 2-
MeTHF (371.4 mg, 0.5836 mmol) and pyridine (67.84 mg, 69.37 uL, 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 pL) were added. The layers were separated and the organic layer was washed with
water (811.2 uL) and twice with NaHCOs (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 (Sml). The organic layer was separated and the
solvent removed in vacuo. The resulting solid was dried in a vacuum oven with nitrogen
bleed at 50 °C to give the title compound. 'H-NMR (400MHZ, DMSO-d6) 8 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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charged with 150 nL water. The m xture was stirred at 15 - 20 OC for 35 -
45 m nutes and the aqueous | ayer was then separated and extracted with 150
nmL et hylwoeomhlosrsede. The organic | ayers were conbi nedpramdSa@uteskd zed
wth 212%¢GH)(ag) at a tenperature of 5 - 20 0Cto give a final pHof 5 -
6. The organic |ayer was then washed with water and concentrated in vacuo
at a tenperature below 20 0OC to 150 nL to give conpound 30 in nethyl ene

chl ori 56] ,Progcedur efor.t at j on
o 5-ni (iEse ExtaebPRa b P NE FOREREN R stadrarmh lrtsa e Iboss ) To
a stir gagdroguiiioline-Péarpormmido3h0 (6. 779, 25.6 mmol) was added 6 nL of a
1:1 mxture of sulfuric acid and nitric acid at. 0 OC dropwi se. The m xture
9 Neted for 1 hour. T
ied using liquid chgomat ography (I&&OAL120 g, 0-7% Et Qi
r oduct'BePAbBEN, an [|8:} Msol, HRbxt ur e regi;-q,ipa,amzbe of
i .

31 as e sol egh 1H A29Q MHz—DMBOd 6) Y K63 (s, tHT 7,5
IH), 3.8/ TS, 3H), 1.36 (3 0H, 1.32 (s, 9H HPLC ret. tine 3.
10-99% EHBCN, 5 nin run; E§l-MS 310 m z (MH) +§ Met hod 2[ 00358] To dconpound

30 ( 10??, 378 mmol ) was addgd DCM (540 g, 408 g4L). The mi xture wassstirred
until a solids dissolved, and then cooled to -5 - 0 OC. Concentrated

sulfuric acid (163 g) was then adeé€d dropw se, while maintaining the
initial tenperatuse of the reactbérb and the mixture was stirred {or
hours. Nitri A ,(62 g) was then

_ N e dded 1(.oMMedB-ANRE 2- 40 halr !
mai nt ai ni n elintial tenpRr ur heox BActH.om, a R tirred
at this tenper}tuge for TN 4. B D5 Secrysidies i On M xture was
then sl owyadded—to—xol ter, i ni

o- ,Hnpjnt ai ning a tenperaturefbel ow 5 0C. The
quenched reabfi"¥f"has then heated tb 25 0C and the aqueous | ayer was

renoved and extracted wi th net hyl ene

[00353] Procedure for the preparation of 2,4-di-tert-butylphenyl methyl carbonate (30)

CICOOCH;, Et;N
Et,O |
OH

0.0
b
0]

29 30

Method 1

[00354] To a solution of 2,4-di-tert-butyl phenol, 29, (10 g, 48.5mmol) in diethyl 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 allowed 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-ds) 8 7.35 (d, J = 2.4 Hz,
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chl oride. The conbi ned organic | ayers were washed with water, dried using
Na SO, and concentrated to 124 - 155 nL. Hexane (48 g) was added and the
resul ti ngwoizatoumegieeas agai n concentrated to 124 - 155 mpCTNse@olesoane (160
g) was 1ﬂgbﬁwuﬂny 8. AddeHz! BHY, hoent Xt 48e: HA NS 85 &, 8HYaE 30 (e9H5L1.29 ed at

23 - C for hours, and was then filtered. To the filter cake was
added kefHde ( 115 g), the resulting mxture was heated to reflux and
stirreﬂg1 ﬁ ? 2.5 hours. The m xture was then cooled to 3 - 7 0C, stirred
for an "& P‘E onal 1 - 1.5 hours, and filtered to give conpound 31 as a pale

R L PG LA &ngﬁh%&ﬁ ing ADMABGhEbE. 257

2, |

i t ablLr AR ANt %@ﬁ*@?@%o@@%%ﬁ’m” Boo s Bt B adlhd DRl 9oT O @
iJ ﬁgn: )cl)gr:azmeﬂeg:hgfyiaéé BY gi_h?’ellvgzz {tﬁ;&&%%:g&% \gasz\llﬂaﬁd%n?l (Z:l) som‘:;?%dlwbteﬁr and
pressunfi® atrrgn?( 1 el ¢ o'gHoRya g ?‘g o

reacti 2@‘3 amﬁﬁ'ﬁi’o%ﬁe?h g%ﬁ@% ﬁnol)iv&Qheﬂ/\gthEd‘a%W@é GverDIP_1GRGES, ARilas

filter e reactof/cake was washed with MeCH (4.00 vol). The
r esul t keepifig theselutonsesnptiratiiel Heewleanride b °(Zad“|ham¢&tlommlmrsawammnSltovm: to 8.00

vol . t (2,00 C +/- 5 0C, The

cool ed F%eig‘boo%#ggé) 4 a‘ﬁﬁﬁi@%\ﬁs ﬁ&lr%im%{‘t"“ Uabtli‘e!ﬂ/co" arit °§ urry h
than 1 _ OC
MeOH H Q%B%dswg?q? glng'()%of Tﬁgrﬁléﬁg%e\gyg\?s\ggég??g% ugggrwt/g%uﬁaqﬁng{egsﬁ%ar and

-0. 86 Itwer jquad @I a:E was4lﬁbr0@pamteg|aué egtpagbasiuwith 350 WytmeohWe 'IDNBO 4) d

7.05 (s, | 6.39 (s 4. 80 1.23
(52 ot Preanigases verommiBsd i aespd S A tecic! ahal  Eumetos ke o e was
di | ut edC‘%?R’e arﬁ]ﬂ?l ﬁﬁcﬁftS 5&%&9@9&4@ wa tH\éﬂ%sﬁéﬂ @ith Watérangbout 6 to
about 9 volunes of OH, from about to about 8.5 volumes of MeOH, from
about Zoﬁcentratat)arut»ac&omoh temeperafireNeliy 20 PC 4 050 mE. 17 give eomeppupd 3%0—!) heat ed
to a ter’g)erlg&euch?o about 35 5 0C, filtered, washed, and dried,

[60356) Procedure for the preparation of 5-nitro-2,4-di-tert-butylpheny! methyl carbonate

(31)
O,N
H,S0,, HNO,
>
O\n,O OTO

30 31

Method 1

[00357] To a stirred solution of compound 30 (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 purified 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-
dg) 8 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% CH;CN, 5 min run; ESI-MS 310 m/z (MH)".

Method 2
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as descri bed above. [00362] Preparation of
N-(2,4-di-tert-butyl-5-hydroxyphenyl) - 4-oxo-1, 4-
di hydr oguwoabinmes2car boxam de (34). T3P, Pyridine 34 [ ®03632010/028069

4- Ox0- [00358] hwmﬂpuumalaor(ee@g 3a8 ol vas added DM, (5aag04mhmmnhe
5-am no-2,4-ditert- butyl phenyl nethyl carbonate, &as{: eq) were charged

to a rmﬁw@rwaszmmmmlkzdl @lxsﬂéldlsswwhtanwen@ovlﬁé tcacﬁ d? wgeRtited| | oned by

i th 2R B il dlidla drdpdist e iuiing VAR XEBRI 20l g

suspenthe@actios, dhdahehitoredwastitred for. 05 BéurdnNithieladidab?2 ighivas tivmdded ure for 8
hours. A sanple was taken and checked for conpletion by HPLC. Once

conpl ef@pwisgeoverd ¥ hoursgwhilscngingainiag thegsitiahtemperaurg of theweactpngamgiovap - Ve THF

d I T
v S st A G B S SR ot R, e
of reaglbivDnadded 48céld wWaker( maintdinivigla tehipar@ace) belove St Sl‘lfécdu&hd:}ibﬂ ré@&gioadded
NaOve/ MeOH (1.7 equi V%ﬁt o performthe nethanolysis. The reaction was
st i rr eWas ten hgatpd 525 Haand the aguenus layer wenheeaayvgd pad e@mdewbmeﬂwlwm Once
conpl egﬁowﬁgﬁee@%%@oﬁgmggS@Psr\sgeWatslji] d]WLIH‘l wger (d]r%dcbm P%Iz}@?%?aél shed

with 0 or anlcso utron Was polTs to

I endvecait¥ntpaéd ioc1l4at BSS mnd Heame s §) wasseided Gnd macresmnungﬁhmﬁﬂemm ed
solution was concentrated at no nore than 35 OC (] acket teﬁerature) and no

