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CRYSTALLI NE FORM OF A BI PHENYL COMPOUND BACKGROUND OF
THE I NVENTION Field of the Invention The present

WO poves2i4en rel ates to novel crystalline PCT/US2005/029013

1, 2- et hanedi sul fonic acid salts of a bi phenyl conmpound
whi ch are expected to be useful as therapeutic agents
for treating pul nonary disorders. This invention al so
relates to pharmaceutical conpositions conprising such
crystal line conpounds or prepared from such

crystal line conpounds, processes and internedi ates for
preparing such crystalline conpounds and net hods of
usi ng such crystalline conpounds to treat a pul nonary
di sorder. State of the Art Commonl y-assigned U. S.
Patent Application No. 10/779, 157, filed on February
13, 2004 iy SPARTINIOORMI AR AMPIRRRA-CEMPOUNSG' ©
useful as therapeutic agents tor treating pul nmonary

di sorders, such as chronic obstructive pul nonary

di sease (COPD) and asthma. In particular, the
conpound, bi phenyl -2-yl carbam c acid

| -[2-(2-chloro-4-{[(i?)-

2-hydr oxy- 2- ( 8-%@@&0&1@%@@&&%@%@' i n-5-yl)

. ' t hy
Fl@fdl%ﬁtﬁ%t%%@&lﬁg% ar bamoyl ) et hyl ] pi peri din-4-yl ester is

specThd gresdny indestidrosiitesi to nbiie Seystdidid TaletaRsdiad fonic acid salts of
ossessi ng both nuscarinic antagoni st and b _adrenergic
a biphepil spmpgEM; vehich atejsxpested tpre ushBMpe ticrapevticcagsnis forf treating

pbBRERIS N PP ARLRUREI {ouE RS IG PREbsYig
comyprasifigwabetysil limezompounds or prepared from such crystalline compounds,

met hoxyphenyl car banoyl ) et hyl'] pi peri di n-4-yl ester is
Preegseessad telarmsdistes fon peeprringsush apstalies cogepevgdsiarsfmethods of

for treat]j pul nona i sprders_are..adyant ageously
s s SRl O PR AR o RS M RaBE BRI Tract by
inhalation. In this regard, several types of
phar maceuti cal inhal ation devices have been devel oped
sihRrorigipi stering therapeutic agents by inhalation
rncltuding dry powder inhalers (DPl), netered-dose
i nhaCemmoflyRisyigaetiUrie Patent Applicatiah &os 10/ Wi h STrfdpdon Rebruary
ceutical _conpositions and fornul ati ons for. use
13 2%@%%@9 pewd bip nylscomp@w@s tg%fsqr? atsfiel ap sheraprutig agents for
EHEREA 05 SO0l kS LIBERRSIAE 9ok o)
asttmhatinpatticubir,ghe o@hpound, piphatyl-2-ylearbgnieaickt 1-[héhcldboud- {[(R)-

&?CDC) thereby allowing . the material to be m.cronized
2-fyqrRBYre-(Sihy ioryZagto- bérimpliequinelm-swDethylemigolmethyl}-5-

BN Bmp S T  BoL LTRA) bl s

applications as possessing both muscarinic antagonist and B, adrenergic receptor agonist

activity. The chemical structure of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl} -5-
methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester is represented by formula I:
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previously. Accordingly, a need exists for a stable,

non-del i quescent crystalline salt formof the conpound
wotooboeasd a | which has an acceptabl e | evel of PCT/US2005/029013

hygroscopicity and a relatively high nelting point.

SUMVARY OF THE | NVENTI ON The present invention

provi des crystalline 1,2-ethanedisulfonic acid salts

of bi phenyl -2-yl carbam ¢ acid

I-[2-(2-ch|oro-4-{[(i?)-2-hydroxykgxﬂ%-hydroxy-2-oxo-

Eji hydr oqui nol i n-5-yl ) et hyl am no]

| car barmoyl ) et hyl ] pi peri di n-4- vyl er cﬁ aYsol vat e

t her eof ~Surprqsin c « i ne

1,2-et adi syl forfi c qcid salﬂso the co

for mul \Lij\% found not to lg deliqu K[yen
when exposedj t o “at nospheri ¢ noisture. Additi onalﬁy, o
such ¢ alline salts have an acceptabl e | etel of
hygr o city and a very high nelting point, e.g.,

hian about 215 OC. In a particul arenbodi nent,
a cryst alline salt of the present invention has a

h b 230
(e oo TRl adtis e o a2 B G fiseraQ Rl afiplBlgousty

acﬁﬁlﬁlsﬁe(?ém&l%&@ %to&l%ﬂ%b&?atdry'tﬁcﬂﬁﬁiﬁaﬂhlaﬁ&{ RtRi3 dga?dl several types

har maceut i cal conposi tions which are expecte
acefitieal irhakation deyioésimva byerddesicloped for adudwisidiing ﬂwapeutlc

aéeﬂkf}?f? hiEich o dind SRRS e TR R B mtBEaRogs fbaters (vp
arflQBB A 2 ichafer® NAMER 9&5%@@1»&%@5&@1@&18&%@0&%& &1d RAduRtions
1, 2-ethanedi sul fonic acid salt of biphe

foy usramlsanh devagsisdit is hi ghly desirable to have a crystalline form of the therapeut1c

age&l tlz'lat( 1% n(e:lft]her I’hogros o[pg r c%h e%cr:e(il)'é%n wSuc_h%g El?égtlvzel}? ﬁlgh melting

pdhiY 8r REMELNRAA £bo%t y50-et ek am%lmg Y ln}a'télam YROERYd
Sl

| car banoyl ) et hyl | pi peri di ester or sol vate
withait s@mﬁdant @cpmpbsmmi alrloss‘rdﬂimiystdhm,ty t he

pha ceut cal SI t| on of t nv i on furt her
P Sostasali S o b sorvepd ot B LS Lo sDR et
prewsegg,' R@é&r@fn@l aneéd &&b&m@%&@eg aRh gcén@ ahﬁfe’salt form

a conbi nat ’on t hereof. I n anot
of the/ esthp@mdpmt cﬁmrrd%l whichansrac ecceptable le\mﬁpﬁhygroscnpmlty and a
fagnp“ si.ng an aqueous isotonic saline solution

¥y ihdgtigeliing poEt hanedi sul foni ¢ acid salt of
bi phenyl - 2-yl carbam ¢ acid 1-[2-(2-chl oro-4-

{[(i?)-2-hydroxy-2-(8-hydroxy-2-o0xo-1, 2-

di hydr oqui nol i n- SUMM@IRJYI(HDHEIE IINVENI}ION met hoxypheny
| car banoyl ) et hyl ] pi per.i di n-4- ter, wherein the
sol uthegpeseat inyensien poyides QYXﬁ@]é‘n%fl %?tb%ﬁeéwelf@m@r afAé salts of

blﬁlpéﬁlﬂ-Z-@rlcarbamlc acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl piperidin-4-
yl ester or a solvate thereof.

Surprisingly, such crystalline 1,2-ethanedisulfonic acid salts of the compound of
formula I have been found not to be deliquescent, even when exposed to atmospheric
moisture. Additionally, such crystalline salts have an acceptable level of hygroscopicity
and a very high melting point, e.g., greater than about 215 °C. In a particular

.,
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In yet another enbodinent, this invention provides a
conbi nation conprising: (a) a crystalline
wa @emeiaanedi sul fonic acid salt of PCT/US2005/029013
bi phenyl - 2-yl carbam ¢ aci d
eﬂjé&ﬁ{nl%étd ‘rﬁgzl 2 aﬁlg?e %[t%)f tﬂe preshe:}llgj m%)e%lozn ﬂa% 'J%Xéflﬁ% goi%t é)r)égtell‘ than
abdur esdsd.am no] nmet hyl } - 5- met hoxyphenyl car banoyl ) et hyl ] p
i peridin-4-yl ester or a solvate thereof; and (b) a

st er OMPAE odher usesna Casielingrly2- a@emdlsmmcwmitmi tlgf compound of

th.
a ! 2#&? aseg‘uhﬁsgg RisPAn g phade gneluﬁga? %':91%% s lilt&%%ﬂllﬂlﬁbq ?(pe%l:ed to be
uskfid 161 feuting ipsthd iy Giseebd. SRkbraaialy, hh %étﬁ&%ﬁlﬂs @BmipSsition

expected to be useful as a therapeutl c agent for
aspﬁ@atthﬁgrep‘mt mieyeatign poyistes e pharnsageltical caspdsitionanoduprising a

iAo R deiibe SaBibe R £ R, S Sl Slionern-2-
lﬁﬁb&ﬁf& deRd 192 fRLAIBEL-A- (P ORI Yy SR JGox v bftsgonfﬁ-hod

onprising adnnistering to 'a patient in need
dlhy@aqmmﬂhn-é yl}wryéqamuo]m@hyl}/ Sehéthoxyphengoabanoyijetlayl[piperidin-4-

1 rl u |c aciglsaltof
g Ehg plsate Moot ¢ e d
I - Zm(azpd%ﬁélﬂﬁx%‘rﬂbo{iﬁrﬁérﬁ% thé Ma@&ﬁw%lé éﬁé}ﬁo@@f‘tﬂ gi)?%g on

2-di hydroqui nol i n-5-yl) y am no] net
fuethyﬁ @mpmnmy bieaidal Iajlmlmmdamrylagem smsh @&ra @iteaosterbidabvea

th Addj t i gnal | not her its nethod
p@§§i§ﬁ?m? ‘g ﬂm?ﬁt &r?o ? eéie(}fet hod of producing
br o nﬁ%@tﬂe@&ﬂ@@dlhfénﬁ tﬂ@fﬂv@ﬁ‘ﬁom ﬁﬁ%d@?ﬁ PI it raggmfchlsdo%osmon

admi ni stering by inhalation to the pa
cdmp)“rw’rgﬁil dgatownsqopuid seliregohrtioubmptisiag a 1 2-ethanedlsu1fomc acid salt

{}?-y %.b]sagg{: gghﬁﬁgﬂggcgfo% t4 ?[f(R) 2-hydroxy-2-(8-hydroxy-2-oxo-1,2-

d%})f(&org(iﬁléolgrlil %d)%ﬂaévbaﬁr%g? n)e% w%& ¥ @h@@?&f%ﬂ@i e%l]a_y Ipiperidin-d-
ylextgp vdreydin dresabodion)has th] in ts page df frerd-apbutesioedbott 6. a
sol v]?lé,e t her eof . Thl s | ventiaqn al so_provides a methaod

of tieAt ?W_E,h%ﬁf@ﬁ <his ggyeniien B{ﬂVFﬂ?ﬁ #opmipinaligs gorprising:
ast , IPLQ? ﬁ&ﬁﬁ{e'dfshﬁgmgq LRGP ipﬂ%l)fl% ﬁcarbamm acid

patie treatment a ther apeu

1-E5- (Zedﬂome4-a{[(Bm-mh}dfoxg(-ﬂ(&hﬁirh@nﬁdmsul I-Giliydroqmndhﬁisl-t
rbam C

Yl}eﬂfyga%lﬁomtby% 4mﬁhe?<mah62ylﬁ@rléwﬁwezhxlhnpwwwl psteyey-4 solvate

thg%ﬁyglrloqw nol i n-5-yl ) et hyl am no] net hyl } - 5- met hoxypheny

| car(bpnoyd steroidal hiti-pelahthdlord-agyht. ester or a sol vate
thereof. This invention is also directed to processes
f or Hheegommonnd af frgpsiad has hethimuscarnin antegpuist and i adeevingic

rege%k(% 13 %I)m%{] ot1v§ynpxlégoC%dﬁ)1fglyf, grlrﬁuetﬁanedlsuﬁcglg acczlldnsgit ¥rih thls invention is

expected to be useful as a therapeutic agent for treating pulmonary disorders, such as

asthma and chronic obstructive pulmonary disease.

Accordingly, in one of its method aspects, this invention provides a method for
treating a pulmonary disorder, the method comprising administering to a patient in need
of treatment a therapeutically effective amount of a 1,2-ethanedisulfonic acid salt of

biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-

w3
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nmet hod aspects, this invention provides a process for
preparing a crystalline 1,2- ethanedi sulfonic acid
W(salob/omf454bi phenyl - 2-yl car barri c acid PCT/US2005/029013
-[2-(2-chloro-4-{[(i?)-

d ﬁ%ﬁﬁ%gfﬂg %*l}gyrlaon)él\ﬁo?metﬁol} JS-megwxyp enylcar glllio?fl)ethglll!lglpendm—#

ymwi}@i(ypaeg%ltﬁ&&ﬁanoyl yethyl]piperidin-4-yl ester or a
solvate thereof; the process conprising contacting

hédglitmgalw @amhqrmf als meethod aspects, this invention provides a method of

Pﬁ?ﬁh?laé Gropehgifiion i ke Mool cspririoe gminis sdpeY

inhhlatien td@k Bﬁﬁféﬁ? @%@M{c@l@ﬂlﬁ)ﬁﬁﬁ)ﬂr&ﬁcmﬁ dhbiRg Bf Q I1 . éhéfrk:disulfonic

ester with 2- et hanedi sul fonic acid. In
a@d sqlt ef btp,hdmreramebmmc atidi ls[z-@vcélmpem{ [;ﬁR)aQJm&mxg-z -(8-hydroxy-2-

A0S G Rt BOIR Syttt BanethompmhaybamoyDethy-

plfpeﬁ&'ﬁl@ llesteﬂlﬁa%%ﬁestﬁeﬁeﬁp“ sing: (a) contacting a
corrpound of formula Il:wherein RRa, Rib and R c are

i ndepkisderentign gled pmveatbsfalmﬁhmeﬂtraluhg |chr0|nh:ewbstructn@]pu‘]lmonary

dal kg %}I"? b\% r .one of. Rl _a, h and f(w
1085C OF gfia, the gt ﬁ&ampaléms@ﬁmngﬁamegaso adaaﬂeam rwsd phigeatment
a er%f)@&t‘icaﬁlgf %ffeéth%pan{&fnt ¥Ed P Z%tlgangallgﬁ‘i@&ﬂf ?&‘lh QY bf:blﬁﬁérgrla-

or a hydrate thereof orma cryst
ylﬂzalﬁamtclwrtbﬁ-l[ﬁ-(a-ﬁhinrcc%{@(m Zslaydlrquf-z-es-hpdfpﬂwct)x@tl 2-

formula |, rein step are conducted in
GOyl SO RS B SO F BSPBTIFSREPy hotey Ipieridin-4-
lee"sR:?'HPzS s@ilatstiRPedfd) - I'n another of its nmethod aspects,

hi's invention provides a process for preparing a

C r ysTlaik inveatidn 3-addohdireettidso bfooedses foeipeepatihg a ofystulline 1,2-

{%‘H’gﬁ & .of for IaI having a nelting point greater
cthsreHisHBeRE asidgalbef therwemprurdeisionnilarli dicherdiely. igarpther of its

t

mgﬁgg el)ft? %#S 1%1(7%@108 aésld gcr:e:snsJ fo %F&?a%%g gJ( %qf’ne 1,2-

ethanrgisuonig asid kal? oﬁbmhmmba{rwﬁm aoldl W[ al-thiefo-# {[(R)-2-
compound of formula | dissolved in an I nert diluent,

hyrenyed- (18 -hyEoxEdpxer b%ﬂmydmlr@hneﬁ-flbqﬁ@yly@mﬂmgﬂwﬁr%r

b 8RRt b R RA 7 8 G0 oA RpISRR Ind Brogess

congrisingf co&ta@ﬁﬂg)bllphéhﬁ-ﬁ ﬁ@a\’rﬁﬁhﬁ acidt D[ZI(Z)Mﬂdﬁ‘) -8{[(R)- 2-hydroxy—2 (8-
crystalllneformhawn a nmelting reater

hygsRsyr2-oxer1 @ffhh)«éreawaphrgﬁ;yl)ethyémmmﬁmthsd}r furt her

RS ER PE RS TR R URES) O L3 B i

f or niulyat dnolteey iof s ehelRIdldspébts) EHifMinvehites wbvidbasn pﬁé%tfor
230, 0C, the process conprising: (a) dissolving a

PrERY e qu%hqe b etrvandianiéerie i salbof aicasppaundfot formula I, the
pr?@él?? forrrula | in an inert diluent at a first
enper a

(2 contacting a compound of formula II:

e
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(b) cooling the product of step (a) to a second
tenperature; and (c) adding a seed crystal of a

wa @emedaanedi sul fonic acid salt of a conpound BET/US2005/029013
fornmula |;wherein the seed crystal has a nelting point
hi gher than about 230 OC, the first tenperature is a
tenperature sufficient to dissolve the
1, 2- et hanedi sul fonic acid salt, and the second
tenperature i s below a tenperaturecﬁt whi ch the seed
crystal conpletely dissolves mheﬂ “added to the oduct
of step (b). Addltlonally this eRny | |sodsreﬁted
to a process for purlfyln blp

y@ * (8 hy - 0XO0- |
et hyI amm] net hyl } 5 8ny|

of bi phenyl - 2- ylcarban1c aC|d
-4-{[ (i ?)-2-hydroxy-2-(8-hydroxy-2-o0xo-|
i}

dlhydrqu|noI|n 5-yl)ethyl am no] net hyl } - 5- met hoxypheny

| car banoyl ) et hyl ] pi peridin-4- yl ester. This invention

is i5BG® 1d

pr o?gggregl eg%r 916&3 h%{e}lgclelﬂfﬁ3 gl#j }@y ?(%gcg iﬁgnr?t&l eﬁ‘l?ylop henyl, -4
allyr @bénd), bPore SAR/SIRIP hhd R lis 20=(hanadils withciosidagrg and

sal t of bi phenyl - 2-yl carbam ¢ aci d I-{Z 2-chl oro-4-

{[ (i - 2- eppircoRg e qredys) dosxster (W pyth 1,2-pthanedisulfonic acid or a

h}%ggc gl{eggolfj t%%fn[f F%g%t)ah%e%#-%ﬁqaﬂ?%ﬂﬁfolﬂ}g '«1 id sajft of a| coméntound of

oxypheny plpen
foduR I§Wh&r@1n68t€gi‘(a) exaf (bP afe dodudted fntBe ame factdsh Vessel without
medi canment ditiona this invention is directed

ISQJQtIPIF}@fﬁhgérQﬁﬂlchOfcﬁﬁ%ps(ﬁhl I i ne 1,2- et hanedi sul f oni ¢ aci d
sal t. of F y Icar ajfi C. aci
-] Zl.n(a? 18 126 g asgec is 1nvent10n provides a process for preparing a
critaliliay ¥ “ZZetflﬁrebﬁédIf&ﬂiy 2€id @¥R of a Sordp S sTeBinQh I Raviny b hdting

yl am no] net hyl } - 5-
patet greatgithamghoyh 2B Mo thy proRgascpinpeising |aﬁdmgylse@ls,¢r§$talmf aa

org bR SOl dhin et eRt phr ESBPO G R e n T Sidap,
cdxﬁﬁﬁrggem 2QfthaRe iR Id B4166f £edmpolint Bf Fetufi 1 @Bsol¥ed in an
al'so ected to the use of: (a) a crystalline

1ngrt zlllg@ntawb@‘ﬁmahep sned @I‘}&tﬁl has;@meltm[g point greater than about 230 °C.

C ar 2-chl or.0-4- . .
O 01 B ikt <an oIR8 Dol orosiyteaTisg 3 Bl arethanpdigtfonic
acld Salt of a compound of formula I to provide a crystalhne form havmg a melting point
yl ) et hyl am'no] net hyl } - 5- net hoxyphényl car banoyl )et hyl | p

gnegter ﬁhdn abalt Y80 &St Accardinglys theunventioh durtieef prawviades a process for

preparing a crystalline 1,2-ethanedisulfonic acid salt of a compound of formula I having a

melting point greater than about 230 °C, the process comprising:

(a) dissolving a crystalline 1,2-ethanedisulfonic acid salt of a compound of
formula I in an inert diluent at a first temperature;

(b) cooling the product of step (a) to a second temperature; and

(c) adding a seed crystal of a 1,2-ethanedisulfonic acid salt of a compound of

formula I,

5
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(b) a steroidal anti-inflanmatory agent; in the
manuf acture of a nedi canent for the treatnent of a
w@eioaoessy di sorder. This invention is al so di P€DUSIHOS/R9013
a crystalline 1, 2-ethanedi suI fonic aci d sal t of
aC| d

? I[ ?Pe;]lgl “h% ; ?%[[g(l 25,9 Gi° Ié)lé}iggh about 230 °C, the first
tefHpRy ML G/ fé?ﬂ efhréexhbfﬁié&aykmmeme hyl. éthéaeﬁﬁhﬁ&’ﬁ}é REARYI, and

I car banmoyl ) et'hyl 3pi peridin-4- yl ester or a solvate
the sevomd ftemperatuirecis balorealtehperatura atiwhizhghasaed coystal cahpletely

0Si t [ SI arpaceutically acceptabl e
dlé%ﬂw e&ﬁga%‘?g%%‘f’%ﬂ &?tr%p%pfg)gt hanedi sul)/f oni cpaci d
alt -
IS- [ 2A(9§1t1?ih1flgﬁ s 1n%f:1¥tﬁdiﬁ5 Qﬁ@c}tg% ?)g:%( groces(s fm;h%unfymg bi é)henyl 2
yloa«bam102acmki h-)[bl-l(Z}thlnm -{{ @2 Dyelrdrgh- 2:68-hpdrory-RBydxp- B2ret ho

o S 4R ey oD G b B e SRS din-4-
Iq:teir"i'ﬁe M E@ﬁp}%@?%ﬁnﬁ@ RefsBHe 1 @%tﬂ%&tﬁﬁ.gfomc acid salt of

i nvent | rate refererice
biphenyt@aylyarbamidraaid 1R [Ps(2- <Ehlqm43 {LR¥-Dwdrexyell-(8-keydeotyi-2Hoxo-1,2-

oS in-o ittt eyl SrSBo Ao Ry TPy halilipipgridin-4-
ylj[?éfzé %%‘Efﬂsl IF%IE?AO cﬁre@{ ﬁfeypsrB?lhété ﬂ%pared by the processes

ane onic ac:|
ddscnllmﬁ;drmﬁ yl carbamic acid |- [2 (2 chI or o- 4-

{I( |’?}l 2- hydr oxy q‘éS hydr oxy 2-di hydr oqui nol i
n- 5- Jis &W’p%s {eﬁt}ﬁg}to g crystalhne 1 2 ethanedisulfonic acid salt of

oI SRS s 6550 o 1.2

dlﬁydrbqaﬁbhmﬁ }ﬂ)@ﬁ&ﬂ)ﬂlﬁﬁﬁﬁ@]ﬂ}ﬂ$—5€lﬁethamqiheﬁy1®érbanoyl)ethyl]piperidin—4-
stalline 1, 2-et hanedi sul fonic acid salt of
Ylkﬁs ey palyaly Ff&awééi?ﬁ yse g fhgrapy [op ag 2 medjcameniy -

{ [ (i K?i(}l%loﬁﬁll% J 1n]%ergt?qrgh¥ ?{rg&é{d & BEQsd of %&Xlﬂh@ 9 lii- nol i

etHﬁiehﬁ&Mbﬂle Ayidcan bamhéﬁﬁuhybdrbarﬁﬁracm N{ALEhlest 41 (®)-2-
this invention. gure 5 shows an infrared

h%@@f%@'bﬁdf%%@tha 1f %dllwquymoémrﬁ Wéethylznnn08mezhyl} 5-
mg@?gﬁﬁlgbgl?%%h@geﬁ%ﬁﬁ{ ]fe?{dlSn?) ljyé ?étgpc?rryéolxzaté/ SRALPRT S

mﬁﬂgbm?a(?%&?ﬁi}xﬁdgl&h&o@l@tbr fhre Ghh i EHcOEE DN @ hielicRmyhd) Bt the
yl ani no] met hy
tr%ma@@mﬂryvmém@r) et hyl ] pi peridin-4-yl ester of

t hi s..nvent Q .dynam ¢ noi sture
sor p?h nv(e ista'rl:sggfére teg t%ﬁ”‘cr‘k?%f’ gl line 1, 2-

et hag ?dl swhlg/@tauﬁle ag- ethﬁeédtsuﬁf)mbIa@ialeslaulof&p%&}arzbﬁaarsarnm acid

aci d hl or o- 4- {

142+€R2- ob(lyroz4({8(1ﬂ)r32dmdquy22 %Sebytirow-arqudlr&rdmquilm@n;ﬂ ) et
R RS ER O < Bfbey ohsrH e prpb sy Hpiacrin 4o et o solvat

theRb§ ah@vent i on.

(b) a steroidal anti-inflammatory agent;

in the manufacture of a medicament for the treatment of a pulmonary disorder.
This invention is also directed to a crystalline 1,2-ethanedisulfonic acid salt of
biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
dihydroquinolin-5-yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-
yl ester or a solvate thereof, in micronized form; and to pharmaceutical compositions
-
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s i nvention

provi des crystalline 1,2-ethanedisulfonic acid salts
w@boobiopdaenyl - 2- yl carbam ¢ aci d PCT/US2005/029013

| -[2-(2-chloro-4-{[(i1?)-2-hydroxy-2-(8-hydroxy-2-oxo-|

°Qi%ﬁ%§/%%ﬁﬁ‘i‘%aﬁ}1ﬁ§a9¥ soepighls srmist Aed  givstalingd. 3rathensdisy fonic

adi€ §£1P@f‘my1|1e)@l msh&a%aﬁaﬁ& iGN == (2Vdn1GSLLE (R)- 2@1y§1%ky@t§-hydroxy-2-
thereof.” Thé active therapeutic agent in thése Sa

oXa-12- dlhydareqmmtpeﬁ{y@eﬂmylaimmﬂmedlyﬂ}) -5anethatyphemyiearodmaeyd)ethyl]-
cent.er, havjn R). confiquratio However, it wll
DB E R AHISE A b olyH Lesrel I iy © ¢ hat | 1 mor

anmounts of the (S)stereoi somar may be present in the

conpositions of this invention unless otherw se

i ndi cat ed, provBREEFIDESCRIBTIONIOF THI DRRWINGS

conmpgsi.ti on as ole is not elinjnated by the

pr oS YRR PSR A 'ﬁgpreéaﬁélﬂvenﬁ*ﬁ% ar@érh% s B refae e
a&@ﬁl BagEsLUsi ng the conmmercial | y-avail abl e

Aut Nom of t wa e (MDL, San Leandro, California).

Addi Figoreal $howsla dffetehtisiesdaming ecadorimetey (DSQ) trxcané adhesmal

soneti.nes referred to aggedls | ate salts or edisilate

graxymedric palysH (liCymsiranhend G ¥ shavy 3 ReClinep derragiples of a
oSATRAS h . QfRShed SRt DR SciAdt BE BB ﬁﬁarbl.%&. dcft £134 2Bhloro-4-
e 0 oW n ess

ol "'owm ng terns have t g meani ngs

QR]QEﬂl\yﬂlS)EyQF((XI—}L}aIl‘@@ 2-6m1med1hydrn¢1h1hb]ﬁng5 g@)’eﬂiylan&ﬁo}maldyl} -5-
Ins%@eln rrean the tenperature at which the nmaxi mum

SYIHEARCH ﬁ‘é‘aiﬂ)?ﬂﬂﬂ pgidgndail gelar hthigiinyeatigns i al

sca I n
a1 oy tpaias Sl Bl oot PPl (PRRES el BT FERRS of -
crpaalﬂme ] QSethawalsalfdma aeidenlt of biphesyl2hvlcarbiaistacikD] -[aW2-chloro-4-
he term "sol vate" neans a corrgl ex or ag regate forned

{[15@) %ﬁ@dr@w%ﬁélm%w&l&dlh paynelin-p-yd)ethylamino]methyl}-5-
m%th% nﬁ!{ﬂ%ﬁﬂg B&lﬁ thrf‘ m}{l e&g (‘ﬁr{ﬁls \ve[ﬁ%b'ﬁd of

ecul es O a sol'vent.

Suc hFlgafe\&émsvstamnﬁe@alea me) ald@)rlmcﬁwlb‘ébtamfdr alckystdllinest2-
mol ar ratio of solute and solvent. This term al so

ethanedisgenie |aalflr$ﬂlépéblphm»éﬂcndc%@ar@lcavpm bt 262-ohloto-4wd E(&)-2-

| ude: f
L e e e R [
memexypﬂeﬁylcéﬁbaﬁoylb@hﬁgh @mﬁn-u%zl weriesf, thishevendbiat e
formed is a hydrate. The term "therapeuticall

ef f eEtguwé m@mdynn@mmawr@mmn QAVIB) trhesnfor & erystatlingtl,2-

ot MR- EF R MR P RBld CR (A ROREE B
hyies8i- ﬂ(grﬁﬁdl‘éxif-bﬁb)do[E@Hih}ﬁrd@lﬁnﬂo'hﬁaﬂ—?l?ﬁhylammo]methyl} 5-
methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester of this invention.

DETAILED DESCRIPTION OF THE INVENTION
This invention provides crystalline 1,2-ethanedisulfonic acid salts of biphenyl-2-
ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-
dihydroquinolin-5-yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-
yl ester or a solvate thereof. The active therapeutic agent in these salts (i.e., the
compound of formula I) contains one chiral center having the (R) configuration.

However, it will be understood by those skilled in the art that minor amounts of the (:5)
.
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of a di sease or nedical condition (such as COPD) in a
patient, such as a manmal (particularly a human) that
w0 p@bieBass (a) preventing the di sease or nedi cBCT/US2005/029013
condition fromoccurring, i.e., prophylactic treatnent
of a patient; (b) aneliorating the disease or_ nedjca
StersAPIIEHMAY e gresendip therommnesitions efihis inyentiogialess eihertise

1ntdh:%te(a' fodifed Mat '1{3}‘(1 0?%%0%&3%@11:1'09 af a&ﬁ'{o’leeﬂ%'ot élﬁ“}unated by the

suppré sing t e or

peb@ot BYsiwh anlis@sdri Ng the devel opnent of the di sease or
medi cal condition in_a 1leatl ent; or (d) alleviating the
sy npi Begorapoundef dorsrya Ehasybegi paraed using therdogngrpially-available

Aﬁﬁbtl\yo?ﬂlgc?q\ga%gt(ﬁﬁjﬂ SURTL %ﬂé 3&?&%1?}5251 Ad% Fonﬁll Ci F sthanedisulfonic

Sl ca I'SCréte unil os h

adldbalgire also Somet@A relbict t€ NEdsNABE alm direaﬁ;ﬂbt%rsﬁltsﬂed
quantity of a salt of the invention calculated to

produce the desired therapeutic effect either alone or
Deﬁnﬁgnblnatlon with one or nore additional units. For
—e‘xa-n'p?-e, such unit dosage forns nay be dry powder

i nhaipeen GefGbirgSthe aoﬂi’{gb@{d@ Gedi@sositions)théth o @aqﬂo&@@e of this
I nhal er, capsul es, lets, pills, and the ik

inyentiqn, therfelowingttenmschane the fSHpwinganeanings mﬁlﬁémﬁh@ﬂvm indicated.

glr {)ﬁiﬁﬁ | ne'wjéétﬁqrgﬁeptaoh ggésrsegll‘{ege{l]lléﬁ)(sggsl t?le %empere%ure at which the
n@kin@ir® eAddibdrin?d hekt Ao ie 6Mse¥vddaryhﬂﬁ'él‘éﬁﬁal%cﬁifﬂ1§ caloréthéuve

roqui nol i n- 5- yl)ethylan1no]net énam
- 5- nﬁhwm}lbn@mn@ad Emmﬁyne)aes Ayorhpofpariicleningviiich aideast about 90%

tlfh vent i,.on e rep %q rom

ofthg REles DA 2 dAthsier o 165% il P AOHK or o- 4- ([ (i 2) - 2-

hy dr 9K/ tefm (Solde? edinPa E08plkx ér &Eg?ég&feoﬁﬁhéwby BndPonthorRt

hyl am no] net hyl } - 5-

metschlsx 9 hh elyleche. badnbythpeedigilfopicpeid witrofhe/¢onarued of fgmula I,

o G5 ARSI SAcE 550 Qe YR BiLT AR afcmtaty ned
m"ol/a? 'ra&ﬁJ dD6oRAOAR JbBvABT YIS FerAPAM inBulEs ﬁﬂtﬂra’f&oﬂfchﬁlﬂgoclathrates

nol ar equi val ents of 1, 2-ethanedi sul fonic acid
with veatere &B@pxﬂaﬁeattvecsblwem incdnge by ovayfof xamplle awater, methanol

ncl udi ng between abput ut. 1. 05
clsElv SR HRob foso Aty HhBaike Whe deat PR Wra'%sfté? solvate
fRALl Y&l Bpfatef the conpound of formula |
particular enbodi nent, the 1,2-ethanedisu|fon|c acid
S al t Thdé tel‘lh|“ﬁlerapeemeil]gmfﬁccimmnﬁhnaanshmmicmm sufficient to effect

ui val ent of. 2- et hanedi sul fo aci d per nol ar
trg @F%Wl%ﬁﬂadwnﬁ%edéemw i pesotiiment

The term “treating” or “treatment” as used herein means the treating or treatment
of a disease or medical condition (such as COPD) in a patient, such as a mammal
(particularly a human) that includes:

(a) preventing the disease or medical condition from occurring, i.e.,

prophylactic treatment of a patient;

(b)  ameliorating the disease or medical condition, i.e., eliminating or causing

regression of the disease or medical condition in a patient;

(c) suppressing the disease or medical condition, i.e., slowing or arresting the

development of the disease or medical condition in a patient; or

(d) alleviating the symptoms of the disease or medical condition in a patient.
-8
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The nolar ratio of 1,2-ethanedisulfonic acid to
bi phenyl - 2-yl carbam c acid | -[2- (2-chloro-4-
W@ p{0b/023424 hydr oxy- 2- ( 8- hydr oxy- 2- oxo- 1, 2- di hy dP@IjUS20051029013
-5- yl)ethyl am no] net hyl }
- 5- hoxyphenyl car hanqyl ) et hyl 1 pi.peridi n-4-yl ester .
can' BB 40 i ora e AT SEPeBy o DS e B i P g cosing
2 bR Qe odl] lulifntinih B8 p?édetan%ﬁ{ed‘%{;@fﬁ’ckr%f 2 SHIE B iR ifention
rati os can be readily determ ned by 1H NVR

calulged &t prodioe, the lesired therapentit yHes edhet aliRie@rie tdmbinatanwith

b d to. .det ' th I tio. Th
Ortﬂe%ﬁﬁ%@dgl_t]gﬁ%lg{ng%n or e&cgpg)?e, %&chrlla}ntl c?osage t%rms may be dry powder

. - - - | - I _ O - D - .
e S e R bl it and
thadtkgphenyl car banoyl ) et hyl ] - pi peridin-4-yl ester
enpl oyed in this invention can be readily prepared
fromcomercially available starting materials and
1P SR0SRERIHSHPA I 'SaR FeRAML EFifhescr i bed in the
Exanpl esbel ow, or using tne procedures described in
t he Aanystriliye B2 silgnedisulfdiic agibkadltaf biphengk3gidattethit acid 1-[2-(2-
ion of this application,,

Chtigfgz‘ggﬁc(ggégxgg%xfsi%ﬁﬁtgch@é?w?@Xeﬂr’ﬁ’?ré\haﬁiranwomér| abl e

i cal . . ' .

