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WO 2006/023454 PCT/US2005/029013 5 CRYSTALLINE FORM OF A
BIPHENYL COMPOUND 10 BACKGROUND OF TILE INVENTION Field
of the Invention The present invention relates to novel crystalline

wb Zeedlianggdisulfonic acid salts of a biphenyl compound whighg{&s0s/020013
expected to be useful as therapeutic agents for treating 15 pulmonary
disorders. This invention also relates to pharmaceutical compositions
comprising such crystalline compounds or prepared from such crystalline
compounds, processes and intermediates for preparing such crystalline
compounds and methods of using such crystalline compounds to treat a
pulmonary disorder. 20 State of the Art Commonly-assigned U.S. Patent
Application No. 10/779,157, filed on February 13, 2004, disclose novel
biphenyl compounds that are useful as therapeutic agents for treating
pulmonary disorders, such as chronic obstructive pulmonary disease
(COPD) an¢-msthma. iimpationss, dhe compauwndy Ripkenyrrgarbamic
acid 1-[2-(2-chloro-4-{[(R) 25
2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]methyl}
-5- methoxyphenylcarbamoyl)ethyl]piperidin-4-y1 ester is specifically
disclosed in these applications as possessing both muscarinic antagonist

and P2 adrenergic r 3 ' iy ical structure of
e R e RS SRR
Yo

“hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylaminolmethyl}-5
30 metheRrygsaehpicaineyvetayipipeeiairling é stethsneapirebonieabissalts of
2 BFPREIB eSS RQN R e i =Nty BL 'us%f\umptﬁ%l'ﬁaegt}é %‘e_htsd'}or treating

pulmonary disorders, This invention also relates to pharmaceutical compositions

comprising such crystaliime compounds or prepared from such crystalline compounds,
processes and intermediates for preparing such crystalline compounds and methods of

using such crystalline compounds to treat a pulmonary disorder.

State of the Art

Commonly-assigned U.S. Patent Application No. 10/779,157, filed on February
13, 2004, disclose novel biphenyl compounds that are useful as therapeutic agents for
treating pulmonary disorders, such as chronic obstructive pulmonary disease {COPD) and
asthma. In particular, the compound, biphenyl-2-ylcarbamic acid 1-[2-(2-chioro-4- {[(R)-
2-hydroxy-2(8-hydroxy-2-oxo-1,2-dihydroguinolin-5-yethylaminojmethyi}-5-
methoxyphenylcarbamoylethyllpiperidin-4-yl ester is specifically disclosed in these
applications as possessing both muscarinic antagonist and §; adrenergic receptor agonist
activity. The chemical structure of biphenyl-2-ylcarbanic acid 1-[2-(2-chioro-4- {[(R)-2-
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ylethylamino jmethyi} -5-
methoxyphenylcarbamoyhethyljpiperidin-4-y! ester is represented by formula I:
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10 Therapeutic agents useful for treating pulmonary disorders are
advantageously administered directly into the respiratory tract by
inhalation. In this regard, several types of pharmaceutical inhalation
devices have been developed for administering therapeutic agents by
inhalation including dry powder inhalers (DPI), metered-dose inhalers
(MDI) and nebulizer inhalers. When preparing pharmaceutical
compositions and formulations 15 for use in such devices, it is highly
desirable to have a crystalline form of the thga@@utic agent that is neither
hygroscopic nor deliquescent and which hasja relatively high melting

. e matehial to be

alt fokns of'the Bompound BT formitla | have Peenrfeported 20

previo \ccardin a need exists for a stable, non-deliguescen

crystalling saltﬁorm of the compound of formula | which hgs anﬁ

btaJevel of hygroscopicity and a relatively high mélting point.

25 According to a first aspect, there is provided crystalline

, disulfonic acid salts of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-
oxo-Thergilayd cagisime iy et iydarnin el meshylly Sisorders are advantageously
methoxypheny|carbamoyl)ethyl]piperidip-4-yl ester or a solvate thereof.

AdrBiSIRE] &v?%h%ﬁ%?ﬁgfa{ﬁﬁ@rf}%ﬁ%gaié%@?ﬁﬁﬁ@acihlé%mﬁ% several types

of sRnpatHE el B0 amHlacviryebesreauna N6péa e dNGHIERSRIYT HRMEBPeutic

when exposed to atmospheric moisture. Additionally, such crystalline
agentninbalaiiogdas e Javersidy fBRESHILIND ard e veiP AR ARy DD
anPRBLIEE nggater AR Hhi2AS (Rath - BRf e~ B aROHMNRAM R ations

crystalline salt of the disclosure has a melting point greater than about 230
forpseAfnBivh Beneichsids Alsh¥eanabicicchrunadisiifhne dermeAithsr firgapeutic

ag&RMRPHNE B dOR ¢d31SRIVb AL DECRAIDEPRAIMALR UL tively high melting

compositions which are expected to be 5 useful for treating pulmonary
poigiddr sl durariyyt i a'Se sepiabasploringdhs rmapsivligefeamicronized
witRDA DaceticrLicOmARRIOR GoMRlSINg R phaRwaceutically acceptable

carrier and a 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid

1-[2X2-enigedline{fE) forms of the compound of formula I have been reported

re¥1 SCA oy €Bd X . ll-.é' | t}orm
Py o S Teipon ] S ar ML e o
of e tomppestitafzioambadinwienh, thegpmaepteblsticaktofiipgsitonpafithisnd a

reléjtﬁ%%k(})f%qé% melting point.

SUMMARY

According to a first aspect, there is provided crystalline 1,2-ethanedisulfonic acid
salts of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-
oxo-1,2-dihydroquinolin-5-ylethylamino]methyl } -5-
methoxyphenylcarbamoylethyl jpiperidin-4-yi ester or a solvate thereof.

Surprisingly, such crystalline 1,2-ethanedisulfonic acid salts of the compound of
formula [ 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

Do
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further comprises a steroidal anti-inflammatory agent, such as a
cortecosteroid; or a phosphodiesterase-4 inhibitor; or a combination
thereof. In another embodiment, the disclosure provides a pharmaceutical
composition comprising an aqueous isotonic saline solution comprising a
1,2-ethanedisulfonic acid salt 15 of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2

emiidhreguinatintS ity lahthec]imbthyilhas a melting point greater than about 230 °C.

'5'm§%‘8#§/ B! I}(Illsce%r%g%f%é}eﬁ}gfy}] Bi—%%{%qlier:]&f‘é- {fl()%séeardti%/? %?ﬂhﬁ%ﬁpompouﬂd of

solution has a pHin't rom about 4 to abou
foraspe ttsther@lisoproeigethg gombaratiorat oonppisingini@yvai chystaliipected to be

-ethanedisulfonic acid, salt .of biphenyl-2-ylcarbamic acid 20 .
s e R oot (a8 2 b B S RYArSlIFAG -5
projjédt W ahrinolowetiyd}-imedkiokypienytaaib arpbytyetoytipipdsidicedbble carrier
ster.or a solvate. thereof; and sterqjdal anti-inflammatqry agent.
ond SRR A TR BB A AP oo o psBioro-4- (R
2-1adrere DB 2 dacepIos ago st gttt ACLrSinglh A amino Jmethyl} -5-
.,2-ethanedisulfonic acid salt of the disclosure is expected tg be useful
me gyﬁ@%@ﬁsﬂ#@%ﬁm@w&%ﬁmﬁglﬂgﬁm&ﬁtﬁm&a?b@ﬁg,@sm%s asthma
and phignig elstrussaipwmonanhdiseasatibcdinglitidh engiRfdtsiosure
embodiment, the disclosure provides a method for treating a pulmonary

further FaEPHses matHo R b HSHE A RIStERR THCh PrRCATRIPRERIEPHR

phécpatmRElat0er apaulically-effestivmAbaunteba 1,2-ethanedisulfonic acid
salt of biphenyl-2-ylcarbamic acid

1._[2l@@@ﬁﬂ}%gmﬁ@ﬂ%éﬁs@sgh@;m%y@%&@ﬂlj@aceuﬁcal composition
cot %})}Yﬁlﬁ G ﬁ%ﬁl@éééﬁ@@i@ﬁl@gﬁ[m wﬁmé/ﬁ}:omgrising a 1,2-ethanedisulfonic acid salt

5-methoxyphenylcarbamoyl)ethyl]piperidin-4- yl €ster or a solvate thereof.
of hghpRsHat ,Cﬁi‘k&ﬁ@ﬂjﬁi6f1h@%b@iﬁéﬁﬁﬂ%@ﬁ@@%f@&é\ﬂ@%ﬁ&z-OXO-3 2
dinPERRa-glie PIedusng-Rranchadiation, g tl'l%ﬂéﬂlEg%ﬁﬂ?épﬂgthyi}piperidin-éi-
comprising administering by inhalation to the patiént a

vl gptenchbditatits-prbdissidgsmdlim dfeadn2eathinedidwifvdito aloitsalt of

biph -l icacid . _ .

e R hroxided g pymbipacign comprising

oxo-BR2-diry drotriiidin.S-gfetedianinolreeityialt of biphenyl-2-ylcarbamic acid
_renethoxyphenylcarbamoyhetbyll- piperidin-4-ylester or a solvate
e RS T P B RR
yl)ebhstenctiednpzilmg rduy e diseasecoy lasthmanyihet imBhipe idbmpnsisger or a solvate
th‘c‘:zrs_le(:lor}qiglil?ltering to a patient in need of treatment a therapeutically effective

amaount of a 1,2-ethanedisulfonic acid salt of biphenyl-2-
(b) a steroidal anti-inflammatory agent.