Izgss lth%mnSOIGCG‘@IWFﬂWnal55r@é€tM@fﬁhFé4ﬁ9éll@Q&)r‘é75 herquepidy thessure to
VO d
han SEFE THEHNRRE R, bibn k@l A02 BC (GAASS hARs GARGARIEA fiffepd, 06 T

t enper gleUll@} cile Wik ad@bd hdxu@e atid g)L e result{dgIaiXuaadyas (haatecmto“ aﬂum ramtycl e was

repeated 2 nore tinmes for a total of 3 addltlons of
concenttirsed ord 25 hourgoiThe piixtare vasghen epglediomce il Faﬁti‘?ﬁﬁi f1°6 anp edcygpnal 16.0 vol

of " B0V i, e LRLOYRE Bl ¥Phs Dbk BRAPdRke @ final concentrat i on

of 40 vo
[00359] Procedure for the preparation of 5-amino-2,4-di-tert-butylphenyl methyl

carbonate (32)
O,N H,N
H,, Pd/C, MeOH
I |
° “y°

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 N, (g), and was then pressurized to 2.0 Bar with H; (g). The reaction
was performed 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 |
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H2O' CH3CN rel ative to the starting acid. This slurry was heated to 78.0 0C
+/- 5.0 OC (reflux). The slurry was then stirred for no less than 5 hours.
The sl urrnyowas/wewked to 0.0 OC +/- 5 OC over 5 hours, aou/Uszémeessd? The
cake W3s @as4tet toi give Ebrfbddad 82- 'B. NMR@E3-ME, (TMSOLJs) 8 7105 EsIH)[B89r(esul ti ng
solid (conmpound 34) was dried in a_vacuum oven at 50.0 0C +/- 5.0 0C. 1H
NVR ( 408D)M-80 (spRBD38%(s, 3nd. B HH) L3 1PH. (s, 1H), 9.2 (s, IH), 8.9 (s,

9, H}o’m%ih bble g réachBy wak borgfjet, Ekﬁd%@jl}ngﬁ{ﬁ St paslisallh fbm dele 71

Of N ( 2 540 40 vbRifes WﬂMdOﬁ(élgdﬁ@WﬂﬂbﬁﬂG’ to) ab@uﬂg Qoluntes of MeOH, from about 7 to
di hydr oqui nol i ne- 3- car boxam de 2- MeTHF, T3P, Pyridi ne [00365] 4-Oxo-

é 4- di ahent Sqyglomenet Met, Emwb%lt éélt@ abauy 8 volurgeserfyMg@H. or about 7.7
am n h
Co n r Saits O YRichE, Bed B el st ol 35 E 0, fired heinflind B, OO0 07U

Tsrﬁlr)zaﬁ/g%gﬁggédjoabgge_ :;1 2- IVETSF (1.7 eq). The T3P charged vessel was washed
Wi - .6 vol). Pyridine (2.0 eq) was then added, and the resulting
ﬁuspen:WQﬁﬁZ}va repaeation Qde'@4'§l'W’t"2EU65d@dwmy@ -40x9is t enperature for 8
ours l.e 3 n ecked for conpletion by HPLC. Once

conpl ef@'y%a%l?%ls"tﬂ% %rg'%ﬁ?'g ‘%r(g?was cooled to 20 C +/- 5 0C. 2- MeTHF was
added (12.5 vol) to dilute the mxture. The reaction m xydre was washed
with water (10.0
reactor. Thi ol
performthe iﬂ@@
for no |ess than A :
conplete, the i o Wwas geens ed ith 1.2+

washed with O. O—lCl H2O (10. OH\/O|¥ Thg orlpanifc dol uHi on| was poI i sh
filtered to renpove any parti Grtéba,sﬁlamgnd pl ac : [ 00366]
The filtered sol@ti %ln was concehtrated at no norefth 35 0C () acket
tenperature) and n®4 ess than 8.0 0C (i nternal react?‘g’n t enper ature) under
reduced pressure to 20 vol.

1) NaOMe/MeOH/2-MeTHF
2) 10% H,O / CH3CN

[00363] 4-Oxo-1,4-dihydroquinoline-3-carboxylic acid, 26, (1.0 eq) and 5-amino-2,4-di-
tert-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® 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,

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 25.0 °C +/- 2.5 °C. 2-MeTHF was added (12.5 vol) to dilute
the mixture. The reaction mixture was washed with water (10.0 vol) 2 times. 2-MeTHF was
added to bring the total volume of reaction to 40.0 vol (~16.5 vol charged). To this solution
was added NaOMe/MeOH (1.7 equiv) to perform the methanolysis. The reaction was stirred
for no less than 1.0 hour, and checked for completion by HPLC. Once complete, the reaction

was quenched with 1 N HCI (10.0 vol), and washed with 0.1 N HC1 (10.0 vol). The organic
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CH3CN was added to 40 vol and the solution concentrated at no nore than 35
0C (jacket tenperature) and no less than 8.0 OC (internal reaction

t enper at we)20too02vol . The addition of CH3CN and conceRCTAtS2@0/028069 € was
r epeat ggludonwas polishEHter€ todenovednyaritcuddel dndgnscediin @sédNdaestiat. The
concentrations to 20 vol. After the final concentration to 20 vol, 16.0 vol
of CHa{ikerkd solutian aias contenioled abgo Wors han 357C Madket @W@U@) pndhap less than
concentr, I r

s o Pl ety S e fbed B a0 I B F ob ot QIR v MaBRT, |

sti rr eqoNer arfdahé esiatibheshchntbaded & nomeslhamrwc/@sckeo&h@draﬁ\neﬂﬂudm 25 0C over
5 hours, and filtered. The cake was washed wt 5 vol) heated to 20

to 25 0wnAd.q Giistermhcachen lemnsilys) ﬁo@o(%nﬁbﬁh@@ Of/\ﬁ 3@Nia8d in a vacuum

oven 2,9 uffs il WeeBhedtt R GA0R Wi, ARG de B BN A 41 11

7 8 ( d coﬂxddhtrat?on'@ té 20 vbH) Aftet.the fifal cbhl)entlit;léln 020 W) 16.0. vél ¢fCH Y wap 00367]
Exanpl e 7: Procedurefor the biosynthesi
of N ( 2:adeadifolowed b4l 95 i12Q 10 malela @gchoncentrann of 40 vol of 10%

;ngegh}gﬁ/@ﬁaéw%elxé i9e3SRY bidrihip Q8 Mo Py RO Pl 30 T GATRap@m de (27)

ter ':1 qukﬂhx)z Ibécblm%wﬁ%g&ré@ﬁﬁcd fofgggdggfhdgwmi | Tilee s’iunymtasxautedltr) @ggggo) 2-
met ropanoi ¢ aci nzyme tre es _rinp

was %ugﬁg@qur rSdmucssmd BEI’Pao?Bﬁ CRS W%r“éaShfFE }r%tﬂ taré ﬁf\@yé é’g )

i nocul at ﬁé%ﬁ%és th%r}%ﬁilm)gﬂo(ﬁla (WJH&' Waglﬁlqe@ﬂ)da +4c808DRh afts@6-°C ast

extract- extrac a contal ning yeast extract (4 g/L),

rlrgl)t 0@)5}20@%3—( m/[g/@()omlﬂzr& m@o%p&nz 8 Bs, _gH_),)lM&es pHe B2 &d 1BDB.3(wAH)i zed at
or m nut es ive asscon |n|n

di r ect 183 (snbdh(7 a1k 7 &, llﬂ ?r@s(ésufl)n m & aéér(s slil'!a?mlé(s‘[gﬂb &\gle(tqure was

al | one o growfor 2 - 3 days at 30 Cwith gentle agitation of

approxi‘nately 100 rpm Under these conditions, two growth types have been

obser v§g036d] t Attermautivk Preparaivnisf N2,d+di 3@ nbuiyt-athydeoxypbenyd)-doxotl,4h

aggregate at the bottom of the f|ask.
dihydroquinoline-3-carboxamide (34).

_CH,
o 0 j\
H,N Cfuj)ko'-' 0% o
N 0 0o
CHs N 26
' - N
o\n,o 2-MeTHF, T3P, Pyridine I H
N

o H

0O ©
1) NaOMe/MeOH/,-MeTHF
2) 10% H,O/CH,CN o | N
N
H

[00365] 4-Oxo-1,4-dihydroquinoline-3-carboxylic acid, 26, (1.0 eq) and 5-amino-2,4-di-

tert-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® 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,
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The latter gromh type has been shown to result in higher conversions to
Compound 27. The cells were then spun down, harvested and resuspended in
two fl askwocorwwmsrzng 1 L of 0. 1M pot assi um phosphat e betCfrars2o1pieksos®. 5.0 g

of Comanditi@ r8shlting SpdHsioN, i ivetet yd 416 3.0l eC hivhgldvie tids Gagrehtie fhhg
flasks. The reactions proceeded for 24 hours at 30 OC with gent|le agitation
of abofiPurtod sagmlawapkkenanheheckeddfoy eoraplstien by HPLED R gedheand 1. 17%

T e A e S e

met hanalixtuld)i Fhesreaqivnghiature@as slaslisdadttywger 0@ yolf 2tinRs and 2uVeFHEd6.5hen
spun down agai n at 6000 rE)mfor 10 m nutes. The organl o Iayer was col |l ected

and t heoPmee sBargah o the pragtosd Thissolutinpavas thugekwithdoPe wiv NaiMe/AWisQH
CO“CG.”; %ﬁ ?){2) CQ’ Hﬁ tﬂ@[}%{hﬁh& is 59?9&11&1{1%1;86 gi)g—{édjm %sb o O s fr 1o

mat er | e SO rom ract’s were Shown t

cont ai iesy tharid .0 h&ik, ﬁﬁ%lﬁdmdcfbﬂcbrﬁﬁleu&] BPHPLCO .Ofit¥ocompheneinhe &th&ﬁﬂwﬁk 39 -
5. 49% Conpound . 28. an effort to cull off a %ortlon of Con'éjound 34 from

the bi Qusiched With o7 b‘dﬁ@k/@zoﬂ%o ¥ob, 4 washed wWHB Ol NHCKERD 630.0 ¥ebi The wer e

nbi , d
Co P p PGS he 2 GE Ao AUk PR CHGM ShOBIRLE i Lyl o
(22. 09 [60R665 . TH Filtered p@lotmrvezhwoncbﬁtmted)hurdmmfenhdn 36 ¥oO(jacket empechtd@eypound