A AR o R Ak St B ST e b

ineemtiomyad be prgpaeddronn fiphbeyl Dl ltabarhid deids 14 DB ohlof44 {H(R)-2-
di hydrate. hi a particul ar enbodi ment

h
hygroed R PRY D AT o Sz D Whdam edrpibyT)-5-

S5 Tent 00 A F AT e B LBt B Gt
hyidrate fesedfnvent i on can be recrystallized from for

exanpl e, acetic_acid and acetic anhydride prior to
use. Ate-phatssiselfanicagich saltiof Hhis ertios typierly penfeing besween about

N T AR AR T

offth®eompound of formula I; including between about 0.95 and about 1.05 molar
yl ) et hyl ammo] net hyl } - 5- met hoxyphenyl car banoyl ) et hyl ] pi
eqyiralegitseisl3pthanedisulionic agid e mislarcesiivatane af thechmapwng of

t .ar_egquival ents..of. . . .. .
g, o B8 PRl V20 hopis it ot s nvntion
coaeiiy @blobiyy1 mioltir £qliivaleht &M ,2-SthaRdtsiG Rt dcfi §d nhdl& dquivalent of the

diluent at a tenperature ranging fromabout 0 OCto -

cogtound g6fapgulalnc| udi ng about 20 0C to about 55 0C,
a | oo eOREipr 4 A e R Retdo biieh Atk igbatc acid 1-12-
(2ldhmarbed{[(R)-2 ApdbRNOL(S-ISURAN-0xd- QPAiRRBBQinolin-5-

i sobut anol, ethyl acetate, dichloronethane and the

yethodaraino]methyl) - methoaynhieng cavhampyl)dthylipipaidin-d il aster can be
SRR 5B R 0 O 6 25 crmpe,

subRE¥dr s WaR be keaditp AeRYhméd By CANNIR. Algghdively, elemental
1-[2-(2-chl oro-4-

anflygis 2nd 2P HimethpdDcandhenysdd txdet@nunothe ndslar ratio.
The biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-

2-o0x0-1,2-dihydroquinolin-5-yl)ethylamino]methyl} -5-methoxyphenylcarbamoyl)ethyl]-
piperidin-4-yl ester employed in this invention can be readily prepared from commercially

available starting materials and reagents using the procedures described in the Examples

--Ou
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di hydr oqui nol i n-5-yl ) et hyl am no] net hyl } - 5- net hoxypheny
| car banoyl ) et hyl ] pi peridin-4- yl ester in a mxture of

w0 swproezaanol and di chl oronet hane (64: 1). |n or¢EDS2005/029013
particul ar enbodi ments, the sol ution of

1, 2- et hanedi sul foni ¢ aC|d di hydrate incl udes ter
beleViaprdtsingsthe peocadyrerdnscribrd 1p %W@Wrasezg%dc‘ﬁ%b a?ﬂh&aﬂon

d%&lc]igeéixli} ]; %édﬁ%ﬂ&& g)%f/&]f{l%(fng ééhcﬁa 1%lroqw nol i n-5-yl ) et

hy| anRethamsdisylfpnib acid is commercially available from, for example, Alfa

met hoxyphenyl car banoyl ) et hyl ] pi peridin-4-yl ester . .
ChunterSacs Herkshis U0 i s AP Nk CALIREURTA S M

I i
oAb S0t 8 IEDL i S AL W, g it
ethbddintlent, thecléllleﬁﬁnéﬁiﬁﬂ)t@hﬁxhchydlhmta’&mas Agueity greater than or equal to
silyl- pr otected derivative of the conmpqound of fo

mul a
97% (s deternpineddnpdbke)- Jf desdredutbg 1;% digpkieie, agid dildragg employed in
thlg 1H9éﬂt1§$§ caﬁ %ﬁ g){stt% %:id %&1{1 1%% éﬁgﬁﬁ a%@tgé éc? cfact:%ﬁ}: a/drlde

cont ac onlc acl
pﬁxsrtaubeydrat e thereof, hi a particular errbodl rrent t he

silyl - protectln roup is a rt-butyldinmethylsily

gr oupO POPAErS GHI @lgm éalkwﬁt!;ns%‘fe@@e%,tthﬁ BIPQP@dﬁsVIF%b%’&@CId 1-[2-

R BRE Rl 2 (R TR B oot

ylbétKﬁamiH&@mél(hyl}Cﬁnﬁfhoﬁc&plf&hylé@rblaﬁi@yl)étﬁﬁl piperidihsi- j{dreﬁl(éﬁﬁstypmally

can be any reagent containing or conprising fluorjd

cqwmt@s}wwy abcmj 8r/5ftp aboutded mphr gapnlents of 42- h%@éisnléwc acid or a

ide i.on.is e
PR prelt o st R B gt fppperatr
ra!n?ﬁh giffth u@&ltbe’trt@%bw @mwrihmaﬁllg uBsutDo, °(D@>ta%§ﬁ‘d 387MC, such as
uoride with 18-crown-6, hydrogen fluoride, pyridine

atopdi 2o f Cug abetts 5056 Jutebleiinest dl@m@r far hjs reaption ipelode dyt are not

GRS 0 Lo o PG ot e
th%@ﬂt%topﬁgn cbﬁtaﬁﬁh@%&ratgﬁ RG particilardmaadént 2Dsdtidntof 1,2-

about 30 O Sui t abl e |nert diluents for this reaction
etharsidisuEoniguridatieydnge id ¢thanod ds added ¢ aiviup p Give tihees darger volume of

B bt b P RO R bk T o g gro-1.2-
dllhgtﬁl%q{lﬁ]loflil-(s ﬁe‘t}%dz(nfuﬁ& nﬁetﬁ’}l} ESLlﬁleﬂE@kMeﬁyﬂ:ﬁfBMhé‘%%@thﬁ]pl eridin-4-

dr oxy- Z2-'ox0- | , 2-di hydr oqui nol 1'n- 5~ am no] m
yleastcy tu} a ﬁnxmtanfosc@rmnhmm@ﬂwommm )) In other particular

el S OPLp! LATTAAFUARSTBY 01 PO HPRAE: Vatst o

ethaﬁdmg bl dikep anq%hé Hé@!lb%@ﬂ@iﬂ%%malt[za{foaﬁ&b 4-{[(R)-2-

enperature for aou 0 24 hours or until renova

hyairoxya@-(s-lhly&ﬂoxgﬂmw i E—dduﬂmcmmqlmld—yl)cihyﬂpmm@metfwl}t-
m{g]%@%{ylltablterr} cgr%l . ggeq%mj]t? qgﬂg—%yg%l al | 15}1 %flln%:]lgﬁ%is:l(sec%)%ﬁa%roll or
etﬁg&ﬂanolfe 1 2- et hanedi sul fonic acid di hydrate in
Altematlvely, a crystalline 1,2-ethanedisulfonic acid salt of a compound of
formula I can be prepared by contacting a silyl-protected derivative of the compound of
formula I (i.e., a compound of formula IT) with a source of fluoride ion and then, in the
same reaction vessel, contacting the product with 1,2-ethanedisulfonic acid or a hydrate
thereof. In a particular embodiment, the silyl-protecting group is a tert-butyldimethylsilyl

group. Other suitable silyl-protecting groups include ferz-butyldiphenylsilyl,
--10--
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m xture is heated at about 25 OC to about 35 OC for
about 2 to about 6 hours. Upon conpletion of the

WO e@eh2m a crystalline 1, 2-ethanedi sul f oni ¢ BCT/US®A$/029013
of bi phenyl-2- ylcarbamc acid

d1'p§eny1m%th§flhslﬂglr Gt b s o e B ard the Bk, The

S A0 B e AT B R ol i

fitiordds 1bh©r hedrogéroflusridet Uin @ phyicalay embodiereht, tieedourceafluoride ion
such as pregcipitation, conceni){?atl on, lrlng f.ugation

STHetbs a1 Ry ogoPtm] PYor S Bblpciou AETROrde iof Behids
te%r ?y*tg &Hﬁl’ﬁlﬁl.{o o?é‘sklglmsﬁ‘ﬁ(}nd%fwﬁlh P $ ctoES tlhf‘&ﬂ) géfi‘tﬁuoride,

er puri stirring or surrlngt

piridihs bytroftasiile, amhthailikeng about 15%to about 25%
I ncl udi ng_about 20%_ water by volu In a particul ar

enbolicRerAlly; thip Hrrcesis gendyrctedtia ap ére%fr %bl&ﬁb@t/avtﬁme«%rawe ranging

o d e 0
Rl E ST PSS, O Bl BUPC 10 about 35 G such as sbout
28 °Cry ab@lt30rfeC. 1Sudtableiage dildnts fonitds mb@blﬁmbmdefbuit Bieshot limited
invention can optionally include the use of a ‘seed

tos dighlozpmethanpg, spianohaddphityrgs tieyeok Bg partigylar embodiment, a
SOCIF‘X(?II ﬁll ﬁlhl?e%yisgl}{warﬂ:%m 3&&? r{p[:ze 4. ﬁ};Ra?'Z?—tt?% beﬁt};\lg lé{lééﬁﬁlﬁloxy) 2-

i'ng crys

(8- Hﬁﬁo@bgldkoa@dﬁ%fdro@uﬁfoﬁﬁlﬁaﬂflbdtlﬁ}&axﬂun%ﬂrﬁéﬁiﬁl’}eliblﬂufd‘-ﬁ-ﬁieﬂqoxy—
acid salt of a conmpound of fornmula I can be Bre par e

pheayloatpaswyBethy Hpipgridinet-weasier momtaﬁgedmﬂh@b% Site ab@é@ 0 molar

e(ﬂu(%%{%t ﬁaof ﬁ‘]e% eed %Fﬁ&f%o uo & R]?%%?O%get eeat &glégan? err}f)erature

fdr@Bbtsiab |2'44’@ui% (ﬁ‘rulﬁﬁl @hiolvﬁleoﬂ?the Byl tgrcaipl iy sesymtially édigplete. To
salt. Typically, seed crystals are prepared at snmall

tl@crasuétlrtg/s%utm, mt;ngmtasqlatm 9fdhe weaetiLprodedty is iafAdedabgut 0.9 to

R B T A

mliMBiCia hbatediatsa%@hwﬁsﬂ*’c 10 a®0ut 3.0 forlabst@ N toAbo@ 6 hours. Upon
tenperature sufficient to provide dissolution.

c@apletion pfthe renctipig a anystalline bﬂfﬂb@@gd@ﬂlf@b@ a¢if iseltyoSleiplpnyl-2-

RRRER S AL e ar 8 SRR T IR 8T The
dﬁl@/&l%hﬁinbhﬂ-% y‘i}ﬂtﬁylﬁrﬁmﬁgﬁ&hﬂ?&ﬁe@l@k bHeH @arb&mbg%mﬁmlpendm-m
hanol contai ni ng abo 2% t o about 20% wa

yl erstﬂr indlisolgted o tmsae%tnou nab‘@lm byl Byeonatriional meansesichgs

t he. d | uent a%aa te re r(grglgé%g from about 60 C
p’iefilpétﬁ » COBH tl%tbg to about 65 OC.

The gpliBRdiBNak sl%lllhfévielietthﬁn&ﬁ)éﬁllfoh{% dcRPMIL TS IlelfiGh can be
After "about "1 day to about days, the resulting

furthgs paiifieddryestirdog at durring thid $aﬂtnau809mpanolaton@nmng about 15% to
con tio ns., A ternativel seed crystal s,.ma
AN S5 e a o 20001 witet Bt eaffimk oA PaieiAs GRhodial about

101854 8L isopropanol/water mixture is employed per gram of the 1,2-ethanedisulfonic

acid salt.

A process of preparing a qrystalline 1,2-ethanedisulfonic acid salt of this invention
can optionally include the use of a seed crystal to produce predominately a particular
crystalline salt. For example, by using a seed crystal of a higher melting crystalline salt
(i.e., greater than about 230 °C), a crystalline 1,2-ethanedisulfonic acid salt of a compound

of formula I can be prepared having essentially the same melting point as the seed crystal.
~11--
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h the recrystallization process using seed crystals, a
crystalline 1,2- ethanedisulfonic acid salt of this
WO poves2i4en i s dissolved in an inert diluent asPCTU$1965/029013
process of obtaining seed cryst als, typically mat hanol
contal ni n 5% wat e erature ra
050l e DA Dt B sl TS aE S Wt?ﬂg ?4 Rhdhes g be
€ of crystals do
“%%‘?5 o PR o R Y T h he
r ang@ypitally;, egadapystils &6 p@éf,)atcm alimall sédle B@slo&mfyﬁth]ldmatlon without

seed crystals are added. Typica the ratjo, of the
stigeing and with g@@@pbfﬂ%ﬁ%ﬁggt 8&%%& pligh, te phisinsgepd paystals, the
@@g&me[ﬁﬁﬁ Eecgﬁig%l &19&1%%1 19%‘((}%%1&@89&‘[ %eﬁp%&r@gﬁs\lﬁmn%to

on 1s cooled to a tenperature at

pRvidetdadsbluziah @l&nﬂaﬂyg ris thef iaftiag propdsef obfalrﬁbg) sded Zﬁysﬁﬂé a small
and stirred for about .2 hogurs to abo 24 hours.

quasdify, typieplly %ﬁlzﬁnsl%g angladipg fesg thep 50&3 ﬁv@mﬁ éﬁéha%&r%f the
Ig/Qttaﬁ@%%P%s%{éE@' il £ aﬁ% Sdexﬁﬁ&ﬁﬁhglt @e 51%%%1&1 L 12% to
es O mat er i e recrys al |on roc SS can

atisnt ROyl voatere thehudimestsiny €3 ¥ tosdbogt Ifh% WatYS ﬁﬁh@d abtheidii@ent at a
by a first recrystallization as_the seed crystals for
teRIPSTAEE Gueine Femrahautf0 {G ta shont 49 ep. such agaboutg@ °C to about

? Per Ie%lﬁg?ﬁ [Lh 110%8 1 P oClI {:i‘oo Lcllﬂ)%{‘ﬁﬁl‘lér %%te?tabgm 1C(ﬂy to about 3

he’ steps 0 e recry s I'za process are

dper the "ré@ﬁlr@r&ysﬁeﬂi a@tlstqate@ 52 ﬁﬂtdﬂﬁn@;@ otftRe cEh@hBGHa® neths.

the diluent and the concentration of the crystalline
Aétg{l’[atlyﬂy,tsﬁ@l elystals meay begahitain dips # previoys preparation of crystalline

gst allization process can be conducted using
r evaporation or an anti-solvent to facilitate

cr y stiathb kekajskQRzatios pesdsPdsingdRled B%/staﬁrf@ REseMIRRI1, 2-

advantages, it has been discovered that form ng
ethayedisaltbiia acid, salt of thinimrantsa is disselved inpnsingrt ddﬂertt laein the process

d I f.ul
of RSB et Ry et foplaffink Y5 87 s g fperature
rahgthpSEon? Bt 501°0aBi1abo@ a5t G althe 8blutibh & dilowRAkd 8sbl1kaa 2
purlty greater than 95% and typically greater than

tega%aﬂafs aﬂwh@h Whazegd lgwstailsgctp lpﬁrdﬁasolwanf@e exdngple ¢b a temperature in the

h 1, 2-eth d |
Gl SPERRLR Y Bt P ehindn s BRRTSF Hhd .
tH3 TS of thé %lgiﬁ@ bt g cﬂ@’ca’l’st todfe R¥IHEOCEkilYind idif ﬁrtﬁ@édlﬁthon is
scanning calorinmetry '(DSC) traces which exhibit a pea

bétweematmuh &15rand ahewatt1:31. o’F\he sn)luttoel iB acrged tf a whpetatide 5t @h‘ich

{ t 240 O t t.h {
crs e sy (3 SXUPIErS ROy Ator s PHGSERtTor SO BRMSHD about
2@ Bod:H! eTHé fé%@lﬁﬁ% BYsiN £8 1510%6(9[53)’ cﬂn@leﬁtid?ﬁl Si@hds. WaSobtain sufficient

forned. The seéd crystals forred
sezedycsystalld topa¢paomlavgettatalies of meterink t@rrdcmtﬁﬂuaaﬂormrpbase dan be

e SucA T ahbu 5 e T 0P Bipod B eSSy bRl s the seed
Q&ﬁfsw ?édb?&ﬁingﬁgcﬁ%ttafhzﬁfﬂ&hstg’f eff wifl ¥e bfhscibtbRineR kldspecific

Ibrt me orn
temperatures at which the steps of the recrystallization process are performed are selected

depending on the character of the diluent and the concentration of the crystalline salt in
the diluent. Additionally, the recrystallization process can be conducted using either
evaporation or an anti-solvent to facilitate crystallization instead of cooling.

Among other advantages, it has been discovered that forming a crystalline 1,2~

ethanedisulfonic acid salt of the compound of formula I is useful for purifying the
-12--
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in the range of about 230 C to about 245 0C, as shown,

for exanple, in Figure 1. Crystalline salts forned
wowrdkodsa seed crystal having a nelting poi ntPEUSE05/029013

about 230 OC typically exhibit nmelting points in the

corélim Of abo 2%(35 Qa ¢ g ﬁ%?‘i%hgﬁ%af gﬁ%@qﬁtgﬁ{cgmf salt of this

b&ﬁ{c&f bh 95100 %, as d
i es%sﬁeg%ﬁ%r%%ﬁﬁ@ 20 PUSYLRRIIP AL o fetomined vy

hlgbpmdbmanchhwldghmnmrapla@e inthe t enper ature range
abov abo t 20 t hat .sub t ti.ql I n .accordance
o nEphESHtiEe T Zrneitinulepyt ped ol of feteeRuBv SRisRaS | 1

cli:ake&%rﬁeg by BiveANA é@ﬁfeltﬁ@%ﬁt'ﬁ? @t/vdeﬁééﬁ b%lrd\ﬁ%l@ﬁthdl R€nning

2- et hanedi sul fonic acid salt of e present
calmcity @S Crachawhichexhibén Iha;\kan mﬂmimmuoh@yﬂow in the range of

di P tte V|n si i ficant
st 21656k M‘Q‘E}?’% %% gt ghemeliRapaist trgpsrature of
t
AR ﬁ?‘?ﬁ%ﬁ?@%‘%‘*@s sflioRER g formod.
Tlp?i ®pd Dgldtal},yformm bgsﬂlaWIchhMoﬁ nthoat d:’tlrghg ard tvithgut apphed
i nt s, rystal, in Figure 3 and that_ o

odelipg e&lﬁﬁéﬁ e BiEhsE op bt 03 ééastekl%ﬁ%lrs foggedby a

AR a5 10l Yo DB RROS Ry i el poims
inghé tangé of dteutc 2300 nwlatafut 45 AT a5 shoiva, ﬁ)lﬁakaﬁple,rmzfeglrby

a powder x-ray diffraction pattern in which the

C%@ﬁ

pea
mesals formed witheut sesd pxysiahhaides e mshing Rmntwbpvﬁﬁ@ut 230 °C
FH.gunead~ hi
glg\g%%lﬂl%lﬁgggfng@%yﬁg %n\#lelg garnég &R%\f@ bnco af)cgﬂ 2%9 C, aé shown
fo exarglb anBigus . f1amattiontir @nﬁaﬂim@lﬁs tﬁb@efbﬁnﬂﬁ Uiebn€ibn provides
formula | is characterized by its infrared

crygialipo i 2ovhansdiselfens agifl saltssefdhe campenngiof &M%gmvmg @HSC

R e T

thd fraéSshokinUs Figi€d of WithitBatlsBovwn M Eigusd 2l | i ne
1, 2-et hanedi sul fonic acid salt of the conpound of

f or nagothenesbesimanty dewmnetal ine b 2tethanadisul fonieaaid salbpidhe present

B PO A e AP L
si g;?ﬁéﬂnt difalhogicaitd at 28ivaldeS of 5 AnuTiadi 1¥,05-8R9 %uﬁﬁe ff¥ferences

elative humidity to 75 % relative humdity). These
may bpebseived beffweeh ehegaiak posifionsinghé AXBM speotranef h lcr}tstadalme salt

| | rat ed n t.he _ Exa el ow., Phar naceuti cal
DAL T ORIt aPT B B ne Rint 3 PHSAbas S Bigure 3
an@ocha{jc oF@lshit Blephrd@ vA@BROLAGrRficH LEdTH cRstal] 'a§ SHM Gftiodre 4.

admnistered’to a patient in the torm of
Agloadingly ensépemitc @obqisettsohe orysfatiineul, f&bthamdlsulfomc acid salt of the

compound of formula I is characterized by a powder x-ray diffraction pattern in which the

peak positions are substantially in accordance with those shown in Figure 3 or with those
shown in Figure 4.

In another embodiment, the crystalline 1,2-ethanedisulfonic acid salt of the
compound of formula I is characterized by its infrared (IR) absorption spectrum which
shows significant absorption bands at about 704, 748, 768, 841, 900, 1055, 1104, 1166,
1218, 1294, 1408, 1522, 1609, 1655, and 1701 cm™, as illustrated in Figure 5.
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Such pharmaceuti cal conpositions may be adm ni stered
to the patient by any acceptabl e route of

w@ewsi2Be4 at i on i ncluding, but not |imted to,PCHOsi0881029013
oral, nasal, topical (including transdermal) and

par el oL Shye T etians SEUIER R 1P 0f s CampOIMLAL FoRla L has been
d&ﬁ&ls%beatt@hae,alaere%eﬂsfbl@{orﬁtmﬁdés&\ﬁ%h ?%ﬁl@@ﬁ hba‘ﬁ%@?e fable,

fornmulated, 1t may no longer be’in rysta i ne
mioderate leved of Aygrosmaypicig (r.h Sssd thadabout 2. 5sMivagit@aman thelumidity
Accordipngly,.in on i_t sitio aspects, this
T3NE% 8&% %‘hre{aéwa ?‘P’@éqe@cfoﬁé % %ﬁté%ﬁ%lﬁ}’ct{’sca conposi tion
conp
e Sﬁ%é% o PRERRE R labh i) Bl e
Ekamplespt¢lo®R- yl carbam c acid | -[2-(2-chloro-4-{[(i?)-
2- hydr oxy- 2- ( 8- hydr oxy- 2- oxo- |, 2- di hydr oqui nol i n-5-yl)
et hyl am no] net hyl } - 5-
PRERBOARDRCS RGN Kt glper | di 0 4-yl ester or
—S0l va . onal ty, such pharnmaceuti cal

conp®hé¢ 1 Leatisancadigulf@ti¢ adid sat bfthe chmpaymedisf formauid I &y typically
f or mul a(il ng agent s, if desjred. The pharmaceuti cal

a foohRatisnt inthe qrwgmnhaﬁnwﬁn%aé CPPPeHHemLPHogmulation.
SYISHBRRMAARL LhRbl 361G SORMRLBERi0 o puen by any csspabc

roytecaff a*ﬂlﬁﬁhi@trahirdncludmg, but not limited to, inhaled, oral, nasal, topical
A-[2-(2-ch] oro-4é (1?)-2- h dr oxy. 2 2- (8- hydroxy-2 0XO- |
(ingluding transdermal) an parenteral mo es of adm1n1strat10n However, it will be

L) e I
e e O R
bédﬁ&bﬁﬁlﬂateif,}dptrﬁﬁhb)Yong@ﬂbdﬂmrﬂi??dtﬂﬁﬁéﬂiml} ak. ﬂ@m@mﬁiaylberalsssolved in
will contain fromabout 0.01 to about 95% by wei ght of
a P Eablecqar s agent; including, fromabout 0.01 to about
30% %%fco\??fngﬁ;é I}lf’g%Olfnr ?éﬂl%?s a%%CCQS Ql;ll'l QJC ﬁg d]fl% f’eg¥o a

IVE age n\ien iona carr er

phlﬁm@é’@ltlbdd&ﬁfnpﬁﬁﬁoﬂ eortipB€ing B hﬁmaa&&fdmy‘ 8¢tebaBle carrier or excipient
n{)05| tions of this I nventl on. The choice of a

Ethaaedigelfonieacid paloichiphaenyt-2-yigesnmir geitli loRs(2oghloro-4- {[(R)-
d Lh i
ity e

mBhbk ffHenPlearbiiBeyPdthyThpGalin-a9Nditki G Vvl GERASE Op@diRily, such
In this regard, the preparation of a suitable

phﬂmaﬁm@e@ltcpmpsmonﬁpmy eqndain fodrer thesapeutie andier fopdelabhg agents if
adrr‘;inl stration is well within the scope of those
Ted in the pharmaceutical arts. Additionally, the
I ngregd aééﬁhcﬁ%ﬁlpﬁﬁﬂﬁﬁb%ftthﬁ"iﬁv@ﬂhgn K CbAtainya
avai |l abl e from for éexanple, Box 14508,
thstapelﬂmalls effpative 3npant Ep thane 1s,nlfdme¢ adid salsafibaphicoyl-2-

SIEGRHE Lo Pla LPLIULEL ! B oG QUERs RIS SEacthes T

dlhydroqumohn- -yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-

e

yl ester or a solvate thereof. Typically, such pharmaceutical compositions will contain
from about 0.01 to about 95% by weight of the active agent; including, from about 0.01 to
about 30% by weight; such as from about 0.01 to about 10% by weight of the active
agent.

Any conventional carrier or excipient may be used in the pharmaceutical

compositions of this invention. The choice of a particular carrier or excipient, or
--14--
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Practice of Pharmacy, 20th Edition, Lippincott
Wllianms & Wiite, Baltinore, Maryland (2000); and H. C
w@\a®el2ms4 al ., Pharnmaceuti cal Dosage Forns andPCr/us2005/029013
Delivery Systens, 7th Edition, Llpplncott Wlliams &
VM|te Bal ti nore, Maryl and_ ( 1999) Re es nt at
cQmbiApIe of Famgrsehr cxirient v depsndsiy the o adiminisitation being
I a
R AL bR IR o B SOl me PPt
rdgarct, tiegrem@kativasd asnitalsdel phmpel(tﬁ)d shhggostiies, fosaipditiadar mode of
corn starch and ﬁlotato st ar.ch; ﬁ el lulose, and jts
adpainisiation Sovelbyithinghe seapp QRihosT 88 94°1wh9phwap@4t@§1eaﬂs

Aﬁhf@%hal lLeLihg%?wﬁ%%of) 5{0& lél)ﬁ’léﬁsﬁ&?st eﬁ% %mgné%c&ﬁﬁi’%f)aﬂﬁﬂe from, for

tragac

e)eamtplﬂlﬁgms, P.OuBbx 445@8) S0 zLquu;I; MED 6AHT8. sBypwagp bf fuither illustration,
waxes; oils, such as peanut oil, cottonseed oil,
copyeRi for@.uiatlog dechpigues are desaribed ) Remiggtan: Q’M Seigiere and

PO Agch 80 ISR SogR P ACAYERL

(2000); @hdn H €nengl yica), Ph(zﬁv?a)ceﬁﬁdaé DosagdEhynBandtDvik DYl®alySystems,
and, eth laurate; (13) (14) buffering agents,
s‘@éﬁloas et Withamok Whlg@ BpigmereyMarand] gP%)xl de;

15
EERRA W
adtkgtable lcarrie?dihc e Hun atetob Uifdited 16 dhéHolloWsig: (Dlshgars, such as

conpressed propel l ant gases, such as
lagtope PR CHCTIS A 2 hFarchgsd Festh ag sPBLHEh ﬁgd pelgt stazeh; 3)

cecftglﬁb%r egﬁ%stcf%lyilvgtn%g "Reh ? Lodu]snkf ?%&%gﬁg?t%glc Sl I/og eIhyl cellulose and

ReECeuti cal conp05| I ons.

cesmm@ acétat@r(&) powlidres tragacaithi @) nilig (6)>g@1a@1al {73) t41€; e(e)aé)@qblents
Lt@i/l throug}mt and intimately m xing or blending a salt
pif

ag pecoa andrsummwoay Vmeasne eils.isvelt aypaaveteql abitenseed oil,

seffik Sl SR Pl RBRIL B ok ED iypots evehes
pridhehls gly@cﬂn(lthﬁﬁlyBB slepRe glyeérid, @ahed], ninAitbBdldgJodyethylene

capsul es, S, canisters, cartrldges di spensers and

pi
glvm! (12K esters. sigh @@ﬁbhﬁlmleaiﬁ and @hﬂd@@r@teeél%ﬁsare@do bnering agents,

s} o R GENER SR R 5 hesffs (37 Whetit btid6f pyrogen-
fréshwhit; fm)q&ét@ﬁc s§1‘1ﬁet ahy) RipAE SHGRH; I(WI ctRABRRELL '(ZU) $hosphate

for inhal’ed administration will typ| cally be in
biyfar wolotions (%Iércomplresmd rropalledbgasesuth mhﬂmgﬂuwrocmbwres and

I I d
R icBacatoc podk OB BT i Frmne PR 4By Eadlgwetim
pha@ﬂg&%ﬁc;ﬁmomﬁo@y powder inhaler (DPl) or a simlar
delivery device. hi a specific enbodinment of this

i nvelhd pharmadeatipt aompositionce thisenymsivn atrtypioaiy prepared by
RS RN el S PO D B EL S5k il BRSO Y51 O 2

pharmaceutically acceptable carrier and one or more optional ingredients. If necessary or
desired, the resulting uniformly blended mixture can then be shaped or loaded into tablets,
capsules, pills, canisters, cartridges, dispensers and the like using conventional procedures
and equipment.