The compound of formula [ has both muscarinic antagonist and p; adrenergic
receptor agonist activity. Accordingly, a 1,2-ethanedisulfonic acid salt of the disclosure 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 embodiment, the disclosure 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-
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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- 15 yl ester or a solvate
thereof. The disclosure is also directed to processes for preparing a
crystalline 1,2- ethanedisulfonic acid salt of the compound of formula .
Accordingly, in a fourth aspect, there is provided a process for preparing

diby drygtailitie-$; 2! pthahedisulfiotticybicith sethok ipiprehyd: Bayhoat rahyid rapédidin-4-

| éLFL]zZr %-é:@(l)?‘;ofét-é[s(ng)-fZ-hydroxy-2-(8-hydroxy-2-oxo-1,2 20
> a ydroquinolin- -yf)efhylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]
pipeAdiditbl issieraaptaodfate dhdrebifnthe piecéissicamppisingles a method of

tacting biph 1-2-ylcarbami id . L
profiying tidncliod ol i pRlenC B othod commprisine admolisig Biin-s.
inhjeibylanirqlmiethy b hroatikyohemdtachanaad)eihyflpneridinntdisul fonic
oISt P S B e ol St Lo 2o Rehydroncy2-
oxethanadisiignicceid salt-ofytaeaReisns D fometaxyphanstivaiatbersealy]-

. the process comprising: (at)&:ontacting a compound of formula Il: --4- O

PIReREA G3EF FT HSAEE BFRYN H 5 H~\O CIH O OH Il 10 wherein

R1", RiiapddRtaipdndeprrdeniyaelesiet inm Giotialkitaplew bulmonary
. -C1-4 alkyl-(phenyl), or one of R'a, Rib and R’ is -0-(C1-4 alkyl); wit
dispsrife R ArIaq B) CBAHAURB tHaDRdTURIHS IR B pajieitin need of treatment

a tHerasihanaRisuienic acd e 3 rydrntenbrieall fdfont & chysiitihenyl-2-

1,2-ethanedisulfonic acid salt of a compound of formula | or a solvate

ylegibpate, doitbteid-cteieipahd!(B) araxdattctdd -y tiedamexfedetion 15
I Bl SN LA R BB
vl ester or a solvate thereof,

The disclosure is also directed to processes for preparing a crystalline 1,2-
ethanedisulfonic acid salt of the compound of formula I. Accordingly, in a fourth aspect,
there is provided a process for preparing a crystalline 1,2-ethanedisulfonic acid salt of
biphenyi-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
dihydroquinolin-5-yDethylamino]methyl } -S-methoxyphenylcarbamoyl)ethyl}piperidin-4-
yl ester or a solvate thereof; the process comprising contacting biphenyl-2-yicarbamic acid
1-[2-(2-chloro-4-{{{R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
ylethylamino]methyl }-5-methoxyphenylcarbamoyljethyl|piperidin-4-yl ester with 1,2-
ethanedisulfonic acid or a hydrate thereof.

In a fifth aspect, there is provided a process for preparing a crystalline 1,2-
ethanedisulfonic acid salt of a compound of formula I or a solvate thereof, the process
comprising:

(a) contacting a compound of formula I

e
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ethanedisulfonic acid salt of a compound of formula | or solvate thereof
having a melting point greater than about 230 C, the process comprising
adding a seed crystal of a crystalline 1,2-ethanedisulfonic acid salt of a
compound of formula | or solvate thereof to 20 a solution comprising a
1,2-ethanedisulfonic acid salt of a compound of formula | or solvate
thereof dissolved in an inert diluent, whereln thie, seed crystal has a
melting p0|nt greater than about 230 C T S process can also b% sed to

of é)c&mﬁound of

than &b 230 or mrgly, entifaspect, therelsproyided a

proce re rn a crystalline 1 5. ethqﬂedlsulfom salt of a
compound o orm@l r solvate thereof having a melti 19 p t gréater

than abeyt 230 C, the process comprising: (a) dissolvingta crystalline
1,2-ethanedisulfonic acid salt of a compound of formula I in an inert
diluent-ata first temperature; 30 (b) cooling the product of step (a) to a
second temperature; and (c) adding a 8eed crystal of a

1,2-ethanedisulfonic acid salt of a compound of formula I; --5- wherein the
seed crystal has a melting point higher than about 230 C, the first
tempe;ua]teﬁreﬁéﬂaﬁé‘mperetbaeesuﬁh;ieum@t@issmmdrfmm C14 alkyl, phenyl, -C,4

1,2- edlsulfonr Gi eal . the per e is. below a
STEn S o e R WS G S
to thegyprod ld@hﬂfcﬁ@tﬁﬁ)plﬁdﬁ%@@ﬁﬂh&d@ @EU |ighth %ﬂ%&dﬁ@fﬁ)iﬁc acid or a
rovided aé)rocess for purifying blpheny Icarbamlc acid

hyr raﬁ: 56&7:](? iy 10{‘[16;\;3 @ﬁ% Q%S’(Bcidfah of a compound of

forflinpireg i @&H@i@?ﬁ'&%ﬁ{'ﬁfﬁﬂﬂ@ﬂméﬁm/&)} and (b) are conducted in the same reaction
methox phenylcarbamoyl)ethyl gﬂﬁrrdrn -4- yl ester; the process

Vesc?@ RSHAIRY of g StafHE D2skih Sedisulfonic acid salt of 10

biphgnylsZ-ylca AH%{”HHG?&E@' provided a process for prepanng a crystalline 1,2-
1-[2- (2 -chloro-4-{[(R)-2-hydroxy-2-(8 yiiydroxy -2-0x0-1,2

cthgifarelomo RS sliethyIsrRO IR e Iezh%eﬂr@x%ﬁeﬁy EAPBARTOYIR R ting
pofPEHdiB- A ¥ SRIGE S5 alvate thsreqf Ih SiSasQ @F;%‘?é?gf@

the products prepared by the processes gescrr ed herein. In a’ninth

crysspleee, erthinpiovided assrgstalinbalconsthane distafonits deitssinisf thgseof to
a SMBHSH%%&XE%%?%W% @mgnedisuifomc acid salt of a compound of formula [ or
1-[2-(2-chigro-4-7[(R}-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
sol@ﬁy@h@mﬁ@m@y@@tmfraﬂmﬁd}%neﬂ@yﬂ@meﬂhmwﬁerwﬂ@ﬁb&m@wemomt
e@r@ier jdin aﬂbo}ﬂlt gstesor a solvate thereof for use in therapy or as a
B medicament.
This process can also be used to recrystallize a crystalline 1,2-ethanedisulfonic

)

acid salt of a compound of formula I to provide a crystalline form having a melting point
greater than about 230 °C. Accordingly, in a seventh aspect, there is provided a process
for preparing a crystalline 1,2-ethanedisulfonic acid salt of a compound of formula I or
solvate thereof 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;

.
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Additionally, in a tenth aspect, there is provided the use of a crystalline
1,2- ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2- 20
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylaininojmethyl}-5
methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate thereof for
the manufacture of a medicament; especially for the manufacture of a

meditherdntthorsied areshehsntonsl putrionry ghsoiden. shovbrdin CiotmIirst
ten%g%}{ﬁm‘g ﬁ%ﬁ&?@%&%ﬁ \ﬂgl%%admﬁg@m@ ?tf%%%g%ﬁoa% ac1d salt, and

crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-y amic acid
thelsrf@@@%hl@ygl.ature is below a temperature at which the seed crystal completely

dlsﬂéﬁ)ﬁ? }ie% y?a Xc%oqx och #,)flhydroquinolin-5-yl)ethylamino]m

oxy rbamoyl Ipiperidin-4-yl ester or a solvate
there@dihc&a&%lmﬂm a@ehtasub’@tetisemwwedidsé ofréara trystaiifpmg

anedisulfonic 0] amic.a

v e T D T R i B 1 2
dﬂwﬂﬂmﬁﬁhyﬁﬁm@hﬂmm@mﬂw}%ﬁﬁﬂm&rﬁaW)Bﬂﬁyé]ﬂ}@éfﬂ]prﬁemﬁm—ﬁl-
le%ter grasolvate thereof b asterggé ?‘r{ﬁ%} rat pt ¢
S et Bl s e S
b;;ﬂilﬁefﬂeryl&ﬂamﬁ:lﬁeldﬂu[e (Saiﬂarde—ql{Qﬁ)tQiﬂﬁﬁ@@mf@»hydxoxy 2-0x0-1,2-
dahf ]é)e%tglaeré dISU|f nic Cld It of )Bﬁphenylpg%lﬁtrba cil_uCE%gloyl)ethyl]plpendm i
yl @beytdfmm&@él nxawmmmmmsw}sm@m»@n@w@@a@@mﬁmw the

plperldln -4- Y& ester or a solvate thereof, in micronized form; and to
PrOgRsIFRACETHR B8ififositions --6a- WO 20061023454

PCTIY 93005 10220 100 piisig PR gEmAaGRUTLISAlIY AaeRIBDICRIHGRIt of

and a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic
bipkepyk J3ioubrto i (R)22hyhlosy b (@ Mytosdraxy-2-(3-hydroxy-2-oxo0-1,2-
dif¥Ps3adifydronuin Whﬁuéd)ﬁmmﬂ% enylcarbamoyl)ethyl]piperidin-4-

-5-methoxyphen Icarbamoyl)eth []- piperidin-4-yl ester or a solvate
Yl eHierenta iphiéedhezeef foris oI B RIEDESERIPTIONIOHR. THE

DRAVAING R, MRPUSABPESISQf 48 PESERL IMGRUQR-AT e Ilustatee Y.
reference to the accompanying drawings.
ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-
hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-ylethylamino Jmethyl } -5-
methoxyphenylcarbamoyl)ethyl |piperidin-4-yl ester or a solvate thereof for the
manufacture of a medicament; especially for the manufacture of a medicament for the
treatment of a pulmonary disorder.