27 (8.969% and Conpound 28 (0.50% . [00370] The nmethanol filtyrat
cont ai Ao éFﬁbFfB% e lpte@aﬁre@ceﬁn wwgmw@ﬁn@sy feduCoRIeSHEORINOLont o 4. 5 g

of sili nﬂ-{?%tn V. r-50HC€ 100%
di chl orcqo%dﬂgﬁgqugﬁé(ggqg&d{ cﬁﬁ%?cg%t anggﬁgﬁgaaﬁgﬁnﬂgsgi&gﬁ ons Q%Crlf?gl ni ng
Conpoungmpetatue) and ao b8 thaa 8dPC (intearilireaetih tEmpbﬂa&treItoiZ@dvalri Thé additien dr yi ng

to obtain_ 130 of Co ound 27 (98. 50 urit HPLC) .. A fr ctlon
cont ai 9F &l Hb%%é: ﬁ'&lcﬂe ngregpgtg 2(5‘?13% P’ieéﬂc‘é‘cP tP%f’] \9536‘8 'f‘B“W el d | ess

than 1 % darh L&&en&é%gﬁm 2008, 9@1& 1R L ot reaﬁg{l&o%sz@emert o GoIRRO0 N

met hano onbgeni zed in a BeadBeat er to apart the cells and
r ecoverCHy@N wasrehangetfofoweldiby 4.0Mok oH He@ o makay €inal concentration of 40 vol of

10% H,O/CH;CN 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 CH3;CN (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 (s, 1H), 7.9 (t, 1H), 7.8 (d, 1H), 7.5 (t, 1H), 7.1 (s, 1H), 1.4 (s, 9H), 1.4 (s,
9H).

[00367] Example 7: Procedure for the biosynthesis of N-(2-tert-butyl-5-hydroxy-4-(1-
hydroxy-2-methylpropan-2-yl)phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (27) and
2-(5-tert-butyl-2-hydroxy-4-(4-oxo-1,4-dihydroquinoline-3-carboxamido)phenyl)-2-
methylpropanoic acid (28)
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was obt ai ned by centrifugi ng the honogeni zed suspensi on at 6000 rpmfor 10
m nutes. This was added to the solid obtained fromthe third extraction and
the filtewedomolo8de fromthe slurry enrichnment of the fiPCTtUSROW/02806% acti ons
and slurried at reflux overnight. The slurry was then cool ed andkuction
filtered to obtain 1.99 g of solid. The solid was re-dis$sol ved|in 300 nL
nmet hanol whi ch was then adsorbed onto approxinmately 5 g ® f+1\ca and
purified by flash chromat ography using a gradi ent of 100°hl or onet hane
to 94: 6 dichl oromet hane/ net hanol to provide 820 ng & HNTi & co@Hai ni ng
Compound 34 and Conpound 27 as well as other i i e Thi s was

re-col umed usin gradual sol vent gradi 10§j% &M up to a mxture
of 6% MeOH 94% ain an additional 89 N npound 27. The
1H NWMR spectru tent with that reported albpve. [00372R7Exanple 8:
Pr ocedur ef or bﬂl |'i zati on BfzyMe (2, 4-di -tert-butyl -5-
hydr oxyphenyl xo0- |, #2di hydrogqornotrme=3=®ar boxam tle (34) [00373]
gq) was charged to a reactor. 2- MeTHF|(20.0 %(% yhas
.IN HO (5.0 vol). The biphasic sol DN p& S14 rred and
separ at ed NT he top3 organi ¢ phase was washed tw ce nore
(5.0 vol). Thid or gani ¥ sol ution was polish filteredd oygem
particul ates and placed in a second reactor. The fil dsol ut1 on was
concentrated at no nore than 35 0C (jacket te
8.0 C (internal reaction tenperature) under re essure to 10 vol.
| sopropyl acetate (I1PAc) (10 vol) was added and The ',}gol ution cod8entrated
?jt no nore than 35 OC (j acket tenperature) and no nore than 8.0 0C
i nter agtion tenperatu t vol . Th | td

conceniﬁdﬁ‘sﬁﬁ ngﬂm’g"'ﬁ%ﬁéﬁ"é"d "ﬁ(li%l\rde&g%@e‘gasfpélf&ég‘f%&%] ‘%W%J%‘%‘ﬁ Sﬁ@ﬂ 6f 1 PAC
and 4 qypcRMtfealiaiRed t@inbBultRlagar¥idiy, vitliéh wereahaifrieanhd sforéat 41C.vol of
| PAc was charged and the slurry was heated to reflux and maintained at this
t enper Aeastexiraet-Balhexirast-papienss(XIYIPy magia cepiginire yeasiexragid49/L), malic over 5
hour's ath?agt '(id gem?gmd ;rohy% ffo%% ?5 Eﬁﬁ »\)’X??)pe%%e\&‘ ahﬁ s{eﬁﬁﬁe({ & 148/°k for 60 minutes.

Five flasks containing 1 L of YMP media were directly inoculated 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 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 6600 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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once. The resulting solid was dried in a vacuumoven at 50.0 0C +/- 5.0 OC.
[00374] Exanple 9: General Procedure to Test Solubility at pH 7.4 [00375] A
hi gh t hr omghpuoiostsake fl ask assay was used to det er m nePsolusbotoiosoeof

conpounflsmethandt, agithtddufigarouslyl fordaiouid laﬂd eadulim filwred: NWhilk iCompundO2Pantnds i n
solution, two conditions per_conpound were run: 300 uM.in_ _100% DMSO and 200

uMin s&wrrmerﬁwb%wb@ firate €2.08 and bA%sepestival phthe solidh slhalsp gontaiged ef t t o

shake PYEE Bh&f'b UV to determ ne peak area using the
foll omng pcondlt ons: %Lenongnex %(@ggg@l BO - 30x2.00 nm Luna 3u C18(2)

| OOA c{003m0] TheSmethamol filfratecoritaindig apProximute) e 2 igwd dwablved solidklwasgr ade wat er
with 0.1% formc acid and HPLC qgrade acetonitrile with 0.1% form c acid

mobi | eagneseatontpdake aF HHCHRIMRUT Wé&%ﬂashSWOMOMWMS}G&WS@WEW £ 398 %

cal cul / eak
area ngﬁﬁ%‘%ﬁ}g%g“et tQ% GA con eﬁ%ﬁ?@eﬂ%{% E Slﬁ%ﬁg%onng (§ ﬁfﬁ?at l?%ﬁwtglt?da% ar d( P
condi t ixefe coneétttatddl inivatiey zﬁﬁltfunﬂétﬁiriedem frédzedirying babbtain k30ndg bf ons based on

retention tine of the largest area peak In the 300 uM DNBQ st andard
condi t C@mpopnﬂ)@%& 5% puriganHBPRCh s Asactipn cantaining,igpyreCampo Wps

Procedu f: Det ect d Me
DF508- ﬁg‘ﬁc?@%t?‘g”w"cfﬁg I%Ea({rlfq?se%ég%)} aéf%ﬁlr‘]%)l; [002(7:95 nﬁ/eﬁgranea;g'[ lagtg i al

optica oamhoum éecmrpeﬂats\ays ﬂ&@u%ﬁ& R b rnhdmdtl@etnobmd)]nmpegmlmd imh conpounds
[ 00380] The assay utilizes fluorescent voltage sensjng es to asure
changeBendBantartio Breek ppartiveicalls angd regover pny pmadnipg produgh ol ergamic [;g, €Y., FLIPR

o S B BSOS 008 SR G
creati s afided 6 hthedyolid@btamedoi@d itlgenthird I&xtraml]ou raat therfilvdredsal tda firoe thet | vat i on
? ?/e:t Zlglnu%y?qqlrllcﬁxglerﬂ o??l?el ftlrlsto tr\]Nosetx?r%ct?(];r}s%ldts urrie zlltlrgﬂlilxa(\)/\?erglgﬁtv "Thes ll&’rr)p 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.

[00372] Example 8: Procedure for the recrystallization of N-(2,4-di-tert-butyl-5-
hydroxyphenyl)-4-oxo-1 4-dihydroquinoline-3-carboxamide (34)

OH
0O O
1) 0.1 N HCI
2MeTHF N
2) IPAC _ | H
N
H
34

[00373] Compound 34 (1.0 eq) was charged to a reactor. 2-MeTHF (20.0 vol) was added
followed by 0.IN 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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conmpounds and subsequently |oaded with a voltage sensing dye. [00381]
| dentification of Potentiator Conpounds [00382] To identify potentiators of
DF508- CFTWo 2a10diositsk e- addi ti on HTS assay format was develPopas2010/0e®6HTS

assay Wblutibd 8&s tdrcentefeEMinovablealm IR (jakediéapetaurdPARHEMERARGES.0i N
menbrane potential on the FLIPRIII as a rreasg?errent for increase _in _gating

( condué€dmiesnal geactips cranferatire) Hndes igrhicad pressuse i Kyl d lvopsery] aretate IPAR T3