In one embodiment, the pharmaceutical compositions of this invention are suitable
for inhaled administration. Suitable pharmaceutical compositions for inhaled

administration will typically be in the form of an aerosol or a powder. Such compositions
--15--
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nebul i zer devices typically produce a stream of high
velocity air that causes the pharnmaceuti cal

W@ 0wp0si4s4 on conpri sing the active agent t o SpPERUSR0H029013
mst that is carried into the patient's respiratory

tract. Accordingly, when fornulated for use.in
aFeasHPIRLE pdmigpiered sipg&velldeoye deljusiy devices; sieas aynebuhzer inhaler,

S ATHUSE i QDD TS0 Rl BleleP (OB T 2 s Wby dovice,
for axasgpkiic dybddhint@fiitis (rbestid) @icphataideatijal cbinpedition
nebul i zer devices | nclude Respimat (Boehringer

compasing theypchvriagenbis @darl@éqeré%lévar inkadationsing nchulzey ichaler. Such

nﬁﬁﬁﬁ?g& %eggctes ggﬁczaﬁg%p %ﬁ%ﬁ Z/eloAit{/ S E}ﬁaﬁ Sgﬁs% fh\ée

ph:ﬁ'hf&b@ltlc@lm{posmnaﬁmgﬁbmglﬂﬁe Sive tag@m tccqrmy assd ﬁl@t 2019 carried
about 0. 05 /L to out 10 ng/nL of a

umo ﬂleenaﬁatﬁé d@@maroem rr@ctae‘\caorgian&ly, stheadeimeilptad &9t use immypebulizer

1nha 2 ife gc? %%%gnt 1? f“cgﬁ 019 cFln a%?t?ﬁlg%aﬁier{ hFo %?ul‘ﬁon

U’|IZ€I‘ S ISO onic nonee

Shi’ﬂﬂ)l@ﬂélﬁﬁﬂé‘r d@e&e& hré%oxﬁ@éd@drﬁhér@fhll a@r ax4hple rb}IMRI GmbH
mge of fromabout 4 to about 6. a particular

efigneprman) h Othey nelbilizendpyigas zmluderﬁmnmtu(Bnehrmger Ingelheim)

i} ferﬁgﬁé“re??%ﬁ PR B Nehe ol R o SR on o zes”

f or mal r@preSht R trRbSackiitddtl 8RapdsitbnliohUidih alkbalRfd inkhid
mg/ mL free base equival ents of biphenyl-2- ylcarbanc
cqmpmise& ah 2qycpus hdloiien cbmprlsmg from about O 05 ug/mL to about 10 mg/mL of

g RSO A Solt DL PP RIS T § asobetin hegrgtofyone
eﬂnﬁ@dlﬁﬁﬂpﬂwaﬁhg&ls]r@b@l@iek %r‘fhlﬂatlo‘hlls fdtdRlc. IH'Oﬂ@@Rﬂ)B&?nent the

speci fi ¢ enbodi nent of this iInvention,
acpteausmdmhmrcfahmdampnlsastal 1 irctheparigs iof @rotrhdooat# tovabcmgénin a

iS seredb i nhal at i_.on usi adr owder. .
Prlﬂﬁ@%?m th‘?yaﬂB%'é mebylizsr u? f?ﬂ éﬁrﬁth icitfagg buffer
td Q@g g’?gﬂéﬁﬁ ISagr? RlotR& éﬁrﬁd'u?ﬁ ehlbBWiniht Rgg\grffeoﬁg]ﬁébuﬁﬁer formulation

n a pati t's air-stream
comigips frammi about hi ngy/wiérto abowdho mgémh ftfee bESequuwal‘egts of biphenyl-2-

R 21 et SR B
dﬁgﬁ%hha%ﬁl%g C}gﬂg?eﬁmn ﬁ%é’th?gﬁ&)eﬁg?%g{gﬁ%l%?mo%lgethyl]p1per1d1n—4-

y]tdrs&arreof Typically, the active agent is mcronized and
conmbined with a suitable carrier to forma bl end of .
i cr Brittplr ppectlicqraodneRiey ship piertian s Phggpeutical composition
oo ol | WGl [

oA S B i N LT TR Phnater

Sh&sdi'ytpbﬂrﬂerabbalérs ljzprmnyﬁadhﬁms&s thetagtivey sgophay areelbvingl powder
nposition for use in a dry _ powder jnhaler conprises

thah@tdé%oémﬁ%m HPAtiEnhHAIE-SEpam §rﬂzl@g Wapiadion. dbeider tp achicxpa fice
ﬂ@&ﬂfétpomr, "% :?c@l% agent is typically formulated with a suitable excipient such as

lactose, starch, mannitol, dextrose, polylactic acid (PLA), polylactide-co-glycolide

(PLGA) or combinations thereof. Typically, the active agent is micronized and combined
with a suitable carrier to form a blend of micronized particles of respirable size, where
"micronized particles" or "micronized form" means at least about 90% of the particles

have a diameter of less than about 10 pm.
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m croni zed particles of a 1, 2-ethanedi sulfonic acid

salt of conmpound of fornula I, or a solvate thereof.
wewh/0zB468¢4 y powder formul ati on can be nade, f oPCT/US2005/029013

exanpl e, by conbining the lactose with the active

agent and then dry bl endi t he conponent s
Al t efrfSPieYIfIve] .ph%ﬁlﬂ%%%osgmn@éu%amdw AW e inhaler

cérﬂ%‘p 1Rk fcRle %‘;lﬁg Egaﬂﬁleeﬁfé lfé't@ n ab§ﬁ? 1 Htt 1 m and

ositionns n typicall nto a ry powder
madrepiead particles of at ,0- eth[dmaﬂlaullfannc acd talt dfyeenpund af farlnaa I, or a

for use with a dry powder delivery device. Exanples of

SQJY%}egW?ﬂ:ff i nhal er delivery devices include Disfchaler

é_G'g ??8@‘%{1&@0%%{ foﬁ‘gﬁfég% g%nT g%@;;&&égmsp %iérple!\@r cbiBfiring the

ten

lactesawdbthd idfive agint Gae thenelrgblending theRahgivhers. Altematlvely, if
6,378, 519; Turbuhal er, (AstraZeneca, W] m ngton,
desired, the agjive agent caphe éqﬂnume Without apewyipienbt "Qhﬁaplamaceutwal

oA, W ot R W o
cdrtitdgbeor @paulpy fos ued whhihtdappewddrldetieary dedicar e descri bed

in US. Patent Nos. 5,415,162, 5,239, 993, and
5, 715xgupleanfidy spwderishaletdelvgryt 4?@%“@? mclyds iglehalgiot her

élﬁa&nxé K £ égl‘éééé?dﬂ%ﬁ’i iJ‘Pa&k'lﬁ(‘f (ElgePat nt No. 5.035,237);

051t on conp I've ‘dagent

Dm:uaotﬂlamm&hﬁmexﬂnd)xsdemgl s, Qmeﬂﬁ Ncbg6 a7xgsl@rlaﬂlsluqea@er
i nhal er. Such netered-dose inhalers typic

(@ﬁt@gﬁmcgewalnﬁaﬁgmﬂ%@) @ep 6> B PaentNe. |4v@4a7éhthiﬁhaéer

BRI BEEROARLNBEL 586090 Kl (o

IngeIBRS). tFu@ﬂhSr SQHipls Vi etiiedb1¢/DPD gevcd¥RiEdR6riblasia 1.8 hpdt@;ﬁ Nos.
typi cal | onprise a solution or suspension of the

5483102 93b #ndsS, 17151&7(9 @@d“efﬂf@fwéﬁi Pléqﬁltthermiily suitabl e

lc Iqﬁgﬁ" d @%%%S%%ﬁ ga%lﬁibeggg eéjr%lhg Cth harg‘laceutlcal
CMIQJSQMWSK@“% adtiﬂ%%%ént i$ Mﬁﬁm@bféeréd By thhdhtion using a metered-

tetrafl uoroet hane (HFA 134a) and
daseinhale; Sush Bictregst-ddsewdradern tm@éiald@sch:(rgFAmm)red puyeuntef the
AR AR e R AR
ot e Rbfdhly, Midinidcenddal @ahpmns%ma@feﬁ%smfg athéered-dose

fornulatlons i ncl ude co-sol vents, such as ethanol or
inbelet Hecally nemprigef sasolutiomsor sgwn&as of thelaictivaagent il adliquefied
f.or 8x arrpl e,

c.a it hi and ceri.n. See
pplihog ot ruldhfe iehsbina Bippefimb S Phemined i
clﬁgllogﬁgﬁﬁarbéni ‘é‘ﬁ’&%@@l@l“ P h@ﬂﬁﬁﬂ@ﬁﬁﬂ&h@@Hﬁ&W@h b £9,1,2-

for use in a metered-dose inhaler
tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane, (HFA 227). Due
to concerns about chlorofluorocarbons affecting the ozone layer, formulations containing
HFAs are generally preferred. Additional optional components of HFA formulations
include co-solvents, such as ethanol or pentane, and surfactants, such as sorbitan trioleate,
oleic acid, lecithin, and glycerin. See, for example, U.S. Patent No. 5,225,183,
EP 0717987 A2, and WO 92/22286.

A representative pharmaceutical composition for use in a metered-dose inhaler
comprises from about 0.01 % to about 5 % by weight of a 1,2-ethanedisulfonic acid salt

of compound of formula I, or a solvate thereof; from about 0 % to about 20 % by weight
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conprises fromabout 0.01 %to about 5 % by wei ght of
a 1, 2-ethanedi sul fonic acid salt of conpound of

w0 oot ®54 , or a solvate thereof; from about OP@#/US2005/029013
about 20 % by wei ghtethanol; and fromabout 0 %to

bouyt % by, wei ght surf nt; .with the renpinder . .
etﬁ@}‘}ikfﬂgrff C(])qp:ﬁb?j}t 88’/@ itp ahgut %%%9 gp{ “@6% agxif%qtgﬁ;swgﬁ the Témainder being

arl MR {3 Mi-Af epared by adding chilled or pressurized
ydr oroal kane to a suitabl e contai ner containing
t he Sudh coenpagitiohs arettiydcaly frefargd esadding enlded drepressurized
surfactgnt (if present)., To prepare a suspensiagn, ]
hygze %Oﬂﬁg@mwiassu}%? oSBer COAAE e RS REHOL @gpfesent)
. i i | i . . .
ol BO80 TR (TPRSAL THE BpAD o hof S0, A8A0Hve ot Bfhicronized
antigthe eelnbinsé with hiad popeléant.cEhe formniatios ivthembiadedotiosaeacrosol
i nhal er, devi ces devel gped specifically for use wth
cqufsterpWajs8 fpam aposhien gt SUelsat-ippeipizglerelgvis Ekggples of metered-
, . Lvel ' . .
e Bl B RB oo s e caly REAL WA Br i RRAD letovided in
UcH. Patent Not. ana060745mind 60143 250, pdtetnatively, @fuspbesiacformelation can
agent. See, faor exanple, WO 99/53901 and WD 00/61 108. .
bepyiepaad by SRy rdIGHprabiag of syiastws gB snigronized paticles of the active
L ra artli r ] and devi ces
a%e ﬁ?%{?r gdr% o ’ltr?hg&{(g? ?%n oa(snl(an\gr)gﬂéjsgde/15 .S, Patent Nos.
6, 26BoradlditicnaPEAnpIs, of prdtédsed 68prepmthgoreAtab B Birticewd abiD
99/ 55319 and WD 00/ 30614, m anot her enbodi nent, the
fopmulahiapeind doxices sinbls for Bnalagen dpsing sep/dnt Peantdyes. 6,268,533,
. | A L . ,
SOk IR oR o SRl e ZEE M BRATQR0Is 30 MM 0ags4,
may be dndtieh embodihett, tieaginthasutitfkbelpssitipnd df3his invention are
| ozenges, cachets, dragees, powders, granules; or as a
suiigblgtipoerabadmainistrafierh shwteblapharmacgutien) somposiBensdguedls
Lqul d.. or n.id -in [ tef- hN-0] j qQuid
oy g B B i B Bt Dot i il ey apeces

PERAEra) i gidr@esodsetRiRioniof @ GusgERsith ian aqueshs ordfontdi@eous liquid;
present invention as an _active ingredient, Wen )
or] astagredlein-Waer @rvaterigraihliauid gmiulsion; or as guelixdr efeyameand the like;

form(i.e. . as capsules, tablet ills and the |ik .
e ezt nfr GARRE ot Bl e o BieipreftiuontPast i hstve
ingdign@l | y conprise a salt of the present invention as

the active ingredient and one or nore pharnmaceutically

accepihenlintendadrfprreers] admjpistraionsingl sphdaiosagstfernp(i.e., as capsules,

j cal ¢j um,ph e, tionally or alterpati.vely., such .
toBl5FS i B B TS Wy S8 shptog Db b0 s i Feion S ypicanty
coniprRRdehR of BitileRft BVAIIONGS thd A%ive HreddRaA8 Bne or more

gl'ucose, mannitol, and/or silicic acid; (2) binders,

plushcauticaly irosytate hytrices| sushas epdinmgiitiate o8 dicglelua plosphate.
OBt?cln}/a\ﬁIyrg laltgl%atri\?ellylr, Csllcl)c eéolf?lud%rsggseeforms may also comprise: (1) fillers or

extenders, such as starches, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2)

e
g

binders, such as carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose
and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-
agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and/or
sodium carbonate; (5) solution retarding agents, such as paraffin; (6) absorption
accelerators, such as quaternary ammonium compounds; (7) wetting agents, such as cetyl

alcohol and/or glycerol monostearate; (8) absorbents, such as kaolin and/or bentonite clay;
18-
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and/ or acacia; (3) humectants, such as glycerol; (4)
di sintegrating agents, such as agaragar, cal cium

W@ a00bozte, potato or tapioca starch, alginic BCT/US2005/029013
certain silicates and/ or sodi um car bonate; (5)

uiprRofchas L GH0%,PR0L oA IR SEHa Sollbaatyetinlene
ggfﬁéﬁg %ﬁﬁﬁn 1a(1¥91 sWEAE] PR/ AR UERESes tﬁé&%‘f @ﬁO) %I@Hng%gagb %g (11)

d/or glycerol nonostearate; (8) absorbents, Such
buddairgngantd/ or bentonite clay;(9) lubricants, such as
talc al ci um stear at e, nesi um st ear
pol y BEFEAENG) VEOhE ER U EASEY e Seriits Tavagand
N S e e
phamiacm@ca]gmmmsnmm ef thrs ingentioha Faamplps aifi ghznmafscmm(:akyy acceptable

el ORe | DBIF AR BREiE e gatin Surh P ARGoIgIC A, ysteine
h{ RN socﬁﬁm}? ﬁ%té)fsczcﬁgiﬁfrﬂél&ﬁg{h %@%&&{uﬁ%ﬁﬁﬂé agi the like; (2) oil-

ant1 oxi dants 1 nc ter-sol ubl e antiox
sclulslh antoxddas, Buch acasdorbylysimitate, butylnied mlymgmsos@a}mm
bi sul f ate, saodi um isulfate so?|un1sulfite and t

h
bty Ed Tyt e B et RO G Eo &P Rstosaisrtlyand the like;

ST e Y b UL Do

(EiD’DAﬁ-sbﬂﬁtbp h&tavic,acil) {ih(bdphoﬂm keid, anddhd Bie. Coatmg agents for tablets,

rretal-chelatlng agﬂe such as citric, acid,
casHips.aily Abpseped foE peferieesatings. suFibat esilulose acetate

r e
i e T
phthalae, meddcfytic acidt ﬁfetlmcgmahblﬂ@ster sepoityragrs,aellhlob©s@tate
acetate phthal ate inyl acetate phthal ate
r?éltYEngJé‘P

trips}iatage (GHyEk 6%9@?36%%}113’1 U COFL) hydraksrrepyl methyl

ester copol yners,
oflh IRt s hde RPDRAASY %n%ttﬁgz car ngy?/ret hyl
et hyif desikddy Hﬁﬁ‘iﬂlaﬁ%@wal byﬂp@@iu&fsmﬂle }ﬁ@éd’h&’ lnv@ﬁdldmxlngss glso be

acet ate succinate (HPMCAS), and the |i If desire
formalagskiomaedde slow or@@n%@i&dtrﬁ@w offthe anéive irgsedient using, by way of

e B PR S
Hwﬁ%e@fsuﬁxﬂi%&yla&ibcﬁ'cm(w}g Y !polyﬁicflﬁé c6@lyculi@s@IiGn), 11posomes

varying proportions; or other polyner matrices, such
alm:i@flp@r%pb@’ﬁc acid (PLA) or pol yI acti de-co-gl ycol i de

(PL s and/ m cros
{he R P RRRIAIR e prPidEi bhimay
of)ﬁbfﬁﬂ? b&ﬁal a@il@ﬁhg’ Bgdntsyand @Rty d Mo Rakatel b Mt ALSEIRaRNBe active
may be fornmulated so that they rel ease the active
ingragliend priyt onpreferendiellprin feedain paitiop, ofithe gastreintestinal tract,

0 t?c{ntail}(r),r}n %fdefayed gl%%ﬁerro 'ﬁ;(%;r%%fes o?emfaec?d(lfng compositions which can be

used include polymeric substances and waxes. The active ingredient can also be in micro-
encapsulated form, if appropriate, with one or more of the above-described excipients.
Suitable liquid dosage forms for oral administration include, by way of
illustration, pharmaceutically acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. Such liquid dosage forms typically comprise the active
ingredient and an inert diluent, such as, for example, water or other solvents, solubilizing

agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
--19--
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optionally, in a delayed manner. Exanples of enbeddi ng
conposi tions which can be used include polyneric

wG@aivshzses and waxes. The active ingredi ent cCROI/EE®05/029013
be in mcro encapsulated form if appropriate, with

o2 S bR SRRSO B gl ot oo,
cdtfdﬁlsébde obivdrit@deoft, getrh, Ltﬁtv%aéds@)@ andPE@BﬁE%ﬁb’)t b8érbY, tetrahydrofuryl

accepta | e enuIS|ons m cr oenul si ons, sol ufrons
alsehpbarpdyeting enesglywéﬁsa@rfétﬁé heigtiesters ofgerbithn, quil dnidtsesghereof.

Slflsg) quﬁ&%/ﬁllﬁglﬁ{tlo\ﬁ ta glﬁ Iy Iél%'g fliﬁrfeecg%g;tb\éz ch> %gﬁépg?lélgg Hg?n%sn such as,
fos ek MBPIE Seth e Isbstedigl eﬁé&fdss R@IPQX lérie sbfifd1 afd&dibidh esters,

et hyl al cohol, isopropyl al co car bonat e,
m@:grqogry %@éﬂ@@@lﬂ1®Qn&1W11m mtﬂhydlbmdzybeﬂlmnwo@ae-agar and tragacanth,

1%' col, 1,3-butylene glycol, oils (esp.,
ﬁ%ﬁ @ﬁ éroundnut corn, germ oIive castor and
S es awiieR inténded %ﬁ’&ﬁf &immfs?rﬁﬁ@ﬁ‘ Y Satth¥deufib Qpﬂllpositions of this

pol yet hyl ene gl ycols and f atty acid esters o
1n§@1tmntaa¢1pre&m@l}frpmhag@hlmahan‘ed::fsagegiwsrpe et exesnplé,rsuch unit dosage

addi ti n to the ac nt, may contain
fOEIB%B’é‘X Fﬁgpsg[fgntﬁ@ éuBﬁs’a@ t %1 ©xanpl e, et hoxyl at ed
| sostieadaunh oﬁih?ﬂﬂ%lﬁlon%hﬁ%&%@taaﬁhlnﬁ&@rl ﬁ@{aﬁé&e%a%?nsi%lr{nnown

sorbitan esters, mcrocrystalline ce ose
tramd%rmﬁljd@meqesysbmstaud iekelpertg aFeragampiend compo@ebstt this invention

Ty A e i
glwﬂhﬁ thEN6BREA10 786 R 1 ez’ Wlﬂ&e thd fﬁc@lpﬂﬂtéd into 2 patch or

dosage form For “exanp suc unit dosage

sipdandepiyertysystema b’kkilltmnabe)tdllﬁﬁnta et luidine gem@ agent, Srﬁhlsﬁiers and
can al sQ be adm ni stered

b”?{'e'ést’l giﬁ‘zrblf?rg‘g“?‘i}tnllfg? HW@WqFPQﬁgﬁﬁ?%f defgiedvery systens
and gy %Jh@ﬁﬂéc%utbfa@ to drﬁ_?gég@&% :of i€ AVRAHA LY SfﬁE c8nta1n other

i nvention can wi th perneation ance
therapdutia sgertotint @ eogidydnktergdoliyies ﬂ];@l—@l‘Megisulf@ihlﬂhmd salt of

I zac cl oal kan- 2-ones and the |i ke, and
Cofrﬁ'i’gg?is‘{ %PEHla oF 63/13”6&19%?9% ok pxanRle, the Phaymaguatipal eompositions

ofARldl irfv'e 6t 9%%? ?érgpﬁ&cdn%%'r %ﬂurg ﬁle%ﬂpggtu?‘%eﬁ s¥elected from anti-

emul si use
inflaramsiey m@hts((e psisioidad Bﬁtl-uﬁﬂﬁﬁﬁatbgﬁhgeﬂ'tb &such as corticosteroids; and
har mceut.i.c conposi tions of this invention may al so

no a&m{wgﬁawpt% agante (Nytsy mlﬁgqhog}eéterase IV inhibitors,
a.nﬁ 'ﬁ%@% g%&g?{)egd ?}M B?@s (fr aé?@ é%%vgr?[ h?#JﬁIér 5.8, érgperglc receptor

agemalnph&scaﬁime redeptonantagbnised (1.6Q aasildlineftSc fents)iaid the like. The
|nvent|on may further conprise one or nore therapeutic

iftapeutis azdniscanbgsehin the frmeefnheonaceuiiatly sceaptaple salts or
TS
pusgeetsisqi&dl Ds), phosphodi esterase |V inhibitors,

If desired, the salts of this invention can also be administered in combination with
another therapeutic agent or agents, such those described herein. In this embodiment, the
components are not physically mixed together but are administered simultaneously or
sequentially as separate compositions. For example, a salt of this invention can be
administered by inhalation simultaneously or sequentially with a steroidal anti-

inflammatory agent, such as a corticosteroid, using an inhalation delivery device that
-=20--
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antiinfective agents (e.g. antibiotics or antivirals),
anti hi stam nes, b2 adrenergi c receptor agonists,

wore@eazi4sd ¢ receptor antagonistst (i.e., PCT/US2005/029013
antichl ol i nerg| c agents) and the |ike. The ot her

QBRQ a eutlc ents gag be . %ﬁgp he %%%g%g%ﬁcagmﬂ

Aﬁ%hﬁbéw %é % mﬁlﬁa@&ﬁmyﬁé @alﬁmtta@d %ﬁl%u&l £ @Rty cfemfes ie.,

agents Can be used as optically pure stereol sonmers
om&alnvexy detvive feidaths tlmf:agehtlsagm\‘/entl on can al so be
adm n| stered, i g nbi nati on wi t h angt her thergpeut
2 a

agen Regfescaiziive 82 a eRareic fecsiog a8Rists Hiat gt kg yed oy cqrppigation
e
W o R tundd AnfARRARBH k181 Gk H&wﬁh&ﬂ oY sdtinsfesb,

t are adm ni t aneous
yﬂmﬂmﬁotﬁahbﬁxaﬁsﬂﬁmﬁmﬁﬂﬁkmMmeSmbummﬁeaﬂnnmexanmﬂmnna
salt of this invention ¢

t
metRREtere R nbitqlietals RiFRerel, ieva& @L@H{tﬁ%% %’wceutwally
ac%%;?ttra leQ8lks t‘ﬁ&tegf '@ﬁl@?ﬁ%&feﬁgf’&%tw ey tsat%a@c be.used in

cost er ol usi n lvery TeVi'ce ,
cdrhisih stigal WLﬂS tieapaipatiedssfithia itveativs n(cmd@, butlarestciinpigedks) 3-(4-
for each t erageutlc agent. Alternativel

(SRR POk hbydart @w@uoawmnpwﬁp@vga@mver y

S g RIS SRR, 3R 2 iy

(hyaﬂﬁptr@fhy@gmyﬁ]b&yt}hﬂﬁnd)ﬁfptjdﬁbxﬁ@d)p}/l)b@@&bssﬂl&bnmﬁd&\aﬁd‘lrelated
t he conpounds o his i nvention i1 nclude

cqmpﬁméadwéloswnﬁﬂp&m%%& melighagd)on Mﬁ%@%ﬂ@m % [3 (4 {[6-

(AP EA0H SR R B P B

oiﬁ%ﬁiy@ph@fy@hmﬁl@ﬂolid’\@a b ukitoneindrbRisdRoapousd diyclosed in WO
tabI e salts thereof. Other b adrenergic receptor

0%(@ 99 putilished mrp@raaeao% 3d oo A HERYA- [Wi(fasmiyfpanino)-4-
;P%plljlagfllﬁf h'z&eth{f]l\fgrﬂ no exyﬂSxﬁ%ﬁtyl)ggﬁzegesﬁlfnthimlde 3-(4-{[6-

( {{iﬁ 1-{3-86m el addeo )Iyﬂ»h bu%f/) Sxlamiglt aMOReRY0 B Butyl)-

nyl'] et hyl }am no hex } benzenesul f onam d
bemdnwltty cifn IR SRH S b MfOQmwlfmwﬁr‘thﬂrgxyphen}’l] 2-
e oD n B e RHRRL o S SRR

‘?2“ hyd?ﬁ‘i‘;"“’?ﬁy@&}@’“‘w 2“‘?&%?%%1%%?%@?5&%&%6'
o@t} yty})hmmogsubfgmlde N-(t ert butyl) 3-(4 {[6 ({(28)-2 [3 ( ormylammo) 4-

s s des ke A G 57 o S 0D B S e -
blﬁ?]?he?lbgﬁ (% &%@%@?ﬁ gfofr?%lﬁrr}rl;/noe)l rﬁ n}(f)dm)?lphenyl] -2-
mdxwﬁmb}wnyd))pe}gd}wy}bntyldwhy&:r}esulfonamﬁe and related compounds

Ao S LB Ry e SR Sty S (B e
dlg?ffgi(?fi{%%?)(&?m&?}(ﬂéxpﬂhﬁﬂﬂoj -108/E8RREN L 2R S8&methyl)phenol and
relgt@REBpamfi8disélosadyih AMO3) 0241489, rubkisheld emy¥prcR 27, 2003; N-{2-[4-
((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl} -(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine and related compounds disclosed in U.S. Patent No. 6,576,793
B1, issued on June 10, 2003; N-{2-[4-(3-phenyl-4-methoxyphenyl)aminophenyl]ethyl}-
(R)-2-hydroxy-2-(8-hydroxy-2(1H)-quinolinon-5-yl)ethylamine and related compounds
disclosed in U.S. Patent No. 6,653,323 B2, issued on November 25, 2003; and
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hydr oxyet hyl } am no) hexyl ] oxy} but yl ) benzenesul f onam de,
-(t rt-butyl)-3-(4-{[6-

W@ §qoam)3424 [ 3- (f or myl am no) - 4- hydr oxyphenyl ] - 2- PgUS2098029013
hyl } am no) hexyl ] - oxy}butyl)benzenesul f onanm de, -(

MEIFIRC AT Sh T B TR
SGEFIEM LI DB i B oo

2 ﬁhenylethylammo)phenyl]ethyl} -(R)- 2-hydroxy—2 (3 formam1do-4-
oxyet h anm no) hexyl ] oxy} but nzenesul f
Sﬁ%%yipé?f&tl)@ Y ﬁ@@népiy yé}ée 3@@@?@?%99@331%? ffoe
pH L PR R o%*ya & &5%%@23#@% Tipfpl Rais shol
%;ﬁca(lljfyﬂfe(ﬁ%—)aﬂﬁ}bwcém&edg@hlsawdl bepasar it anpaomatsufficient to provide

sclosed in WO 03/024439, published on March 27,
frop@hout G.82 pgto about 500 pg per "dose.

( ( ' 7%? ox %[t?/§¥tfegor1%g%ﬂ %Q@f%@ﬂ ecﬂé/tl e}d' 141'00)nb1nat10n

wim ther @Jnﬁioﬁﬂdﬁ@ﬂmﬁlimﬁmdn sihateeblutiafe hthlmlEEﬁl te[n&leﬁdtyl predmsolone
6,576,793 Bl, issued on June 10, 2003;

priednisalone; degamethasphe, Aluieasons Prionato, é&rﬁﬂpﬁ@nw €rhyl }-

il bR R Tt oretb it e Pt g bl acid

S—ﬁﬁoro@ae@l%?r o8 6@2d1ﬂ‘u§1§auﬁﬂh OJE'P-\I@ Ui*ﬂ@t!hylz§~OX3QQ3proplonyloxy-

andphar maceut’i cal [y acceptable salts"ther eof
amhwﬁ&@ﬂhhmueﬁbodbu@mnqmn&S(Bzmo&Mwhmhbﬁmapﬁ&wDagwnlst

bqlc%an?qﬁ%sérsnt( ?qltcle,rlf ?@g EB@ ?Eﬁgpfp?%lhl oS d|%é ]t7a£]l ﬂlgfopmnate ester),
bydasshild, gﬁh % 4 'mamé’%asl&}ig B '(8 g(tﬁe MBE@%‘L@B fHamcinolone

ydr oxy et hyl am ne. Wen~enpl oyed
adefonidty, mftepemdp,tmle@gme; butmmcbﬂt ptnplqmam&?ﬂ{ il%%ﬂ]eST 126 and the

11&%@%&%&%&%%—%& $n g}llepep e agggtﬁt | C%%rpsqt the steroidal

PR A e wa&@gﬂd&o e AL B o

1 6iepiegtseBloxbhydosit-2 [4odicnd- 1’E{31t:arbbﬂhfdlﬁm‘i&t5’qmor@gah§f156stdﬂ ot a
can be used in conbination with the conmpounds of this
phanpeerutieally ssceriade st or sohatederepf. nhen o fn@loyu%tthg‘/ pteroidal anti-

rednj sol f
o808 PS8 0 RS ATR DO AnGea i SRRy
effdelive ¥eho @ty “TypleallBithey stedidad m&ﬂﬁl&ﬁhaorylagémd\lvﬂlﬂf&present in an
17-carbothioic acid -fluoronethyl ester, 6,9-difluoro-

amqum)%dfﬁ@i@}ﬁ tcmovxéetﬁwm 313)116985 12 to ghaiBi ORISRy 49%6r ost a-

VEF Setals GPEREMIRSLEIGR, B gpampote by sniiingamatory sgents

g WA&D@ esudh ab Blidnd cRIrRE Podbd; @e@cﬁir@rhll@bdﬁlﬁle phosphodiesterase
7, 21- di propi onat e ester budesoni de, qunlso i de,

(FRFDenkibdens (est beephylling, PPR4 ithibiters er méxesyBDE3/PDE4 inhibitors);
el PR e e AR e R Sy S 8BE B fifais vos

inhibitors; protease inhibitors, such as tryptase and elastase inhibitors; beta-2 integrin

antagonists and adenosine receptor agonists or antagonists (e.g. adenosine 2a agonists);
cytokine antagonists (e.g. chemokine antagonists such as, an interleukin antibody ( IL
antibody), specifically, an IL-4 therapy, an IL-13 therapy, or a combination thereof); or
inhibitors of cytokine synthesis.
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i ke, or pharmaceutically-accetable salts thereof. In
a particular enbodi nent, the steroidal
W@ebA23s4 ammat ory agent is 6a, 9a-di f | uor o- 17 PCT/US2005/029013
a-[(2-furanyl car bonyl ) oxy] -1 | b-hydroxy- 16a-nethyl-3
- oxoandr ost a- 4-di ene- 17 car bot hi aci d
S- f | ol rrer&%ite@?atlw Plépsﬁh%}l?ﬁé%réiﬁ"i‘ Z‘%{P%} ighibEats A6 mixed

P%ﬁ‘ts{mjliir‘# Ilaglbﬁ%gsethmh%g use %gﬁomr QY St thb % gs&fas dthis

or agent w esent 1In

inpbatidiEiaclutie, bat aamplisiited m’lczls - @aﬁd?é¥(&-m§rtlbpaitjrlyxy-4-
ef fective_ anpunt. Typically, .the sterojdal

mgthoxyphenyRpieiahskgn-hsamoxyliq acid @-garlanasthoxsnd-grenends (Gt

)ﬁg&pﬂé}?}’hg@{hoky échﬁMJ)rgﬁqu}{o %&H%C%l g?%ﬂgg O:hgcl & dgf 3%99 -4-(3-
cRATO EmehbReH-dflhbrotetHor pteon oy cadeRrirs 1 -ot]; gz.s 4-CRAd1As 3-

(such as sodi um cr onogl ycate nedocrom | sodiu

(Wﬁbﬁ@ﬁﬂ@ﬁ@s‘lf @reﬂgq%ﬁy?h@rz} cqueesmeol@al(oexghc 3 gshilp likpeor
p]Paé'ﬁéo u??éél?};eéc% a Onl S%tﬁgrf g . ?eﬁ' St]?‘{)ﬁgr or mixed

PDBAPADE Dikibeors muhaé AVEDE] 2szmt (@Rﬁdnf;, NUSCﬁsl (MNSBRMD| B4418
rotease inhibitors, such as tryptase and el ast ase

(Ghirpspiencsrand %é@@ngszg@gﬂlﬁ%&toa bhi @878 7R Ezerddgnegdiqxole
t
c R Li:RR901 51 5 RIRABON L 51 Sc AIRIBFA BRARSy v-112942

(Ndﬁo?g@ﬂuﬁil&st%B?thﬁﬁde ?l’pthdlizﬁﬁdlﬁ%hfpoﬁﬁﬂsi dastslevse(i ui t099/47505
anti body), specifical an IL-4 therapy, an IL- 13

(Bykeuldgn); Brmafentinsi (Bak@ﬁdqm apwdkljanak arafiiing (A brisalbf

P DA PSSP Ao 1255 v

sg{g)ﬁ&{)PDm I nhibitors that can be used in conbination
w th the conpounds of this invention include, but are
not REprieseaghttve rmisgamm@ y@tngpmstf( G-co yotiddinesgioggents) that can be

t}lg??%ﬁl@?ﬁ%l}(gyc% gﬁ)ég(iltlf)% to ebé)oX ;l)c;u(r:ldg 8f tﬁjﬂs invention include, but
a@ﬁ@& BRIEPY0 BRbHIAY )/atl‘bgﬁiefshliﬁté ORI ROLRNE M A FIpREai R e,

1-one; cis-[4-cyano-

hoyatrappeimdotiremids !;W“SCEHH‘HIHG 64, dniestcnohxyiidan yeopelastinhex an

by B, TP G A o 5 PR BogdS, iglamiumm bromidso .y
Iﬂeﬂﬁnﬁghﬁje %ﬁﬁaahfh%hhé KRmid, aﬁf@@t&éﬁiﬁ@ﬁ%ﬂ%gbﬂma@ %ﬁ&ﬁﬁ\ﬁh 8romide,

salts théreof. Other representative PDE4 or m xed
cmﬁélmbﬂmﬁ) hﬂdpmmmldﬂ:ﬂodrdie mngQlaﬂﬂﬂromaldotmhl)qxethyl chloride

RSP o3 IS0l SIS a7 BV PR 5P fropicamic,

: 7 2 ‘
uﬁﬁg@hﬂﬁ%ﬁ%ﬁ% §elJ S mE%é%%ZZ th V@I\g%%(fl 1650 YNGR tramine
ancothk liike,| caatplﬁﬁydtoe@%alﬂgm):qeppﬂblt&a&aﬁzthmo@ ot dopihosed®mpounds listed

S R R
P
Sre?yﬁk%r)@géﬁgz)rglge}%@{ﬁé{a%ﬁr%@glbé MBI-RRkbR? antdssttds)A@nakBe used in

combination with the compounds of this invention include, but are not limited to,

ethanolamines, such as carbinoxamine maleate, clemastine fumarate, diphenylhydramine
hydrochloride and dimenhydrinate; ethylenediamines, such as pyrilamine amleate,
tripelennamine hydrochloride and tripelennamine citrate; alkylamines, such as
chlorpheniramine and acrivastine; piperazines, such as hydroxyzine hydrochloride,

hydroxyzine pamoate, cyclizine hydrochloride, cyclizine lactate, meclizine hydrochloride
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Sei yaku). Representative nuscarinic antagonists (i.e.,
anticholinergic agents) that can be used in
w@eobiozsasi on with, and in addition to, the conpounsx08629013
this invention include, but are not Iimted to,
atroplne atroplne sul fate, atropi ne, oxide,
0

@qﬁbyllzmerhdémqb Rides RIPE1AIPRSnEHCh @B RAEMIRPLE dyiosthagiine
ORI 5o b U AR EILA p AEEL AT e g

hydro¢Hiexide; axdMistint Ugdrotitiblids tahe the ke, pr Opkarivaedutioslly acceptable
brom de, ani sotropi ne nethyl brom de clidinium

sabt eat or depieporaroupi® bﬁtﬁ‘il Ay a sals albprapis pharandceptically acceptable
@[@‘?1'%5?' ate brom de, tridi hexethyl chloride
one), hexocyclium net hyl sul fate, cycl opentol ate
hy dr gaifdbds détes fortixpothanthe@petici dgenty plviighled in combination with a

hydrochl ori de, pirenze EI ne, tel enzepine, AF-DX 116 and
corapavstof 8 invendiod 2rhia the keage of aboup AHS meg/dat fodbity100 mg/day.