According to an eleventh aspect, there is provided a medicament containing a
crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic aci.d £-[2-(2-chloro-4-
{[(R)-2-hydroxy-2-(8-hvdroxy-2-oxo-1,2-dihydroquinolin-3-yl)ethylamino Jmethyl } -5-
methoxyphenylcarbamoyl)ethylipiperidin-4-yl ester or a solvate thereof,

In a twelveth aspect, there is provided use of:

(a) a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
1-f2-(2-chloro-4- {[{R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-

-



Figure 1 shows a differential scanning calorimetry (DSC) trace and a
thermal 10 gravimetric analysis (TCsA) trace and Figure 2 shows a DSC
trace for samples of a crystalline 1,2-ethanedisulfonic acid salt of
biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {
yI)&B})I%rnXQI EI 85h¥g{939¥y859§9fém% c?lﬂ%@l ﬁﬁﬂ)r@@%@{&l%@ﬂa solvate
methyl} -5 tboxyphenylcarbarnoyl)ethyl plperl In-4-yl ester of this
theifppéntivh. Flgures 3 and 4 show powder x-ray diffraction (PXRD) patterns

of sa(g}plesﬁ{@rglfgai:%ﬁa} e .28 %%gggsulfonlc acid salt of

biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-
{[(R)uzthgfm@m(yf@c-w&wﬂaonydzcmnl mmqummﬁmf Sﬂu)ethmrdtwpdnr.
ethy]]}he d1?§: su1 go y cﬁ?é&%?%ya)eth %ﬁlﬁeridi ﬁf Isu fg,] %id salt of
invention. Figure shows an infrared sorption spectra(%n

mhumcax@ammameloms{mf@mmmma(ﬁwmem@yt@ampmaciﬁm-1 2-

2-

R R et Y P I 2

yl mtet’rmwpﬂﬂemdcm&mm oy hethylipipe fidin: Ay esisraoithisumve ntaipIsigure
6 shows a dynamic moisture sorption (DMS) trace for a crystalline 1,2-
ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-
hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-yl)ethylamino]methyl} -5
25 methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester of this invention.
DETAILED DESCRIPTION OF THE INVENTION This invention provides
crystalline 1,2-ethanedisulfonic acid salts ofbiphenyl-2- ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2 30
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 1) contains one chiral center
having the (R) configuration. However, it will be understood by those
skilled in the art that minor amounts of the (S) --7- WO 2006/023454
PCTIUS20051029013 stereoisomer may be present in the compositions
of this invention unless otherwise indicated, provided that any utility of the
composition as a whole is not eliminated by the presence of such an
isomer. The compound of formula | has been named using the
commercially-available 5 AutoNom software (MDL, San Leandro,
California). Additionally, 1,2-ethanedisulfonic acid salts are also
sometimes referred to as edisylate salts or edisilate salts.

--Ha--
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Definitions When describing the compounds, compositions, methods and
processes of this 10 invention, the following terms have the following
meanings unless otherwise indicated. The term "melting point" as used

whsiRbmMeans the temperature at which the maximum endofiagricshofdon:3
flow is observed by differential scanning calorimetry. The term "micronized

form" means a form of particles in which at least about.90%_ of the ,. .
o AR A RS G R B TG e A TE TR ety apifonic
amié aris of cphmighOsylaghragateibir2d byhboe-dr fiEe inaleoles Bfgdroxy-2-
solute, i.e. a 1. 2-ethanedisulfonic acid salt-of.the compound of form

A e SRl P R SRR -
pepystandiallpdiscor aolartatiorof S otutdcasmd zalfent. This term also

includes clathrates, including clathrates with water. Representative

solvents include, by way of example, water, methanol, 20 ethanol,
isopropanol, acetic ZBRIBRPHBEARE WHeh e BOK ks WEESthe

solvatg, fored,is.a bygrate. The demctherapguticallysfiestive amaynt”

means an amount sufficient to effect treatment when administered to a
ApEtEPRTH HEe@ BI®eatment. The term "treating” or “"treatment” as used

hereirpypgansihe. veating ohieatiment 2aefAdisense Predical thermal
condition (such as COPD) in a gaﬁient, such as a mammal (particular}y a
flom

RIS ErRE RIS A04Y 35 ISt YRBA SIS niearchE capaise A
cOREMINRA, 3. 8hapraRhissticlieatinenbafiaRatiepl Ap:ameliaratingtenioro-4-
disease or medical condition, i.e., eliminating or causing 30 regression of
e st rarich in -4 PRt ing ettty e metadlS-
:ﬁgﬁﬂ@%ﬁm&fﬁﬁeﬂﬁé@gﬂ@wﬂ@@mwmwem of the

Isease or medical condition |n a patient; or. alleviating the symptoms
of thot SR B B PO e L HAGHOT (E SRR 5089 65 SHBRI of 2
RIS 200640200131 Thie terdnalinit sipsaad-ormrarelers toia physicalisro-4-

R AN o & S8 P eSS B IateeRS ottt
nttsinegibeyrpehaticogtjettylitheridlonk o inecofithinadiamingth one or more
additignal 4RI, LR SXEHPS FRFILENN 05 30S 19 HIS MaY DR Sy powder
ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-
hydroxy-2-(8-hydroxy-2-ox0-1,2-dthydroguinolin-5~-yljethylamino)methyl} -5-
methoxyphenylcarbamoyl)ethyllpiperidin-4-yi ester of this invention.

Figure 6 shows a dynamic moisture sorption (DMS) trace for 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-dithydroguinolin-5-ylethylaminojmethyl } -5~
methoxyphenylcarbamoyl)ethyl jpiperidin-4-vi ester of this invention.

DETAILED DESCRIPTION OF THE INVENTION
This invention provides crystalline 1,2-ethanedisulfonic acid salts of biphenyi-2-
ylearbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinelin-5-yhethylaminoJmethyl}-5-methoxyphenylcarbamoylyethyllpiperidin-4-
vl 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)
7
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5 inhaler capsules, a metered dose from a metered dose inhaler,
capsules, tablets, pills, and the like. 1,2-Ethanedisulfonic Acid Salts of the
Invention A crystalline 1,2-ethanedisulfonic acid salt of

wBiBhRRYk&yIcarbamic acid I-[2-(2- 10 _ _ PCT/US2005/029013
chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoln-5-
l)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl
SRR O PErIBH R B 5?@3&3%%%9# Baﬁﬁaﬁw?{%ma rieeRe
il et Gt tHiR bty utility of the composition as a whole is not eliminated by the
hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]methyl}-5
P BB AT EPBS oyl ethyl]piperidin-4-yl ester and
1,2-etiraneshspiioni o Atichonal HadtdratartharedhgAht, 2oathenadisuliaiuble
acid salt of this i iop typically c Ins between about 0.90 and abqut .
A R PR Eoks S B GBICTR ST AP ol S o
aofdthedicarapbund:at formsutdekradci eirgibdtweeitaboutifiiak arid.about
1.05 molar equivalents of 1,2-ethanedisulfonic acid per molar equivalent

of the compound of 20 formula I. In a particular embodiment, the
Defreihanedisulfonic acid salt of this invention contains about 1 molar

i tof 1.2 i i j . ival it St
ggrt:;Fv)gll%%;fa%ﬁé%%gg%%eﬂggﬁsg%%%gg&%@fﬁ&ﬁﬁ%ﬁ ?ﬁ@& rgmbe%sas of this

ar rati 1.2-ethanedisulfonic acid to
ifphigenylteyivirparaitcanichavpthe following meanings unless otherwise indicated.

(2-chlggo-g{l{R); aiyOAKyn2:{ G A 2 0XR b ARYALOQUINO U, 20
yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-y1
resstERER sl fesaaily ortefianis bRpvad busierrue shaeals s

skilledrigy Yag:pitn AL EXAMBIE SHERDAR"31PS-588:08 8AUIN: teast about 90%

-determined by 'H NMR. Alternatively, elemental analysis and HPLC

hbtratcdenbBec sdgnsgetlissnian ehod AP i, The
biphenyk2:yicaEBAMIC: 36 nk 12420 Bl0s0 A i B2 thyAEQ Y- drBshpraxy-

30 . : .
mogBleRbmsRIFsyifiotin-SSHRA RIS ARithsAL sheRomyHah g icarBa L
Ahathwimbipenisit-dl Esiesempl iR RMitiTVERIDD KR beuradibally fixed

prepared from commerciall aé%i:able étar,tin mat%gals and reagents
THR A PSR L B RHITR BSAMPIRS S WA S e S rates
vk Whis2 (0R28013vhelDwnieitdidg, thevwrp ofduiem e sarieshdthine,

ommonly-assigned U.S. lication described in the Background section
<GP AT, St B QLR e NEAT (R SRAVRBH ANy g
foraad for éxdraple, Alfa .