Ils. T Vi ngf for. ' i ' '
coni unéld SoF e hBaami e SR lich ABresRARARE RS P fhan 33 rcYelfbriPhet s
addi ti gpd fib aforaithian 8.0 (intefrabrafiontb@perate@)de 0ok Miksaddididiof IPAcahtier t he

cells have previously been treated with potentiator conpounds (or DV5O
vehi c| eorgsatratiin wasTgpeaitsb2 qieshtimgs fqaad@taﬂaﬁ 3 additions of R A Bd fon dye. [ 00383]

epes Forecirebny .00 kO Ao o fflinlSPiraud o, oEbs Gt witinfectanl R, O

Bat h S@jugilyl 043 Héatkd 26 feffuaal iniditteiedvat hisabrperaaiefos 3l Hours. [THeIBdt}y was |
Cul ture NI'H3T3 nmuse II br obl asts stably expressing DF508- CFIR are used for
opt i calcopled $9.856rHsS ¥F ovesraeansifileaied. aT he cpke wag Washed with ¢ & YRIY at 37

0Cin 5% and .90% humi di i.n .S | A fpgh e’ s nedi um

suppl efMBhte e\/&eflﬂgﬁg ?ﬂ%%gWﬁ%ﬁdﬁ%?%égﬁ;é?%mgg& ndeg}sjgium' 1X NEAA, b-Mg, 1X
pen/strep, and 25 mM HEPES in 175 cnR2 culture flasks. For all optical
assays, the cells were seeded at -20,000/well in 384- well matrigel -coated

Eloﬁﬁ gsf[&ﬂiﬂ’% gli!&icglgdﬁf gﬂ"?‘aﬁBm@d'ﬂt; tg TegSobehibpet @ Tdring at 27 OC for 24
nour e WIS AP M Gl ARRENRp IR, B eR ARy g ool o are
5} egg ;r%glaﬁgggl_msqﬂ bElEl .4 BafFery STJ @llcudds thei cdgcditatitn 6Fddmponeids at sobutioms oper t i es
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 to determine peak area using the following conditions: Phenomenex
00A-4251-B0 — 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] VI. ACTIVITY ASSAYS

[00377] Example 10: General Procedure for Activity Assays

[00378] Assays for Detecting and Measuring AF508-CFTR Potentiation Properties of
Compounds

[00379] Membrane potential optical methods for assaying AF5S08-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 III, Molecular Devices,
Inc.) as a readout for increase in functional AFS08-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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[00387] 1. Ussing Chanmber Assay [00388] Ussing chanber experinments were
performed on polarized airway epithelial cells expressing DF508-CFTR to
further cWeramesicze t he DF508- CFTR nodul ators identifi edTius2alom289pe i cal
assays aciNaiofrby aRchgldiqiid wagitiePsiep eftérahye¢lR Havse privesdislyrbeen beand biidl ti ssue,
cultured as previously described (Galietta, L.J.V., Lantero, S., Gazzol o,
A., Sacewpounds aﬂ@ﬁ@hﬁéqueﬂtly lqads@ with@ veltag@sersigadya- Moran, O (1998) In Vitro

Cel | o d onto Costar(r) Snapwel | (tm)
fllteriis‘q@‘rtféti3 e e . r3-condi tioned nedia. After four days
the apijggds2yeds i’deWﬁ@ g@émm&ﬁls angpsdsecwkl 5 dveble agdicion HA'S @ayeformbi was d

interface for >14 days prior to use. This resulted in a nonol ayer of full
di f f er davélopedd dbiskihSassey utilizestnoreseent veltpgeatcasing dpesttq r"é“@s‘ﬂfﬁﬁg%ﬂeé n Y

characteri,stic a [ j

non- s ok ane pgl ‘ﬁﬁah‘”mé lﬁ.ﬁi\;féqg k%%gmn{}\reﬁ:enl_ﬁg Jﬁé{‘géﬁe ﬁéggﬁ%ggor{,@?gh?e ol at ed
from pafiAgsbs cmﬁqmaﬂpbsatﬁf&cda%@&a -KPS0B cm@&mBmaalgrmmmmmmfcﬁr )
Snapwel | (tm) cell culture inserts were nmounted in an, Ussj ng)ﬁé@%nber

( Physi dheorgsponseista Cliviontgradigpidn corsanptmnefgl@h chanpel agtyationevith RG] i al
reslstanc and. s I rcuit urr t I al to
o cal ety Bfhion S Siias o ifbiSHns BRI SEERITBR 4P ARF AL

( Depar mlae@f)reofouaweagtrmw with potémmef Gdrﬁyou(hﬂs (diWSDA)ehlc& cmitﬂoy) andBE wer e
exam ned under voltage-clanp recording conditions (Vhoid = 0 nV) at 37 0C
The basubseguensly lewsledtwide edistriiution dygn mv) 145 Nadl, 0.83 K2HPO4, 3.3

KH2PO4, 1.2 Cad 2, 10 d ucose, 10 HEPES (pH adjusted to 7.35
W th Na[giﬂsg%wgquﬁémﬁpl cal solution contained (in mM 145 Nad uconate, 1.2

Ml 2, Ba?SSlafbr#1:XEh SIMIA0EE!, 1600KBERBSCaOH 228Gl edHEBES 165 Rt OH) .
[00390] I dentification of Potentiator Conmpounds [00391] Typical protocol

uti ![ L.Z(-MaQHbasol at er al io apl cal nmenbrane C concentration gradient. To set
up [ r ri nbr ane,

wher ea?‘ﬁﬁﬁl‘g ﬁeﬁ\gaéﬁ%lﬂ@ Te q:]g@ré %‘ﬁ lw%%ﬂnﬁglrt;@o Pﬁ?ﬂ%@&@%%a‘tvgﬁ(t itrated to
pPH 7. 4 ghidonate salts.

[00384] Cell Culture NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used

for optical measurements of membrane potential. The cells are maintained at 37 °C in 5%
CO, and 90% humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM
glutamine, 10% fetal bovine serum, 1 X NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in
175 cm? culture flasks. For all optical assays, the cells were seeded at ~20,000/well in 384-
well matrigel-coated plates and cultured for 2 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 °Cor 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 airway epithelial cells
expressing AF508-CFTR to further characterize the AF508-CFTR modulators identified in
the optical assays. Non-CF and CF airway epithelia were isolated from bronchial tissue,
cultured as previously described (Galietta, L.J.V., Lantero, S., Gazzolo, A., Sacco, 0.,
Romano, L., Rossi, G.A., & Zegarra-Moran, O. (1998) In Vitro Cell. Dev. Biol. 34, 478-481),
and plated onto Costar® Snapwell™ filters that were 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
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NaCH) to give a large O concentration gradient across the epithelium
Forskolin (10 mM) and all test conpounds were added to the apical side of
the cell wolzburwsisaserts. The efficacy of the putative PESAB208DEB069

pot ent icalu@ingr Yélls tise Wed¢ Eitlafed, fel@tes Phat aleechonRWisHObLAIHW ithef@nNeh&Im.
[00392] 2. Patch-clanp Recordings [00393] Total Cl cur?}eﬁ{ I n_DF508- Nl H3T3
cells kle\iszmlﬁqimé@fr@m r-srekesethpbdid mebbaygtany kpawa dengdjseshf CHHBEI on as

previ oysly. desard he g{g&g I ) tes, P., & Watsky, M (1991)
J. Neur O_SCIIS. %gt odgatg?sqlqgg%)g. oféggée%-g anp recordi ngs were perfornmed at
22 0C (80389] aHBE@p@h oh CROAEDSHapwelt™auell caltplel ihiets Wof aouhmreetin ameisiag | nc. ,
Foster G The pipette solution contained (in

r};ﬁl’ CA) . ] mv) 150
L- met hyharmpey|(Blysialogic ngumments; Incy Spp Bliego, £ Ageaidithe yransepithelial pesigtaness  ang

240 ny/ ) ricine: ' ' - - |1 ul
rect Ul PR e HEb RS ady Py g clmaionl Rl oE T
adj ust egabifted usihg Wvbiagd@limp Fysian (Depemadnt ofBicdaginecringy Usiversity, ofdoda,
anal ysi s were perfornmed using a PC equi pped with a Digidata 1320 D
i nt er f 302 Briefty, AJBR werestxapingd lmdaﬁb@s@ggcfwcwﬁgtgr fiogs (Yiigwy= 0 I%(JY )
activat 0. far ' | i r to the
2ot Vol PR OB Tl et P B8R A ST N8 1 R e RAPA L !
I dtent It fltztcmtgcmgtalafcms,antcklaﬁ@e, [PHEPEB ¢pIQARNE] td M8 5akiti NaQHY indHe08- CFTR
potentiators to increase the macroscopi c DF508-CFTR C| current I DFSOS) i
NI H]?TB apispl solujioawoytained (insaMid 4ppEdHueonsie, MM&(I:E’}OI'?%@%ilB&R@Hg%éBEg )
perfor r | igques. The potentiators identified fromthe
opti caﬁ%@%@y&%ﬁ%&é&g"%\g}eﬁdﬁe&?gg@m increase in IDF Owith simlar
ItO(r)\t enC)[omll efdendficy iolﬁtmﬁd?]?teﬁdatbﬂcgi@ommsi cal assays. In all cells exani ned,

e reversa otentia efore and durin otenti at or licati. d
230 my, 0031 n Tyeicalimotogel el sl isslateralid plical moBtase Ganceiaiohe [ 00307]
N HSTS JiptaR. bRl AR'gladibAPhotnfl RhEERS WAOulIaRAANETARI RS MEbrane!

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 AF508-CFTR potentiators was compared to that of the known potentiator,
genistein.

[00392] 2. Patch-clamp Recordings

[00393] Total CI current in AFS08-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 pipette solution contained (in mM) 150 N-methyl-D-glucamine (NMDG)-Cl, 2 MgCl,, 2
CaCl,, 10 EGTA, 10 HEPES, and 240 pg/ml amphotericin-B (pH adjusted to 7.35 with HCI).
The extracellular medium contained (in mM) 150 NMDG-CI, 2 MgCl,, 2 CaCl,, 10 HEPES
(pH adjusted to 7.35 with HCI). 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 yM

genistein were added to the bath and the current-voltage relation was monitored every 30 sec.