?f;f Elé E’él%g’%g%fog‘ltnpl tlsgsl; ﬂlélftédtﬁ %eg)[[rcﬁtgllé] oﬁyq @&%ceu%cal compositions
0%@9@5%Ilﬁveﬁﬁbﬁ thereof. Representative antihistam nes
(i

.€e., Hi-receptor antagonists) that can be used in
conmbi nation with the conpounds of this invention

i ncl ude, but are not lg_i m'tled tﬁ’ eilhgnol am nes, such
as car bi noxam ne mal e U umar at e,
di phanyti, Bbfﬂﬂéﬁbf‘é‘drﬂi}’ﬂ’iﬁﬁ&ll By irﬁﬁlaﬁﬂﬂ 1sdﬁr§.ﬂgﬂ’ 8 foliBs:
et hyl enedi am nes, such as pyrilam ne anl ea
t ri phigesdnants ne hydrochl oride and tri pel Anmant ne

© Ci t r ate—atkyH-ar-Res—sdeh—as—ehi-e—heniram-he—and

acrivastine; piperazines, such as hydroxyzine
hyerQPbﬁhb%enﬁé/@r Oxyzine panpate, cychhzhpe
hydrochl ori de, cyclizine |actate, neclizine
hydr badtéser i deand cetirizine hydrochl ori 28mg

. p| perl di nes such

hydr ochl ori de, | oratadine or its descarboethoxy

anal RghesentdaivE PRALHAE cf)l% Q&ﬁi@%gﬁw@%ﬁ%ﬁ% hiSfnfed and then

azelastine nhydroch or| ; the a
blphdudrveittelatiosal This dmded nimttereﬂa tientibeeicd ddtp agyelatihdnhalation

those npounds | i sted. as er.nate
Frnd B 0TSt 9% @ee%&l&ﬂ ae éémmsttﬁ@ Being 2 sapdghiphaler.

doses for the other therapeutic agents adm nistered in

conmbi nation with a conpound of the invention are in

t he range of about O.B&ndtitmyEtampddBut 100 ng/ day.

The foll ow ng fornul ations jllustrate representative

phar A newde foppmpiian for gpsingy dry pewgerdabsationdeyige ig prepared as
oAl ation Exanple A A dry powder for administration
0by I'nhal ation is prepared as foll ows:

Representative Procedure: A pharmaceutical composition is prepared having a

bulk formulation ratio of micronized salt of the invention to lactose of 1:200. The
composition is packed into a dry powder inhalation device capable of delivering between

about 10 pg and about 100 pg of the compound of the invention per dose.
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I ngredients Anpbunt Salt of the invention 0.2 ng

Lactose 25 ng Representative Procedure : The conpound
w@Roobhes4snvention is mcroni zed and then bl endedI/vb1005/029013

| act ose. This blended m xture is then | oaded into a

gelatin inhalation cartridge. The contents of the

cartridge are admnis a er inhaler.

For myl at i ] . . i f

i adry OB BRI R i by BRUREG LPL BN Gle iilaidiSE
piephredus follBeRr esent ati ve Procedure: A pharnaceutica

conposition is prepared having a bulk fornmul ation_ -

r at | Bepiesapiative Rrocsdurep 1y suspensial Gomamng § v & ofaelod the

. ]: . The o it ' J ry

a0 TRE /R ORRARI & pRibatch SRR T Og B HotoRIAL or the

inOntith asngicAddiet paARlexgvit mehesicorpomag 10 e solution formed
i nventiaon per dose.Formul ati on Exanple C A dry powder,

frogr0. 2801 eghinglisselyedyn 20{hmlafidsmingsalizedwtassre d hg gawension is
' . [ . . I tatly .
s A i SRR i B i S ERERS G4 o preopy ameter
lef thhfe 5 il e Theé partiolRs afd. 18adtd infdartaifddiwith Srefpiueiped €4, 10
di spersing 10 g of the conpound of the invention as
terpuQIngtlanf. particles with nmean size less than 10 mmin
a solution formed fromO0.2 g of lecithin dissolved in
200 nmL of dem neralized water. The suspension is spray
dried and the resultipgniBitRm Bdani3e DI Croni zed to
particles having a mean dianeter less than 1.5 nm The
par t Adhesnagewtiqadeeiapositinnofos ase injadygeisrogidoke mhalss isrirepsged as
foi]ﬁl 1l,2- tetrafluoroethane. Fornul ation Exanple D A
gl;smaceuti cal conposition for use in a netered dose

I NhaR epredehitafiv e PASce@uras Af Qlsh&ifon J3RRKAREHLALAIVES the invention,
Procedure: A suspension containing 5 %salt of the

0.5 ¥ &asithinn and)).5 %4releadoselis prepaned by dispessingshabbawiviegngredient as
r epar gd di spersin of active ingredient a
R Bt R Gieat She oe¥ i Wi 8 5 ol Bty et rom
0.3 SHlteBhda aridd 51k ioP ol RS olvea® Y0P, &fde}ﬁ;ﬁé}akéea%vater. The
and 0.5 g of lecrthin dissolved in 100 nL o
sudpenisivaria kprag drigddrek the Tdselting material is micronized to particles having a

mean diameter less than 1.5 pm. The particles are loaded into canisters with pressurized

1,1,1,2-tetrafluoroethane.

Formulation Example E

A pharmaceutical composition for use in a nebulizer inhaler is prepared as
follows:

Representative Procedure: An aqueous aerosol formulation for use in a nebulizer

is prepared by dissolving 0.5 mg of the salt of the invention in 1 mL of a 0.9 % sodium
chloride solution acidified with citric acid. The mixture is stirred and sonicated until the
active ingredient is dissolved. The pH of the solution is adjusted to a value of about 5 by

the slow addition of NaOH.
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suspension is spray dried and the resulting materi al

is mcronized to particles having a nean di aneter |ess
W0 b@n/03345¢ mm  The particles are | oaded i nto caPtBUS2085/029013

with pressurized 1,1,1 ,2-tetrafl uoroethane.

Formul ati on Exanple E_A pharmaceutical conposition for

use in a nebulizer in la as follows:

Repr iV C ; . .
For ren i Gp AP e agly FAER U S8R0 qugws:
di sspigwddightd). 5 ng of the salt of the inwewdunon in 1nl
.of a0.9 %sodiumchloride solution acidified with
citric acid. The mixture is stirred and soni cated
unt i ol [ ngredient is dissolve e pH of
> t he g%lfgﬁhgﬁﬁ‘%eé&%%j usted to a val ue of g%%u 5 by the
s| owLasishet(bpty-afiedyaOH. For mul ati on Exanppeo fngHar d
gelatin capsules for oral adm nistration are prepared
as fMlageessim piggiatedi ent s Anount Salt of t Hémignventi on
© 250 ng lactose (spray-dried) 200 ng Magnesium stearate

10 ng Representative Procedure: The ingredients are
t hr opghtbsenttiod Pesteaing: TR olcdasiethrt firbughlBledd@dndtth@loaded
~capsule (460 ng of conposition per capsule).
10 infod hadgelasine Expsis! (46@GA of GQ@EQ@E@%PW&J@PW@L
admnistration is prepared as follows: Ingredients
Amount ' Salt of the invention L Oy Fumaric acid 0.5 g
Sodi um chl oride 2.0 grididmton@aaieac0. 15 g Propyl

par aben 0. 05 G anul ated sugar 25.5 g Sorbitol (70%
sol uf\jsyspendipn 88 qyal administration is prepared as follows:

Ingredients Amount

15

. Salt of the invention - 10g

Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 015g

20 Propyl paraben 0.05¢g
Granulated sugar 255¢
Sorbitol (70% solution) 1285 ¢
Veegum k (Vanderbilt Co.) 10g
Flavoring 0.035 mL

25 Colorings 0.5 mg
Distilled water g.s. to 100 mL
Representative Procedure: The ingredients are mixed to form a suspension

containing 100 mg of active ingredient per 10 mL of suspension.
30
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Veegum k (Vanderbilt Co.) 1.0 g Flavoring 0.035 nilL

Colorings 0.5 ng Distilled water g.s. to 100 nL
woe@oesEM at i ve Procedure: The ingredi ents ar eP@i/Ksmho$/a29013

form a suspensi on containing 100 ng of active

i ngredi ent per 10 nL of suspeqélon For mul ati on Exanpl e

HAnanectabIeformJ d as foll ows:
I ngr gdi; ion 0.2 g Sodium
acetgiilel% solﬁt??i)lisi %a{fa%f¥§yo n. HaO (0.5 N) or

NaOngk&hmﬁ q s. to pH 4 Water (distil Aeshunsterile)
- .s. to 20 nL Representative Procedure : The above

ingredients are bl'ended and the pH s adj usted to 4
0.5 ' or 0.5 N NaGH. Util jhby, The
conpgﬁigﬁhgliggﬁﬁgg | possesses both b2 gdienergic

r ecePodinmagetatesiufien solmiac4 M)c recept op.oanl.agoni st
acti vi t¥Q and therefore, a 1, 2-ethanedi sul fonic acid

sal tH6A ﬂéné%ﬁbgﬁﬁﬂ)%inornula | of dtsht® Pt dsent

i nve d to be useful a peutic
'agen?%io §H§¥Q%ﬁk di cal condition Satéﬁﬁ%ﬁd by b

adrenergic receptors or nuscarinic receptors, r.e.

medi cal conditions that are ameliorated by treatnent

wi t hRepreseatativg Bronedunes ddip mbevedgsisiisntsgye ble ithe pH is

: o) condi tions incl ude,
wﬁ§&§£§‘%iag§§%%ﬁ%5 E#éﬂ%??g @%iders or di seases

i ncl udi ng those aSSOC|ated mnth reversi bl e airway

obstruction, such as chronic obstructive pul nonary

ase (e.g., chronic and wheezy bronchitis and

h L1 .
N S L R T ——
m%UaﬁBic'TEé/e R ahfa@8hi8ChckivRy h‘l’i’c?th@fe%t #1.9- étl?ati’lgﬁlsulfomc acid salt of

epre33|on congestive heart failure, skin di seases
the eogpouridndf farmmwla d of thegirésentginesntionds e)qiected amtle useful as a
orollferatlve skjn di ses cond| ions where |lowerin
Baetc Senddt jorbedesficaputijargnedipsp by B atangasarsepiors or

mHéc%ﬁf:ﬁtriﬁ%%iOéQri% i ‘i] cmdrﬂ gha‘i'a? %101&8% Bg Ei'te%giaeiit with a B,

I'n one IS tnvention 1's directe
adretdngid rdceptor agomst or a muscarinic receptor antagonist. Such medical conditions

=

include, by way of example, pulmonary disorders or diseases including those associated
with reversible airway obstruction, such as chronic obstructive pulmonary disease (e.g.,
chronic and wheezy bronchitis and emphysema), asthma, pulmonary fibrosis, allergic
rhinitis, rhinorrhea, and the like. Other conditions which may be treated include
premature labor, depression, congestive heart failure, skin diseases (e.g., inflammatory,
allergic, psoriatic and proliferative skin diseases, conditions where lowering peptic acidity
is desirable (e.g., peptic and gastric ulceration) and muscle wasting disease.

Accordingly, in one embodiment, this invention is directed to a method for
treating a pulmonary disorder, the method comprising administering to a patient in need
of treatment a therapeutically effective amount of a 1,2-ethanedisulfonic acid salt of
biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
dihydroquinolin-5-yl)ethylamino Jmethyl}-5-methoxyphenylcarbamoyl)ethylpiperidin-4-
yl ester or a solvate thereof. When used to treat a pulmonary disorder, the salt of this

invention will typically be administered by inhalation in multiple doses per day, in a
27
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treating a pul nonary disorder, the nethod conprising
admnistering to a patient in need of treatnent a

wo b@capast i cal |y effective amount of a PCT/US2005/029013
1, 2- et hanedi sul foni c acid salt of
b| rhenyl -2-ylcarbam c acid | - aﬁZ chloro-4-{[ (i

singleglafly demagn{@ A6 }55@9&62 Q;gp@r lypthe dose for treatmg a pulmonary

5- met hoxyphei i
d??%% gﬂ@§ % %I%Eégﬁ %Shﬂﬁﬁ@%%Aa or a solvate
t her gafen a%ﬁﬂst@&ﬂd)ytlﬂldlitﬁﬂ; the c@ﬂipﬂﬁﬁ@fdf thils $fedlBion typlvally have
salt of this invention will typically be adm nistered

th@;pffentr@pmm@mg|brpmhpdﬂq@|0e @@gerélrwé-sr I@a@othc?rrv as meifhad aspects,

d
tha%glggl%tbo?fiee ﬁﬁéﬁt‘%}ﬁ a I%Bt%f)%ﬁgr&(ll B%%eo aﬁ) n%‘ﬁ% 1n need of
bﬁ)ﬂ@hﬂdll&gom&ﬁ}éthb@ caRpHting Q@mﬁﬁét&%/g to\ﬂ‘l@ﬁatﬁﬂh chﬁlbﬁdcﬁlitlon-

by i nhal at'i on, the conpounds of this invention
prodpéioa kinguntzofe lr,fhethen gl fopifc q@rcbwtd:frbg)henyl -2-ylcarbamic acid 1-[2-

R RS PimA S R PO s 2RO leaRbplibS- oo "

yﬂétﬁylm%hfbgmbﬂh%cmwtﬁo%ypmywaﬁn@t)btept]plbendlﬁeﬂylca‘ster or a solvate

bronchodi'l ati on, the nethod conprising adm nistering
thereof.hGepeaelly the dosb f@rprhwdlngénomgﬂ@tm\mlgmﬁmm abeutaw png/day

i sulfonic acid salt of
t%?bﬁﬂts%@a”gg Pl carbamic acid | -[2- (2-chl oro-4-

{1 (1 1) or- RyHaR Yt Zth(ﬁnbé&ﬁfoﬁ)ié’ difec®O0 a method of treating chronic
1, 2- di hydr oqui noli n-5

olysltl)uethIdmonm‘}'mehgd c}rasthn@t ﬂemgh@wmmmmham]tp a

piRE! ihedd S5 Feasats L RPEr ol et armannt of 5 oihanidgyifonic
aél@@éd{ 0 Rl‘l@{yfj@ﬁlléa%a%lg WEidA00 - @UHIRS-4- gf( P@-@lydrox 2 (8-hydroxy—2-

nmbodi nme thi's 1nvention is directe toamet
oXm—éﬂtdlhgirodllnmmilm5qb)eﬂwlmhmv]mqﬂtmhﬁfrmtyOWerm)slwrbamoyl)ethyl]
asthma, the nethaod co admi ni steri
p@smh@rﬂ Y140k BE B ol a1 R o g e Yok § COPPyor Bsthma, the st
of pGibntfon SR Wficdlly R ainfiniEloha ﬁ?‘a%‘%fﬁdéﬂiﬂg?%% &slper day or
ifq émgl): d2Hngakeo ﬁen@r—a(lﬁ, thy dom(fyr @eating COPD or asthma will range from

L D T LS R e
blﬁﬁéﬂ@gﬁ?& BEFBREma YN %ﬁﬁn;\gMQ I?Jrﬁ@st Cﬁgﬁg; @ggﬁ[‘ucﬁ% BiFnonary

thls i'nvention
Déxtagen VSTl £d/da2000n24326B78)L n - mul t| pl e doses per day

or in _a single daily dose. CGenerally, the dose, f

t r eatVhisg %%{9 teat & piimanan disordemhe splt o hisyentiqy s optionally

r ai.p
o4, U A S ALy s i
efnb Gdimeﬁt) theeptarmacentica bampomﬁ]mmdcm&b@isrdf ik Wevention further

Pul monary Di sease, N Engl J Med 2000: 343:269-78)
cwewq?sfberapemcalé‘é@ff%ptm IaWGH%‘r%f acfterpidabant l-mﬂémgﬁtqryagent

TBQ h%olp ?Qﬁd ik Hﬁ%f ? BL etﬂ%l‘%tei sﬁlf@l‘ﬂ?‘h&h‘%ﬁr (?Iqhis%ven‘uon can be

PO Wt rapeuti ¢ agen
délﬁ@lﬁbtﬁteﬁ@dsﬁlg viatlods @akifo abd Arvivo assays well-known to those skilled in the

art. For example, representative assays are described in further detail in the following

Examples.
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enbodi nent, the pharmaceutical conpositions and
nmet hods of this invention further conprise a
wo bh@capasd i cal |y ef fective anount of a steroi dedT/US2005/029013
anti-inflammatory agent. The properties and utility of
1, 2- et hanedi sul fonic acid salts of this invention can

be denonstrated usi ng vari ol PLES 0 and in vivo
| .
R R e e e

erhbudierits dethid invértionh @hted dpevificgnibodinures hbxXandr] 48 ndhimtended
follow ng Pr eggr atigns_and Exanmpl es arg praqvided to
tojliopif; thersgpre off amfe@tl@%b%nyrfw wilgss spepidellyyadicsted.

The iy
S?héi%ﬁﬁkﬁﬂgsa R T e SR T

1n&i@@l@tlfah@ ahy Mhbﬁulibﬁéizﬁeeﬂms nibee] Hendih and not @lﬁhé@ha\&tthan standard

have the foll owi ng nmeani ngs unl ess ot herw se indicated
mg#Hnginy ot her abbrevi ati ons used herein and not

defi ned have their standard nmeani ng: AC adenylyl

cycl ase Ach acetyl choline ATCC Anerican Type Cul ture

Col | gcti on BSAudepylyn@ictae um al bum n cAWP 3'-5' cyclic

adenggh ne NONORRARSING ﬁh@ CHO Chi nese hanster ovary cM

c(:: O”ﬁ‘c@'t mlangﬁ.l%n @g&ﬁ%wi oqhl or omet hane

- di | S opyI ete!j)v I%fm ne. ngmo }? %hosphat e
buff sal in 65‘8%%11’9“ SPREY Eagl e’ s
Medi GHODVBO di HingsF hagister OYpe EDTA

et hy¢Mnedi ani nderadrismpanzee ¥hitgcapiaix maxi mal ef fi cacy
Et ONCM hy| acditlbenitiGHedi.&amethyleBS chletidé) bovi ne

ser up1PEA N, N-diisopropylethylamine

dPBS Dulbecco’s phosphate buffered saline

DMEM Dulbecco’s Modified Eagle’s Medium

DMSO dimethyl sulfoxide

EDTA ethylenediaminetetraacetic acid

Emax maximal efficacy

EtOAc ethyl acetate

EtOH ethanol

FBS fetal bovine serum

FLIPR fluorometric imaging plate reader

Gly glycine

HATU O-(7-azabenzotriazol-1-yl-N, N, N, N'-tetramethyluronium
hexafluorophosphate

HBSS Hank’s buffered salt solution

HEK human embryonic kidney cells

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

hM; cloned human M; receptor

hM, cloned human M; receptor

hM; cloned human Mj3 receptor

hM, cloned human My receptor

hM; cloned human M; receptor

HPLC high-performance liquid chromatography

IBMX 3-isobutyl-1-methylxanthine

%Eff % efficacy

PBS phosphate buffered saline

PyBOP benzotriazol-1-yloxytripyrrolidinophosphonium
hexafluorophosphate

pm rotations per minute

TFA trifluoroacetic acid
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FLIPR fluoronetric imging plate reader Ay glycine
HATU O (7- azabenzotri azol -1-yl- , ',

wO 2a0em2REAet hyl ur oni um hexaf | uor ophosphat e HBSSPEENK2085/029013
buffered salt sol ution HEK human enbryoni c ki dney

ceII EPES
4- (22 H?droxyetWF‘l}Ydio%rﬁﬁeram neet hanesul foni ¢ acid hM

cl on8@ hunan Mestydepyaetypminomebensunan M r ecept or
hMB cl oned human M3 receptor hM4 cl oned hunman M4

ni o nOBlEes B A 80T r e D I GRSl PR vents were purchased

frémicoRIHrdhr Pﬁ gsluéﬁ 8§ RildieehYEhka 9@1@&%‘&@% 1i88Pand were used
phosphate buffered saline PyBOP benZotriazol -

withqut diwgher ppyifieasiondi nophosphoni um hexaf | uor ophosphat e

t = i fluoroacetic aci dTHF :
T et e
(PR 86, W) SiR1160 MsBBmehORRE Zbbax Hoahl RPS . 1MREE 'iiillﬁ leSlumns,
and sol vents were purchased from comercial suppliers

suppu@hbsaAng; (adh 4 deluring), hBiiggra 3 dndicrdrepdriikle izanDetwetien was by

Ul aBRoPhint der b iBiLe Hab e Rt oo Lar

0.5a1!/Bittuté E’Pi@wo%’s 0969 6 §&ﬁdt8s3 MibBe pRE m@gsgﬁ_ KN' §d%% - 0.1%

Zor bax Bonus RP 2 nmm col ums, * sup
ABYFHEHTFA; anCibbilo pham)B wha90 Pig- B0 % 0. % AGIN- H@OtTM eUsing

e TR W RIS R SRR B ST 1t

ob:h 8 WL g 5q{1m;1 O/ng&e/ﬂtB over 6 mnutes. Mobile phase A
was 2 % - 98 0. 1%
Liquid chromato graphy mass spectrometry (LCMS) data were obtained with an

Applied Biosystems (Foster City, CA) model API-150EX instrument. LCMS 10-90 data

was obtained with a 10 % - 90 % mobile phase B over a 5 minute gradient.

Small scale purification was conducted using an API 150EX Prep Workstation
system from Applied Biosystems. The mobile phase was A: water + 0.05% v/v TFA; and
B: acetonitrile + 0.05% v/v TFA. For arrays (typically about 3 to 50 mg recovered sample
size) the following conditions were used: 20 mL/min flow rate; 15 min gradients and a 20
mm X 50 mm Prism RP column with 5 micron particles (Thermo Hypersil-Keystone,
Bellefonte, PA). For larger scale purifications (typically greater than 100 mg crude
sample), the following conditions were used: 60 mL/min flow rate; 30 min gradients and
a41.4 mm x 250 mm Microsorb BDS column with 10 micron particles (Varian, Palo
Alto, CA).

The specific rotation for chiral compounds (indicated as [0;]*°p) was measured
using a Jasco Polarimeter (Model P-1010) with a tungsten halogen light source and a 589
nm filter at 20 °C. Samples of test compounds were typically measured at 1 mg/mL

water.
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ACN- H2O- TFA; and nobil e phase B was 90 %- 10 %- 0.1

% ACN- H2O- TFA. Usi ng the nobil e phases A and B
waele®entsd above, HPLC 5-35 data and HPLC 10- 99CTHES$H05/029013

were obtained with a 5 mnute gradient. Liquid

chr omat o?raphy mass spectronetry (LCVS) data were
PEpazatiaiil i t h an Applied Biosystems (Foster Gity, CA)
Mgpﬁlﬁl P i gﬁr‘g@b 10-90 data was

obt ai4ne l\}m&?@ﬂfg?%e- g/(‘)lin%q&/iﬁl e phase B over a 5

m nuTe agodbe of 4-aBSimd-5-chimad-2-methokytwareioacidd$.008 g, 5.0 mmol) in

cqonduct ed using an I 150 Prep \Wrkstation system
a PRyt ieiveee @%&&%&Acg%&mﬁgl it 8 “brdzseadded AT wat er

Q 3 : P i i (o) - ITF
(iRl dhaha i A BRELAR, S00E €0 Rublitplict e
reaatigal reixsire eyas ttihee waidedwo Rgpnt contperatarandstiged f@d 6 2 Excess

nL/mn flowrate; 15 mn gradients and.,a 20 nm x 50 mm
(tppyethy]sph digrarmethaie ‘ﬁaSEHW'?P%Fé‘rWﬁé‘Iﬂ{nig@P%%c qeithuptpghe bright yellow

i) [ t r
cdMPONEL LSS A B e Bl G AR v o
gisa i ti)e cobtppuhd bé avbffgvidtrersdlitlj wiish was asadsweidhoud Gurttet M N

flowrate; 30 mn gradients and a 4 1.4 mm x 250 mm
Pyifiseliedr b BDS col umm with 10 micron particles (Varian,
Palo Alto, CA). The specific rotation for chiral
compounds (indicated as [a]20 D) was neasured using a
Pospaeatidto2 ari meter (Mobdel P-1010) with a tungsten

hal ogen |ight source and a 589 nmfilter at 20 C

Metinyl [4cA cigiolaminacSneployadsmehoxybenzoate | y neasured at 1

ng/ nj r ' .
4ot R Bl R Ao WL Wl ciehioromgttps 19 gt 0.5 M0 and
tri¢gtidMdniige B2, € MIQNEn2mOB! MBKUHRAZS Was 36618d {ol0 008ndac 10?1 clhloride

mmol) in a mxture of toluene (9 niL) and net hano

(32 plal 0 o hveres aditeddirgnwisereithystigingy | Aftir 2o et teaston(waso

e e ket a2 ST b 4 LR Py e it WAk stirred
at\?\ggﬂlrtﬁﬂpér%relfér hs nf% 688 theh (chhdBRkraNh 34 Ldubd i[ﬁé}ﬁ&?o&%%{bﬁe (30

guenched by adding acetic acid until the bright
mye bhdwateo (3Ormbj weteeanddedtst the resiiugtand ¢hisl s siprewasadixed ieoroughly.

I xture was th cqoncentrated in vacuo t |ve . the
T By St said A OOt e0Hs EETens aitacipy B iiqemgthane (20
m.t PRUSrhME 13RS Wetkichinfell Otied (Na,SOy), filtered and the solvent was

removed in vacuo to give the title compound as a brown foamy solid, which was used

without further purification.

Preparation 3
Biphenyl-2-ylcarbamic Acid Piperidin-4-yl Ester

Biphenyl-2-isocyanate (97.5 g, 521 mmol) and 4-hydroxy-1-benzylpiperidine (105
g, 549 mmol), both commercially-available from Aldrich, Milwaukee, WI, were heated
together at 70 °C for 12 h, during which time the formation of biphenyl-2-ylcarbamic acid
1-benzylpiperidin-4-yl ester was monitored by LCMS. The reaction mixture was then
cooled to 50 °C and ethanol (1 L) was added, and then 6M hydrochloric acid (191 mL)
was added slowly. The reaction mixture was then cooled to ambient temperature and

ammonium formate (98.5 g, 1.56 mol) was added and nitrogen gas was bubbled through
-31--



Preparati on 2 Met hyl
4- Acryl oyl am no- 5-chl or o- 2- met hoxybenzoate To crude
w@emdozsof Preparation 2 was added di chl or onmep¢ENS2003@29013
m, 0.5 M and triethylanine (2.1 m, 15 nmol). This
ure was cooled tq 0_0 and acr onI chloride (812

thwofuilen FrHoruslipior 2Qgun. 8r rw/‘)é‘ﬂlb’haﬁlﬁ)g“i agtivated garbon)
(% g}l e R e RO .e%asf%%% A TR H SR

fiteredtiireugied pddsfCdlies. The $6lventhds tHaRertovsdanideated@dceddpressure
vacuo. Di ch oromet hane (30 nlL) and water (30 nL) were

anghMchydepchlosic agi; (40 @ﬂa)rvwsmdri 9 the orude vigsidugi Sedium hydroxide

Pl T AR AT 5 PP LB 8 PSS s e
adtGE(D £ 1 5@Ie)) andariel GRipaksiash, suﬁaﬂeg%& Nibn$ﬁ?§r§olvéﬂt a8 k@ foved

and the sol vent was renpved in vacuo to give the title

urdsiprsiuae pressarcdoaive the sifly camppend (A5 ghl¥¥s). JEREC (10-70) R, =

f R [
2 SR R B RS B o,
Bi phenyl - 2- |socyanate (97.5 g, 521 nmol) and
4- hydr oxy- | - benzyl pi peridine (105 g, 549 nmol), both

ngﬂglly avai l able from Al drich, MIwaukee, W,
re heated together at 70 C for 12 h, during which

Meithngl 4t—Be[#@ipﬁnm-ﬂéammm&y)lﬁpwldmb-gl]pﬁopiﬁnyilammo}-S-
| - benzyl perldln 4-yl ester was nonitored by LCVS
chigeo-2-anethoxibeRzoater ¢ was then cooled to 50 C and

et hapg kl.se(c]-v\%&se) pr}é\%ﬁ:é %ﬁ?ﬁﬁey Qfﬁﬁ% eB s g%lé?lytﬂé?%h&r dﬁ’rgfa.kéjtion 3

(191 ni react1 on xture wa

(1t38em Achmined) 4nd samhiteetof TEIFP@EL At mF Paraidetmol2 SmmL). This
was added and nltrogen gas

m&a&éfgat}*tﬁ?g Ba(egfgd gh?% Lé- ﬁ{?‘gétlﬁféﬂ&ﬁoif o h\ﬂmé s iBe solyent wag remeved in
VA(?%J frge 1t Qabnrote SrdorRATL R, 80 BERIAG B SR B80dompound

(0682 gtCRfS 0‘4;!299@ylbldamér B h&ps)fashheifﬁd'hﬁél fdaughsoﬁdleS afz 566.4
e. The solvent was then renoved under reduced

Ite.