The term “therapeutically effective amount”™ means an amount sufficient to effect
treatment when administered to a patient in need of treatment.

The term “treating” or “ireatment” 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 inchades:

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

prophylactic treatment of a patient;

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

regression of the disease or medical condition in a patient;

(©) 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.
e
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Chemicals Ltd., Berkshire, UK. In one embodiment, the
1,2-ethanedisulfonic acid 5 employed in preparing the salts of this
invention is a dihydrate. In a particular embodiment, the
- isulfonic acid dihydrate has a purity greater tha t
Wg?%%gﬁg}zgﬁermined by HPLC). If desired, the 1,2-disu|foni<?"e§:rf§%?hg§1/%iré g
employed in this invention can be recrystallized from, for example, acetic
acid a%ﬁ%&@ﬂc‘:"&%@?ﬁ*}a% fmoriseaste avhrsienbpdivwtengitamiebinfoodosing
ablaitnandiogicthienbiphenidiie W gaeharaiaeid ladfity of a salt of the invention
-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5- .
SRS REI et T Aeeird s AT hithsy lom Mip srBpieen with
cester isdinigaltivreontasielowitheapoy sQchoute: Abeitle 1M, SRMAIRRISr
i&fjr,z-etha edisulfoni%%():idér a hydrate thereof, Generally, this reaction
HASh SRIEE S BT HEn ARG AA AL Aoth & Fa g For ibo (s, and
te tdkabout 60 C; including about 20 C to about 55 C, such as about 25 C
to about 50 C. Suitable inert diluents for this reaction include, but are not
limited to, methanol, ethanol, isopropanol, isobutanol, ethyl acetate,
c pdetiidnecahddthethild Gptiopatlyopontaining water. In a particular

emb ent. sojufion of 1,2-ethanedjsulfonic.acid dihydrate in ethanol.
e T e R ra a2
chbib 14 2HB)-Chtorsos{[ZR 3-2skiyoirpdr 2 8-Byditoxiy 2okl 2-

i inoli I ' o .
A ooty eiperiin-ovl ot of i
IEpHopasd barmdetisriofomdtrhaey64ylYatrentivarcphitiduarcEmbddii{ents,

i ) ) . i dihvdrate ¢
e e L e
mefpopniksisabgpryetylipiperidin-4-yl ester and 1,2-ethanedisulfonic acid or a
hEMaEs£8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]methyl}-5
- methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester solution includes
isopro‘balnglsgﬁm’@ﬁﬁ%m&”é% afid epftahthia feyeriivr [ypisally sealtiies between about

0k8-aibanadisulionin.acshsalialeompavnd st famula:h 6anhs Araparetln:

contacting_a silyl-protected derivative of the compound of 30 formula |
OB OB T R e bSO AR R e B ETe
ctheévanine seactionveaselfsontastingthe Rredustanih J grethanedisulfenic
acid or.a hydrate thereaof. In a particular embodiment, the silyl-protecting
fyretis fs SdRapiR %ﬁﬁ%&mﬁawﬁ%@?ﬁ%ﬂéﬁﬁgﬂ{é%éﬁméﬁﬁ@mvenﬂon
cgneinsabaiudentsnt-dulytdipheny Syt G MEh 2080340 4ar equivalent of the

It o] I D -

The molar ratio of 1,2-ethanedisulfonic acid to biphenyl-2-yicarbamic acid 1-[2-
{2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroguinolin-3- '
ylethylaminojmethyl}-5-methoxyphenylcarbamoyl)ethyljpiperidin-4-yl ester can be
readily determined by various methods available to those skilled in the art. For example,
such molar ratios can be readily determined bj 'H NMR. Alternatively, elemental
analysis and HPLC methods can be used io determine the molar ratio.

The biphenyl-2-ylcarbamic acid 1-[2~(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-
2-oxo-1,2-dihydroquinolin-5-yljethytamino Imethyl} - 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

9
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diphenylmethylsilyl, di-tert-buylmethylsilyl, tert-butoxydiphenylsilyl and the
like. The source of fluoride ion used in this process can be any reagent
containing or comprising fluoride ion or hydrogen fluoride. In a particular
poimgqt, the source of fluoride ion s triethylamine trinydrQfiuoside, o015
Other suitable sources of fluoride ion include 5 tetrabutylammonium
fluoride, potassium fluoride with 18-crown-6, hydrogen fluoride, pyridine

hejeNG RS, hmerenedikes dssriedin thecprameal rassigan et MukisaHen

Slildantataie MR EH RBaIt RN ARAkibE: to about 50 C; including
about 2Q C to about 35 C, such as about 25 C to about 30_C. Suita}ble

inert dfideRIRARSAIME RIS AR e TERSTBH X &V AGT I HEaE: 1o fample, Alfa
dichlorgeethapeimet)anol andubdibeitharcok Ivaepariaiiaifonic acid

embodiment, a solution ofbiphenyl-2-ylcarbami id .
TR RS B AN G oot Tna periular
diptuinoey: 2rox0-2Radidychiceniinadia -Ghyljeshs/taminalire thylfer than or egual to

-2-chlor -5-m.etgbx - PS ylcarbamoylethyllpiperidin-4:yl ester is .
e D A e B A R e
trihydreftuoride v dichisndimedHare, dbaenbiarictempe midrend Sdgicapbutiride
12 tci]24 hours or until removal of the silyl group is substantially complete.

SR 0eugg'sulting solution, without isolation of the reaction product, is

addedTatwar 8 ©atorysbButelaltrnbibis eguivatentbofipiRrethanbdibatfonisid 1-[2-

QeAIYAAR) D MAlapsl AN s migIe:s DERIEAARARRKE S © 10

about 35 about2to a hours. Upon compl f the reaction,

WetydatinelmethsthanegibormiicryiarsamallnpyEnycido-frohessnifctypically

At JalPodAncilgEPod AR hrnlyaEax Y GrlyaiaNY :4-0¥ Qsihefiedisulfonic acid or a
dihydroquinolin-5-yl)ethylamino]methyl}

hxdpterhoxgpih &psiemtbatisiretmpnoforerdiated i estapidideratetioftonpagure

&ﬁ%@ﬁ@%ﬁi%@t @Y’_@% &i&ﬂi{%‘@ti@ﬁhﬁl&ﬁﬁé’a_%Hﬁh?.@S"@E@%‘iﬁtmc, such as
concentration, centrifugation and the like. Optionally, a crystalline

apoubdlar{etiainBie atid BuiebiHetAikmbntathis ee2sE quMdids Pieae not
Y SSHAR G REakET Rt A6 SRl ReRIORGRNARAS RINING ARRUSIL B dfhethane and

about 25%, including about 20%, water by volume, In a particular

RN AL T 61T D BB A5 | PR TR A LSS AT RS et
&Eﬁr@tﬁmlﬂf;ﬁh%ﬁ%@ﬁg@@@dﬁaﬁ@ﬁf ialsiﬂa@aib HRIOLESS tﬂﬂagameﬂgomlne of
crystalline 1,2-ethanedjsulfonjc acid s this invention 30 ¢an optiona
b et obe Rl e e e L e
einysialljnpcalts Koeexempie hytising -mstec psiglefrhighetygiingidin-4-
T TR —
embodiments, the solution of 1,2-ethanedisulfonic acid dihydrate includes water or

ethancl as the diluent and the bipheny!-2-ylcarbamic acid 1-[2-(2-chloro-4- {[{R)-2-
hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroguinolin-3-yhethylamino jmethyl}-5-

methoxyphenylcarbamoylethyllpiperidin-4-yi ester solution includes isopropanol or
ethanol as the diluent.

Alternatively, 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 I} 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-butyldimethyisilyl

group. Other suitable silyl-protecting groups include tert-butyldiphenylsilyl,
10—
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of formula | can be prepared having essentially the same melting point as
the seed crystal. --11- WO 2006/023454 PCT/US2005/029013 Such seed
crystals can be used when initially forming the crystalline salt or they can

wiRexidsaehieyrecrystallize a crystalline or partially crystalline sgdty Txpieatlyeo13
seed crystals are prepared at small scale by slow crystallization without

tirring, and withqut.applying cooling. way of illustratiqn, to obtain see
S e S R R o e g e
jempasafineidaffici @stdorpioyittedissamieanGeaegeatiyoinathi gotiabmprising
rocess of obtajnin ed.crystals, a. small antit ically less,than.10.
B D g I B B et o on
igseethiiaa partiduldrodmboitiniethtrmethizin ebuomtadifigealdo vl REAude
% water, includin ; 9% t t,15.9 is used.as..