[00394] Identification of Potentiator Compounds

96



recordings. The cells are maintained at 37 0Cin 5% CO and 90% huni dity in
Dul becco' s nodi fied Eagle's medi um suppl emented with 2 nM gl utam ne, 10%
fetal bowoeomemwsrse 1 X NEAA, b-Mg, 1 X pen/strep, and PETmdsHBMES6Y N 175

cn2 culjeos9s] f T%Mﬁhty@mﬁﬂb@@;’m})&eﬁtﬂﬁ@% € @fease?thd Afhcrostofl0 ARSORIGFTRET €
seeded on poly-L-1ysine-coated gl ass coversl| |(g&s: and cultured for 24 - 4 8

hrs at ChrupentddreskinNIEI3IG cells stablyexpiessing AFSCR-CEFERawes alswinyestigagdi ncubat ed

with o 0 t

ot Boc Vel OB SRS RO Bl Rhen B S0 BRRH bRSp1Y 201V 1Y
of Wt - Gfshid évolted & APSY-ddpenident Ackeasé ROI,FPWRBh SimiRr pmﬁqsmfﬁaadyl disddedel | s
was observed using excised inside-out nmenbrane patch recordlngs as

previ ousthy optiea] eptayel Inpal cella axamined, thareyespal potentighbgfpregand dugng Jallat, S.,

Dot t ,
o7 nof Rl iRm0tk RN ALkt SRER2 A o
anpl 'f'[m%]“XG@llUiﬁﬂuﬁ'é”Tents Inc ) The pipette contained (| n mj: 50 DG

150 aspartic acid 2, and 10 HEPES (pH adjusted to 7.35
Wi th T|[¢(§9Bhs@}H31ﬁ1@omﬂlbr@blmtambw expressng AP ChiNBareusedfogyiyolexcells Eara,

10 TES n Il ag| {

pot I S Es E EHRA pRE R BTl 1 Gtk i loirdh EBbRFS' P
cat al ytmcfalﬁsmuglé’s ﬁfedﬁMﬁqﬁémmw_ ithp @ @il ghuthinities 0% KAl bmmancw@
Madi son, and 10 mM NaF to _inhibit £r ot ei n ,phosphat ases,

pr evenﬂﬁﬁ“&iﬁ -Mihtl X paefsirep. anh S s HERESin: Wdtamy| culipee ﬂﬁkht%?rﬁélbolﬁfeléo nv.
Channelr%corc‘m% IZ%OHBS G’E)B%n%gs/gl‘ sE:QJerﬁ%rHB n)a 8t Ch58d gﬁg&t SdvidtsTigds éng active

channel I'mim nu eou openi ng term t he nunber

of act icMRured @cmal -548du§ a7 tBefoRiss €0 Gt thD aax\p@rdfrpbnstnua@s,daa @icubared t he
si ngl e-channel current anplitude, the data recorded from 120 sec of

DF508- GRiPraxithiont the caasctiqnl ctomwdnd of 379G for'measurirgtheiactivity afiverrectoesd t o
consftri %I-pomt anplitu storamsthat were fitted with
ml tig @é‘%" n3f uncti o @%F {”(,gﬁ Anal ysis software (Bio-Logic Conp.

Fr ance)[003'§b? Gating activity of wt-CFTR and temperature-corrected AFS08-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., Lecocq, J-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 CaCl,, 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 HCI). After excision, both wt-
and AF508-CFTR were activated by adding 1 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 AFS08-CFTR activity was filtered "off-line” at
100 Hz and then used to construct all-point amplitude histograms that were fitted with
multigaussian functions using Bio-Patch Analysis software (Bio-Logic Comp. France). The
total microscopic current and open probability (P,) were determined from 120 sec of channel

activity. The P, was determined using the Bio-Patch software or from the relationship P, =
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total m croscopic current and open probability (PO) were determ ned from
120 sec of channel activity. The PO was determ ned using the Bio-Patch
sof t war e Wo 2broonsteke rel ati onship PO =I/i(N), where | =poEaArs2cnesd6e, | =
si ngl e/ wikdre ¢ ermentcuaemy, | £yuiigle-eadndl carrBatidgilitede, and Neenehbdrivgl s i n
patch. [00400] Cell Culture [00401] NI H3T3 nouse fibroblasts stably
expres%@twgcmﬁ-lmhare used for exci sednenbrane patch-cl anp recordi ngs.
The ce i Lhed at 37 0Cin 5% CO2 and 90% hum dity in Dul becco's
nodi f i Ldgﬁ@gf%&gt%@}-ﬂm suppl emented with 2 mM gl utam ne, 10% fetal bovine
ser um [0040NEANHITMuouskXitpelast siebly eap@ssihg ANSOECESRI die hscd fonxaisddt ur e
flasks. For single channel recordings, 2,500 - 5, 000 cells were seeded on
pol y- Lmeymbranspgteheciargp sesordingse rldieiogls argdnaintpingd b3 T &r imdfe COpandi0%;: 27 ocC

b1 nai nf Byl PiNeeod S TRAIE Rl Mg n b Rufiplitith s 3Rt Rer 00 10
and pateiltbovinelseubgd X NHAA LFME, di X pbarstiers and 5 i GIERESnel Shuenadultutey

reference to the sane extent as if each individual publicatjaon or patent
app! i cHesksn Fapsiagle shanrel regprdingsng SP00p.0P@ gells were serded cB pobol-d¥sinéicor por at ed

by reference. Should th ani t i of the patents or
publ i cﬁ?a}%%‘ﬁgla?srﬁ%gﬁ P r@a&ﬁ\?mpgg%?%hégﬁ%cﬁ??isgtbgl\c/a??ﬁset'he neani ng of the
terns Pﬁﬂ@z]' NChRipSurils S€ FOSMIIE 1 atdi@seFR A hivduRior§ BEATeIRding cdsbétee di scl osure
are intended to be controlling. Furthernore, the foregoing discussion

di scl osresspartersdescri bes nerely exenpl ary enbodi nents of the present
invention. One skilled in th&Tﬁ_'ﬁR\ﬁ&lgm;ecogni ze from such

di scussi on and from t he accoHpafry+g d clainms, that various
change$004087i AllGablicitionanet yacértaidfarsal ©amthiediseloire berincorpoateddusteigbpar t i ng
fromthe spirit and scope of the invention as defined in the foll ow ng

cl ai s referalicy (9 s samarextensas if eagh pdavidual ppblicatip o Pt ARPYEHIOBVELE conpound

of For rsrbjéc?f'c]ally 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 |
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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Forrmula 1 conprising coupling a carboxylic acid of Formula 2 Fornula 2 with
an aniline of Fornmula 3 Fornmula 3 in the presence of a coupling agent

sel ected Woamu‘/lloel@roup consi sting of 2-chloro-I, 3- di mecmyus2@vioasodazol i um
tetrafll},@ ?E%rggﬂ Y, HCTU, 2-chloro-4,6-di msthoxy 1,3,5- triazine,
HATU ‘? arll\g T3P(r); wherein each Rand R4 is i ndependent |y sel ected
from hydrogen, CN, CF3, halo, G- straight or branched al kyl, 3-12 menbered
cycl oalli phati procgsh émythe peparCbe pla cempoundrof Eormeuletler ocycl i ¢, wherein said
het eroaryl or heterocyclic has up to 3 het er ogt ons selected fromQO S, or
N, and each C]. 6 straight or branched al kyl, |3- menber ed cycl oal i phati c,
phenyl, C5. 10 heteroaryl or C3-7 hetgarogycl' ¢S4 ndependent |y and
optionally substituted vvith up to_thrlee fub ents selected fromOR, -CF
3, -OCF 3, SR, S(OR, -SCh 3,| a{%, , -COOR , -COR-
O(CHZ)ZN(R‘)(R‘) -O(CH N( ) ONR R{R ), -(CH2)20R -(CH)OR ,
CH2CN, optionally substituted phenyl r phenoxy, -N(R)(R), - NRC(OOR,
-NR C(0O)R, -(CH)2N(R)(R ), or-(CH2)N(R )(R); each R5 is independently
sel ected from hydrogen, -OH, NH2, CNorgiied, NHR , N(R )2,-NHC(O R,
NHC(O) OR , NHSQ2R', - NHR , OC(O NR 2, CH2OH, CH2N(R ) 2,
C(O)OR’COITISEBQNE{ROUP W@%lecé?‘%fﬁl or R4 and R5 are taken
together forma 5-7 menmbered ring cont al@l ng 0-3 three heteroatons sel ected
fromN, O or S, wherein said ring is opfiofjally substituted with up to
three R3 substituents; each fepe

substituted C -6 al kyI i dene Xﬁ{dl

Formula 2

with an aniline of Formula 3

Rs
R4

H,N
Rz
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®; wherein
each R, and R4 is independently selected from hydrogen, CN, CF3, halo, Cy.6 straight or
branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs. ;o heteroaryl or Cs.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. o heteroaryl
or C3.7 heterocyclic is independently and optionally substituted with up to three substituents
selected from —OR , —CF;, —OCF;, SR’, S(O)R’, SO;R’, —SCF;, halo, CN, —COOR/,
—COR—, —O(CH;);N(R")R"), —O(CH;)N(R')(R"), —CON(R'}(R"), —(CH,),OR’,
—(CHy)OR', CH,CN, optionally substituted phenyl or phenoxy, —N(R")(R"), —
NR'C(O)OR', —NR'C(O)R’, —(CH2)2N(R")R"), or —(CH)N(R)(R');
each R; is independently selected from hydrogen, —OH, NH;, CN, CHF,;, NHR',
NR).,
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wherein up to two nethylene units of X are optionally and i ndependently
replaced by -CO, -CS-, -COCO -CONR -,-CONRNR -, -CO2- , -OCO, -NR CO
2-, -0-, WORIOOMRG2, - OCONR -, -NR NR', -NR NR CO , -NR EO1/Us280/028080, - SO