(l\éfgs@il?ﬁ%te@ﬁ@ ?‘Rﬂfﬂﬁp}é@ﬂ]ﬂ@@ acid (40 mL) was added to
t he crude residue. Sodi um hydroxi de (10N) was then
added to adjust the pHto 12. The aqueous | ayer was

Peoparaidesl Wi th ethyl acetate (2 x 150 nL) and dried
(magnesi um sul fate), and then the sol vent was renoved

BiphgByl-3-yleachamisrAcid dr2-@Cljove-4thydroxyanethybipenthexy-155
czﬂy(i:c%gl{? or%&%&ﬁ@ 'gi%'.l%%rfsgung/sﬂ%.z& [ Ie’/lr;pz:ﬂati on |
4 To a solution of the product of Preparation 4 (0.82 mg, 1.45 mmol) in a mixture of

THF (4.5 mL) and methanol (0.5 mL) at 0 °C was added lithium borohydride (32 mg,

1.45 mmol). The reaction mixture was allowed to warm to room temperature and was

stirred for 41 h. The reaction was then quenched by adding 1N aqueous hydrochloric acid

at 0 °C until no more bubbling was observed and this mixture was stirred for 10 min. The

solvent was removed in vacuo and the residue was dissolved in acetonitrile (about 2 mL).

This solution was purified by prep-RP-HPLC (gradient: 2 to 50% acetonitrile in water

with 0.05% TFA). The appropriate fractions were collected and combined and

lyophilized to give the title compound as a trifluoroacetate salt. This salt was treated with
isopropyl acetate (10 mL) and 1N aqueous sodium hydroxide (10 mL) and the organic
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Met hyl

4-{3-[ 4- (Bi phenyl - 2-yl car banoyl oxy) pi peridin-1-yl]prop
WO enwglozasno} - 5- chl or o- 2- net hoxybenzoat e To t heCT/DSZH85/029013

product from Preparation 2 was added the product of

lag’)ére a$ Cmi_ll)?g gq}dlni(?gilﬂ %égﬁ) (éfegeiﬂ.ﬁ?x;il_ tﬁq-mqgeq%nvgrgg )lrjstfnggs(%gg;; vglz—cl_zltlz to give
thE A RenBbum( 161 d, B1 644iE) B ifte Randl, S, WISHL B5.4 M+,

vent “was vacuo.
e@ac&dﬁﬁﬁ@ﬁ&ﬂ%{zﬁﬂm% gel; EtOAc) to give the title
conpound (0.82 g; Rf =0.4, 29%yvyield over 3 steps) as
an off-white foany solid. M5 nfz 566.4 (M+H, expected
gr C30H32CI N3G6) . Preparation 5
P@QH yl{ 2-ylcarbamc Acid
Bipﬂeﬁy(—Z—yﬁﬁkam%dm dn[amrféhhw-%fomyhmaheXWmnyharmy

IL ethﬁ%yl peri di n-4- & Ester To a solution of the
cqPame 1pinepidi Ia‘f‘ryd SEY(0.82 ngy, 1.45 mmol) in a

rri Xt % geglfu ll&FE or o% @ﬂg%ﬂﬁﬁ(%gﬁ%l(@g i)g{%im Ong

d1blelaﬁimananm 3 moavmadai dienwtieh 1 selfnede 219 WIQ 81D mmol) and
tenperature and was stirred for 4 1 h. The reaction

dijgapropisthydpreine K6 18y laiainmd). | Risirtoreswiasapobedtib 020 &C and sulfur

PRI rRrigg amhi Q3 Pl rBmO RO HOSh e B Ao LR the
reh&IBRAMARtird v@é@ﬁﬁ&cﬁ&ﬂb& Qﬁhﬁ@ﬁf‘aﬁ:&" EabORE3 HHIHS Thy ?éi‘/efsﬂvere separated
acetonitrile (about mL). This solution was purified

arfohthe D@HRFP%HPM@S @Qﬂh@ﬂ @l0y), fAiltexed s0ddlxcsolent wWas temqvnd in vacuo

o et b Tl SOR B sHE S5 A Bt 5551

fok @mg@gynd as a trifluoroacetate salt. This salt
vv;%}tgreate Wi th isopropyl acetate (10 nL) and IN

aqueous sodi um hydroxide (10 nlL) and the organicl ayer
vvas coll_a;ted, dried (Na SO4), filtered and the
s renoved in vacuo to give the title

te f lid
"B@“ﬁ%“ S R L RUBAZ T ° onea Naco)

(a}?r ep&muuxy-lfﬂ-aumwhnﬂ-eﬂe yl car bam c Ac: d b I

-[2-

et Lﬁ%ﬁ%ﬂﬂwﬁl% %OXE&@P% iﬁygﬁpﬁnq%m%ﬁ‘%ﬁgﬁoévgilable from
SRRl R SARHR A0 bl o, 5 FUEh) w8 pewggw 100°C

fof 2 hhndithencddladrimlide. e pdodizopa® ptylleetekl)dnarﬁuit&méﬁﬁﬁneﬂ_washed
1.5 rrm)aIn}‘1 This m xture was cooled to -20 C and sul fur
with acetic anhydride (2 x IOOmLS and dried under reduced pressure to give 8-acetoxy-

1H-quinolin-2-one (144 g) as a solid.

(b)  5-Acetyl-8-hydroxy-1H-quinolin-2-one

A slurry of aluminum chloride (85.7 g, 640 mmol) in 1,2-dichloroethane (280 mL)
was cooled in ice, and the product from step (a) (56.8 g, 280 mmol) was added. The
mixture was warmed to room temperature and then heated at 85 °C. After 30 min, acetyl

chloride (1.5 mL, 21 mmol) was added and the mixture was heated an additional 60 min.

~ The reaction mixture was then cooled and added to 1N hydrochloric acid (3 L) at 0 °C

with good stirring. After stirring for 2 h, the solids were collected on a Buchner funnel,

washed with water (3 x 250 mL) and dried under reduced pressure. The crude product
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trioxide pyridine conmplex (238 ng, 1.5 mmol) was added

slowmy. After 30 min, the reaction m xture was
wee@nosss by addi ng water (about 3 nL). The | apE€r/BESwWeF/€29013

separated and the organic |layer was dried (Na2SO4),
.filtered and the so]yvent was renoyed in vacug to give
isplateddram severhbaishes é§5 8 vVeysmbiaed aRd wiiaied Vi diploromethane
@%B6 WMt rEXRGH BN W32 c&]@ec}&f A% BEBRGH and dried under

reparati on 78- enzyl oxy- 5- 2-%rom)acety =11

redogddpetsstrede give thaditlSedmpdumdy12Y g).qi i i nol i n-2-one

8- Hydr oxyqui nol i ne-i V-oxi de (160.0 g, 1.0 nol),

commerci ally-available from Al drich, MIwaukee, W,

nd aGeli.§ «a i.de o .84 nol) were heated at
© 00 %%%1&{3? Sgﬂwfr?ggtelﬁéﬁgglggﬂnezdglﬂ% ice. The product was

col | e tiethroducd fidtcdige(b) (3nne| 186nastob)dvae ddde@diy C

n?ydride (2 x 1 [ under_reduced pres

a 0QrL) and dried sure
dimsthylipemgmided 2ok Ly an notassiym cotbgpate (33 23 50amgl) followed by
R e e e

2.25 Bowh sid|théropduhedimtd sifidatel sodiam hbsrided3i5L)i 4t ©,°Caind stitted for 1
product from step (g% (56.8 g, 280 mml) was added.
horie The Rraduel Wasscolgptad and drigdyeine Basher Stnmekios h dioph épd the

repfEh ey St Bl et BlafERd 1) pRURL RSt s ged over
sodélgh bilenél Tedsdltion Whefilkeed thr@phrd pddw e elieswhidR vas then washed
cool ed and added to IN h¥drochl_or| c acid (3 L) at 0 0OC

with dishlpseetheny 5 h300 miy.eThe eqmbipedfiltete wanhthep pencspiratad to

G558 SRR TR B SR B S B BA  roe

whd ¢iiRctied 08 UM chRrafuRkLf waNe$ eN@leter P2k QB0 nI() bAd deibd Wader
conbi ned and triturated with dichloronethane (4 L) for

redu¢ed pressutieds giveithgytidocorapavad (4HB) asot kavdst. a Buchner
runnel and dried under reduced pressure to give the
title conpound (121 g). (c) S-Acetyl- -benzyl oxy-1i
(dqu“ S.Behiloky-Sq2-bienioheetPhAdnghiolinm-shep (b) (37.7 g,
86 nmol ) was added N, Ndi net hyl f or mam de (200 ni) and
pot aBled prodeci fieomstele () £20.9 2g68.2 Bonebrviay disedlvedadlighjoromethane

P RS and ST 50.0 i rofin EiERoRRY btbyd Aetle GHYSpliat.0 mmo)
wiOHded vialyAn s b b Bt x SRMNy RV EIM A th §60rh 3o éfituﬁetto%i\%gé thick

and stirréd for 1 hour. The product was collected an
sudpéneipnoThe sBypehsien was heat¢d dtahd °C (odibath)and atshlution of bromine

(11.5 g, 72.0 mmol) in dichloromethane (100 mL) was added over 40 min. The mixture

o

was kept at 45 °C for an additional 15 min and then cooled to room temperature. The
mixture was concentrated under reduced pressure and then triturated with 10% aqueous
sodium carbonate (200 mL) for 1 hour. The solids were collected on a Buchner funnel,
washed with water (4 x 100 mL) and dried under reduced pressure. The product of two
runs was combined for purification. The crude product (52 g) was triturated with 50%
methanol in chloroform (500 mL) for 1 hour. The product was collected on a Buchner
funnel and washed with 50% methanol in chloroform (2 x 50 mL) and methanol (2 x 50
mL). The solid was dried under reduced pressure to give the title compound (34.1 g) as a

powder.

34



10

15

20

25

30

resulting solids were dissolved in dichloronmethane (2
L) and this m xture was dried over sodiumsulfate. The

waeloaneam was filtered through a pad of Cel it eP@iug81905/029013

was then washed with dichl oronethane (5 x 200 nmL). The
Pconbi{éled filtrate was then concentrated to dryness and
{eheTy %‘b?ti ng solids were triturated with ether (500

Iy S o Bl Ao R R E T A notin-2-
oneduced pressure to give the title conpound (44 g) as
. (d) _8- | -5-(2-b tyl)-Ili
3 o0 Wbl s B2 bt By it By B ool roge
68. 2(r v j i [ 200 .
and %goil L%’W%I%&?&%%l}&%ﬁ (éfdp? g’: ﬁlgil rrﬁ%@ﬂecﬂal gt %’F&gfnﬁgorxé\%ee
(1 10mA, 7 mn@??) Grererodhbingdisin asldad (B0AnT Y ahd g8rrédst tb&8 temperature
m xture was warmed to roomtenperature to give a thic

foz 30 punsiTop mixiyee wasplass ign W28 Craibbath and liged @rag disttillled off.
[ : ] (. 11.5 . (2
AR 30N o B et B Gt T s o

300 ML usleenEPakaided AThd BnidGrd Wis 18Bn a6ibd 10388 tdRp&afir@ ™ 500 uL
then cooled to roomtenperature. The m xture was

aliyat wag 9vapedtadie drynestangeneipheis@46 e12) heldetbrmmine that the

co%gé&t%giﬁﬁggc%&“}a%%ggfeous sodi um car bonate (200 nlL)
or '

our . e sol ‘were coll ected on a Buchner

f unreBenMAGHESL(WidhNBHOT)- 1A qXind B g o5,
redu,ceg pressuge. The ptr?lgducEl gf t%/om%ggdﬁ‘g%@%ﬁmgfplawd

urpdgy nifggeet anseteirahtydrafiandPORimLp mad added(Bhowyd bpathe catalyst
ool s 5D s TR TERE 2 il R R oot to
-10umPehin &Diie}‘in\ég)?)?@ﬁnm Eéﬁh.5ﬁ9/?aH@n{1h@N/Pin THFO3Y4950f ﬁﬂh&él}xwas

50 nL) and hanol (2 x 50 Y. The solid was dri
addedieyer ddd uBlsrepetimmswasgherostgiedentadditionsll 45 monaed0dC and then

4. as, a_po r. Preparation 8
mesRiioh (5105852 B S a0 A ey s opeentiviacder Yagiym and
thé R¢3L8 WY ldlssbl ilifls & ) R
D TSRl ot PRI o AR 1 b then cooled
to goomy tqmyp)eratyiee. Dihslveysydlpweterfilterdd3 Ozadhegl, with Zcetoririle aiddried under
trimet hyl horoxine (11, , 8 mol ) were con;oinedin
vap i B, e S50 A R ST T BelPodEmpb s Haldep asecoopure by
HBQCyn n. The mi xture was placed in a 150 C oil bath and
liquid was distilled off. Toluene was added in 20 niL
aliquots and distillation was continued for 4 h. A

t of 300 | uene s added. The mi xture was
00 o R B R B TR S KoL Pty oy IHanyl0xy) tayi]-1 -

quinolin-2-one

To the product of step (b) (70.2 g, 189 mmol) was added N, N-dimethylformamide
(260 mL) and this mixture was cooled in an ice bath under nitrogen. 2,6-Lutidine (403 g,
376 mmol) was added over 5 min and then fert-butyldimethylsilyl
trifluoromethanesulfonate (99.8 g, 378 mmol) was added slowly while maintaining the
temperature below 20 °C. The mixture was allowed to warm to room temperature for 45
min. Methanol (45 mL) was added to the mixture dropwise over 10 min and the mixture
was partitioned between ethyl acetate/cyclohexane(1:1, 500 mL) and water/brine (1:1,
500mL). The organics were washed twice more with water/brine (1:1, 500 mL each).
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al i quot was evaporated to dryness and wei ghed (246 ny)
to determ ne that the concentration of catal yst was

WA 2®6M23484 Benzyl oxy 5-(2-bronpacetyl)-| PCT/US2005/029013
H qui nol i n-2-one (90.0 g, 243 mmol ) was pI aced under
nitrogen and tetrahydrofuran (900 niL)

Theroratiaed prganise wekst %aw@teéé@é?r. fs@éPeQ @Wéure 10 81vma. light yellow oil.

T{)@ &gﬁ%%e. %ﬁl{gﬁk’ Pf(; é] Il(gﬁég%%ep Fnl%%?eﬁg Q@e‘&% %S%ngﬂia%on

coltinpe® @il rilthick Shitershir)y mfo&ddda dCouletiex4nd (3 O'GhﬁéL) was added to the
reaction was _ then stirred an _additional 45 mn
s waﬁ@j thegesylting Whiosrygtals gvere filtgiad, werhed wsqh@wplyhemn@ (300 mL)

o SRR By AR5 15 PR 0

ylfeldl,p&sedewhl | e hot and then cooled to room

tenperature. The crystals were filtered, washed with

acetonitrile and dried under vacuumto give the title
72.5 g, 196 mol, 81%yield, 95%ee, 95%

Pi:eg) %‘ﬂy LC). (b) 8-Benzyl oxy-5-[(

8 Beﬂz&lbﬁfrs (RN By indRé Kt@#tllﬂftyid%)éﬁlﬁddiuhhokyﬂathyl]g -1H-

qui nol i n-2-one To the product of step (b) (70.2

qwimelin-2epe added N, i V-di et hyl f or rram de (260 ni) and

t hi s ér%ﬁ%l ﬁcgut‘(i@g %t%g p?cgi%{]otaﬁ}fagar deﬂldg, %ﬂq' tr mgarﬁd

bé}ﬁ 1 alihe (403 Fnulmh RybMdo(1. 7mL) was heated at 105 °C for 4 h. The
trlfl uor onet hanesul f onat e (99.8 g, 378 mmwl ) was added

regumnl Iymmfe fwas powediomondandway thap diluted mathid&Odw (20 nd.) and the

ongic By Sk WAL i epirasef e it itadtin hIORG mich & mD)
arﬂi DRV EEm R ﬁfoxi'd% B 2Bded DESOYiauA %olW@ﬁt rQﬁB%c% ﬁrﬁﬁ?ﬂeduced

bet ween et acet at e/ cycl ohexane(l
pressues: The lcrude (r@ldlu,e vmmmﬁed L] eokungmhrmatmgnaphy\@é}‘}/ed

nDrSS F%M%':‘{ ?gge C/é’?@?’glgé géioéagfp%d@rnk’{iﬁ?ﬁ tMThI?I ] caled for
CHP@%}@@L&Q@@ Y&urd J1sght yellow oil. Two separate

portions of cycl ohexane (400 nL) were added to the oil
and distillation continued until a thick white slurry
was forngsﬁg. Cycl ohexane (300 nL) was added to the
Prapgratio the resulting white crystals were filtered,
e s (A Y AR O e A e SRR ethyil- 117
qﬂlﬁﬁhmzedne 80% yield, 98.6 %ee). Preparation 9A

? Eefﬁ% %%géﬂlisqh%ﬁ(erﬂeﬁ%ﬁi joupd-batieimdlaskmiae pddadS-penaylosypyleR)-2-

brolpLi- (tErJt-butyldimethylsilanyloxy)ethyl]-1H—quinolin—2-one (43 g, 0.124 mol, about
95% chiral purity), 1-methyl-2-pyrrolidinone (210 mL) and benzylamine (28.3 g, 0.37

mol). The resulting mixture was flushed with nitrogen and then stirred at 90 °C for 6
hours. The mixture was then cooled to room temperature and water (300 mL) and ethyl
acetate (300 mL) were added. The layers were separated and the organic layer was
washed with water (200 mL), a 1:1 mixture of water and aqueous saturated sodium
chloride solution (200 mL), and water (200 mL). The organic layer was then dried over
magnesium sulfate, filtered and concentrated under reduced pressure to provide the title

compound as an orange oil.
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qui nolin-2-one A stirred solution of the product of
Preparation 8 (1.00 g, 2.05 mml) and benzyl am ne (493

wWOorkQo642834 nmol ) in DMSO (1.7 nmL) was heat ed atPdDBESDES/029013

for 4 h. The reaction m xture was all owed to cool and
was then diluted with Et OAc (10 a@ﬁ) and the organic
| ayeFO HEsoraRasEbved 44«#6@ a@mm @80 @@d@tlafhmﬁat@l @00 mL) and the

re§ iﬁé gﬂﬁtugc \%{%l%%%d(t ?ge%c%u'c\:l? é%giia}fejgnl Odle Igt?(gl was
cqlEbBDem tarhperamw@dra&bmdeo wasd pudrhighe@bdt 1<6qidui°@) at which

chr omat, ogr (50% Et OAc/ hexanes) to give the title
tigg apsesRitap fﬁgnectﬁ%e PIREPH#tE Wap fgpllected) bx;féntr@uom tor 8ivs

stﬁ%%ﬁ)yq%ﬁfcqﬂe éo%l)%né J(§ 8? g, % EOHe ?t Jl"ﬁe fi ate was

concéntfatod ez dasadipssire(tb @ivdant yitld com: ﬁMdS(BB %r@{ 094y &). This
él]-lflqumolln- 2-one To a 500 nL three-necked
mg

tRw srorondringd wih a peeyienshetrh@Limeatorial 6&%/2 B-99.3%)ecpand heptane

(2*36 Sﬁ“ﬁo nd(et 1 8?16 gt%{ h@io dﬂj‘gwi%lfldﬁ%‘%/ ’P%%%rﬁ %yas %qafe& to 80 °C

(hazy totdéar sblquBﬁ d tRendboled th dodiR Menfctdlrd Hnll alBFed to stand
benzylam ne (28.3 g, 0.37 nol). The resulting m xture

owgaa ght Jéﬁé@ﬁ ingtpregipitag s aeldectddery fltrationtd afford theditieor

o 3 o s Sl Slock B ) SR S el SR e e wes

cdiﬁbéntﬁ@écﬁurﬂ@fjﬁduce-&ftﬁeésﬁbé%ﬁ tNEFeSidSERAS alsSelvansh HeBﬁ‘ane (100 mL).
organi c |ayer was washed with water (200 nL), a

Tha tesulting sdlidgatese calledted do gtveshsttleiccnpuind as i tan sdhlldc(M ge100%
wat er (200 nlL). The organic
Chlr§¥gwt9(lg955(o/f2’ﬁ]g?nlﬁ%]1pélalt ver magnesiumsulfate, filtered
and concentrated under reduced pressure to provide the
title conpound as an orange oil.To the orange oil was
PrepdeaticvelfiAane (200 nl) and ethyl acetate (200 nL) and

S 2 R R e Bl Sy TRt 2-one
t enpg kbl So18ich & thoPR™ALE Qe KT ONY %é@mmolﬁand

hours) at which tine a precipitate had for

pabladiving lﬂawte%/(dsy laa:sisD en taetivabad darhdm) 41.5® g) incetlgineb(62 mL) was
st ereqcheni cal | e ti ompound ( 8. 85 %
Plaf@fi qtnps ree iwezr‘@} ggh%rﬁaféfonr%&%avas ditered

%ﬁ Sidlik, Wﬁslgz'd\ﬁtﬂ ﬁ@thtah(;ll gpwﬁﬂ 28 s8vent was r%rﬁbV%d under

hi$ material was co a previous batc
redxiced@t@ﬁﬂlra fto £110 11 tifle @mﬁﬁm& @3 a aolitl (1ei gres X\ Rb(01,74)4).
and ethyl acetate (100 nL) were added. This m xture
was heated to 80 C

Preparation 10B

5-[(R)-2-Amino-1-(tert-butyldimethylsilanyloxy)ethyl]-8-hydroxy-1H-quinolin-2-one
Acetic Acid Salt

8-Benzyloxy-5-[(R)-2-(N-benzylamino)- 1-(tert-butyldimethylsilanyloxy)ethyl]-
1H-quinolin-2-one (100 g, 194 mmol) and acetic acid (17.5 mL, 291 mmol) were
dissolved in methanol (1 L). The clear solution was purged with nitrogen and then
palladium hydroxide on carbon (20 g, 20 wt. % Pd (dry basis), wet (about 50% water))
was added. Hydrogen gas was bubbled through the stirred solution at room temperature
for 6 hours during which time a thick slurry developed. The reaction mixture was then

purged with nitrogen and methanol (1 L) was added. The resulting mixture was stirred for
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(hazy to clear solution) and then cooled to room
tenperature and all owed to stand overnight. The

WO e®al2i4ng preci pitate was coll ected by filtrap@DOS1005/029013
afford the title conmpound as a white solid (36.8 g.
98.4% e . 9% chem cal The filtrate wa

It
ahh S0 R G i PheTe i Asn (B misur s Buiad rough a pad
1”@?11‘[%' $ROEMEDtd @a%ﬁlz&%teﬁmgef%ﬁuceﬁ%%gsﬁ%% ta.IVGglIHC of about 500
s were collected to give the title conpound as a
mi[&lmdsml thelresZding ,sluh@O%as: hddedlettanol G90 nﬁ@%’[thb eesultitlg mixture was
urity). Preparation 1

a%ﬂr[ faRreniratgy wsler TQdP%edME%%eoqoﬁeW% Pf shoyit 898 d+ g the wpsulting

f
PS4 LI oy il aaa Bl RBnglogh0 a oo
whiae saltdl (66,(8506 wield, 269896 purdtgri S) on activated carbon)
(1.58 g) in ethanol (62 nL) was placed under an
at nrosphere of hydrogen for 24 h. The reaction m xture
ed through Celite, washed wth nethanol (15
P%‘Er;@n% hen the sol vent was renoved under reduced
Bmheaym-ywaebgmceAﬁhq R-Ul gUDDYEer Bu i iditedoy1sithnylox§¥-2-(8-
55 mmol , 749 . Preparation 10B 5
hxdrzxmzr%' 1 Z(Ql’éydl‘ﬂatlwoéﬂlrﬁﬂ’ﬂ?ﬂlﬂmny]m%ilyﬁt%%lPr(BShWhOXY-

Acid Sal't
(leér?%?w W@J“PQE‘I’)%? l‘(Ag benzyICIam ng) -l-(ter
- but Vb dieprdduct SotralPrehautiores ByA fnixthfel of@idHIGbh RN ((ES mL) and

(100 194 mmol ) and acetic acid (17.5 nL, 291 nmol)
m@\rélﬁ%olgbémx‘@@s dddedihernapdict of Rrepyratiqm éOAKb%(Jr 1 ;g 3liramol) and

PR s Wl Bl Do amp R 3h. Rt ot ©
m@@%mbﬁnby)mw oaduag, 0.9MhE1YRas BdfedWad ﬂwéhhﬁﬁlg mixture was

through the sti rred solution at roomtenperature for 6
stiiedras rapa temtperdinieon 1 e Bhe fepetionsvag qwengll@dé:iycﬁdémg Wier (about

mxture was th en_and

0.4 B el el Pl et P b, whicn was
used witheth fusthalRificaforr MStLES 8648 (IS8, @xﬁ@cté&@ﬁ%@ﬂ# ct)

and then the mxture was filtered through a pad of
CeHsGNsO7Mk filterate was concentrated under reduced

pressure to a volune of about 500 HiL and, to the

resulting slurry, was added et hanol (500 rrL). The
Prepatdtidn™® M Xt ure was again concentrated under reduced

pressure to a volune of about 500 nL and the resulting

Biphenylpi-yiearbamis Awid Ild@t(@fClﬂprd-ﬂ-l{[(R&-tﬁ-bydl‘auyi-Ze(Bi-lqdlrbxy-Z-oxo-
t he .t | | t
1By Erdauiipni Sy DesBBIR e oy T-oletioae phiridrbamoyl)-

ethyl]piperidin-4-yl Ester

To a suspension of the product of Preparation 11 in dichloromethane (1.0 mL, 0.3
M) was added triethylamine trihydrofluoride (245 plL, 1.5 mmol). This mixture was
stirred at room temperature for 45 h and then the mixture was concentrated in vacuo. The
residue was dissolved in a mixture of DMF (0.5 mL), acetonitrile/water (1:1, with 0.1%
TFA, 0.6 mL), TFA (0.3 mL) and acetonitrile (about 1 mL) and this mixture was purified
by prep-RP-HPLC (gradient: 2 to 50% acetonitrile in water with 0.05% TFA). The
appropriate fractions were collected and combined and lyophilized to give the
ditrifluoroacetate salt of the title compound (100 mg, 34% yield, 98.7% pure by HPLC) as

an off-white solid. MS m/z 740.5 (M+H, expected 739.28 for C4oH4,CIN50,).
--38--



10

15

20

25

Bi phenyl - 2-yl carbam c Acid
[-12-(4-{[(R)-2-(tert-Butyldi net hyl sil anyl oxy) - 2- ( 8-

Why@eox345L- oxo- |, 2- di hydr oqui nol i n-5-yl) et hyl Bei/n83005/029013

met hyl } - 2- chl or o- 5- met hoxy~
phenyl car banoyl ) et hyl ] pi peridi n-4-yl Ester To the
product from Preparation 6 in a m xture of

' onet hane (0.5 nL) and nmethanol (0.5 nlL) was
E%@gdﬂo{ he product of Preparation 10A (124.1 ny, 3.1
andn)rl-mywbdrbemiceAuidtl-m(mChIdtbﬂ {16R)-Z-hy iF AY-2(8-h Pdoxy-2-0x0-

rrBer ature for 1. Sodi um tri acet oxyborohydri de
1(21 yc}r%@ln@@wﬁsﬂyylmwomg@al}airmthym@wywwmoyl)-

t K e for 15 h. The

oAyl el Fop PR AIREARIS 0 0. 2 )

and Ahelutioxtofr e2- Whmed@uﬁbmib ragidetihydrate €8.8eng, 0.0 Merot)li ethanol
t|tIe conpound, which was used w thout further

meaaslonwy addsdrip 2 sgkuion of femroduepetPisgastion 33 (ot me, 0.02
nﬁé‘oﬁfﬁ%zﬂ\ﬁ% §Ju)(turé3 5@1@3&3{)%‘8? ar?t?dlaﬂepo%éfhane (X In%lf)r bﬁw résulting

sdlutich a5 Kdatedrap 48 °C[t6 BD"’@ 1By Soax 30 Arifnded)YIHeOmiktide WeBhen slowly
2 di hydr oqui nol i n-5-yl) et hyl am no] nmet hyl } - 5- net hoxyphe

edtarp Vnperaiélrwwlpplpbmedhensoiu@qn t@g@r@fs stightly cloudy. The
og c% §§ 1 efd £ rs] %ﬁg e]btotf % SR ar at é:a a &e&tle Sream of nitrogen

or onet nane

otdrhighh yItRreagting pf@m@ft@tﬁ bkt bb%té%ﬁl‘ﬂﬂatlolla&l e th- L{)rowde the

This m xture was stirred at roomtenperature for
tigpepraprandiap e whitercyséallipessadid{¢ 2 mes 42 ?) vieW)vacuo. The

resi due was dissolved in a mxture of DWW (0.5 m),
acetonitrile/water (1:1, with 0.1% TFA, 0.6 nL), TFA
Etémpled-) and acetonitri I e (about 1 nL) and this

m xture was purified by prep-RP-HPLC (gradient: 2 to
Bidenyk2yiarbamiceA¢id lvxkélt-(@rchlorthwl(aa%—lmk)oxy%(s hydroxy-Z -0x0-

1350 ioaG a2 5@ FaniifrpRy b e e By R NGB a G5 D

ethyl]bii)eﬁﬂi’ﬂlﬂlw citsfeleqoz E@halfeﬁnémbﬁic%m&%af % pure by HPLC)
as an off-white solid. MBS iz 740.5 (M+H, expected

739. Agolupipon @ﬁblﬁh@@lﬂsﬂizarbmm B [2(2-chloro-4- {[(r)-2-hydroxy-2-(8-
ESSEEN USR5 sl ([
m3ﬂ16k§13h‘éﬁﬁ@éi~b£lﬁbﬁ?1 %t}?{]bﬁkﬁmhaﬂymlem%b ﬁh}g, D0BBERROYRPAN

yl car banoyl eridin-4
prtpaecEtlTIﬁhm@il 6uB 6 i) end\stiirded3y IrOorAt@nIbenawmurmﬂ complete dissolution

TS S0 o S 1 e o
0.8%025151&191‘? iPEthikt? (6.0 A asdliolly BRAE B! 1RO fidsf sé oo PR

approximately one minute. The resulting suspension was stirred for five minutes then
isolated by filtration under nitrogen. The resulting precipitate was dried to provide the
title compound as a white solid (28.5 mg, 85% yield).
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mmol) in a 64:1v/v mxture of isopropanol and
di chl oronethane (1 nL). The resulting solution was
wheaboeB4st 45 C to 50 C for about 30 m nutes. AEEUS2005/029013
m xture was then slowy cooled to roomtenperature at
which tinme the solution becane slightly cloudy. The
Example bn was al l owed to stand at anbi ent terrperature
e
SIS 2 bt Chlo BASEM BRIy 2. yaroxy-2-ox0
1,dFdlhﬁdi(ﬁiuﬁli(ﬂinl-Si@l)bﬂ@ldminloﬁnéthm}oﬁﬁfétMy@hwylbﬁbamoyl)-
crystalline solid (13 %yield). Exanple 2
etg;iyi/] Ri ld-112'4;b{1 @éfqyaln; @Jtmqghsulfomc Acid Salt

o R P Bl B BT PER F AR a R i 2 o

1 ,I2yd1ﬁﬁ1’rb@ﬂﬂc}lin)-5 yBethylahiihglafetidil 5 nsthosphedylcarbamoyl)-
2- Et hanedi sul fonic Acid Salt A solution of
etbyﬂmp;yim—zl-xheé‘rgf % 67 S@mel, >99% pure) was dissolved in isopropanol

(A0 IS platphich bl Mo bl s (e
6 VB}mm&) dﬁ@élbé&%ﬁ*ﬁa&aydzo anop TRy fésul%h@)éhﬂr@l WA stidhiedl afiradim
ester, (f26 8my, 0.0362mol ) was prepared in ethanol

te(@e%urﬁmr Tk sandrthenatat30p §mﬁerréalﬁe &e title comppund (6.0 g) was

1so F@%l L& geféog\! (de ulﬁw roc?ucgwasa h?a%fiolﬁjgto? tvéteﬁﬁblss(o)}l)r%f)én%ﬁ]
1@0@&@2@30"’0: fory Ehdas A fidrQodlinH-th 1965 tShpshdira deedsilfng

the first solution over approximately one mnute. The

Preeipitpteivrag isnlaipdby filiratipa end diied wchir Hr 2thoves taiviald 8w titleen

i sol at filtration under nitrogen. The resulting
CO&P cqns?géltgé was dried to provide the title conpound as

a white solid (28.5 ng, 85%yield). Exanple 3
Bi phenyl - 2-yl carbam c Acid |-[2-(2-Chloro-4-{[(
Pyepartjair bXy- 2- ( 8- hydroxy 2- oxol ,

h@g@%‘ggﬂ&w (hol i nﬂ)‘)@“ﬁ %éﬂ“%{h ﬁllﬂ)ne 2%/Ie3: 5- met hoxyphe

aC 2 E& haneadi t%et&eksd RehalbeRbh BLPBaRYhedAvith 6RRA Firrer,
temp[e@u(rﬁ cotttadpod 4ddifipn fm@eh‘ydsr widpd Moflgd Hyeatriosp-landl-,

RS By 520D PR et aAnds ¢ 77

dl?soéﬁ)pméﬁiylanﬁ%c?%@% B, 686G nhaif ot veedsdifing ﬁﬁ’)ﬁﬁféq@ib@tmed at room

ni L)Y, fol lowed by addition of ethane disulfonic
tepnpiechtwle oyl the engtadiGaSdissplval and therothy ndkssoivascbdled to 0 °C.