Bl D S S A I T Bl TG i,
syuthedabodue0dE, tndBwutles C. The solution is allowed to cool to room

tempepiyreAftar.about.l day 19.ahaut ﬁn%?éé%diﬂﬁf{?ééﬁ@@% Pé?ﬁ?%stﬁ{ﬁng

isolated by filtration"or other conventional means. Alternatively, see

By eiieunay b sbainfiofm anprediiuabpré araton Bloeiystallineuth asabant
454p theysarystatization pracess:Hsing seed Crstals, Aaetaling it simited

ethanedisulfonic acid salt of this invention is dissolved in an inert diluent
esdichiapretiaas. BeBRahig seEy erybears i car el sndiebmiihing
SRMN VB RERACTIRSIAIMIG: FRROING AT @HONELN-Gut @RUE ARy TS )-2-

solution is allowed to cool to a temperature at which the seed crystals do
XHEEeIeOFOr ekt adimserat smineiDs thhgé S ptm AshRxy-
Sy iaBbeul iz pndiaenserserisiainae Addadibbupicaly athe bitiolar

of the weight of seed crystals to the weight of crystalline salt in the
eBttalis obltiRdAmins fiavarafvedos it dieommetntithrRtiey kerrsgture

feraperatare auwbieh o£rsiplizrRNaNeRs kS farexa pidsienalioptdipfete. To
nd stiyred for about 2 hoursﬁ).abo%t 24 hours. Th reslg%rég crystals are
BTSRRI h O EaIRE % 8 B S ENS5 B wryRpistd

frapdre iashe Wm&f@nﬂaﬂ%ﬁxﬁa&&y&taﬂiﬂaﬁm&as&@m&&& this
Petorme Sfé Cespvely Lsing the %%’i‘*’ﬂ%%bté‘éﬁ?g DY B dlrst oy, Mipon
t Al B he Sz ation

feeryStallization a5 the seed " chyStIS Tor 4 i0SeqUent recrys
stepldtionlb Dhappréiciate d:ibtiline SRettimetimpfonturad attvaficipibe!-2-

%%a%&é@%i&eﬁ#? J'éﬁ%%@ﬂ%ﬁfﬁg%ﬁf? S 559{ A %L%%tﬁdzm

epending on t aracter o ifluent'and %%‘econc ntration of the
Giystaitimadalt ryDethylaminolmethyl} -5-methoxyphenylcarbamoyhethylpiperidin-4-
i ester is isolated from the reaction mixture by any conventional means, such as
precipitation, concentration, centrifogation and the like.

Optionally, a crystalline 1,2-ethanedisulfonic acid salt of this invention can be
further purified by stirring or slurring the salt in isopropanol containing about 15% to
about 25%, including about 20%, water by volume. In a particular embodiment, about
10 mL of the isopropanol/water niixture is employed per gram of the 1,2-ethanedisulfonic
acid salt.

A process of preparing a crystalline 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.
]
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30 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

wemipg-a4saystalline 1,2- ethanedisulfonic acid salt of the cogpRauYdRfaz0013
formula | is useful for purifying the --12- WO 2006/023454

PCT/US20051029013 compound, of formula I. Generally, a crystalline
Qushespd el L RS AR B HRR R arbe ﬁ%&c&a@ﬁ%@éﬁﬁ%ﬁm be

ShlitpancHypitially grastmEhanyAA% As-deterrired. by high performance
liquid chromatography. The crystalline 1,2-ethanedjsulfonic acid salt. of the
oroser OGS A AR RIS el A I P Agion vout
eitdeneetivbyhdifferpitiab soahingm B calevinfetlys(Hat6) teagmainvtien eydiidit the
a in endothermic heat. floy. in the range of apout 215 C to ahout 240
R S R e e AR S e e et
mrystal insdaltds. dégemdéntoirtheiprd pessfryoibhich:the ceydtaling saltmall
for . tals;forme slow crystallization, without

ﬁ?f?&%gﬁ “5‘5.1 ?ﬁ%ﬁ%l??ogl%%g%ﬁ%g%%ﬁ%% méﬁgllﬁagpagi%% E}fg (E,\Ergl.’hoafr?a ¢
meﬂﬁizs@a?@%swﬁyéta]me}sﬁiw%mrméwmrmmc%s@h@mﬁﬁhgng about 12% to
Jespystalizationwithssieh.seed arysials iyrisallyexhibit meltin SRR, o

the range of about 230°C to about 245 C, as shown, for examp igure

RSO KRB (S o Afed W h SLiae Bed B ry/stabhavingp et éltitgtp ehent
@pave phouliedh G MpicalY, XBIRN Fstting.ninteD e Lpnaeof agpef&tabeut 3

215 C to about 229 C, as shown 15 for example in Figure 2. In particular

Wy S ATERIEIS RBIERT eI A RS BTTH T 0o by stemifsational means.
Atheegdisulfenicias @aa;@dﬁcm%aﬂmgw%%% ﬁyﬁé&w%@%c

trace in the temperature range above about 200 C is substantially in
HeEdance with the trace shown in Figure 1 or with that shown in Figure

2. In apotharefhadinent pthe-aystalined sethanedisylionic aeid salt of
the present 20 invention is c_hara(_:terjzedfﬁb% a é)pwder x-raé diffraction
s

BRBT RS AT P SRR s AR ARERPST JHNFELass ihe process
& 3ptantnk3 00 SyEubliesifareneesnslaynasbsaryecheieantie Renke

RS TGN e M EHinG poihe SEE S Sl E RGN i Bgure
Bmpnadihatoivhishihpreparegsuithiliasiseb suchacsenernsiabmiseAHowin the
SRS AP sepons SREUmEn B S,
tbharactefibedvbigla phsveldroysatais diffrecticizipatferpsialiiduchlthe the solution is
between about 1:5 and about 1:35. The solution is cooled to a temperature at which
crystallization cccurs, for example, to about 20 °C and stizred for about 2 hours to about
24 hours. The resulting crystals are isolated by conventional means. To obtain sufficient
seed crystals to prepare large batches of material, the recrystailization process can be
performed successively using the crystals obtained by a first recrystallization as the seed
crystals for 2 subsequent recrystallization step. It will be appreciated that the specific
temperatures at which the steps of the recrystallization process are performed are selected
depending on the character of the diinent and the concentration of the crystalline salt in
the diluent. Additionaliy, the recrystallization process can be conducted using cither
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—



10

20

25

30

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 30 compound of formula | is

wehayaaierized by its infrared (IR) absorption spectrum whichp&fi@ass0s/629013
significant absorption bands at about 704, 748, 768, 841, 900, 1055,

chitd B i Sy SRS R bR S S s S s
invystiiiried 2retitagedisn Homi & Héicend typichidyaaatro tir: 8Y6r psuletdrhared by
@g@gcg&%%{fggrlﬁ%g E%gj\é(?ﬁgr%‘ﬁﬁrsible sorption/desorption profile with

an accepta derate level of ygro§copicity (i.e., less than about 2.5
% wei§ht gairiaiinné . Prahiegselifpacorcdd st i Sk prpremiaTips o5 9%
diSialve bumiding. 5 ﬁ%ﬁ&@ﬁéﬂﬁ%&&%ﬁ@é% dhsvention.are
further illustrated irrj?th%?Examp es below. Pharma%feutical Cl:ompositions

ARSI Rtohsrrevhishariif e irccadribsareishyns Rompotinaeesc of

dormuleslois %_MI%E&M@G‘ ;@_.O"Riﬁ%%t@é&@' 69_s;€r9§éi ant Eﬁé%‘ei&ﬁ@p@hﬁ temperature of
tgharmaceutlcal composition or formulation. Such pharmaceutical

BAptaliBnsthiny mulri AR tBraUte e pRheH By snytaltneseabies Huted.
ofadministiaticadnsiuding,WwuknRetlinited tadiphalad: orahnagabdioRisad

(including transdermal) and parenteral modes of administration. However,
RAMHEHIBLHTEP B ThY S SE RS Mt thal BRc Rty oA by 2
pratief thituinvg Rienhardioheamiarmuale dritmaypiedDnegibe #elting points

.crystalline form, i.e,, the salt maybe dissolved in a suitable carrier.
ARG TRBHE0t e CAE RS oG A 1S FUEREr i el
Teyatafihrrmacauticd whnoposisiad corpl SRt g Phatihaertiicaiyve about 230 °C
acceptable.carrier.or excipient and a 1,2-ethanedisulfonic acid salt of

T CANHR EA T 1 GGl P B 1o oot 229, B shown
{Brleydneply-2-Testiyedl 0y 12=cix0ldr, 2ealbioyidreguinbbrehy])ethidemtive] methyts

SR cabanoyety perdn by oot s ool sl

lona armaceutical composi may contain othér
{thar aptsticrapatsbrrtonamgdatingeapent 20 de€sihadis Bobsndaihniesticadance with