2=, - NR NHﬁ&Oﬁ@ %él(:))ONRPﬁ@OaR’OLONRbﬁ?OW OC(Q%QHR%cmyNw?pendent ly

R ; Is an integer fromO-4; each R is

i nlaepelﬁ?ghf@ﬂ{ CHA(BO1, éHOf)@BmSIQadJrl'ﬂye?fDdY(Ré)m, @ tHDRC(Q)ORIbet i t ut ed group
sel ecte r t nb d t ted tiall
unsat ur at ed, 48?‘1 Eﬁj P'ieﬁalfﬁ%ga 'Jdﬁ?;ft ﬁgnﬁwm%?gﬁfﬂ%&%ﬂg\sﬁ}ﬂ%bé t§ ef 2: 0131? om>s/

i ndepe 'Egt‘éfHatdfnsS&l&?édef?orﬁ'l\P@ ¥ ST RHERin ﬁwm@ghs o?floﬁdﬂyfdabsntﬁfedaﬂtlﬁuﬁ-ﬁ)
nmenber ed saturated, partially unsaturated, ul 'y ‘unsaturated bicyclic

ri ng sylsteRs Iswhstmgnts, 5 heteroatons i ndependent |y selected fromnitrogen,

Lfyr:. f. R h h th
S oate) to ehch i idepeEnBeE iR B rucisuRimbsHY cLoBRl R S, 1 5°
menber gthefddh Up & Bfb mBARKTenduhits SR atdGptfofsily sHd thiéperdetiBaiepladéesly monocyclic

or bicyclic ring having 0-4 heteroatons |ndependentl selected fromN, O
or S aﬁGOeac-h{F%—k s-COEepend<ONR G, —GONRNRE-, 3- atdaCyt, -0(G -3

i 84)2)7%9 70— VRS R TR PR R TR ;@5’%@\_ (CH2) R,

opti onaJ_NR'@gbsu_sm_ed.s@nos@gJ_l C_NR'-bi cySh/NR'AL NREO;—L,ighg, optional ly
substituted aryl sul fone, opti onal | y substituted 5-nmenbered heter oaryl
ring, - NONR'S®NR—(CH2) 2N(R ) (R), or- (CH)N(R XR ). 2. The process of

claim1l, Wnercehgx R5pa%§i}$9§1§ﬁ{'dﬁa%wozs% (@P%focg’:( ONHR , or -0C(O)N(R)

2, wherein R
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 independently selected
from N, O, or S; and

each R; is independently —C, 3 alkyl, C,_; perhaloalkyl, —O(C,.3 alkyl), —CF3,
—OCF3;, —SCF3, —F, —Cl, —Br, or —COOR', —COR', —O(CH2):N(R"')(R"),
—O(CH2)N(R)(R'"), —CON(R")(R"), —(CH3),0R’, —(CH2)OR’, optionally substituted
monocyclic or bicyclic aromatic ring, optionally substituted arylsulfone, optionally
substituted 5-membered heteroaryl ring, —N(R")(R"), —(CH;);N(R"}R"), or —
(CH2)N(RYR).
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(O)N(R"), to form —OH.
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3. The process of claim2, further conprising cleaving the -OC(OOR , -
OC(ONHR , or-OCC(ONR)2 to form-0OH. 4. The process of claim3, wherein
t he cl eawsigeoiosiopmsef or med by treating a conpound of For rulrais2omiotgeean

al coholi c S?ht‘!?chcésrbftclH?mW AheREethelcldNaidd is Bbrafed3didaingaicbmpodsd of5. The
process of cla wherein the al coholit solvent i s nethanol. 6. The

pr oces Sowiulg lavith dn alodtmlieisnlvant ihekespressnee of NFOHs KH er soddwrpanaikonidsy a G -
straight or branched al kyl which is substituted with-COOR or -CON(R ) 2,
wherein R is not hydrogen. 7. The process of claim®6, further conprising

hydr ol gzi ng’[ﬁ@‘becemlalme wheR fRelalcdhble §oiveht isGReiandl. The process of

claim 7, wherefn the hydrolysis is performed by treating a conmpound of
Formula 1 with an al coholic solvent in the presence of NaOH, KOH or sodium

et oK. e THE=BLSER ShiErdh o HEOER o HBRRlR AR 1S
- 0O %léht W&Wlké%hwﬂgﬁ%ﬁﬁﬁeh véth mm@RnorR—ccsN(RJSz, hma:reﬁgnns 11
The proceSs of claiml further conprising cleaving the -OC(O OR,

- OC( O NehydregenOC(O)N(R') 2 to form-OH 12. The process of claim 11,
wherein the cleavage is perfornmed by treating a conpound of Fornmula 1 with
an al coholic solvent in the presence of NaOH, KOH or sodi um net hoxi de. 13.

The prgcess T %&gmf@almvm%ﬂhda cbmgnﬁhgapaalolﬁlmawnLcos)mmxhanol 14. The
process of any of clains 1-13, wherein the coupling is perfornmed in the

pr eseneeCONRptstormt5COMME. process of claim 14, wherein the base is K2CO ,
Et NN, NMM pyridine or DIEA 16. The process of any of clainms 1-15, wherein
the coupling is performed in the presence of a solvent. 17. The process of

claim k6, Wgerstet6F Gsihi/ERWheréin @aiydfilydis Isgerformed 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(O)N(R";, wherein R' is not hydrogen.

11.  The process of claim 10, further comprising cleaving the —OC(O)OR/,
—OC(0O)NHR’, or —OC(O)N(R'); to form —OH.

12.  The process of claim 11, 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 KoCO3, EtsN, NMM, pyridine or DIEA.

101



18. The process of claim 16, wherein the solvent is DW. 19. The process of
claim 16, wherein the solvent is 2-nethyltetrahydrofuran. 20. The process
of any ofwolzaiom®s219, wherein the coupling is perfornme#catusarnmastd on

t enper a6.ur e ThE pftedsof ABY B daihedl -8 viseein @Ostuplify BpedfoemédirDifie presénceThe
process of clalm 20, wherein the coupling is perforned at a reaction
t enper af us@vedti ch i s nai nt ai ned between about 20 0C and 30 0C. 22. The
process of claim 20, wherein the coupling is perforned at a reaction
tenperature which is naintai ned between about 40 0C and 50 0C. 23. The

proces$70f Theprocedd of ehi@maicshwherirchie Pbiverd id scepmitride.ned at a reaction
tenperature which is maintained between about 42 C and 53 0C. 24. The

process of any of clains claim1-23, wherein the coupling reaction is
stirred,for | east 2, hours. . f claim?24, wherein the
coupl i ﬂ% reggé Prc?ﬁgslss()fs%al“?‘ﬁgdwpgrr%matgg?%gérﬁqgéﬁ/h%ur S. 26. The process of

claim 24, wherein the coupling reaction is stirred for at |east 3 days. 27.
The process of any of clainms 1-26, wherein is Q. 28. The process of any
of clailfs 1Theproghwraficipimil6;, whesghy thp gelyent @é.merhﬁéteﬂlabxf&rg@%cor ding to any
of clainms 1-28 further conprising the step of contacting a conpound of
Formul a 4Fornula 4 with an aqueous acid to produce a conmpound of Formula 2.

30. Thgo.proqasgrd&ssmwa GlaithdTb- 19, Whereinhis eduplinf és mofopmed dt ofeabidormul a 3 i s
a conpound of Formula 40 31. The process of claim30 further conprising the
step oferepsratuietwhich i radiRsineddebyeengboyl 19 °& andi$ Yail a 41

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 stirred 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 R, is tert-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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with nethyl trimethylsilyl dinmethyl ketene acetal (MIDA) MIDA to produce a
conpound of Fornula 42 Fornula 42 32. The process of claim 31 further
conpri si yotzhw/w8wp of reduci ng a conpound of Formnul a 4PCraspeioderves a
conpound of Forrula 40.33. The process of amny of clains 1-29, wherein the
conmpound of Forrmula 3 is a conmpound tor pul a 43 Fornul a 43 34. The
process of claim 33, conpri rsn|£ g_){ g 5t &t acting a conpound of

hy

Formula 44 Forrmula 44 with y =t byl silyl di met hyl ket ene acet al
(MIDA) MIDA to produce a conmpound of Fogmula 45 Fornul a 45 35. The process
of claim34 further conprising the steP of reducing a conmpound of Formul a
45 to produce a conpound of Fornul EormWiads A process for the preparation of
a conpound of...For r | Si ting a compound of

Formul a 4 F&Hmné‘raﬁé?%sfaﬁ@%rﬁg%@g%ﬁ@%@ﬁwé\}h%eor?@mr?a%ach X is independently a
bond or is an optionally substituted G ~al kylidene chain wherein up to two
met hyl ene units of X are optionally and independentolf}izﬂrepl aced by -CO,

-CS- . 360c0oThe prress of any oOslrimiRi -29, whereindbe compgynd fplg 3 is a
20 G N N oA MR NR AR OO
Ra
0
HoN }—O
Qf" \
Rs
Formula 40