A\f/;\%/iﬂgﬁﬁ Plélz Og%ﬁggféoeoi%h\gas&h = psv&%\sv r%tamtalmng the
ingéfﬁéd 'ilé&mm miXt8rd tefr! E EraRREBOBRM o ‘Q% OTIQE) tg ‘S@f A BorPRas about

te powder. product was heate Yowat er I n
30 sxipr ‘Biareadtion mlxture was then slowly warmed from O °C to room temperature

over a period of about 2 hours. Aqueous saturated sodium bicarbonate solution (200 mL)
and dichloromethane (200 mL) were then added and this mixture was stirred for 15 min.
and then the layers were separated. The dichloromethane layer was washed with 1 M
hydrochloric acid (200 mL) and then concentrated under reduced pressure to about one-
third its original volume resulting in a thick slurry. The slurry was filtered and the filter
cake was washed with dichloromethane (100 mL) and dried to provide the title compound
as an off-white solid (36 g, 67 % yield, >98% purity by HPLC).
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(100 nL.) at 30 OC for 48 hours. After cooling to room
tenperature, the resulting precipitate was isolated by
w0 pdobroz45oNn and dried in air for 2 hours to yiBCHUS1965/029013
title conpound (5.4 g). Preparation 13 Mt hyl
4- Acr yl oyl am no- 5- chl or o- 2- met hoxybenzoate To a
P!’LQHair?%?“{ﬁr ee- necked round-bottom fl ask equi pped with

VRl 3B PPt e

clilet'dméméthﬁzﬂﬁdneoz(tM 2 g, 200 nmol), di chI or omet hane
(500 L) and dii soEr opyl et hyl ami ne (104.5 ni, 600
mol ¥O a‘llh]étef tserragehel yuebe Omééasgteﬂmpﬁfai with pyerhead stitrer,

P e I SRR
pip&6diaSt-ylleste? (36. 380122 ms])t diehloasidetard (§00E¢ anddisopropanol (100

mai nt ai ni ng the Internal reaction m xture terrperat ur e
mbg| She 1esulting nHEturwas stirradeat ropm ianperature ks theipgredizats

1) I
ool L AL A BB 0 VS TGl Lo
Sh@mrgsWa&%nﬁmea a% fdoud RhRrAadiuail ’Qieq B@ivmk disselved dithe
(200 nL) and di chl oronet hane (200 ni) were then added

magtarerwasshen heatadamdgsredluk (3G t0dS G fior A8 hewrd. The reagtien mixture
2R Bl o SRR L A AT e s s

cdiRBREEd aide rddﬁé@tpré@dt&t@@ WIhehie of ﬁaohmﬁmmheﬁﬂ@ﬁ inf Lkhick
its original volume resulting in a thick slurry he

slairyir The olay as ifidieved agd dha filkerfopke wes washedweth Wa:mééﬁO mL) and
o D A TR 0% e 808 SR 2 ey

Heiehd, >98% purity by HPLC). Prepar atl on 14 Met hyl
4-{3-[ 4- (Bi phenyl - 2-yl car banoyl oxy) pi peridin-1-yl]prop
i onyI am no}-5- chl oro-2-net hoxybenzoate To a 1-liter

P reet nefged round- bottom fl ask equi pped with over head
PR 12 enper at ure control and reflux condensor vvas

DA O Bat g ot

phmpamoyl)(th@t)plplgyldm?ﬁefl Estewl ti ng m xture vvas

R T TN N G- R TERE
768 ndmdl) BndMEF) 40P ?d@‘ﬁgres{fl‘tﬁlg hiRArdRes SRR Y& #mperature

roomt éenperature un the ingredients dissolved an
unitt éhaningtedreatswhssotvied and dwendbe flaskeraspigadwitlbfitGgew G5 minutes.
The? mgx%relvsfgashc éjnr csooledhOe é agtce}rll ?emr%e)éatltgrre and a 1 M solution of lithium
aluminum hydride in THF (106 mL, 106 mmol) was added dropwise via an additional
funnel while maintaining the internal reaction mixture temperature below 10 °C. The
total addition time was about 40 min. The reaction mixture was then stirred for 1 hour at
0 °C and then 1 M sodium hydroxide (200 mL) was added while maintaining the internal
reaction mixture temperature below 15 °C. The layers were then separated and the THF
layer was washed with aqueous saturated sodium chloride solution (100 mL), dried over
sodium sulfate, filtered and concentrated under reduced pressure to provide the title

compound as a white solid (38 g, 100 % yield, 94 % purity by HPLC).
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was then cooled to roomtenperature and et hanol (200
nm.) was added. This m xture was concentrated under
w0 edaozdspressure to a vol une of about 150 ni PEBUE10051029013
in athick slurry. The slurry was filtered and the
filter cake was washed with ethanol (50 nL) and dried
Prqpamwa@ the title conpound as a white solid (58 g,

B ] g?%iiﬁf;‘w‘f?yi?f@gg%%ﬁglzg i—(gﬁbg)-4—£Fl%gfﬁ§%étﬁgx%pq]enyl-
cdmb&ogﬂeﬁyllﬁiﬁrﬁiﬁm @syéret hyl ~5~nmet hoxyphenyl car barmoy

) ethyl]piperidin-4-yl Ester To a 2-liter )
r oundo Bdtliteniounddritomdlagk wes addrd the pipduet from Rreparation 15 (28 g,

td 14 0 q, . I THE, (400 ., The
sTRERR] i MRt B b TR s P bV oy i f o
tetipetaturt @til the iggedaits ddido6l MRIdhansttivara nidieahdsa@y) vaide (45 g,
urged with nitrogen for 5 mnutes. The m xture was

540namoblosascailded.CThe reeetionanixteejyeas stire pt raaa! tampgature under
5ol ut j f 1ithi ' dridedn T 106
nif el B 7 o sl s et el e® e e s them

cotobntatdtBierdiubdl frb@utd Undlthétesidfa Wak Afiedb¥drbight under vacuum to
tenperature bel ow 10 OC. The total addition tine was

praviggthesdila¢amponind as e aellovwo solid 618, 3 Wayield ehowt 9804 mutity by
H&g:)l hour at 0 OC and then 1M sodi um hydroxi de (200
‘was added while maintaining the internal reaction
m xture tenperature below 15 C. The | ayers were then
separated and the THF | ayer was washed w th aqueous
Prepavatianetl7 sodi um chl ori de solution (100 nl), dried

B{RYheEAY pehdie A4 1ok GOSnBe BN BB B R )-2--
R 5oL g S SHEOA e s

phenjyleagBaxgnyDethyYpiperidin-4-41 Estenoxyphenyl car bamoyl )
71 aob Ralb tsinibibiugs gl 1of petsbe picu i Fepuagon 16 (6 &
1 P2 i ﬁn@ﬂl@lﬂ@i&ﬁ‘é’c@&%{@@ Hﬁpﬁe The Q&ulﬁpg-mﬁﬁﬁe as 'fs‘tlfi]lréém room

m xture was stirre room t enper re until
tempgragute entiisthel irpsaliarsidiasedvadrend that the ateticnel Ryepeestehl Mo g,

eSSl 5ol ST 5 8 0 ot o o o
: . a
te@gwaau@ugdér %ﬁﬁogh 485 Bt gbtq&v SBUGw BAG gg%ecéégﬁ%&nz and fHen the

xture was t concentrat ed”under ressure
martaretwas coeled da@ tavdSCdiSoBd sediemrtiiadetoxybdmhyshadu@® ¢, 34 mmol)
provide the title conpound as_ a 3/%I |l ow soljd (26 g, 93
wWag %ﬂdg R PYHST O3 %@@P‘W‘S‘? psgod and then the reaction mixture was slowly

warmed from 0 °C to room temperature over a period of about 2 hours. The mixture was

then cooled to 0 °C and 1 M aqueous sodium hydroxide solution (50 mL) and
dichloromethane 150 ml) were added. The mixture was stirred thoroughly and then the
layers were separated. The organic layer was washed with aqueous saturated sodium
chloride solution (50 mL), filtered, dried over sodium sulfate, filtered and concentrated
under reduced pressure to give the title compound as a yellow solid (10.1 g, 100% yield,
87% purity by HPLC).
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HPLC). Preparation 17 Bi phenyl -2-yl carbam c Acid
[-12-(4-{[( )-2-(tert-Butyldi nethyl sil anyl oxy) - 2- ( 8-

Wha@sox345L- oxo- |, 2- di hydr oqui nol i n-5-yl ) et hyl ardTo$2084/629013

yl }-2-chl or o- 5- net hoxyphenyl car banoyl )
et hyl ]&aperl din-4-yl Ester To a 500 nL round-bottom
Eﬁiﬁmk s added the product from Preparation 16 (6 g,

ol RAEH SIPPENOE TR baol I A 2ne

12085094l ﬁﬁolﬂi-sggbu@tﬂamﬁﬁ hB&y 1t fene?h Seiphie b -
JPrepgr adtifl&on 7(15 15.0 ;mg?ﬁ}and dr mstlr:gl&g anéog)

ethy]Ipineridindcd stelrrﬁ,é-liith&mh%ll ic AekdrSaltl at room

t o ora g BE F Aol Bt e R HER il i 0
2 (3 If]l@loﬁ afd dRMIdrémsDEhI(N0tHLR CEIe@éMﬂﬁﬁ@ﬂﬂﬁﬁtedﬁas( sfirréd @ room

4 mmol ) was added in portions over a 10 mnute period -
tmrattwe rintihtheriegredica difslved and/fen biathylgming iriaireflunride (1.2

i d SR LR REE R B Rl BRbE e Ao 2 ours. A

sSIRGbHER f‘l@ﬂﬁﬁécﬂ@lﬁ%&éd@&hﬁr&@td’(b)s 6a)d. il th@ﬁ&ﬁda@npo mL)

150 m.) were added. The mixture was stirred thorough

wanthenhdded and thisyeixtresias ststeqsb@rt 30e€q. for dowrsgamhechl tigea thick

h t t
w3 sl ReH stihicd TR I8 MR EoS e ThERNFR ahif pap washed
Wﬁthlrﬁ&flﬁ"ﬁl)l @Mﬁnﬁp QﬁQﬂ{eﬁ%ﬁ?h&ﬁg 8hd theducied opé T Uﬁﬁ‘de} Qacuum to

give the title conmpound as a yellow solid 1 g,
POl the ttlelcorBpoundusiatfinebyhitdloB)leElafigl &98% purity by HPLC).

Bi phenyl - 2-yl carbamic Acid |-[2-(2-Chloro-4-{[(

) - 2- hydr oxy- 2- ( 8- hydr oxy- 2- oxol ,
Egmqilipiygdr oqui nol i n-5-yl ) et hyl am no] net hyl } - 5- net hoxyphe

nyl car banmoyl ) - ethyl ] pi peridin-4-yl Ester
Pﬁrlﬁcﬂl(tmnbﬂlmthBhwlraﬁbamlcsmm 19]2-(2-Clilond-4+ {HUd) e2-bydroay2-(8-

S g e Rl el SRS ST SRar AL hon 17 (2.0
nfcBfhybh By Eirbh ﬁgveﬁyg@ ipbFifh-Al1 PORFILRERAGRING fonic Acid Salt

I ngre nts ved’and thén tri et

tri hd bi;fhlenyiFZ sloabamat wid 17262 0hioh)-44@eR) ibgttonm (8 hedroxy-2-
[t]n t d f 2Q h
ok Jrdibtaguinont Sl brute iR Sanelionmherdrabinody
et?ﬁll]épélm-j)l dsfer TBL aﬁﬁfeglsﬁﬁ&umﬁld?@lﬁ ﬂi&ﬁa?eu(?%qgéﬁx%%?%e# (80 g

mxture was stirred at 30 C
whs added atsolution\wfi RO% whtenr mysdympahol geeblurhib €864 mLD yThe®sulting

fllter slowy and the filter
slurry was ?e% at room temperature overnight and tﬁen %Aia eregv’iio prov1de the title

compound having improved crystallinity and purity (74 g).

Preparation 18
Seed Crystals of Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]methyl}-5-
methoxyphenylcarbamoyl)-ethyl]piperidin-4-yl Ester 1,2-Ethanedisulfonic Acid Salt

Step (2) |

Biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-
oxo-1,2-dihydroquinolin-5-yl)ethylamino Jmethyl} -5-methoxyphenylcarbamoyl)-
ethyl]piperidin-4-yl ester 1,2-ethanedisulfonic acid salt, prepared as in Example 4
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with nethanol (10 nmL), air dried for 2 hours and then
dried overnight under vacuumto provide the title
w@eovpoeaasdh as a fine white powder ( 1.5 g, >98%@EUUE1095/029013
by HPLC). Exanple 5 Purification of
r.bam c

(100[12%)(‘?“‘5@%?58}"@91?11 e Ryat?i inysthaap] 20mL) pydiloky The geplting clear
S%%?ﬁ% Q%%ﬂ%dgg ¢ gl r;[gy (%I)l ?&ﬂ%/ ?{Hegg]rai cg&sﬁaﬁ ﬁ‘bﬁtﬁﬁg After 48 hours,

thik, résultinpopietdilikie | iyl cwéiei isbl8al by Tilkration.

bi phenyl - 2-yl carbam ¢ aci d
| -[2-(2-chloro-4-{[ (i?)-2-hydroxy-2-(8-hydroxy- 2-

0Xx0- k2= hydroqunol i n- 5-yl ) et hyl am no] net hyl } - 5- met ho
xyph rbanmoyl ) - ethyl]piperidin-4-yl ester
1, 2- Bighengdi- §luh1fbmnd3ao&tI1q2$ﬁlchlor¢me{maf)@hﬁﬁokﬁ2&8@1ﬁ@ﬂoﬁy—2-

a solution of 20% water in

om—éarcaﬁmm laglmréwaﬁ@y{agueolme}hyl}rﬁénetbg)@rpﬂlmécagbwwgl)

t
t}ﬁ?ﬁ{ng in %oylp ?‘%ﬂ ge&? ﬂeﬁ{sﬂ{fﬁmé’\éaﬁ%h@ Hogr pgaggd Jhs*lﬁ 'Examgle 4(1.0 g)
was m&ﬂ{réd ini15%, watér mmeﬁhyndIMO(gmL) E?rapa:s &CiThe cl&r Sﬂﬁéd solution
Crystals of Bip gy -2-yl carbam ¢ A

cid
was plio\’@tet@p@lrteﬁﬁl 1) thon fecrpstallipe pdushyd Stsp/(ap(dok a1g) was
0 )

ad&tdh’ggé/ Soﬂlg[g yl{ké%r%ofédﬁ? ))ib ¢ %ﬂ%({]efc%r Bgs\/ ’Jl}her:rS%ultlng precipitate
whs &oﬁtéﬂlﬁf}&ﬂt@%ﬂ & driefiGh dnﬁaf t h&lrap pir@/)lde the title compound

Bi phenyl - 2-yl carbam ¢ aci d
(G80[me)( 2- chl or 0- 4- { [ (i ?) - 2- hydr oxy- 2- (8- hydr oxy- 2-

0xo0- 1, 2-di hydr oqunol i n-5-yl ) et hyl am no] et hyl } - 5- net ho

xyphenyl car banmoyl ) - ethyl]pi peridin-4-yl ester

1, 2- gtef@pedi sul fonic acid salt, prepared as in Exanple

4( 100 ng) was dissolved in 13% water in methanol

ni L) The progertuneo! Step (b)esas repentedotubstituidng Ureipseduahel étep (b)

BrelRru PrifeLe! 95 Rilp oF B LB coPrgudt BPE 9
crystal s were isolated by filtration. Step (b)
Bi phenyl - 2-yl carbam ¢ acid 1-[2-(2-chl oro-4-

{[(|S$;B@hydroxy 2- (8- hydr oxy- 2-

oxy RS MR seid 172 Y B R it (€08 oxy—z-

oxo- (2‘29411?5%{11&9111%111{ S’-@'l)éth%ahﬁn@_lﬁl& Y15 SRARSE pAsny/lthr

was di ssSolved in 15% wat er i n et hanol 0
eﬂml)]PlacthM@B e@ter 1,2rethankediavlforge acid ealt, podparddoas mﬂsample 4(10 g)

[ d t. to. 30 OC, th tall .
s SReh | Feeebin inatsiord] ey e (ke iR splution was
al‘gkgeielftg ?hgl‘:{g :32;?8?1?%12@&16%%‘&[1% hrbuct oreiep 3c) (ANSng) was added.

The solution was cooled to 20 °C and stirred for 18 hours. The resulting precipitate was

isolated by filtration and dried in air for 2 hours to provide the title compound (5.5 g).

b
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was isolated by filtration and dried in air for 1 hour
to provide the title conpound (680 ng). Step (c) The
wpe@emebsse of Step (b) was repeated substit utiPQI/Uk®05/029013
product of Step (b) (20 ng) for the product of step
(a),_ to provide the title conmpound (690 ng). Stepfd)
Exp Hl?n@l -2-ylcarbanm ¢ acid

RLacl[ggfaﬁlgz gﬁh%g% oéhénhri %)lc%bg?f‘?é %{ﬁ}q fl{ni-ﬁz F:)ﬁi’({ ;}?’ [%Jg)-z hygroxy-2-
(mkydmywaaﬁna*mmmqﬁtﬂvﬁh}S}yDeﬁhwwmné}méth?Btﬂar

1, 2- et hanedi sul fonic acid salt, i) ared as in
mgthoxyphsnylearbameyBieslayIpineridi- 4oyl Bster AaZnEtlkmélsukfoqlc @ﬂd Salt
The clear, stirred solution was all owed
%‘g?égﬁ%t 25% 0C, and then the crystal line product of
st epTé @)1 2(14ro2ndbttva Tlaskl das addedehs ploduciaforn@x aRBl! £@0 g,
to 20 OC and stirred for 18 hours. The resulting
64p arnehvurter (sl andimagtbanob (5.4 L)+ The resultiag ama‘wr@ww heated from
25%6 E{(@f n%% @g&H{ﬁ stm%gﬁrﬁ\{ :ﬂge: %galetn stchgso?\%%g& gﬁ‘rre(,d|5 fo? an additional
Z(mahz lﬁhésédt-@ =66l %rmrﬂlﬁttﬁ@ iwehs ktlpwed & ddal @ 30 % 4 then the product
ydr ox .
%léfﬁh%fé'ii@k @—&aﬁdﬁl mmol)i Wascddedii ‘Hiis mHx Brs, weslay lageaotad] tn20 °C

ol R 6 S AR AL 7 b 9B EE R okl was
filkérks hadhSmdiRard] BDHolmI paticiradtih i 64 aﬁkmwaﬁd ardesvadi® at 25-30 °C

product from Exanple 5 (60 g, 64.5 , water (0.9
for )L 8 hadrsite prayids the Htlg cqmpounde(% gsm 4] wgl %2 9p puniRy
heated from 25 0C to 61-65 OC with stirring until the
i ngredients dissolved and stirred for an additional 20
Eﬂh]ﬁgle(i'ﬁ at 60-65 0C. The m xture was allowed to cool
0O OC and then the product of Preparation 18 (2 g,
Themmgalmalysinas added. This mixture was sl owy cool ed

20.0C h | d f
o DifGoraft sibfing Caboriske g sk Bificdlie P aRlments
Mwblmﬂ@trﬁ@dmé witR @O HekhalaAxhi gl c&erd1Rr aDhtafRire 'e’olih‘ét&isand analyzed

then in vacuo at 25-30 0C for 18 hours to provid
u&ﬂh@TAl Inﬂmmﬁqﬂihmmat Skﬁu‘gonsmft%aya eAdamglg of abgurlimg )Vas

oY mah% e SR i M o] gt PSR sine o
llﬁ@gﬁ!eath Fly*@/ g@mm@ﬁggigpéqaﬁaﬁ;ap@%&%iﬁoooc The

ect e
DSC cell was purged with dry nltrogen durlng use. A representative DSC trace for a

sample of a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid 1-[2-
(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-
yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl|piperidin-4-yl ester of Example
6 is shown in Figure 1 and a representative DSC trace for a sample of Example 2 is shown
in Figure 2.

Thermogravimetric analysis (TGA) was performed using a TA Instruments Model
Q-50 module equipped with high resolution capability. Data were collected and analyzed
using TA Instruments Thermal Solutions software. A sample weighing about 10 mg was
placed onto a platinum pan and scanned with a high resolution-heating rate from ambient
temperature to 300°C. The balance and furnace chambers were purged with nitrogen

flows during use. A representative TGA trace for a sample of a crystalline 1,2-
45
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using TA Instrunments Thermal Sol utions software. A

sanpl e of about 1ng was accurately weighed into an
w@bkwaizadm pan with [id. The sanpl e was eval uat BCI/US100%029013

a linear heating ranp of 5C/ mn from anbi ent

ure fo approxi mately 300C. The DSC cel |l was
cA g A ot RF PIPBEI e REmisseid R(7-Gpebomnt dl 2

hqu?(%ple % ﬁg ﬁ‘g%@éﬁ%fogﬁgph’%ng‘gqaﬂ&@fﬁ’ )étﬂ?lammo]methyl}-S -

I ¢ aci
mbihphmhehy]ﬁaﬂohmaylbahﬁ'l}plmidﬂn-ﬂ 1l 2stef @F E)l’ﬂnqﬂ@6 4s shown in Figure 1.

2 2- (8- OXy- 2- 0x0-1, 2- di hydr oqui nol |
{ [ ( TI)lC DSCy traces Xemonstrate that a 1y2 ethanedlsulfomc ac¥d saltqof the present

o P S B LA RO hd

218, ae%em\%ge Rhdhd %H%Q&éﬁﬁsslﬁ&{ b&ow BRI 00 °(:E>< anpl e

2 is shown i'n Figure 2. Therrnogravinetric anal ysis
(TG was perfornmed using a TA Instrunments Mddel Q 50
rmdui 3 equi pped with high resolution capability. Data
ol | ected and anal yzed using TA Instrunents
Pm&éﬂ@R%}fhjaQﬁ&l software. A sanple wei ghi ng about 10
ng was pl'aced onto a platinum pan and scanned with a
hi ghPovedswixuray diffihetatni patfematveerd olotminadiviithret Theemp eXRil, X an

00C. The d f h
igftpstoreier Bl RIEE g e 85 ShEpraal noas Colorsiation a
1. ’5423?;5{45 RV, 20 3R RY Q%l(ﬂl)ﬁb}i& Tsbkd (?é?@ctor The analysis was typically

2- et hanédi sul’f oni ¢ aci
pebfopineahytl a @ay Iraiabi')%l‘fhnm withd step[si’ze(cif—(b@ﬂ areopdinf el akar%e of 2 to

3029{? ‘rtjl\%))( }g;ei” é’ )igs eltﬁé‘%s lrec%lvcéld rg))l( go%%g Itc? g lﬁlng pgw ér) were
I l; r I
=g s eﬂzﬁ% SRR i G g8 it op-

logtting pbplatep de&hal&sﬂ. Ihehisﬁmadhlsmdsfdahbmt@lw&kgabta siticon metal

esent vent i on h excel l ent thermal stability
stmw i PR bR angiso A Fepserepleliun BXRD Babischs tonaample of

+ RS BE 08 L GE B A PIRL LAEL N ciorc
4- E[@jm}@myﬂmxgw - ]ﬁ}fdlr@qt-l-omo-pgﬁ ﬂlhymsqu@bﬁnﬁaﬂﬁth@@inm}nﬁbmyl} 5-
ARL X-Ra ){ Di ffractorreter Mbdel X TRA (Therno
ms& o3 enséwrb%9y sty oreridg-eyl ssierrod dixamplad tshaws gpFigure 3

ol e T A ey oL T

2lmn with a step size of 0.03 per point over a range
of 2 to 30 in two-theta angle. Sanples, either as
Examapleded or ground to a fine powder, were gently
a custom smal | -vol une insert designed to
Inﬁa“? %t Wﬁe i nstrument topl oading sanple cup for
anal i ififrarbl €IR) Aborpid@N¢pev@sm Galsideterin bt \WoekthY fileQuehcy range

silicon ngtal
4000 to 675 cm™ using an Avatar 360 FT-IR spectrometer equipped with a Nicolet

attenuated total reflection (ATR) sample holder. A representative IR absorption spectrum
for a sample of a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
1-[2-(2~chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester for a sample
of Example 6 had significant absorption bands at 7041, 74841, 768+1, 8411, 9001,
1055+1, 1104+1, 11661, 1218+1, 129441, 14081, 152241, 1609+1, 1655+1, and

1701+1, as illustrated in Figure 5.
--46--
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standard, within 0.02 two-theta angle. A

representative PXRD patterns for a sanple of a
w@eosHzd4bd ne 1, 2- et hanedi sul fonic acid salt of PCT/US2005/029013

bi phenyl - 2-yl carbam ¢ acid | -[2-(2-chl oro-

4-{[(17?)-2-hydroxy-2-(8-hydroxy-2-o0xo-1, 2-di hydr oqui no

[in-5-yl)ethylam no] net hyl} -5-

henyl car banoyl ) et hyl ] pi peri di n-4-yl ester of

EE@%E%%%P6 is shown in Figure 3 and the pattern for a

DyasmicMoistive8grption Assessientr i n Figure 4. Exanple 9
Infrared Analysis The_ infrared (I R) absorption
specfrdyArmicsmpistuge sarpiden MP) assessieahplsedipoparig @ myefyre

sc;‘rgticﬁlzéesgfﬁti%#ﬁ)%ﬂﬁf&}oﬁé%f%eg ?%a@aghﬁrcﬁﬂﬁ @g[@g&ﬁrcr%stallme 1,2-

ethdeR)sutfaiip lacidvalt @€ biphénylpylesbanit acvdﬂ —I[R(Ebh?l@fcpm {QR)-2-
ﬂgectrum for a sanple of a crystall
0% a2 B eioE V2t ver bZalehxsﬂrwnoh@fS-yl)ethylammo]methyl} 5-

PSS e LI Bl ct i stor o Rogpmgom 1 o g X
atmdsghdtidhietpbanatd, $GA-100 system (VTI Corp., Hialeah, FL 33016). A sample

yl)ethyl am no] net hyl } - 5- net hoxi/lphen I car banD Yethyl]p
sigpef amr@umatyly Hsmgrwas gsedanskifp prpst et e ﬁahlent value at

th% j%gé f tﬁ%@%ﬂﬁ? cé%fplc%ﬁi]i)g%] 9113_{3? %%ﬂf?fé)%%&i %%g"ambient to 2%

relA8 huml&B2RIH) 1 SARH td 66% IR0, RTDM 5% R b 4 s6ah ke 6£5 %
|n Fi gure 5. Exanple 10 Dynamc Mbi st ure Sor ption :
s shhermasa W megasered sV ey tve ng@mtps arshihe BiEyvas changed to the next

Kk
v %?E?*. LEbGEHERTER ofite Syt ol tnatiing 21 %
cEfsOide Pam A ﬁfpr@seﬁtﬁﬁ% BMS #celis ghovt ariggtesul f oni ¢
acid salt of biphenyl-2-ylcarbam c acid
| - [ 2TheDdH tya@cgen{qnéﬁraiys that myafedwxe@smomq alvid xalt of thg present

. 1, 2-di.hydro
e AR SRy OB ER TR pbiale ) o
hy3r&seapiefty.ONhd Shlikss MessAthMID. 53% RS ShinGn MCHRBaItARESe of 40 %
}?(GA 1%0357 stem V'?'I %Zorp , Hial eah% lFLn33016) tﬁ Beo
REnIb &6 &Hz ellesf reagplb@mnmm¢ sorptiontdesaertiongeofila rddmbh%rates that a
h '.dit set anb ent va
crprfatiy, ey &6 Be BiRsedspvebfioBhmieiiter Er e Bhery Biogedciny i is not
dél neRegcans: anbient to 2%relative humdity (RH), 2%
to 90% RH, 90% RH to 5% RH at a scan rate of 5 %

RI—V step. The nass was neasured every two mnutes and

the was changed to the next value (+/- 5 %RH) when
Ex#orkedds of the sanple was stable to within 0.01 %for

| Eﬁen&‘éﬁ@ﬁ% éi?aﬂ&b&hﬁteri%nrﬁi’ﬁcﬁsem ative DVb trace is

hown in gure
The followmg elemental percentages of carbon, hydrogen, nitrogen, and sulfur of

a sample of a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid 1-
[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
yDethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester of
Example 6 were determined by combustion analysis using a Flash EA 1112 Elemental
Analyzer (CE Elantech, Lakewood, NJ): carbon 52.95 %, hydrogen 5.43 %, nitrogen 6.83
%, and sulfur 6.87 %. The weight percentage of 1,2-ethanedisulfonic acid in the

crystalline sample, calculated from the measured weight percentage of sulfur, is 20.4 %,

.
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The DMS trace denonstrates that a 1, 2-ethanedi sul fonic
acid salt of the present invention has a reversible
w@ooop2M desorption profile with noderate (< BOH/US2005/029013
hygroscopicity. The salt has less than 2.5 % wei ght
ainin the humdity range of 40 % RHto 75 % RH The
W%@\hé? squsl to thej theqretacad gieiht percentags ¢t30sh e prsividiag a counterion
]ﬁy%ng trates that a crystalline salt of the present
I'nventi'on possesses an acceptabl e hygroscopicity and
is not deliquescent. Exanple 11 El enental Analysis and
Counterion Ratio The foll owi ng el enental percentages
Bﬂﬁ%ﬂ?®b6~ hydrogen, nitrogen, and sulfur of a sanple

B el PO s A o, .o

A{ikéﬂe?gma{é@mro%y 2- (8- hydr oxy - 0X0-
I hydroqui nolin-5- yl)et hyI am no] et hyl }

- 5 n@himcsqﬂmmtwlowamaméﬁi%)) etlhiynids stapbr éxphirassiig ¢loned heman B, B,
éﬁ were determ ned by conbustlon anal ysi s
oy %%en&

gt%fgﬁptg&a HepR Uil nWRICHTO VA 41 ok lefhﬁney EndeenF-12

a%r gen ‘Vé % aﬁg&&% PP ?00/ %gﬁo%g‘%il e?l monolayer was

liped wihage EmeAl 1r2PBS h @@Bﬂw&tﬂ peliBicd b?%bﬂnﬂgahbﬁ at 1,000 rpm, and
cryst alline sa cal cul ated fromthe neasured
Hists Wree eidle n@é@%ﬂoml aft o) °Cor z@nﬂ:r%eﬁmmmpnepare@ iramediately

ﬁ) hﬁ t heoretic E rcent age of
6}‘8?1 G o AL kBt RO E PSR st il pelets werere-
édde@in Iygfs%uﬁeld(w&HMHEPEé’ma[@hhfpﬂD*on 24 b84°C) and

pressi ng Human bi, b2 or b3 Adr ener gi ¢ eceptors
h@hogeatzed msing tdighbfitingdPounChiglasclorhogdenives (¥ diokys) on ice. For the
ex ressi ng cl.oned human bl b2 or, b3 adrener%
Bteates enfl@%%@ﬂ@ﬁ%%ﬁ%ﬁsmgvma% ¢rdbpellstsiy gre Bpmpgenated
0
o TR T A LI AL DR ChERB By
PdtdebEmhbiton CBEI&aﬂ Cablets with 2 nM IBIET £tpdr\50aah bufftti@aiche Catalog
t](é 800 rp and cell pellets were ejther stored
N K59I9% Roohy oMelesulargieshemicalsydrdiangpalin INY Thehemogenatg was
ccafHinukSat 2000R, £RAA Bl B pgIREHaC GaltRERRL O hpis uytir by

rel-wspalsﬂonfaﬁ@ certAfhgaiidd dtﬁﬂ’ﬁsé Hﬂle fALDPY1ELRA, thﬁHeYSuépéifded inice-
and homogeni zed usi ng if]g7ht fi tt| ng Dounce gl ass
COA% &g ey tpdlor 6 rfé%El)lsbeI P mMeMghlel mM EDTA). The

[ nb
prgfeeﬁlf g%é?’?tgat%%ﬁ o? 'theel gﬁbfaﬁg S?sggﬁm&i%se C?esfénrgnéheby h33ihods
described in Lowry et al., 1951 Joumal of Biological Chemistry, 193, 265; and Bradford,
Analytical Biochemistry, 1976, 72, 248-54. All membranes were stored frozen in aliquots

at —80 °C or used immediately.