RO T MR % eepeuialy

In another embodin:;ent, the crystalline I,Z—Gthanedisalfogc ac:i)cli salt of the present
invention is characterized by a powder x-ray diffraction (PXRD) pattern having
significant diffraction peaks at 26 values of 5.0 £0.3, and 15.0+0.3. Subtle differences
may be observed between the peak positions in the PXRD spectrum of a crystalline salt
prepared by recrystallization from a high melting point seed crystal, as shown in Figure 3
and that of a salt prepared without use of such a seed crystal, as shown in Figure 4.
Accordingly in separate embodiments, the crystalline 1,2-ethanedisulfonic 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 salf of the
compound of formula I is characterized by its infrared (IR) absorption specirum 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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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 or a solvate thereof. Typically, such pharmaceutical

weompasiians will contain from about 0.01 to about 95% by wetghbafsihses
active agent; including, from about 0.01 to 30 about 30% by weight; such

as frO'R 9%%%1%9]’,&%%%8&%80&%’ i %Qltt O%Inttle c%cuvgunadgoef'}ld Arw.]!IYa Thas been
conventional carrief or excipient maybe bsed in the %ﬁarmaeeu ica
dompositidrie béthis ienasitiFrronti®uhisicendioa parficuldthcarderepiable,
ipi -~14- . 3 T 290 mbinati :

L B iy
rgagaiofot it Sardapariburidivatient &r xgles of hedidalcondition or disease
state. a,d0us, iedard, dne,pleparation ohasldtableARAIMACHCal, he
composition for a particular mode of administration is well within the
Hyaplcsfagiede skilled in the pharmaceutical arts. 5 Additionally, the
ingredients for such compositions are commercially available from, for

le, Sigma, P.O. Box 14508, St. Louis, MO 63178. By way of further

SR CA L AN TS ISFRIMAAE (PR E RS

Remir’!ﬁ{@égﬂéﬁﬁé&_&%@@@e doiBrasticened Rhasmaey 28 mEaitieymically
Lippincott Williams & White, Baltimore, Maryland (2000); and H.C. Ansel
G HPISFRE S A RAIEAITTIBE 48126 ARBEEHACE R PSR By étrues ot

SoeitiginrkdgRincalt JMiliamsoks White c BadimeteeMarHapeick999)any acceptable
Representatjve exampgleé_ of materials which can serve as

TR 2 RS OB R B b SR e DR iR W s e
(otimdingtrthyGugals a6l phraglaiostsgI0 adsentnaitorCr ORRy 2 Stereh @s,

ch as corn,starch. and. patato starch; (3). cellulose, and its derjvatives,
R R B AR gt St R i P ERRS S bBLAYS EEfgae
tecethiten(d)gdowdenegotiagacdeth; (Gl (@hgelatinthéArlalesy 8} dissolved in

aesécl:%'gti)%nts .g}gch as cocoa butter and suppository waxes; (9) oils, such as
peanut oll, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and

soybeancoitiifely, giyons fsticlagoptomylesreghy dols {dvnpotysldirscet @sa

I ' ' Nt ye vcal: ers, such as . .
G R v R e G e
ahghdstthandindiidis asid sdlivibirhonytifoxicebitsy attinid 2Peeh(D8y-4- {{(R)-
D -free +0L8) IsPoRie Saling: RIBGEN, ian(19) thyl
R O o e

r@@@@gy@@@ﬁi@g@%}ﬁj@y&gm—éﬁ@ ester or a solvate thereof. Optionally, such

pharmaceutical compositions may contain other therapeutic and/or formulating agents if
desired.

The ﬁha:zmaceutical compositions of this invention typically contain a
therapeutically effective amount of a 1,2-ethanedisulfonic acid salt of biphenyl-2-
ylearbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
dihydroquinolin-5-yljethylamino]methyl} -5-methoxyphenylcarbamoyl)ethyl jpiperidin-4-
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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hydrofluorocarbons; and (22) other non-toxic compatible substances
employed in pharmaceutical compositions. 25 The pharmaceutical
compositions of this invention are typically prepared by throughly and

wiiigaigidpixing or blending a salt of the invention with a  peT/us2005m29013
pharmaceutically acceptable carrier and one or more optional ingredients.

If necessary or desired, the resulting uniformly, blended mixture can then
BEEREIE B FAXEE T e AL R S Rade ol A s cqyet b
wdishienser s aadithaliketisaing gonvd ntiahicdprositores & ardteguipntiest.

In one.embodiment, the phar. eutical compositions_of this inventjon ar
T P o] b B R SO BB OReR (007 EArS T of
#tninivabednasimalistidtionbwit dppictihy dseskilitdifoim wifamaentsel orsa

*@@ﬂ%%%"?gﬁfa%)%%@@ st ecMihaa0aL0 %éﬁuﬁ%&é‘ﬂi%&%‘ﬁ@%ﬁ for

are gene Istered using we [-known ellvery eviCes, such as a

cAebulizer a0 Bretéred-GoseonndiEy (MDY, Bxinppondehimpiteiraton,
ARPHQr-asimilardeliverv devicerdna spadific RmhRdiment okihis . and

invention, the pharma&eutlcal composition comprising the active agent is

airasicraarmemnaiatieti igingrrRes e Hinmalér YEien BslielitiZdpryland
@eyices.Hpieally.produge pskaarm, ot-Righ.velecity-alr hatsausesiie, systems,

Jgharmaceutical composition comprising the active agent to gsoray as a

miStitien Lippmed Hibinms Satidnies Palimater) gadend &68ingly, when
formutaspd darmse-iBanebubzelaihalernibe astieae phishaRicAINIYy

dissolved in a suitable carrier to form a solution. Suitable nebulizer

AR SRS IR Boih T SR a M R oy BART etwp b 2s

16&@&8 Eﬁf@s@ﬁﬂiﬁf&o)@!@é ﬁﬁb&%@ﬁ@fﬁﬁﬁﬁﬂ@@éﬂdﬂaﬁﬁpﬁm{fmmh; (3)
oebringer.Ingelheim) and those disclosed, for example, in U.S. Patent
C%?B?l%s,‘i’z*’?fbég W@%%&é@?@&%ﬁ%@@ﬂﬁ?\g&b PHpsetiiehpelilose and

celimipesitanto( 4w ndaratbalranin/ @len 40 istaia AGUROES setiliefts,
E T T T K N,
stffoeat: dil, crechb eipbiidiméntptheibapuitandaaiailizEGigiyuBlioniss
R T R S SR BB s
chrpoidli2) metoutizechormtiiatioleat budfetted lwithaieit(as 4mwfefl 4pbafitin agents,
s Tl s SO DR P IE  rg
fesguivisis{is’ bisbiphisepline; (18) Ringer's solution; (19) ethyl aleohol; (20) phosphate
buffer solutions; (21) compressed propellant gases, such as chloroflucrocarbons and
hydroflucrocarbons; and (22) other non-toxic compatible substances employed in
pharmaceutical compositions.

The pharmaceutical compositions of this invention are typically prepared by
throughly and intimately mixing or blending a salt of the invention with a
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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20 ylcarbamic acid

1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-

dihydroquinolin-5-yl)ethylamino]methyl}
woRIRXphenylcarbamoyl)ethyl]piperidin-4- yl ester. In anQthgisRR&HiG 3

embodiment of this invention, the pharmaceutical composition comprising

the active agent Is administered by inhalation using a dry powder inhaler.

¥ e Uy B s iERaY B driirErdeiecacivd aypRebplizer inhaler,
irperflowingdiender (inoh)is diSperaad: iha:RATEMS @ik STHERM U device,

inspiration. In grder to achieve, a free flowing powder, the active agent is

typicaly R e S A Y ETiaht éﬁ‘%ﬁ%ﬂ%&fé CopgRaRition
m'pﬁttﬁig dexdcase apelyRclimadid(BL By inolidasiderspglysolide LﬁB&i&ABuch

or C atlons thereof. T |caII the a nt is micronized a
%leﬁreoﬂ agth%BP{e %eé?rlg(/ar f %ﬁ?ﬁl%'faﬁ’ilg‘ratﬁ%sﬁs fticles
ﬁmwﬁlﬁeﬂ smepwlmme cémjmsmgéﬁ patticlesinors' mmmmmmm% is camed

T
mmgs@mampiganmamud&r domopasition forteise mrasty ;ﬁmvmgqmmker
ri 0S ing a_pasticle size between about l im. v
“1‘6%‘]91 1SERIR dl & ugwﬁ%\é 9 B%T&ecc{ ﬂmﬁa c;al 10; exa.rlgm > a{(i?u“alt (‘)zigun

pun an micronize al'tIC es o nedlsu
(Etrmpem Goffenn uiihsorciuloivdty dre r@@fu@@@@m@ajr@pdxwm@ﬁr Ingelheim)

iﬁ&%@a@c&%@m&&d&pﬁgrm@%&yﬁgmaws@&m@wx géstﬁe

active agent and than dry blending the components. Alternatlvely [

desired, MTEcaRHoE EgBMiBarPBECH Ao anifRoutein excipibper Theler
Ahsmacsktical 6o TRaRiiaIs e tmicalsieaded e d %8&@6% g/mL of

dispenser, or into inhalation cartridges or capsules for use with

powdtrgediveiipaievcd sth ExampreadpifgrpoldearinhelertdBliver] In one
Q%éﬁ%ﬁéﬂ@'&&g%éﬁs P@J@gu@@mmgﬁ&{'ms&s&%a@o?;@m@dﬁm the

NC) (see, e.g atent No. 5,035,237); Diskus (GlaxoSmithKline}
TeRes b WiEST Aol s78lE inirarbenaftopshentdrieakout 6. In a

RING QR REN R B afuebliondbalSnt Nomt 1226 (0 BNRRIBOAR Citrate buffer
(GIaxoSmlthKlln%(see e.g., U.S. Patent No. 4,353,365) and Handihaler

PRI PRTATRISF BRRRTIRDLRY AGWIETS BIYS ARSI ation

spsgHbadinabb®: (Pﬁkﬁ@/&m aBoftd 0.4 6212 3R I03 e ANEPaibhR, 81 BiGhy1-2-

refe ences cited therejn. In other specific embodiment of this
E‘ﬂmﬁ % [(f% 8@]&]?-(:61{ 9»2-hydmxy~2 -(8-hydroxy-2-oxe-1,2-

dlhydroqmnolm~5 yDethylaminojmethyl} - 5-methoxyphenylcarbamoyl)ethyljpiperidin-4-

vl ester.