31.  The process of claim 30 further comprising the step of contacting a compound of

O,N Rs

Formula 41

Fqnnula 41

with methyl trimethylsilyl dimethylketene acetal (MTDA)

o—
/" o-TMS

MTDA

to produce a compound of Formula 42

R, o)

O,N Rs

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.
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-NR CO, -S, -SO -SO2-, -NR-, -SO2NR -, NR SQ2-, or -NR SO 2NR -;
each Rx is independently R, halo, NO2, CN, CF3, or OCF3; y is an integer
from O- 4;wendie@msts2R i s i ndependently sel ected from hy@Cogsnoi002869
optionasly THEBdcbHlAUnPOPHRINEE] 291 eKbréih@he ripouBd f FoRAGIRG igaoup, a
3-8-nenbered saturated, partially unsaturated, or fully unsaturated
monocy compoundrof Heemitlag30- 3 het er oat ons i ndependently sel ected from
ni trogen, oxygen, or sulfur, or an 8-%2 nenbered saturated, partially
unsaturated, or fully unsaturate Ric &lic ring systemhaving 0-5
het er oat ons i ndependent |y sel ect ed Oy nitrogen, oxygen, or sulfur; or two
occurrences of R are taken together he aton(s) to which they are
bound to forman optionally substitut ¥%J12 nenbered saturated, partially
unsaturated, or fully unsaturated nmond@y§lic or bicyclic ring having 0-4
het er oat ons i ndependently sel ected from O or S.37. A process for the
preparation of a conpound of Forrmula 40 Fornula 40 conprising the step of
contacting a conpound of Fornul a 4Farm@ia43ul a 4 1 with nmethyl trimethylsilyl
di met hyl ket ene acetal (MIDA) MIDA to produce a conpound of Formula 42
Formul a 42 wherein each R2 is independently selected from hydrogen, CN,
CF3, haho, e ﬁ&iceéd &*&laiﬁmf&?%@rﬂgﬂ?ﬁﬂ% BlekWp of JoARCHRI D ESHFoURMG Fatmplaayi c,

- e

phenyl, C5-10 heteroaryl or erocyclic, wherein said heteroaryl or

het erocyclic has up to 3 heteroatons ected fromQO S, or N, and each G -
6 straight or branched al kyl, 3-1 red cycloaliphatic, phenyl, G.io
heteroaryl or C3.7
Br
OH
Formula 44

with methyl trimethylsilyl dimethylketene acetal (MTDA)

o—
/" o-Tms
MTDA

to produce a compound of Formula 45
Rz
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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het erocyclic is independently and optionally substituted with up to three
substituents selected from-OR -CF 3, -OCF 3, SR, S(OR, SR, -SCF 3,
hal o, CN,wWOC@OR08162COR-, -Q(CH2)2N(R ) (R ), -0(CH 2) N( RPL{TRS2010/028069
- CON(R3%( R A protdski2ordhEprepiratior pRcomfduadNf Fophulanal |y substituted phenyl
or phenoxy,-N(R)(R), - NRC(0O)OR, -NNRCOR, -(CH2)2N(R)(R),
or-(CH2)N(R )(R ); each R5 is independe sel ected from hydrogen, -OH,
NH2, CN, CHF2, NHR , N(R )2, -NH , NHSQ2R, -OR, OC(OOR,
OC(ONHR , OC(O)NR 2, CH2OHR o) , S2NHR , S&2N(R )2, or
CH2NHC( O OR ; andeach R is I ndep#n sel ected from hydrogen or an
optionally substituted group selected fHoma C - aliphatic group, a
3-8-nmenbered saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroat ggguidsiependently sel ected from
ni trogen, oxygen, or sulfur, or an 8-12 nenbered saturated, partially
unsat ur at edcolﬂgriiiﬂ kdntkéiRlalotiRdn® bEFSiga 41 N9 system having 0-5
het er oat ons | ntlependent |y “sel ected from nitrogen, oxygen, or sulfur; or two
occurrences of R are taken together w the aton(s) to which they are
bound to forman optionally substit Oﬁnber ed saturated, partially
unsaturated, or fully unsaturgk cyclic bi cyclic ring having 0-4
het er oat ons i ndependent |y sel‘ect eg 7 O, or S. 38. The process of
claim 37 further conprising the step of Heduci ng a conpound of Formula 42
to produce a conpound of Fornul a 4R rmids 4 A Process for the preparation of a
conpound of Fornula 43 Fornula 43 conprising the step of contacting a
conmpound havy}ihoan! AdRebRr4d1d, dhdskid-or mul a 44 with nmethyl trinmethylsilyl
di met hyl ket ene acetal (MIDA) _ o

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
—C0—, —CS—, —COCO—, —CONR'—, —CONR'NR'—, —CO;—, —0CO—,
—NR'CO;—, —O—, —NR'’CONR'—, —OCONR'—, —NR'NR’, —NR'NR'CO—,
—NR'CO—, —S—, —S0, —SO>—, —NR'—, —SO;NR'—, NR'SO>—, or
—NR'SO;NR'—;

each R%is independently R’, halo, NO,, CN, CF;3, or OCF3;

y is an integer from 0-4; and

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 selected:

from N, O, or S.
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MIDA to produce a conpound of Fornula 45Fornula 45 wher ein each Ris

i ndependently sel ected from hydrogen, CN, CF3, halo, G- straight or

br anched vablkeygio/108t622 nmenbered cycl oal i phatic, phenyl, CBcir@shemmessay yl or
C3-7 het.er opysibéess forled greparadortofeéomipouny lof Pornmgh @pocyclic has up to 3
heteroatonms selected fromQ S, or N, _and each C|. 6 straight or branched
al kyl, 3-12 nenbered cycl oaliphatic, Phenyl o Cs-io heteroaryl or C3-7
heterocyclic is independently antkNspiiNanal |y stituted with up to three
substituents selected from-OR -CF FB, SR, S(OR, S®R, -SCF 3,
hal o, CN, -COOR , -COR- -Q(CH2)2N(R -QCH2)N(R)(R), -CONR)(R),
-(CH2) 20R\ - (CH 2)OR , CH2CN, opti onag substituted phenyl or phenoxy,
-N(R)(R), - NRICCOOR, -NRCOR, -(CH2)2N(R)(R ), or -(CH2)N(R
")J(R); and each R is independent!yrsmhfigi®ed from hydrogen or an
optionally substituted group selected froma C - aliphatic group, a

3- 8- nenber ecomsprisingithedteppd contacting acsupamdoélprmula#ilil | y unsat ur at ed
nonocyclic ring having 0-3 heterog ons_ i nglependent |y selected from

ni trogen, oxygen, or sulfur, or an? nbered saturated, partially
unsaturated, or fully unsaturated bi {C ring system having 0-5 )

het er oat ons i ndependent|y sel ect &Nfrom nR¢ rogen, oxygen, or sulfur; or two
occurrences of R are taken toget fFr Wlft’g the atom(s) to which they are
bound to forman optionally substiTUf¥®“3-12 nenbered saturated, partially

unsat ur at ed,,; g I Pﬁ,ias -%iwaﬁy&gli co@fphcyclic ring having 0-4

heteroatomswilﬂr?ciltjaép)dtﬁgcig'e{lr?}té y télzrglcte romN, aO(, or é 40. The process of

claim39 further conprising the stei?i reduci ng a conpound of Fornula 45
A

y
(

to produce a conpound of Fornula 43. 1. A process for the preparation of
a conpound 34 Conpound 34conpri si RY: 0-TMS
MTDA

to produce a compound of Formula 42

o)

Rs o~

O.N Rs
Formula 42 , wherein

each R, is independently selected from hydrogen, CN, CFj, 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 O, S, or N, and each C,;.
¢ straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl, Cs. o heteroaryl or C3.
heterocyclic is independently and optionally substituted with up to three substituents selected
from —OR', —CF;, —OCFs3, SR/, S(O)R’, SO;R’, —SCF3, halo, CN, —COOR’,
—COR—, —O(CH;):N(R')(R"), —O(CH2)N(R")(R'), —CON(R')(R"), —(CH2):0R’,
—(CH;)OR', CH,CN, optionally substituted phenyl or phenoxy, —N(R")(R"), —
NR'C(O)OR', —NR'C(O)R’, —(CH2):N(R")(R"), or —(CHz)N(R")(R);

each Rs is independently selected from hydrogen, —OH, NH;, CN, CHF;, NHR',

NRY,
—NHC(O)R', NHC(O)OR', NHSO»R', —OR', OC(O)OR', OC(O)NHR’, OC(O)NR;,
CH,0H, CH;N(R");, C(O)OR', SO;NHR', SO:N(R");, or CH;NHC(O)OR'; and
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(a) reacting compound 26 Conpound 26 with conpound 32 Conpound 32 in the
presence of T3P(r) and pyridine using 2-nethyl tetrahydrofuran as the

sol vent, wbepsi/rsteke reacti on tenperature i s naintai nedprogtuse@n/oaddeut 42 0C
and 53 0C, an¢h RtigiRieperidestly m&morh%yafdg@mﬂar%%ﬁﬁﬁﬂy%&b’stiﬁked go8p 2
hours, to produce conpound 33 Conpound 33 . an( (b) treating conpound 33
with Né@%ﬁ%rm4Gn-Qalwb@m%rove,targgymmwe@&atum@d, mardalpy wasesated, asifallyn 4 1,
wher ei ti j S.. al d. f east r . The
ot ocs At fafed @ty R, ReRIARGRY nbfonina bERneD S Biosing 54 i
a m xt ek ggedf ofdudfuvrah gl B2 membered ituratedl, pdiallpumasatedf ordly thebturatebier ei n
the ratio of acetonitrile to water is about 9:1.45. The process of claim
43, whéiwrhc ripgsystam hyving Opdtargatoms andepensiently selectek framightragiin X YEN0C and
83 0C. h 0 f ' LD 4 S i slurry
For at of SS 58l Tatie 6§50 then KISHEL BGRRERIA IS Wi Bel 8 0 00 TY, g

f or m ngoandloUoiril af bpieaNg yabktiddted B- IRIAATHIBRYd sat@ated! gartidly unkagrgedeess of
either of clains 46 or 47, wherein the slurrz(} is heated to refl ux
£

t enper dulli ensaoatedrmenegpyshie ssbisyclic ringhaying 0-f hieterpatorap independartlysedectad,i ng
corrpouq}lc(lm;lsﬁ1 'Qn Lasbi phasi ¢ solution of 2-nethyltetrahydrofuran and 0.1N HCO ;
stirring sar B phasi ¢ sol ution; separating j

38.  The process of claim 37 further comprising the step of reducing a compound of

Formula 42 to produce a compound of Formula 40.