Preparation B
Cell Culture and Membrane Preparation From Cells Expressing Human M;, M,, M;
and M, Muscarinic Receptors

CHO cell lines stably expressing cloned human hM;, hM,, hM3 and hM,
muscarinic receptor subtypes, respectively, were grown to near confluency in HAM’s F-

12 media supplemented with 10% FBS and 250 pg/mL Geneticin. The cells were grown

--48§--
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in lysis buffer (100M Tris/HC , pH 7.4) suppl enent ed

with one tablet of "Conplete Protease Inhibitor
wW@owknzd4b4 Tabl ets with 2 mM EDTA" per 50 ni L bedT /882005029013

(Roche Catal og No. 1697498, Roche Ml ecul ar

50 R 247 B BRRPE ot an ST APRR 6 B coeced
by\Sniies BaHri AIpeSorhild30lS iafid l@elﬂ Bsﬁetwe eeeltﬁeﬁd?&%& Eenﬂétd 80 °C

centrifugati on as above. The final pellet was
orrraergbropesaiend preparadenmhadhmlmd'omgsea%amembfdne mre(pa&tma cell pellets

bt s v binescelhohal B 216
T

4@%& 9 ifet, 1 SAniiutess iat 41C. EMucthembsne pelld $%6 thetesipnded with re-
e R R O T
coﬂ@&@faﬁﬁﬁ of’ e R b s s é}ﬁ]oge\%ssde@i@%ﬁsdéﬂﬁ Ffé%r& Mieribed in

MB and M Muscar i n| Receptors I nes

Lcswr’akwt 9l 951 elmimg oﬁBmkdnhmﬁj’h B65. SANMEemBrMEesavdde BiWed frozen
gr own

r|n| receptor su respectively, were
in S o R e e Airhcms fusRITe b BeRigLEembranes
wer e
W%’?%%"?’%@%%%%ﬁz‘?@ R FRE e B R, B e 1
ni M EDTA in dPBS. Cells were collected by 5 m nute
centrifugation at 650 x g, and cell pellets were
ASéPYIE'r{?Ft%"t"S?‘BHefA‘ozen at -80 OC or menbranes were

| Rﬁ@g rati on A%B?'fé{ m@l lﬁ\/\é‘n’ 8 Egggﬁe%%‘ggf"r}{ﬁ?m%s

buf fBindiag dsdapm@erpemﬁnw nhEwBR itoafr g’lﬁté 109 tdthBaAYER volume
di srupter (Kinematica AG 20 seconds x bur st s)

of dsp%é Withbe-4h &g ofrembranst prpfeiyeuhtaining thelGnan By, ﬁ@or A5

o s BB S0 PR o m i
1 IﬁE@ED’IW bt BSAl OBXﬁlfaﬁ?antbhrﬁﬁﬁ@stqal% FR a8 ermit3BoR b PR G4 fues of

concentratl on o t he nenbr ane suspenst on was
theedistigimbwersylonpusing { 1 eﬂlusakoalpmadloi NEBARY, 10 GiVmmol,

Peé%ﬁ?@hgﬁr&frsﬁa iengisdht ROSibh6) forihe bagriois r’édeenggrgand[ -

oATRHELY N 002 O SRR ACCR g oo

MA)lat 150: orladiifferentBdnOitratibid raugiag Hms a1 'ﬁMto f(] @IOIG—‘ dlliﬁlﬂa&ment
ng Assay for Human bi, b2 and

s RSB Se Pei Rborsbaipds vered pe g gk |
ditRird¥ilrbndTbIGh QM Ghd PRRLES 1dd809ant08ﬁﬁglo?§t§(?y oXPEYTB or 11

different concentrations of test compound ranging from 10 pM to 10 pM. Non-specific

binding was determined in the presence of 10 pM propranolol. Assays were incubated for
1 hour at 37°C, and then binding reactions were terminated by rapid filtration over GF/B
for the B and B, receptors or GF/C glass fiber filter plates for the B3 receptors (Packard
BioScience Co., Meriden, CT) presoaked in 0.3% polyethyleneimine. Filter plates were
washed three times with filtration buffer (75 mM Tris/HC1 pH 7.4 at 4°C, 12.5 mM
MgCl,, 1 mM EDTA) to remove unbound radioactivity. The plates were then dried and
50 pL of Microscint-20 liquid scintillation fluid (Packard BioScience Co., Meriden, CT)
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of 100 mL wth 10-15 ng of nenbrane protein containing
the human bl b2 or b3 adrenergic receptors in assay
whedober34645 mM Tris/HO pH 7.4 at 250C, 12.5 niCIVIDE1085/029013
1mM EDTA, 0.2% BSA). Saturation binding studies for
determ nat| on of K values of the radioljgand were done

wasadilgd poiplastyar sarpreRa Jackerdierpowt ligonl sointifigden counter

' I
<P§§%£E?%%"§éﬂg% % MEFATER), Biiraind il re Mo L 0by AHfinter
ofl %lyﬁi@zltﬁtﬁmﬁfﬂphP&PhMﬂ Bbftavard packagdsqiGeatPad Bofiware, Inc.,
Boston or 11 di fferent concentrations

S%qugﬁgCM Bﬁna ﬂm3 -pavRmgteD pLOdRA f OUD‘&epﬁlmm% sahscurye

S RE ko the it K Bl iRbn € TR R A e presence of
1¢ ®Bbopfanprol. Oﬁwalaésqm féﬁt‘ﬂoﬂipo@hd@w&er&McﬁMedl&rﬁ bbdekved ICs

different concentrations of test conpound ranging from

valgesuditee Ko valne omﬁxgbehgamdolsmgﬁhﬁ hengaRrugeff equatina ¢Cheng Y,

BT SE07 Biothemal PR B R Ao e )
react tﬁﬁsasw Eldv?ér'K Ry thdVatdsARkh bt cbfn%%hﬁ’d‘hé%vaeﬁlgher binding
G-/ B for thé and b2 receptors or G-/ C gl ass

afffinity &or the wpemmf tsted.n ¥ iisB testerkiptibis as(apabk aomp@utd&f felmmda I was

Co.,, riden, CT resoaked i . 3% pol yet hyl enei m ne.
fogpgl f%ﬁﬁeva o Sl A Rt TV B Tl AR TER RSP
buffer (75 mMM Tris/HO pH 7.4 at 40C, 12.5 mM Mgd ,
1nM EDTA) to renopve unbound radioactivity. The plates

AvsayeléshProcgdueelBand 50 nL of Mcroscint-20 liquid
scintillatign fluid (Packard, BioScience Co., Meriden,

Radipligand Binding Ass3y| for MusgarinicReceptersi n a Packar d
|
OB g O 0 A e o

p@fuzingd @096 wellaniciotiearplateginessiad Assa ablifieo W00 RLL [EHO cell

GraphPad Prism Software packagl\@(aaphPad Sof t war e,
mpmbranesﬁﬁblmeé@r@sm@?lth@st dMh Ay ex hio raiscarimic subtype

RS Gn RD St B FS LR R il o
ﬁg}fwemrp@gg&:& 1V1;, 10- 13\ Prop RRBNT- gb IfoM@wa% 2‘0% o8 &M, and 10-

conmpounds were cal cul at ed from observed C50 v ues
12apgl fartedIddo\ezt similaf sighas (cpdi)oThg armhbranasgvardbriefly homogenized

u%@zn:ﬁ@%@iﬁ%ﬁ%ﬁ%ﬁ%@oﬁawcq@%@@g Ssay Dl3GwsliNing, Sepugation
bth'l n‘g SERl 3for @etcl Mfihe Térkgb %f 'tH% &1@ Fa?hdtxpé% PErf&ﬁ"?etd using L-[N-

oun g for
memgbm]ecoﬁmlad meW}é nhlbﬂdda e[élH] NM$1)| (§M€Gﬁéy84 0 Ig%/mmol,
coggpund of formula |. was found to have a K val ue of

apRrerin Bigtesh. BHekighrmshpe Bnglad pioacenirpiigngianging
ﬁa 001 1N 1o ge 0%6gd Wl%lﬁeﬁ%%ﬂf %Eé}gqglddé‘?érﬂﬁﬁeﬂﬂm%% §{a¥ralt.19§' of test

scarini c Recept
compounds were performed with [*H]-NMS at 1 nM and eleven different test compound

'—'E)_

m

concentrations. The test compounds were initially dissolved to a concentration of 400 uM
in dilution buffer and then serially diluted 5x with dilution buffer to final concentrations
ranging from 10 pM to 100 uM. The addition order and volumes to the assay plates were
as follows: 25 pL radioligand, 25 pL diluted test compound, and 50 uL. membranes.
Assay plates were incubated for 60 minutes at 37°C. Binding reactions were terminated

by rapid filtration over GF/B glass fiber filter plates (PerkinElmer Inc., Wellesley, MA)
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Radi ol i gand bi ndi ng assays for cloned human nuscarinic
receptors were perfornmed in 96-well mcrotiter plates
w0 pooa/0tsal assay volunme of 100 nmi. CHO cel | neebDs295029013
stably expressing either the hM 5 hM2, hM3, hM4 or
muscarini ¢ subtype were diluted in assay buffer t

Y

Prereeatedi indp B As Falierinletes weigainspd Breg imesyih maﬁlabﬁlﬁﬁs(lg mM
11): 10 pg.f.0r +hM.. .. 1015 f MR, . 10- 20

R it Bt O N e ey o i il 0 .

Mi€los&ht2( Biuid s&fallfionCRIA (P8 EIRIIh& ORI MEES NQA'%%é ¥dded to
hoggﬁgenl zed using a Polytron tissue disruptor (1

eashomkd Shhemlates wets thesenpnfsiddn e PeddiEingm Togeaunt igiidrscintillation

et P AR S Sl Phee ik S naly2ed by nontinear
regtdsSiEARAINIE AANTRS CiiphPR Prisr Bolthidd pablibe (GREEHPAE Software, Inc,

0 G /nmol, Amersham Pharmacia Bi ot ech,
S8ubicgngbANusing the dagepitagdinpetitianonedalt Kavaloesfor tasycangpounds were

f 001 .nM 0 Di spl f .
el SRR B ER Ieovdse ehd ProRie Vel e fegpd using the
CR&(L RSB efdidiian (Bl WP @bot WY @09h)e BRXBE LS PRYSkology,

test conpound concentrations. The tést conmpounds were
22(@3x:3C09+ 1080 Ksudlvesdvere canveonad énplatalues tofetd@diinerMei gaometric

dilut] buffer and then.serially diluted 5x with
g i1 4% R cined Blork 151 TR o Safiics miagy (g poserted back
toli@, vaMet For Atk Pbriihpe addi tion order and vol umes to the

assay plates were as follows: 25 nL radioligand, 25 nL
di | ulneitlistassaty, & o I oralua matliGedesrthatrthertestovaspouAs daya higher
pl.ates.were incubated fo m nutes _at 37C. Bi ndi ng
bipgREARHY (R ie Trplatie ek ‘@861} Eﬁﬁe@ it thyis 3ss8, G copgrounid of
fofihifA 19 A%Budd BeHavt b FhuR LRSS tHal§ bk |
OV‘tél ['esley, M) prag-t reat éld ?n 1% BSAMQI?E%M&JH%% lg/ISzandM3
mwetagnicimegptbrs.hree times with wash buffer (10 nM HEPES)

to renove unbound radioactivity. The plates were then

air dried and 50 nL Mcroscint-20 liquid scintillation

[ ' r lnc., Wellesley, MA) was added to

Agegggrﬁvs\é F(.{ctéq'ﬂleq%}aat es were then counted in a
Wil decelE: ANMEY FlasipslatenA sshy dn iCH G elitlinksiHieterologouisle Expressing
(PerkinElmer Inc., Wellesley, MA). Binding data were
Hymanfre 82 o Bnddrencsgic ResgpEsi on anal ysis with the

oSl L0 TR L By o

Adatefl CyclRsy AbtiefiohAssheSystan Mpmu e ]-newe O Biveroed,
from observed | C50 val ues and the K val ue of the

PerkimEdmerdaifriS denosg Inch BastpanlyLPy aesefding i ithe impnufachiesry Y,

ings{ S0, B She e g B D Aeio8 “BOg b {Cish CHOKI cel
B8 108 iy DTS SRR govn oo
canfleenaydn VA WEOF A2 ekedi sugplenminted svittnt 0% B arelfGerteiicig. (250
pg/mL). Cells were rinsed with PBS and detached in dPBS (Dulbecco’s Phosphate
Buffered Saline, without CaCl,and MgCl,) containing 2 mM EDTA or Trypsin-EDTA

solution (0.05% trypsin/0.53 mM EDTA). After counting cells in Coulter cell counter,

cells were pelleted by centrifugation at 1,000 rpm and re-suspended in stimulation buffer
containing IBMX (PerkinElmer Kit) pre-warmed to room temperature to a concentration

of 1.6 x 10%t0 2.8 x 10° cells/mL. About 60,000 to 80,000 cells per well were used in
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In this assay, a lower K value indicates that the test
conpound has a higher binding affinity for the

w0 emep2ard4 t ested. When tested in this assay, tPEI/US2005/029013
conmpound of formula I was found to have a K; value of
lLess than 10 nMfor_ the human M2 and_MB nuscar.i

thisasept ofest comgroppdselmpd BlAMBQ) vesrowiibied sde PES/goptaining 0.1%
Eﬁpﬁlﬁél:ﬂ{lgn o?f?ék— 0‘2{1@ tg%l?'d e}i(l} 1Qﬁﬁ‘elj_ﬁtt gén? ?834 %n% from

ressi ng muman renergic ecep ors cC

1GEERMS WM eRéIa@ﬁf)@er‘W&@ méubateﬁéfdﬂ 0 MRRGFSER3hdl dpped by adding
usi ng the Flashplate Adenylyl C,ycl ase Activation Assay

168k efvalil dhteptionniitfer cpppingngN Ewavm (NE2F &IWPEDﬁr,di‘eﬂLmEbner Life

S |
STEPaRLie L) o b ALeA BB coBol Al vesealplged

bds8& eﬂwcoaﬁ@ SV RORRBEYsalEREGhd AN Kan@8hd ad dR&Tved in the
stably expressing cloned human bl b2 or b3 adrenergic

maew,feml@r S umrmargnabvﬁata @van@aralmd bl nenlinear regmmnos afalyds with

RS ete Phoiat (b Aot oS icen, CA) with

theP JidH Ieggﬁﬁﬁ ?h?bﬁé{ghﬁmeof@\a&&a%ﬂ §%1rg' ‘f"eand"]?’rhﬂﬁf'w

2and containing 2 Trypsi n- EDTA
BwoheumcdrPl(a@m%&logjr, WPE3, 220253 0APA1BR)Ws ushfl te calcdatettha\BC50
ells in Coulter cell counter, cells were pelleted by
Va¥SSt ri f ugati on at 1,000 rpm and re-suspended in

sti npliRisia %Ibéc'fofwfe'i‘ EeQMN ALtk atSM Qlféecfsgt'chﬁpgﬁl?({ hdd a%ﬂlgher

pre-warnmed to roomténperature to a concentration
fubcitonal 4@ ity at meSeoeptkﬁ Gestel. | Whenl testédh inithi Hads830 thet @mpound of
80,000 cells per well were used inthis assay. Test

forilad ovas doynrgro axs hEBneefuefressdhant GeM; fat cfhgman B,

1% BSA i n Beckman Bi onek-2000 and tested
a(ﬁ%&ghdé Pﬁogent concentrations ranging from 100 nMto

1 pM Reactions were incubated for 10 mn at 37 0C and
stop&gd by addi ng 100 nL of cold detection buffer
AgsgntlgstiPrageduedd | - CAI\/P (NEN SMP004, Perki nEl mer Life

rHERFC RT3 Bl B e >
| es and cAMP_standards as

82: B]g%‘{qo‘{f‘%g@ H diated | HGIRySHinding al . Data were

TR LIS LS00 Sl v

abhmg of ﬂﬁamr@oeg@to lﬂédk mdmmmeatlmtaﬂFS GI®Y S Oihdidd® CHO-
Cheng- Prusoff equation (Cheng Y, and Prusoff WH
KBP@W%%M&W&&%@@WS% 1973, 22, 23, 3099-108) was

usedaf Be GidleS olflugé q’rotzgf’? nlze%gane% HESthawed and then diluted in assay

buffer with a final target tissue concentration of 5-10 pg protein per well. The
membranes were briefly homogenized using a Polytron PT-2100 tissue disrupter and then
added to the assay plates.

The ECy value (effective concentration for 90% maximal response) for
stimulation of [*>S]GTPyS binding by the agonist oxotremorine was determined in each
experiment.

To determine the ability of a test compound to inhibit oxotremorine-stimulated
[*°S]GTPyS binding, the following was added to each well of 96 well plates: 25 pL of
assay buffer with [*>S]GTPyS (0.4nM), 25 L of oxotremorine(ECso) and GDP (3uM),
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hi this assay, a | ower EC50 value indicates that the
test conmpound has a higher functional activity at the

w0 emep2ard4 t ested. When tested in this assay, tPEI/US2005/029013

compound of formula I was found to have an EC50 val ue
of less than 10 nMfor the human b2 adrenergic
25 pbeftiduted Asseympiewt] apd ctSadu CELMDedlmembomas exgewning the hM,
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Thxplates MRid Atsed twithicateld Wwah BhEEPHS 3hi hiskicogds andGhiaKdir or vacuum
cell s expressing the hM2 receptor. At the tinme of use

diedo MifrersinsrArrentilletien KaHMES Mhdvasridediq each avellnangsengh plate

B L B ol B 554 DAGERELP) PG ot

by ReIHe 2edsdis ARlyRisReitly tHeWrapiPad Pridth S6Bwate pdtisdgd PGRiphPad
and then added to the assay plates. The ECgO val ue

Sefevdrecncy Sarn Birgen€Ad tbing theoronslingantegrasslon @ pis sempediion

Bt Tt R ST R atis R L al i EREsHegpe 1Caovatues
ofdfb 86MbeRattdierediinké v Forand RSt c&]gfaaﬁ& afld e dxolteRbline

oxotrenorine-stinul ated [355] GTPyS bi nding, the
cdngenteationdn thesisseayde dha ¥o ead Hlwbgandofonoditiatipn, rpspecievely.25

oot PBrRIR( ety Rt ehepat el Bitupefd pde Pleger
funSHRRAY AR Gt 81 rBdepfdi@ &l | WHBARERD 88 IBXREHS %é&nﬁjﬂﬁ?d of

hM2 receptor. The assay plates were then incubated a
foamula Ifveas feandviorhave s K Yalkue af keay theh abew 1WerM 11 hleckadeof

orRBE R BT O by S bindite im0 R DEAE Saressing fheduv

re%ﬂtg‘r.i ce-cold wash buffer for 3 x 3 seconds and then
al'r or vacuumdried. Mcroscint-20 scintillation
liquid (50 nL) was added to each well, and each plate
s seal ed and radi oactivih\élgount ed on_a Topcaounter

B?&&MEF%?SM%@M%% ciwpRalease yia FLEER Assays

regr Welap j j he 1 Q.aPHP '

pac k%%@@%%ﬁ%ﬁ %‘3&?&%@21’ q\fbn C., g%e}g{)fe%o@ ﬁg%c&ﬁgfetnog(}q
prioteins) activatatha phsspioliEse GN(PLAY) pathimag upompginidt batling to the

equation. The Cheng-Prusoff_ equation

Tesgtel g e a%ixate%éﬁ%h?(dﬂr@1YIZ€%@@§P}9§sﬁgqs¥t§ﬁgpﬁgsphate (PIP,) to
aifi g@g%@f@%@ SRRNSYT V8 5L @bhbddRate &), SATBPHN B erates

calcium release from intracellular stores, i.e., endoplasmic and sarcoplasmic reticulum.

The FLIPR (Molecular Devices, Sunnyvale, CA) assay capitalizes on this increase in
intracellular calcium by using a calcium sensitive dye (Fluo-4AM, Molecular Probes,
Eugene, OR) that fluoresces when free calcium binds. This fluorescence event is
measured in real time by the FLIPR, which detects the change in fluorescence from a
monolayer of cells cloned with human M; and M3, and chimpanzee Ms receptors.
Antagonist potency can be determined by the ability of antagonists to inhibit agonist-
mediated increases in intracellular calcium.

For FLIPR calcium stimulation assays, CHO cells stably expressing the hM;, hM;
and cM; receptors were seeded into 96-well FLIPR plates the night before the assay was

done. Seeded cells were washed twice by Cellwash (MTX Labsystems, Inc.) with FLIPR
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concentration in the assay as the KD and [L], |igand
concentration, respectively. Ih this assay, a | ower K

WO 20060234p4di cat es that the test conpound has a PETO82005/029013
functional activity at the receptor tested. Wen
tested in_this assay, the conpound of fornula | was
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B ORI Sl R S S0 bbb BT T2 B meci
aridl 1R&¥%AS 80 QL e P B PRESIfRE. ethdadiBiviiR BRheas®atel vifld AR /well
Assays Muscarinic receptor subtypes (ML, M3 andMb

off £ p¥bFblUOy4 Ahia X sodutinewason@te) porotlemisitesat 87 9@1 &otchebon
pho ol.i pase. C_(PLC), pat hway, upon agoni st_binding t
aBRERP RlPER e inethelion pomsch LB waRlshed, By peuits FLIPR

i ' [ t Pl P2) t
b [ a’ggFg%%eﬂrngﬁd(%ﬂ )oggﬁggp %gpﬁa_t(i dyl ) °
cal of il P B B2 a0 AE P Aoy ighesgerebipt STRTaB St inraceltuar
CET eIRARTBH Gx ARRFhoFIAL HAB st WeferrhRiel 66 ki untd Bshift pbfRcy can later be
(Mol ecul ar Devices, Sunnyvale, CA) assay capitaliZzes

mepsurddd againgbexairsmarine simpkdieh hudmECaaloptentiation. uSelgwere first

BB SR AR R B o
wﬁﬁh%vafs'p‘é%ﬁﬁ&?ﬁ?ﬂ%e SYEPR. AS DSRSMLE tbriRofr&Rbritd Was é’éﬁerated
the FLI'PR, which detects the change in fluorescence

adcpushmgtortheniethpdrdetsfiled & the FE MR atbasvreineiuame mataliredundioBection

o0 ReHBACEST PR T S AL B P S Somore
cdgitorRehal Bl evaé:}%@ﬁé@& irl kb ShleY bt (hR! AR,

For FLIPR cal cium stinul ati on assays, CHO cells stably
caxeniogion og okdiecridvine wayBiddeditoodebh metlap tlher antagenist sbidtdch assay
into 96-wel|l FLIPR plates the night before the assay
P& done. Seeded cells were washed twi ce by Cellwash
(MrX Labsystens, Inc.wth FLI PRouffer (10 nmM HEPES,
pH 7The pramgtersaised fnthhiloPRawerepexposimlengtibef b iserongds, laser

' Sal LUt SS) Wi L hout | ci
o, UL RGBS B HPER) st RSP o
53ULsnae Basedine ek AR eltifnk € by mia thé ch¥Rice int fiedteidefstdml ed

with 50 nL/well of 4 nmM FLUO 4AM (a 2X sol ution was

1Ghspgendsrasior 4@ agdditien efsaganisg Fatlowdng aganis stisintakioaiehe FLIPR

Fol | ow h ' hat i od L1 d
e e phABE AT PP 2B M G510 R O S e
to@ptiikd the nhaxinh@mdRiogdsBeree chafgagoni st pot ency, the

dose- dependent stinulation of intracellular Ca2+

" el epReurlAke O MidEIBe P ARBrebidi™h niRE R MRFesdthcb Mtbus

ant agoni st~ pot ency can
baseline fluorescence for each well. The raw data was analyzed against the logarithm of

drug concentration by nonlinear regression with GraphPad Prism (GraphPad Software,
Inc., San Diego, CA) using the built-in model for sigmoidal dose-response. Antagonist K;
values were determined by Prism using the oxotremorine ECsy value as the Kp and the
oxotremorine ECyg for the ligand concentration according to the Cheng-Prusoff equation

(Cheng & Prusoff, 1973).

In this assay, a lower K; value indicates that the test compound has a higher

functional activity at the receptor tested. When tested in this assay, the compound of
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nmeasur ed agai nst oxotrenorine stinulation at an EC 0
concentration. Cells were first incubated with

w@eovporaasd di | ution buffer for 20 m nutes, fol | poEUSIYS/029013
agoni st addition, which was perforned by the FLIPR An
EC 0 val ue for oxotrenorine was generated according

farmalantevardauadtodhaved Kirvalugof inss frnpbastulOard for ldﬁd@éapéagomst-
g%%rjﬁglltcgfégé?%l% £ ilbgagf%(?ﬂ]s }ﬁgﬁbﬁp&%@g{%ﬁﬁgzﬁ W&f}ﬂ\é{h%t}d cM5 receptors.

concentration of 3 x ECF was prepared in stinulation
pl at es such that an EC90O concentrati on of oxotrenorine
Agzpy EestiBroceduteEn wel | in the antagoni st inhibition
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e;ﬁﬁl%ﬂgleceﬁflmfe'(BEA%W\%s HSEE( )(T@C‘rqli]? 9608, e&lﬂ@ﬁca& 11: Qilture

tes to capture ‘the nmaxinmumfluor escence c

Cﬂiha:tmhaMgaaw:ﬁs MA)c(ﬂa&ma@rR,e:t whSBrénsir ased oﬁfhmmmimgy 1998,
fluorescence m nus baseline fluorescence for each

Iderh TOITRY- (Ceals erra 1! tarfarifze OHEnAs I QOB letegarnn five

mg;{llg%ng{dé e é&%&ég%@ﬁ RER m{deﬁétﬁﬁgéa%l&&%aw 181-500,

BioAduros Imernbtienaly lﬁdlﬁaril]@ G‘IAd efThé diiy Befgmlhﬁl adsay, medium was switched
dose-response.  Ant agoni st val ues were determnm ned by
todeiIGTR @@.eagleph@l%%@ﬁa% aqlﬁecaE#:161@99@0%@%@&@%@&
Chi&HAK norine ECOO for the |igand concentration
accordl n ‘to the Cheng-Prusoff equation (Cheng &

Pr useAMP akS:48 )werd perfdthed as s MOlﬁ]ﬂlmm&isaﬁfMﬁialﬂ @sing the Flashplate
i ndi cates that the test conpound has a hi

A Conse ActvatiomAsioy Byoom Ut hcA0dP AL EN R 004,

PorRRIE R Pt SUE AR TR st SRR QUSRBE L P gl
indtregioasle of agoni stmedi ated cal ciumrel ease in CHO

cells stably expressi n the ML, hM3 and cM receptors.
Ass a?nﬁeesdaymf&eemm cells/wiere singed with RS, hﬁa@, hpbeering with SmM

S B, M By e BB I B i s

sué érﬁ!e&hrﬂﬁhh@lﬁtl&{ b D& vaRREERA7ET andhifi Ebﬂo@ﬁ!r@cﬁm of 600,000
él ntrinsic activities) in a cell |line expressing

@ﬂg&ﬂiﬁyqf@\l%ﬂdsﬂt effinpheonpenteptipn 0€ 160,800 wck29 A0, cebls/well in this
assayn%st m%ounds were serially diluted into assay buffer (75 mM Tris/HCl pH 7.4 at

25°C, 12.5 mM MgCl,, 1 mM EDTA, 0.2% BSA) in Beckman Biomek-2000. Test

compounds were tested in the assay at 11 different concentrations, ranging from 10 pM to
10 pM. Reactions were incubated for 10 min at 37 °C and stopped by addition of 100 pL
of ice-cold detection buffer. Plates were sealed, incubated over night at 4 °C and counted
the next morning in a Topcount scintillation counter (Packard BioScience Co., Meriden,
CT). The amount of cAMP produced per mL of reaction was calculated based on the
counts observed for samples and cAMP standards, as described in the manufacturer’s user

manual. Data were analyzed by nonlinear regression analysis with the GraphPad Prism
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epithelial cell |ine (BEAS-2B) was used (ATCC

CRL- 9609, Anerican Type Culture Collection, Mnassas,
wo/2)ospImpuary B, et al., British Journal of PCT/US2005/029013

Phar macol ogy, 1998, 123, 4, 701-1 1). Cells were grown

to 75-90% confl uency in con‘pl ete, serumfree nmedi um

S‘Qmﬁ PagkERe U&ra@bﬂf@ﬁ@ﬁt‘ﬁgeﬂm nSphPiage, GA usiagitrot-parameter model

"i‘ 18101_]?%0 Bi osource International,
r%g}m E}gosed&)sp e day before the assay, madi um was

SWi tnhﬁﬁ dséhyLiower B0, Oflho Ridvatdd ¢hAkhd ©kt di’oﬁipéuﬁ‘& h&b a higher
cat 141- 530 Bi osource International, Canaril

f‘@ﬂl)wﬂa& ANty 6 t'h?sr ceRptaE t?ﬁé@d‘ oWheultesigd an ﬂaszlillasaynﬂmmmgm;ad of
foR A SRR EA SR PR O S bl @ RENfos sy adrenergic

reb§t, NEl mer Life Sci ences hi e, Bost on, accor di ng
to the manufacturers instructions. Onthe day of the
assay, cells were rinsed with PBS, lifted by scraping

vvittg 5n1¥§/l EDTA in PBS, and counted. Cells were pelleted

Apspy st Fracedure 5n at 1,000 rpm and resuspended i n

DatddoH atB ro®dctidh 9 P gﬁl{[%ﬁ tAcRty1éHbH
E%centra‘?’%ﬁ%fo 6cOO 08\6@1?:1@?? 5 &eO? c\%te}{ldé ugggng?ced or

Hastzirhnml—lnduneberolmhownsmﬁcﬂmﬂ 000 to 120,000 cells/well

int assay. Test co unds re serially diluted
i nto %HWB%P?%YS V45 fPr%S%@S% pRchoprojgetiye gifecty of tgst

dﬁgﬂo%{'ﬂ@ é«mﬂl% FohAnudadm BRAbto} ﬁntﬁg&hﬁ%ﬂd? %@%ﬁe&%@ceptor

t conpou were tested SSsa

agdinfst autivity. Toredatt haiscaise aﬂtagtgm gcﬁi\ﬁ@rinlﬁ)e advtyl¢holide-pdduced
Reactions were incubated for 10 min at 37 0C and
rg{l@ws@wﬁwwaquql dhe spimalsovere adminigercd prepagelob @ dogpound that

blgﬂi n[glrece Jr)]rf‘ate ?%{t n‘r:“% ieﬁle F:) 1IH§ %%to XISE eg rBura‘i"uon of

bréficHdbidtdctioh @ tHeQithaneliRasda 'b?oﬂ%h%b@i%ﬁ@n ffddel reﬂects B2
Meriden, CT). The amount of cAMP produced per nL

adrmwmeMQSagmau&tactaﬂ@d based on the counts observed

S s S R R N

MRGiRbi, VB wei SHES 254, th ih
Pri SrBof vl & %amg% (Glﬁg)h%)a%wv Sof t gmiglr%ﬂfmoﬁgﬁedb cage

caBise Jarou@hpulitbe siydy rmindalp wemmzltosvedrwcksls td foodsind voitatadd libitum.
A TN N < AT
VB PEAEL i bR SO0 S LB A0 o
chhmbmd wape haareged o @S 6n aabse wak sinmdsntduesty &jn'ated]tﬁ 6thv1dual
liaersq"ron? g anqra?ner %Jol% ! U(.:ll‘el at pciés were exposed to an aerosol of a test
compound or vehicle (WFI). These aerosols were generated from aqueous solutions using
an LC Star Nebulizer Set (Model 22F51, PARI Respiratory Equipment, Inc.
Midlothian, VA) driven by a mixture of gases (CO; = 5%, O2=21% and N, = 74%) at a
pressure of 22 psi. The gas flow through the nebulizer at this operating pressure was
approximately 3 L/ minute. The generated aerosols were driven into the chambers by
positive pressure. No dilution air was used during the delivery of aerosolized solutions.
During the 10 minute nebulization, approximately 1.8 mL of solution was nebulized.