In another specific embodiment of this invention, the pharmaceutical composition
comprising the active agent 1s admimistered by inhalation using a dry powder inhaler.
Such dry powder inhalers typically administer the active agent as a free-flowing powder
that is dispersed in a patient's air-stream during inspiration. In order to achieve a free
flowing powder, the active 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 particies

have a diameter of less than about 10 um.

16



10

i5

20

25

30

composition comprising the active agent is administered by inhalation
using a metered- dose inhaler. Such metered-dose inhalers typically
discharge a measured amount of the 20 active agent or a

wRhalhacqyically acceptable salt thereof using compressed proRellAnt o003
gas. Accordingly, pharmaceutical compositions administered using a

metered-dose inhaler typically comprise a solution or. suspension of the

active AgEHPHRLP Y BHEA ST ERAR RN SeRAp Qriieridey propisidpbaler
donyie clapleyashingludingthigrefieoresaHdons seRms.64a1 360 artand
hydroflugroalkanes (HFAS), su%%z? 1,,1,1,2-%%tetrafluoroethane (HFA
TR PRIED0S b AR B L PSSRl . o
wednterhsralfout chlorofluorocarbons affecting the ozone layer,
formulatigns containing. HFAs .are generally preferred. Additional optionpal
compo%légrlltas%r ﬁ(ﬁ%\&%grfr%u g%%hosﬂ ?%&I%%g%o%sfgfv%xn i gj 8%“2??{%%%??
Ipeintarveilaiid suitactantsyslithasrsbibitdndrinteateponlait acitcleithiby, if
lyeerin.. See, for example, U.S .Patent.No. 5,225,183, 30,.EP .
e o s S B R e i i cention
worppesitors fbenusyinlly hetedthdosdrintaider cispgrisesfrone aiodt 01
dasaboyt 5% by et el sihansdisuiignis geid salt of compound

of formula I, or a solvate thereof; from about 0 % to about 20 % by weight

--17- W@@%@mé@mﬂ@ﬁh@m@mmmwemmm about 0
(‘éiéﬁcﬁ&@ﬂﬁhéﬁ{%,%%%9}*9&?&H@fg%@kﬂﬂﬁgt&%&e&%@gﬁfﬁ%ﬂgm”ﬁﬁé 237);

ropellant. Such compositions-are typically prepared by adding chilled or
i e PG Seakane 5 6 THABIoTeohesTAGH Boratibahe

@cive agentvathanabdfl Bresest) <3 anddhe.puuERctant 4if PEOSOR.Qer
mare a suspension, the active agent is micronized and then combined

tREBREPERAReST R sdrmuRAIEH R theA T8 adeuaridiandiaiss dBochringer
Bapisden) Whishdosmenaiporien: abk Melelad:dose RaRfAYIoes. ratent Nos.

Examples of metered- dose inhaler devices developed specifically for use
Wit RIEA probeiReidare brdviderdireierace siist Ness,006,745 and

6,143 2Rk Atgreaipmifcsibspenstpfarpulatiansahdberarpared by
S raﬁ drying a coatin%of surfactant.on micronized particles of the active
C 1

CYSPESANBIR 255 88758 RISIRIES Go/B e BE R S g fatigTed-
dxanplee obprboasses dbprepaiag respilablespatielesmandrJoumdlationshe

R S e T T S
£6/386Db4dingly, pharmaceutical compositions adminisiered using a metered-dose
inhaler typically comprise a solution or suspension of the active agent in a liguefied
propellant. Any suitable liquefied propellant may be employed including
chlorofluorocarbons, such as CCI:F, and hydrofluoroalkanes (FIFAs), such as 1,1,1,2-
tetrafluoroethane (HFA 134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane, (HFA 227). Due
to concerns about chiorcfluorocarbons affecting the ozone layer, formulations containing
HFAs are generally preferred. Additional optional components of HF A formulations
inclnde co-solvents, such as ethanol or pentane, and surfactants, such as sorbitan tricleate,
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 % fo about 5 % by weight of a 1,2-ethanedisulfonic acid sajt

of compound of formula I, or a solvate thereof; from about 0 % to about 20 % by weight
17
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15 In another embodiment, the pharmaceutical compositions of this

invention are suitable for oral administration. Suitable pharmaceutical

compositions for oral administration maybe in the form of capsules,
wiehlgisi-Rillg, lozenges, cachets, dragees, powders, granulels' i R%% /020013

solution or a suspension in an aqueous Or non-agueous quunf; or as an

oil-in-water_or water-in-oil liquid emulsion; or as an elixir or syrup; and the .
Hhadrad deRgheihthg LopRa e b B ans A1ty thied Freduist being
ANYERIgroadiam active ingredient. When intended for oral administration in

a solid dgsage form (i.e., as capsules, tablets, pills an,(glthe like), the

phar S AR SR B BRSO AR SRR CEBFRHERH sal
motitbehpreskahdtseniiontis dbesatyecingteaie Hont et atsaDif present)

E \rmac u%ic%l acce Eb?bjf carriers, such as sodium gitrate or dicalcium d
% SRR B TORETT b alfePRaREI SRR S8y o S4he RS IRy SdE°
aedmprisen{iipfiderstohoextenders, Stehif@assiatches tlaoctbeds$uarose serosol
lucose, mannitol, and/or silicic acid; binders. such a

B B A e e B S raamer s st
dancliohacabiaiced daveheethsiscisve o yircovih HY Alisintelratingagentded in
SUch 25,03 30a0an caldum carbonale. RalIg O BRIGA SIS, AlaiDic...
acid, certain silicatés, and/or "sodium car%onate; (5‘3 sofution retardeng
bagaesiediohsprpdrafing (Gpaks of ptivikctast eferaiwrsi zucpedts ja atchagtive
AU, COMAGHNGSH( 63 WESHNY OGS BlE GRS cetyl alcohol and/or
glycerol monostearate; (8) absorbents, such as kaolin and/or bentonite

clay; -Fesadfitrpaioe/onies o PCTATSS 00 BYePOUE (i iitp et cs el as
fAFu A I SIEakRLe sﬂﬂ%ﬂﬁ%@ﬁ%ﬁi@@éﬁ%s‘éﬂ%‘i&%\.’ﬁt@’%@ﬂﬁ\ﬂé}/@%§8,533,

sodium lauryl sulfate, and/or mixtures thereof; (10) coloring agents; and
%?i%a%@ﬁféﬁ%@s%@eﬁ%& REld 58 gentEOVetfiRd Egerts e SR dyents,

sweetgpningiflavenpaARS:, TR RN AL ESERAIMEE @ ention are
antioxidants can also be present in the pharmaceutical compositions of

stfitabisoR e 2RRpTERICB SHAANS baTRaRs HcEbp IR UPRTSHtS
afeludeatbhwale s Rl wlaRnl ORI fosS Uit laS FBROIDIEACH] cSIRIRIURAgees,
hydrochloride, sodium bisulfate, sodium metabisulfate sodium sulfite and .
RPEARES: BB <) A e SRR G5 A DGR A L A SRS R RS e RS A g &

dydraxyaniseladBiR A dGhutyiajeid brdielrtobienan B olasitin apdapylike;
llate, alpha-tocopheral, and the like; and (3) metal-chelating agents, .
R S LA o oG oont v enncn 6 aetive

ingredient.