39. A process for the preparation of a compound of Formula 43

R2
HoN
0]
0
Formula 43

comprising the step of contacting a compound having the Formula 44

R2
O.N
Br
OH
Formula 44

with methyl trimethylsilyl dimethylketene acetal (MTDA)

o
/" o-TMS
MTDA

to produce a compound of Formula 45
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t he organi c phase from said biphasic solution; filtering and renoving solid
matter from said organi c phase; reducing the volunme of said organic phase
by approxwoab®lywsts0% usi ng distillation; perform ng thripce/ush@opesseedur e
of : addi ng MeOAc, Et OAc, |PAc, r-Ba&pAc, tetrahydrofuran (THF), Et20 or

met hyl -f-butyl ether (MIBE) teo,fihe/Qrgani c phase until the volunme of said
organi ¢ phase increases hy 1008/0 3 educi ng the volune of the organic
phase by 50% using distillation; g MeQAc, Et QAc, |PAc, r-BuCAc,
tetrahydrofuran (THF), Et20 or net butyl ether (MIBE) to the organic
phase until the volune of said organig phase increases by 100% heating the
organi ¢ phase to reflux tenperature, &hd naintaining said reflux
tenperature for a tinme at | eastrgimlaiasd h%H&Ef: and cooling the organic
phase to a tenperature between about -5 0Ca & 5 0C over a tine period of

about 4. Sl R & ih@ependentuekcted Grom RRIrpEaC €95 CFs, 19ll@ AN lraightiot Breniched
conpri si ng quenching the reaction mxture with 1.2 N HC ; thereby creating

a bi phalkyb 3m Jmembered gyelaalinhgtie phan i Ghadieterearykaie: hetsseayslic.nghertid or gani c
phase fr.gm sai d bi I C 4 xture: i ' er

hor ebyuaeaRihy SRR RkSe Mnliia BRR ol FeEd b0 F SN Sper

separ a sigight® bedr@Bed SkPhasie; mémbéred tidoAipHatic FhsryIOCs g hedromeyltoeiC;f;,r om sai d
organi ¢ phase; reducing the volune _of the organic phase by approxi mately
50% us haigragyeltq is |na$tepmd,%nﬁé prdppriang!ly pubstituted with pp be thsge subgiituspfs selestethi tril e
to the . organhe e il u [ _sa¢ ap i ncreases by
100% i sdf nethe QT unk ol OPR s SRR RSeE, AN R el y S0%

i ncr easib-Q@R-heMOICHE;NIR YRS, -c0gaHL IN(RNER'S, B GIY(R gR 1) at(€H;),0B0% by addi ng

acetonitrile and then addi nf; water, toforma slurry wherein the final
b

sol vent—(GHIER. LHCN, opspnslyrsubstapigd phenyl ReBRsegY saiMRARDrv t o a
1 ' v 7 ' -~ i i i | f t
| ontt S CRORIRITAREION LI ARRII) AR s 2, LY Lbout 20 oc

and 25 0C; feadH RYis Ngleptitientyrmaleced Somilgdrozeh er afd optioraly dulsstituted grompshi ng
the solid matter with acetonitrile having_ a tenper at,ulre of bet&ee%@fout 20
0C and selscted frgpy a €i-pliphatigaroypaa 3r§-membared saquigisdepartiplly priefurdisd

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.

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
se
N
H
Compound 34
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a tenperature of from about 45 OC to about 55 OC. 51. A conpound produced
by the process of any of clainms 1-50. 52. A pharmaceutical conposition
conpri si yoaomowpwand produced by the process of any of pclraisosionh2€69 53. A
net hod cefpaBify! ating CFTR activity in a biol ogical sanple conprising the
step of contacting said biological sanple with a conpound produced by the
process of alyeastingcampgurl 0. 54. A nethod of treating or |essening the
severity of a disease in a patient c%rrprd')si ng adm nistering to said patient
an effective anount of a conpound corfpoufd produced by the process of any
of clainms 1-50, wherein said di @ | sediected fromcystic fibrosis,
ast hma, snoke induced COPD, chra onchitis, rhinosinusitis,
constipation, pancreatitis, pancregatiNt insufficiency, male infertility
caused by congenital bilateral absenék of the vas deferens (CBAVD), mld
pul nonary di sease, idiopathic pancempbirdd s allergic bronchopul monary
aspergillosis (ABPA), liver disease, hereditary enphysema, hereditary
henochr omat edthscompoagdiBat i on-fi bri nol ysis deficiencies, such as protein C
deficiency, Type 1 hereditary angi oedgma, |ipid processing deficiencies,
such as fam |lial hyperchol esterol em a3-Type 1 chyl om cronem a,
abet al i poprotei nem a, |ysosonal ragde di seases, such as |-cell
di sease/ pseudo- Hurl er, nucopol ysaéc oses, Sandhof/ Tay- Sachs,
Crigler-Najjar type |1, polyendocrin yLhyperinsul em a, D abetes
mel litus, Laron dwarfism nyl eoperpxi dasefdeficiency, primry
hypopar at hyr oi di sm nel anoma, ¢l yc@qg@ S type 1, congenital

f

hypert hyroi di sm osteogenesis inperflecta, hereditary hypofi brinogenem a,
ACT deficiency, D abetes insipidus (D), neurophyseal DI, neprogenic D,
Charcot-Mari e Tooth syndrone, Per Compeusd3kr zbacher disease, |
neur odegener ati ve di seases such as Al zhei ner's di sease, Parkinson's,

di seasén themyereneifi BAGard pyriding eving2-setiyl (yrabydiofiyas apthatobeshaivbsresy
Pick's 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

Compound 33 . and

(b) treating compound 33 with NaOMe/MeOH 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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di sease, several polyglutam ne neurological disorders such as Huntington,
spi nocerebul l arataxia type |, spinal and bul bar muscul ar atrophy,
dent at or Wwal2opadoBisdol uysi an, and myot oni ¢ dystrophy, aspPeglus2as/osspengi f orm

encephabkopatriit pfocessUustitlAs 43¢ Wbeiciih¥ slar§ut At ftdlioa alpeRndt be@men GBpig t o
prion protei n@groocesm ng defect), Fabry disease, Straussler-Scheinker

syndr ofd ’C@aPB3 °fr y- eye di sease, or Sjogren's disease. 55. The nethod of
claim54, wherein said disease is cystic fibrosis. 56. A kit for use in

measuring t activity. of TR or a fra t thereof in bi ol 0gi cal sanpl e
TVt EBor T DiIceR of lmATs Mhgten Compiands Bk SBimiPs & 1es° s dmound

producé‘ﬁ“‘ﬁy t he process of any of clains 1-50; and ii. instructions for: a.
contacting the conposition with the biological sanple; and b. neasuring the

Fur t hef!Tcor P arostes ket BREET Bhmbiig R’y G o KnProrl B o ouna

wth tm@pm@,lg)@iuﬁgl sanple; ii. neasuring the activity of said CFTR or a
fragment thereof in the presence of said additional conpound; and iii.
conparing the activity of the CFTR or a fragnment thereof in the presence of

t he addiptiogal conpo w th.t.h cl Vi f f t‘?lglment t her eof
I n thgqgr esgﬁgeroggpsaoﬂg%ro%ﬁqctla}lgﬁ 4@(9?}3?1 %’?{eﬁéﬁnéﬂggﬁﬁlﬁé&gﬁﬁgé nmula 1.  58.
The Ki te &afd. ng to claim57, wherein the step of conmparing the activity

of said TR or a fragnment thereof provides a nmeasure of the density of
said CFTR or a fragnment thereof.

49.  The process of claim 41, further comprising dissolving compound 34 in a biphasic
solution of 2-methyltetrahydrofuran and 0.1N 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, t-BuOAc,
tetrahydrofuran (THF), Et;O or methyl--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, --BuOAc, tetrahydrofuran
(THF), Et;0 or methyl-z-butyl ether (MTBE) to the organic phase until the volume of said
organic phase increases by 100%; heating the organic phase to 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°C and S °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 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 about 45 °C to about 55 °C.
51. A compound produced by the process of any of claims 1-50.

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 (DI), neurophyseal DI, neprogenic DI, Charcot-Marie Tooth syndrome,
Perlizaeus-Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuclear plasy, Pick’s

disease, several polyglutamine neurological disorders such as Huntington, spinocerebullar

111



WO 2010/108162 PCT/US2010/028069
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 vivo, comprising:
i.  acomposition comprising a compound produced by the process of any of
claims 1-50; and
ii.  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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