This value was measured gravimetrically by comparing pre-and post-nebulization weights

of the filled nebulizer.
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Assay Test Procedure F Duration of Bronchoprotection
In Guinea Pig Mddel s of Acetyl choline-Induced or
woik@bari4ne- | nduced Bronchoconstriction These i PCTUSI05/029013
assays were used to assess the bronchoprotective
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t he Hoityrfive mimutes @rdbrito ilst staredf the pphneiaey) evaduationpmadi duinea pig
that bl ocks b receptor activity, prior to the
waRiARGsIGtiosk ¥idh e I OAEBISSH GBI o Lktaming (4375 me/ke),

. . i S tam ned _ '
<REANELORS AIGHLAPyhlE QBT %ol YNGR, il e vas shved
anded egrted withgt9h slcoladl} 4 243tgm n@il(ineri&ci@foln(i)f o \e:é]gul' avpéct o)f the neck

pi gs ,(Duncan-Hartl ey, (HsdPoc: DH) Harl an, Madi son, W
Wﬁ%ﬁ%ﬂﬂ‘?'n %ﬂmwlmﬂawas §8@teg1 3 canipfpd th galine-filled

' if i o ghout  t t ,
pAARPL Gl B (R0, P08 DIJBRRNY S MIB) B b0, for intravenons
inffudbortswfiacefgisholrer(pohneishistehéned Rhlities tItie@ thchdanwas then dissected

i nha] ati on qQver 10 mnutes in_a whol e-body exposure

freoaidgnapaies avith kKT fadloadubedaiNie At foSmalERarts, Migmi bakesgFL). If
AR SR NGBR3 Lbon 88 RSRe s of e

afarepgsmtivadd amesthétid wlixtiidi Tha dpptlioNarssthespesatotitoréand adjusted
.aerosol_ of a test conpound or vehicle (WI). These
if e Fumpkresponds tparieting o ity RAY aid dessspitation ireia svag greater than

] bulizer Set (Mddel 22F51, PARI
1@&%&§'®v&§qui prent, Inc. Mdlothian, VA driven by

a m ®hty the OinrydRREs (Vekleompidted, Be mitblovadslabil imHto/£ %)
at a pressure_of 22 psi. The gas flow through the

plaidsmogzaph @PLYRil$4.dpeicathleniropicssksos Shavas, Ghpinshanmserhageal

: | e !
R e R N e
pulsedargdiiviig preudpresflry). Ofheeflos @hdegltub&dl hietbed to the

Dur i n% the 10 m nute nebulization, approximtely 1.8 _
openingfoidles piethymegiaphiemilorzba suinks pigia buwstheearsomeasfioaputside

raviqetrical ly, by c arin re- and, post - nebyl i zati an
SSRYHE! e Bt NS R, R SR P L el boay
teRipbREIrs afd the@aines BrARIURESWaLThMted s With 4 ALt Rhg a
wer e eval uated using whol e body pl et hysnography at
101mE, calilratigg syinge 125 320 Fesiep dtans RadelphFEansps City M) riei eesire that

i b el BB ol o il o Sy

hypehegtila@in. of ketam ne (43.75 ng/kg),

Once it was determined that baseline values were within the range of
0.3 - 0.9 mL/cm H,O for compliance and within the range of 0.1 - 0.199 cm H,O/mL
per second for resistance, the pulmonary evaluation was initiated. A Buxco pulmonary
measurement computer progam enabled the collection and derivation of pulmonary
values.

Starting this program initiated the experimental protocol and data collection. The
changes in volume over time that occur within the plethysmograph with each breath were
measured via a Buxco pressure transducer. By integrating this signal over time, a

measurement of flow was calculated for each breath. This signal, together with the
57



5

10

15

20

25

30

xyl azine (3.50 ng/kg) and acepromazi ne (1.05 ng/kg).
After the surgical site was shaved and cleaned with
wQossmtehol , a 2-3 cmmdline incision of theP@UENS208$/029013
aspect of the neck was made. Then, the jugular vein
vvas I sol ated and cannul ated with a saline-filled
WV&@@W%@@M@PW@ wese cobeptad uski g desym pressure

tr%%@{l&‘? gﬁf‘ﬁbﬁ {e(ﬁ)( AN ]ﬁs) c ed z% %aﬂln@{&g Kw .fzg%)o A Saéﬁ) lifier to a data

cdlreaﬁcbtemtem%e (#\@SFIBLE)@%H@@TBBE@ 2qoteniithndh e patdattids were
14G tefl on tube (#NE- 014, Small Parts, M am Lakes,

dqrived fijom F@%W@@Pu%nest hesi a was mai ntai ned by

T N T T
wakehhilgiea wm%dmllﬁ.ﬂﬁlﬁﬂlea Whéiﬂ%\ﬂzlﬁiaﬁﬂg tHe thiiRadiic Aagonist
r esponds tobgtnchl ng of its g@zv or if the respiration

efff %@t%pmn@lp rag/Kighan (Sigmapp hh,s?tanus,é\/IOOme adhinistered 15
i b s S R B et R 59 EeiB oS o1 memry

Whﬁﬁlfuse&tﬁfaﬁ)'emo ) foR D ehidite EoRPH @ﬁﬁﬁge PREDSEHT 191w 2WoHU @recmon
(PE- 160, Bectu?rgl Di cki nson, Sparks, M) V\IIZIQS i nserted

Insgupezisdne. wam &Ly atthe folingvipg desagrand pmsgs@drtm)es ﬁmm the start

fl b tt
o e BT S e TR B BR o weele s £ TP B ne
7.5 Q@hidute 418 HMidkes 180 ,i%yﬁn&haabm mintfé, S agﬁaﬁhut%% 25 minutes
then seal ed. A heati ng Tanp was used to marntai n body

andeﬁﬁm/mmute ata?rﬂjmméeSg wilieeatipely; broncimpsotewsion quéslt ad)l‘prlBldS was

asgw?qila&% ssytheud Bulenid e b Pt v bojgglocking

Jgapgure that the |ower airways did not collapse and
that the animal did not suffer from hyperventil ation.
On C eWth \mduai'mgethwﬁm;htendngb rmmelr iagenistaiffieets ofasecompounds,
he r e of H2Q for conpli ance
(12% Iplg/rp é&yfch@ St "Lou@;, @ WaR 1%73%1&'3 uenously for
1 ﬁl%ﬁé‘ frohtd syn%ge giuﬁﬁ GP hetfaﬁomge'aeéa% d PYRLLRL 1Hes¥in the start
initiated. co pu nonary asure nt conp
ofghe g:qwnerreabl @4 pghsinol dt Satinotes,and pdainviatat 00 nﬁﬁutes
ul monar igl ues. Starting this program.i n|t| ated the

S HSERTHEA 4P THRYED S u%(ﬁa%&a?%%@m & / SrHe/MHRIGCH 2 Jaigutes
arﬂdnl 5V /MR OXE0 ﬂﬂnﬂﬁe st ﬂq%m %%5{15'11%&%d not returned to baseline
pl e snograph wt each e nmeasured v

Vaﬂiuasem3 priasisufodlotizgedh deh.or Bystarlmhe dosd, th@lﬁthﬂaqolgs gmgls were
measur enent of fl ow was cal cul ated for

infieh 3iaaronih A so e & KOggLCREsTatipt yeiigep BFsRsAed pilmonary
padh&ER gncﬂﬁ@esx%’sﬁneatl‘éﬂ HRGEShoy (Breflls Aihfte S QbinFiiRE (rﬂiycﬂgHaO) and

ensym pr ess
pulmonary remstance (cm H,0/ mL per second). Once the pulmonary function

measurements were completed at minute 35 of this protocol, the guinea pig was removed
from the plethysmograph and euthanized by carbon dioxide asphyxiation.

The data were evaluated in one of two ways:

(2 Pulmonary resistance (Ry, cm H,O/mL per second) was calculated from
the ratio of "change in pressure" to "the change in flow." The Ry, response to ACh (60
ng/min, IH) was computed for the vehicle and the test compound groups. The mean ACh
response in vehicle-treated animals, at each pre-treatment time, was calculated and used

to compute % inhibition of ACh response, at the corresponding pre-treatment time, at
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transducer (#TRD4100), was connected via a Buxco (MAX
2270) preanplifier to a data collection interface (#'s
wWEEgaLdsand SFT3813). AUot her pul nonary par aneCEDUS2005/029013
were derived fromthese two i nputs. Baseline vaI ues
were collected for 5 mnutes, after whi ch time
eaghiterb soppeddose bhdhitiendrsg-TaMPORSARIH Ve ion Ry él‘fﬁf%ﬁtted with a four

PRI R M G SRS 5 ANLAHRH b0 8P 5lBus (Graphpad

smamgasmmgm GilHvReh) 15 edtiniuté BonphopRotettivelin) (dae@ﬂ:qmred to
W th Ach. Ach (Sigma-Aldrich, St. Louis, M)

(0
infrifyitthy Alehs(60 bronchespatrinies] rgspoppe by 5%t Bhe ?Ckblﬁ’ﬁl%tl used was
Si?(/?@l nge punp (sp210iw, World Precision Instrunents,
‘Sarasota, FL) at the follow ng doses and
prescrlbed times fromthe start of the experinent: 1.9
ng/ m nute at 5 mnutes, at 10 m nutes,
7.5 Mgt Mimdt@®laatMis)/@nld @‘?"g%mﬁwﬁ’ﬁ;m nute at 20
m nutes, 30 ng/mnute at 25 mnutes and 60 ng/ m nute
at 30 m' nutes. Alternatively, bronchoprotection of
t est wHARIDOWNHS 10pasIHAS sLERB Y idthb lil@spaﬁs%t(% ﬁm{m&?of ACh induced
chal ' enge nodel W thout pretreatnent with a beta
inoteaskinrRy.) 6 wiants atiMinhethanpvedches asygiptdisablp teeldiae mathgi igmoidal
receptor agoni st effects of test conpounds, histan ne
S rrg/rrL) (Sigma-Aldrich, St. Louis, M) was infused
intr @3‘5 enoggl ?z(uafn@i"ty ﬁD{T‘vﬂH&ﬁsfd@ﬁﬁé@asstﬁé G EntRHAR LA hideBnine
foll owi ng doses and prescribed tines fromthe start of
n¢dded tx@asé adonbling.of thnﬁamlmﬁpeﬂmbnﬁy mdsintanes,, w. @lculated using the
%@ﬁ%ﬁ%ﬁﬁgﬁ@]ﬁg@u@g glitirs?q%lﬁgg th {Iﬁe ﬂ%‘%Séz}%toryggg }'a(rel%e of Ach
oSt @ferkes Hﬁﬁ H%%ﬁox@fn gumdﬂ’(td@ﬁvedl frorh $d &uBiGused to
or conpliance had ret ur to baseline values at 3
caltulait @€, § wdlhasvin rtige cﬂmdw(séc:ﬂmo Thdvasicaocn2008pse, the
guinea pig's lungs were inflated 3 tines with 4 niL of
air froma 10 nL calibration syringe. Recorded
pul nonary paraneters inclu frequency
(breat hs/ m nute), conpli anzggﬁl L?%aﬂ)ﬁ% lgﬁ
pul nonar yPResastilag ¢ dog Crm HZO—m_—pe'r—se'chrd')—Ow}e t he
pul monary functi on neasurenent sRyeRg conpl eted at
m nute 35 of this protocol, the guinea pig was renoved
from.he. pl et hysnograph and eut hani zed by carbon
di oxi' de "asphyxi ati on. The data were eval uated in one
of t @p=waycentrétign ELAcIOEistamére eedog CRL, cm H2OZmL
per second) was calculated fromthe ratio of "change
i n pEessoneshtraigon ofhéclcordisiamine meiudting inTi dear a 2-6old drrgease

to ACh (60
in pulmonary resistance (R;)

R, =Baseline R; value
R, =R, value after C,
R, =R, value after C,

Statistical analysis of the data was performed using a two tailed — Students t-test.
A P-value <0.05 was considered significant.
When tested in this assay, the compound of formula I produced a dose-dependent

bronchoprotective effect against MCh-induced bronchoconstriction and His-induced
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nmg/mn, IH was conputed for the vehicle and the test
conpound groups. The nean ACh response in

wQeewbokBst reat ed ani mal s, at each pre-treat menPCT/URE)5/029013
was cal cul ated and used to conmpute % i nhibition of ACh
response, at th _Qorresggnding pre-treatnent

ti ,
bignghaensitision, ot finenllye i commRits of formulgddiad eslyeion (PD Tiz) of
R . ! t
fthdiESicbe aciviey WPEedd WG bl il hssBBT 2701 T
f or Whikbahs pfetm pdveatorbbid weh descbdad Rt geferdnad td Getiifiaaspects

to estimte bronpggprotective | D50 (dose required to
of piRbesdiments ghongsy, it B0l by upslarstiopd by these eherdinanoskilledindheart that

i . = A+
8 T SO R 32 L i Myl o
tribrgpitipgal coperothe dosation’ Additibeallyesn@e sLtehOpdrmittddi vyl :pPlicable
of ACh induced increase in RL) . Y starts at Mn and

PapsEiepeandrsgrations; alhpyblicetiongapratgnts and ategirappedtions cited

. ' Whi eh 1. fined as the .
hgOR0Re ne iy DRSSt ket AR R B R b i oot
dedunidhehditseeh imividublipmasiporabs 15t RAEhce Wit al cul at ed

usi ng the pul nonary resi stance val ues derived from

t hefl ow and the pressure over a range of Ach or

hi st am ne chal |l enges using the foll ow ng equation
(derived fromthe equation used to cal cul ate PC20
values in the clinic (see Am Thoracic Soc, 2000):
(log C - log C1)(2RO - R1) PD2 = antilog [ log Cl+ ]
R2 R I where: Cl1 = concentration of Ach or histam ne
preceding C2 C2 = concentration of Ach or histam ne
resulting in at least a 2-fold increase in pul nonary
resistance (Rl RO = Baseline RL value Rl = RL val ue
after CL R2 = RL value after C2 Statistical analysis
of the data was performed using a two tailed -
Students t-test. A P-value <0.05 was consi dered
significant. When tested in this assay, the conpound
of fornmula | produced a dose-dependent
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bronchoprotective effect agai nst MCh-induced
bronchoconstricti on and
wok@ermdscedbr onchoconstriction. Addi tional |y, P€TES2005/029013
conmpound of formula | had a duration (PD T ) of
brochoprotective activity of at |east about 24 hours
WHATHSSCEAMIMED ¥ | e t he present invention has been
described with reference to specific aspects or
enbodi nents thereof, it will be understood by those of

ordi pary Akhkhﬁﬁnénzkﬂ@nﬁdkuH&ﬁ@aMé&MﬁUﬁM@H@ﬁ@@%ﬂ&@&mﬂcadd
6&51' val ents can be substituted w thout

be mad

L gt iorey {2 mere o (8 Bydiony Arkos b gshygroquieslin-5-

' LR, i£iopal th { per mi tt ed
ylg%%ﬁ%g]g g° pgﬁégﬁ#%gh%é‘%l%?&%%b erog’gﬁﬁ%gﬁ]ﬁ’lgﬁé }n—gl,-)?l bl or a sotvate

thetdoki cat i ons, patents and patent applications cited
herein are hereby incorporated by reference in their
entirety to the sane extent as if each docunent had

been,i ndi y dual Iy i.n orated by reference. .

her ofn. VAT FERGRS GED I T pvheset flpdsomnaifidis characterized by a
diﬂ_’e?enﬁhfb%ﬁﬁﬂh? H16:9RERy BatdhwhRh sh&s a maximum endothermic heat flow in

bi phenyl - 2-yl carbamic acid |-[2-(2-chloro-4-{][(
thp rangejof dbeut 213 °C &0 alyait 849 °C- oxo- | , 2- di hydr oqui nol m 5-

yl ) et hyl am no] net hyl } - 5- net hoxyphenyl car banoyl )etliyl ]

pi peridin-4-yl ester or a solvate thereof. 2. The

conpyund Dhe Ednddtind of WIEAE] , RyHefn GRBMPIINd & characterized by a

Characterized by a differential scanning calorinetry
differemtialdieping erdovsmetryrtra¢aminick sovhemakionine anddthamic heat flow in

the ra bout .21 L0 about 240 0C. 3. The
ﬂ%éﬂﬁ%&ﬁgﬁ§gaé$é$ﬁ?T¥“§ﬁ2§g?n t he conpound is
characterized by a differential scanning calorinetry

trace which shows a maxi num endotherm ¢ heat flow in
t he 4.angeTlyf canlppund 21 €108 I, oviwbon the228p0@nd #. chilaeterized by a

.compaund of. Claiml1, wherein the conmpound is i i
R PSRty e GhiEh SHOVSCER AT Shdstherai heat flow in
tht kB8 orEbGHR 250 9o iR i endot hermi ¢ heat flow in

t he range of about 230 OC to about 240 OC. 5. The
conpound of Claim1l, wherein the compound is

characterjzed by an differential scannin alorinetry
tr aci1 whi tf fioglléﬂ}ﬂgpgﬁi%% II’)VVHﬁeF?l%a?&PBE’H Richpragiegized by an
. , . .
O T G R R AR o S o
shiosmndh &igure ein the derbperatnrediahfeateve 280 °€canni ng
calorinmetry trace which is substantially in accordance
with that shown in Figure 2 in the tenperature range
abovg 200nQGontoutiBr ERFRA 3ﬁ1§feﬁn feAbpbund BhalelifS by an

conpound 1's chdracteri
differential scanning calorimetry trace which is substantially in accordance with that

shown in Figure 2 in the temperature range above 200 °C.
7. The compound of Claim 1, wherein the compound is characterized by a

powder x-ray diffraction pattern having diffraction peaks at 20 values of 5.0+0.3 and
15.0+0.3.
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powder x-ray diffraction pattern having diffraction
peaks at 2Qval ues of 5.00.3 and 15.00.3.8. The

w@eovpoeaasd of Cl aim 1, wherein the conpound i s PCT/US2005/029013

characterized by a powder x-ray diffraction pattern in

whi cph the_peak positions are substantially in )

acc og'd an c@ﬁwq quRd of &b STherein dhegrompeand i cheragterized by a
SRR -1a) afFr g4t 3 ; | &1 n
POPRIR 12 SRR it WIS BREHE o iorial! floha
acgpfdancecwith thepebk positions ofthepattehe stpeakinf@girt Bons ar e
substantially in accordance with the peak positions of
the pattern shown in Figure 4. 10. The conpound of

Caign 1, i u infrared.absorpti.on

S T e e s e T
poraier x 44 difft6@ionAfternIN K hidDHE pedid fukiticht G substdftial284,

1408, 152% 1609, 1655, and 1701 cm1 . 11. The
ace il b fhe@eal Resitiongiod it Batiereshotmpn dighte 4.

characterized by an infrared absorption spectrum

substantially in accordance with that shown in Figure

5. 1. THEhecompound odClabhdi, Whéreih theBofpoihZRA HR5Y absorption
13. A phar m_aéeutl cal conposition conprising a

SPRHEFTIC @ greBsany abserrtiondiands dabewnigi04ais, 468,600 1655, 1104,
11@@y1ﬁ@e1g4 %Qg’?%%r%%§%ll%v?ﬁéém mﬁﬁ%{lﬁr maceut i cal

conposition o rein conposi tion
further conprises a steroidal anti-inflammatory agent.

15. The pharmaceutical conposition of Caim 14,
wherldi n t Hie copposndial Claimil, whereimibie soypagywhis characterized by an

: ' or Q- - -furanyl car bonyl ) gxy].- -
infiteBo kil bt Ryetannalfl BLspREne Yank B Sgamin Figure s
b-carbothioic acid tf-fluoronmethyl ester or a solvate
thereof. 16. The pharmaceutical conposition of C aim

13, Mher eihs copworrshefgsiaim dninfroicrérdzedcforpr i ses a
phosphodi esterase-4 inhibitor. 17. The pharnmaceuti cal
conposition of Claim 13, wherein the conposition is

f or mal at edph@massiicall dhipakition cBMpisia |a%'hhﬂi‘ac}1§icaﬁ? Gcceptable
pharmaceut i cal conposition of ClaimI13, In mcron ze(f

cairisy and 3 gomyenads anyreeeef Cleimhs témidsi ti on of O aim 17,
wherein the carrier is |lactose, starch, mannitol,
dextrose, polylactic acid, polylactide-co-glycolide or

a cagbi nathe PRariRERRE] c?RposttAnCHThRR] 3 Wbhef QB Shfi¥sition

further comprises a steroidal anti-inflammatory agent.

15.  The pharmaceutical composition of Claim 14, wherein the steroidal anti-
inflammatory agent is 6a,9a-difluoro-170, -[(2-furanylcarbonyl)oxy]-11B-hydroxy-16a-
methyl-3-oxoandrosta-1,4-diene-17p-carbothioic acid S-fluoromethyl ester or a solvate

thereof,

16.  The pharmaceutical composition of Claim 13, wherein the composition

further comprises a phosphodiesterase-4 inhibitor.

17. The pharmaceutical composition of Claim 13, wherein the composition is

formulated for administration by inhalation.
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(a) a compound of any one of Clains 1 to 12; and (b) a
steroidal anti-inflanmmtory agent. 21. The conbi nation

wo@Roochzd4m 20, wherein the steroidal anti-infl areEUS2095/029013

agent is
6a,9a-dif|uoro-17a-[(2-furanylcarbonyl)oxy]-l
b- hydr oxy- 16a- net hyl - 3- oxoandrost a-|, 4-di ene-17

b- cajpot hTHé ﬁhﬁ'ﬁiag%ugighl%%ﬁ){lof %ﬁlﬁ{ lf fn 1@11&81%1%@& form.

t her eof . for “treatin
di sorder, the met hod conpri sing adn1n|ster|ng to a
pati ent |&1 need of treatnent, a therapeutically

ef f ebti ve ! Rnpharmaggutisal compositian of Clatn Un@’hélfeﬂdhﬁlcﬁ@‘lells
lab®sd 3t &13 ' | 2
apatsl g r?tr e o, Eélgrog% %E}??&ﬁ% adl dﬁélﬁﬁ%{iggbé gfygghde ora
connihadttmmtherebf) t he patient bronchodil ation-produci ng
anmount of a conpound of any one of Clains 1 to 12. 24.
A nmethod of treating chronic obstructive pul nonary

di segge Of GﬁﬁﬁﬂﬁongH@PHELQOd conpri sing adm ni stering

to a patl ent 1 n nee reatnent a therapeutically

ef f e@) i vea etrmpkmndanffaﬁysﬁm@mlraﬁnm tamny: .age of Cains 1
to ﬁ%@ process for preparing a conpound of O aim

pr?b%té@édaé anbrinfianHpatebrAgEet | ng
blphenyl 2-yl carbamc acid
| -[2-(2-chloro-4-{[(i?)-2-hydroxy-2- (8 hydr oxy- 2-
0X0-21, 2- dityebntsitatival dfC1Hiny L), Q&H&Yéﬂﬂld’@&rﬁﬂhmﬁt]}-m@aﬂiﬁ{a!?ory
oxyphenyl car bano I%ethyl] piperidin-4-yl ester with

agentis SeugariBnerat el @-furanylcambonylhergi-di B- ho’dmgdﬁa-’methﬂ 3-

o BE558-BHE TR SRR She P DBt o

formula Il: wherein Rla Rb and R c are independently
sel ected from Cl-4 al kyl, phenyl, -Cl-4
al ky32 (phd mqtl)od for treatingof pwhlnoaary Idlldorém,dh&knedmds:omibn@ﬁg

ri.de ion; cti t he
oatiaREitid srtlepin ness ofpingoa B %@%qailme i dnqugt of a
coftfpodnd¥Eadl dheldT€NAats:1 thq2f orm a crystall i ne
1, 2-ethanedi sul fonic acid salt of biphenyl-
yl carbam c acid

- [ ?23( 2- CK metcl?oddfof{p[r(gciuc ngzbrlgIYc%gg)ﬂ/tlon 1$18a plgl 1gr{tot)1(1)é n‘%etl?oxdo |
co p?ﬁéﬂl"g%@lﬁhﬁl@ﬂehﬁ% By) irﬂhhﬁhbﬂ S ?)Q?l&ﬁtb?é‘rl&ocﬁldﬁ%h E’?v 4 ?gl%rb)fnount

| car banoyl ) et hyT | pi peridin-4- "yl ester or a s
ofalvempofind ofmyeing of Cdgimgd)todAd (b) are conducted in the

sane reaction vessel without isolation of the product

of step (a). 27. A process for prepari ng a conpound of

daimm 1

0C. The pr SieHRdRRA{ AL Sho Rt Flumdil AaK ofidfhima, the
m@hgdsd:cailprlsufg administering to a patient in need of treatment a therapeutically

effective amount of a compound of any one of Claims 1 to 12.

25.  Aprocess for preparing a compound of Claim 1, the process comprising
contacting biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-
0x0-1,2-dihydroquinolin-5-yl)ethylaminoJmethyl} -5-methoxyphenylcarbamoyl)ethyl]-
piperidin-4-yl ester with 1,2-ethanedisulfonic acid or a hydrate thereof.
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1, 2- et hanedi sul fonic acid salt of
bi phenyl -2-yl carbam c acid [ -[2-(2-chloro-4-{[(i?)-2-

Wh@s0x345L- ( 8- hydr oxy- 2- oxo- 1, 2-di hydr oqui nol i PEBU§10D&029013

hyl am no] net hyl } - 5-

met hoxyphenyl car banoyl ) et hyl | pi peridin-4-yl ester or a

s oI vabe t Heproedss for prepasingtaj comp@mi) of Clairg 1athe process comprising:
g hanedls%lfonlc aC|& %f ?

b| ph&y| - SOV oNE § O-n[n?-a(]%-chl or o-

4-{[ (17?)-2-hydroxy-2-(8-hydroxy-2-oxo-1|, 2-di hydroqui no

lin-5-yl)ethyl am no] net hyl }-5- _CH,

nethoxyphenylcarbannyl)ethyl]p|p?rldln 4-yl esth or a

sol vate thereof dissolved jn an iqer & 00-SiRt ei n

the seed crystal has a nelﬁlng t g eat 8r thamp®

about . S [ A 58

crystalllneil 2- ethanedlsulfonlc acid salt jof H

AR 2- yl carbamic acid |-[2-(2-chloro-2H[(
oxy- 2- (8- hydr oxy- 2- oxp- |, 2-di hydr oqui nol i n- 5-
anino]nethyl}-5-nethoxypheny|carbannyl)ethyl]p
I peridin-4-yl ester in an inert diluent at a first

t ture, t of st t
Secomtedhpey B O ot pispeafiatiigelse e Sty s fkyt et o
%Pr%ﬁg%{x;‘flﬂ%g oa&!bf Rn" Rl%ﬁ@sﬁ'lo @t,_4 alkyl); with fluoride ion; and

| carbam ¢ acid
| - [ 2€1)2- c hbminaing-th piodpetrdmy stepXly)- 2itlf 8;2hathlanorisulforax eeil or a

w?ryd' %P@fﬁ o 'qr}yiwl ing 1 2eathsedisyiiamg red suhrbyPhavhyr
yicelllbaﬁﬁa 9&@1%23(% &4 gg?ez g% i ;gg é§%§&o&k&séyﬁi 1has a

ting poi er t I rst
dﬂgquumbhné-yl&ﬂaylhmnm@mdhy]l}é-meﬂfovcyplmnﬂchxbﬂoybethyl@p1per1d1n—4-
he 1, 2-et hanedi sul fonic ac and the second
{%ﬁtﬁS@F asoivateitherged, wheren %?H)@S a?cﬁﬁé az copdpetRd ihibe saag reaction

VQ%;Xl%ﬁl,ou g%gpjtfgg%lfkwggrg&%g{e n added to the product

rocess urifying
blphenyl 2-ylcarbamc acid | -[2-(2-chloro-4- {[(R)-

2- hydr oxy- 2- (/8- hydr oxy- 2- oxo- 1, 2- di hydr oqui nol i n-5-yl)
et hyPani né| RSy |f?r preparing a compound of Claim 1 having a melting point

gﬂ:‘ﬁ{ep M%‘Bgﬁﬂ?@abbwwe% Ma;lr%ll éfdd%(g]% ?Aée g@ﬁaﬁ ?f a %Qﬁlhne

process co oun

12- éthat&tlﬁhlfbﬂne adld&aﬁbhbiphaiﬁ-al-yﬂcmbﬂnﬁmcdi B-f2-(2-cliloro-4- {[(R)-2-
bi phenyl - 2-yl carbam ¢ ac

hydrpyy-pASdnHinxy-24049- 44299111@19@1@9@%575le)e@w}@wn@mﬂ@lb% |
R SRR DR PIoiperidinyto s e elrag Mt Agppon

comptisié B12-stharRdistlfomic aald%altwbab@heﬁwzeﬂéarbammﬁi i [12 (2-chloro-
t her gﬁMr as a nedicanment. 31.. Use of a crystalli
44{[&) o2 B HiAioxy2cone- batdihygroquinolin-5 -yl)ethylammO]methyl}-S-

mtc)ait}%g(?pnl)(eln'y%él\f)la&%ryﬁgt‘l?yﬁpiperidin—4-yl ester or a solvate thereof dissolved in an

inert diluent, wherein the seed crystal has a melting point greater than about 230 °C.

28. A process for preparing a compound of Claim 1 having a melting point
greater than about 230 °C, the process comprising:
(a) dissolving a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic
acid 1-[2-(2-chloro-4-{[(R)-2—hydroxy—2-(8-hydroxy—2-oxo-1,2-dihydroquinolin—5-
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yl)ethyl am no] nmet hyl } - 5- met hoxyphenyl car banoyl ) et hyl ] p
I peridin ester or a solvate thereof for the

ylbmlnﬁdmaﬁxoﬂmet)f/wk} %m@&mxmﬁlcarbawoylfrﬁbylﬂ@ée@imd Wicsienin an inert

nedicament is for treating a pul nonary
dlﬁlfegfa? rsp%?peﬁaﬁlg%se of C aim 32, wherein the

pul rm;r)@bml@ 6O Eftﬁ‘llilcﬂ S sEIpr(@NoG 2bGd tefiperurpidn@onar y
di sease or asthma. 34. A nmedi canent contai nin

cr ystcapfding a seedl asysialndd s%@th&tﬂdisﬁlfa@nc@%]eﬁaﬁ %glphenyl- 2-ylcarbamic

ac{l(l{l ?-T%Q%—fhﬁ)g}%—r ﬁ@?}@rﬁ% g’ h{yér 2C tﬁ}lozi 9: cf]ﬁydroqumohn-S-

yl%tmakhﬁﬁ)qmeﬂa 1305 aremok%ﬁmmmbaﬁﬂopgéﬂhymblbe@dlﬁmw egtey;phe
nylcar ba]gg et hyl ] pi peridin-4- yl ester or a solvate
t her wbéreim3Be segslecrystal hagy n@ltmgymlm highes than about 230 °C, the first

tempﬁﬁagtﬁ‘? ?sng eﬁp%g%tgrg ﬁfn‘é%ée&gg) (Tlss[oﬁve(tge 13 ¢tpanegdisulfonic acid salt, and
th% !séd:o%)i"té’mbéfﬁﬁ,@(ﬁé belolBa tiPetiie At Akithkhe sddidRyyit0 doprldly

digolessiwhearadde] tosthtptodud-afstepdky phenyl car banoyl ) et hyl ] p
i peridin-4-yl ester or a solvate thereof; and (b) a
steroidal anti-inflamatory agent; in the manufacture

of aygredi Agj}gggss fputiRgng i I(S:?ﬁ&ﬂﬁ’-@ gl@&bﬁnﬁtﬂc{mﬁﬁl -§2-chloro-4- {[(R)-

di sorder. 36. The use “of aim3 wherein th
2-hiyéwosiy-dall8- lwdtcvxyl-hbkarh%dlby@m@ggqhn-ﬁer)ethylammo]methyl} -5-

9a- di f 2- | car on |
gy Sy AR T 30 At GSEGIThe Brobos FRmprsing forming a
chn}gﬁﬁlgq,tfl@lghpl acid "-fluoronethyl ester or a solvate
her eof
30. A crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
yl)ethylamino Jmethyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate

thereof for use in therapy or as a medicament.

31.  Use of a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic
acid 1-[2~(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-
yl)ethylamino Jmethyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate

thereof for the manufacture of a medicament.

32.  The use of Claim 31, wherein the medicament is for treating a pulmonary

disorder.

33.  The use of Claim 32, wherein the pulmonary disorder is chronic
obstructive pulmonary disease or asthma.
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34. A medicament containing a crystalline 1,2-ethanedisulfonic acid salt of
biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2~-(8-hydroxy-2-0x0-1,2-
dihydroquinolin-5-yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-

vyl ester or a solvate thereof.

35. Useof:

(a) a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
yDethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate
thereof; and

(b) a steroidal anti-inflammatory agent;

in the manufacture of a medicament for the treatment of a pulmonary disorder.
36.  The use of Claim 35, wherein the steroidal anti-inflammatory agent is

6a,90-difluoro-17a -[(2-furanylcarbonyl)oxy]-11p-hydroxy-16a-methyl-3-oxoandrosta-

1,4-diene-17B-carbothioic acid S-fluoromethyl ester or a solvate thereof.
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