When intended for oral administration in a solid dosage form (i.e., as capsules,
tablets, pills and the like), the pharmaceutical compositions of this invention will typically
comprise a salt of the present invention as the active ingredient and one or more
pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate.
Optionally or alternatively, such sohd dosage forms may also comprise: (1) fillers or
extenders, such as starches, lactose, sucrose, glucose, mannitol, and/or sificic acid; (2}
binders, such as carboxymethylcellulose, alginates, gelatin, polyviny! 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 ammmonium compounds; (7) wetting agents, such as cetyl

alcohol and/or glycerol monostearate; (8) absorbents, such as kaolin and/or bentonite clay;
] 8
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(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like. Coating
agents for tablets, capsules, pills and like, include those used for enteric
coatings, such as cellulose acetate phthalate (CAP), polyvinyl acetate

whihRlateséP VAP), hydroxypropyl methylcellulose 15 phthalagsgyszonsmzonis
methacrylic acid-methacrylic acid ester copolymers, cellulose acetate

imellitate (CAT), carboxymethyl ethyl cellulose (CMEC), hydro oyl
o e R R e e A e A e
giraim acdiuticdwghaplisiticns/of thxpres dnirivfeditidrohainalgedie and (11)

gglrlrglrtljrllated t%.prowde slow or controlled release of the active ingredient

using, %ﬁ%y of 20 example, hydroxypropyl methyl cellulose in varying
propoRideacorzetierystiing egenatiostngagtntmas peiiticts GwiddiRlaajior
ROAIREIAS A0 AeRldR L G0 PASAIIES AN D ITASRARTER. I

, the pharmaceutical compositions of the present invention may

ToptiopedicdrmerPop Sy i dy Ententing. niaybelterhinhaehea tivall iegeptable
Feleeradhe Aslve _(%N&%ﬁ&iﬁ%&&mﬁog{&%éﬁ gﬁ&ﬁé@%&@ﬁ&%@iﬁ! r&g%l?éﬁ%f”

of the gastrointestinal tract, optionally, in a delayed manner. Examples of
heiipeldanide codivasiionsivnieriBadaisedss cndisp orifesed the ike; (2) oil-

SUbHAREES ARG WaNES.TheACHVS: iRgradientian AISe. 08 G e A),
encgésulated form, if a %ggfrlate, with one or more of the ]
SO BE NS SHBBIoATEBN Elss e risqorisral, axd the fic

Administatiendiaghonm wayhok §d-iustrtanisharmaceuicallvte acid
acceptable emulsions, microemulsions, solutions,  suspensions, syrups

IR PRI FTTATIRPS RARSRIRTE B5islcany Gririse tREngarats for tablets,
~ dRgReelepile Rd ki) oAt Hiflkahbs s uski 5T IRt @IORORIRW AlRH QF 88l8lose acetate

oJvents, solubilizing agents and emulsifiers, such as ethyl alcohal,
LIS AL RISty Lo PRI - o, o SOPBHP Aty cellulose
TREAAUS ZODIERN0 23 daesitierbitnayiialcehobpoBrastspefIzoaie acetate

ropylene glycol, 1,3-butylene glycol, oils (esp. ttonseed, groyndnut,
Bl R e S G e et
calbdbsl apetyte ttndenet g RN AN fatty theitllesters of sorbitan, and

mixtures, thereof. Suspensigns, in addition to active ingredjent, ma
o B e B o e R e g be
fatootiaig] payoxdetsipie e soriiibtdradessr bif dre estarsinpridionrystadling way of

S, S AR BN R
pisineiacetitibed poipusitiois(BLthior polylactide-co-glycolide (PLGA), liposomes
and/or microspheres.

In addition, the pharmaceutical compositions of the present invention may
optionally contain opacifying agents and may be formulated so that they release the active
ingredient only, or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayed manner. Examples of embedding 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 liguid dosage forms for oral administration include, by way of
illustration, pharmacentically 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, ethy! carbonate, ethyl
19—
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invention are preferably packaged in a unit dosage form. For example,
such unit dosage 10 forms may be capsules, tablets, pills, and the like.
The salts of this invention can also be administered transdermally using
wisneugnBansdermal delivery systems and excipents. For exaipigaasozeois
compound of this invention can be admixed with permeation enhancers,
lene_ glycol opglaurate, .
e D T s gyt .

caitpnsgedetivaenydoyt eern. Adaii ohiakesasisiemd fsiudinggetingmycntshydrofuryl

RESISIARERUIRIS.MAYDE Lsedd b Jansdennel comaosiions
desired. The pharmaceutical compositions of this invention may also
SespiatPBtngy afdiiepiutie agirmingrations cors aministerertudibgagents such as,

£ axam@e,e&iﬁsﬂmga@&i&é@ﬁ_ch&z@&yg9H%ﬁéﬂ%@ff&%&%ﬁtéﬂ\@@o}ﬁﬁ&ﬁ%&m,

For example, the pharmacuetical compositions 20 of this invention may
TNt FSLBRESof PR BB HYerhs BRI g gL Tagecants,
afaflammakoneagents (e.g. steroidal anti-inflammatory agents, such as
corticgsteroids; and_non-steroidal anti-inflammatory agents (NSAIDs),

phosphBERBIETAES 7 TPiBREYE STk ER RO UGERR el CHRapiIes of this
intivisals)k pRIBSAMRess(3 2:a06eneTaisFEeRRIOFAGRISIS:, MISGAINIGsage
frecegjt[orgnt%%%o;‘iistst (j[.e., a tichlolinerﬁliic agents) and the like. The 25
BHRePHers SA S8R &1 Bl &irifffre form of pharmaceutically

accepihblaisadiSinis sobmies cAddiioralirihanamprialieidheingine known
trth(secri%gaeq{[i(g ﬁgents can be Hsed.as g{it' allé/ puze?:tereoisomers. If . )
aired the Salts SF IS FeRtaRcEsh ARG HE R iemRPelnf Kb mxkdion
cavitie aimoithel idrppewtitiageritaragenis suphoiose grseljped eigife In
his.embaodiment, the 30 compagnents are not.physically mixed taogether
O RGeS AL S Ut B CSpSARe o & pach o
Smmmm}ﬁmxamhﬂ@nal saltipiethisiinietitiopethnbe-adeinistefied and
obdANAIRIR0 AEanaons R asrtsaial i asiergidal anti-
inflammatory agent, such as a corticos erouf using an inhalation delivery
devicéhhabarpaoprtc2DaBnRAss PUITKSR0051029048 emplmysther
{RERRRIC SMPAIMEDLS Gyl )ifor sach therapeutic agent
A?%%nativ%, the corﬁ%ation r%%t?ﬁ%%n%%fgtg%?éé}%{%oﬁﬁi%?égggﬂgry

cHBRfERS, SrgRie beriselradreeciorisachameleybapbagentstical compositions
o IBRRSeRRIVE3 4RSS I L CRRIGF ﬁgmﬁéﬁﬁkﬂhﬁg&% VSEAAR from anti-

. combination S with the compounds of this invention include, but are not
mﬂﬁﬁ@@@ﬁﬁ@t&@l, steroidal anti-inflammatory agents, such as corticosteroids; and

non-steroidal anti-inflammatory agents (NSATDs), phosphodiesterase [V inhibitors,
antiinfective agents (e.g. antibiotics or antivirals), antihistamines, B, adrenergic receptor
agonists, muscarinic receptor antagonistst (i.e., antichlolinergic agents) and the like. The
other therapeutic agents can be used in the form of pharmaceutically acceptable salts or
solvates. Additionally, if appropriate, the other therapeutic agents can be used as optically
pure stereoisomers.

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
adrministered 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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salbutamol, formoterol, salmefamol, fenoterol, terbutaline, albuterol,
isoetharine, metaproterenol, bitolterol, pirbuterol, levalbuterol and the like,
or pharmaceutically acceptable salts thereof. Other (32 adrenergic

w6 eeRIeEAgPNists that can be used in combination with the ¢eRReMINgS9513
this invention include, but are not Ilmlted to, 3-(4 10

iz e ton 2 e hron s doymenyipienicn o

ATti2R)eB-iid kaxybihddcmydegdye Bdministered from multiple delivery devices, i.¢.,
en amlno tylJoxy}propyl)benzenesulfonami

ydietnbphenienuliamioleptvlloxylpropybenzenesulfonamid

e an compoun ose O 02/066422, publlshed on
Augusk 28 c2002]8- ﬁae(c&e{r@apglc receptor agonists that can be used in combination

&I{tﬁﬁ) hex ;é:s%o s 01{ hy v% %’io% X%@t%!@é%ﬁ ZE]%HYCLE oy Imeterol,

amino oxy} uty)p enyl]i azotldlne ione and related’
ssdmipoidSTisttose @BhnW@OQZS@%MQD [phblidhed:Bepromimetia;ie02;

rﬁe é&k@aﬁé@%@ﬁ%&ﬁe@?@%é@&? aibuterol and the iike, or pharmaceutically

hydroxyphenyl]-2- ydroxyethyl)ammo)hexyl oxy butyl)be zenesulfonaniid

ascgpiabffeai(f dsyept 3Ry RIS FRpaRE RS Rahgeir ORysudiT
Mmm@ﬁmﬁgE%%ﬁg%@%ﬁ@wdenﬂude bu? are not Hmited to, 3-(4-

6-({(2R/S)-2-[3- (formylamlno) 4-hrydroxyphenyl]-2 20
RS bAoAy SuiniervarbaDRoAa eyt amisc)-
N80 1¥df88sul fonamide and 3-(-3- {][7-%{(211) -2-hydroxy-2-[4-hydroxy-3-
{(2R) -[3- (ormylamlnog4 hydroxyphenyl]-2 ydroxyethylg amino)hexyl}-
mgo)heptyi}oxy}prc}pyl)benzenesu fonamide and related
d&nﬁ&ﬁf&bym&ﬁﬁé&{hﬁwmﬁ%@z@%%ﬁaﬁam -Angust 29, 2002; 3-[3-(4-{[6-
oxyphenyl]-2-hydroxyethyl}

R BT at e BRI et amino sy -
D6 (HRR AN RuE- (ormyamino)didimypheryilsdidld in WO

R P e e e e

Mfﬂiﬁﬂx{(@ll&{@gﬁexyethyl} aminohexyljoxy}butybenzenesulfonamide, 3-(4-{[6-

T e T 2 e e S -
MMMWM@S?;-M-{QQ-‘({(ZR/S) -2-[3-(formylamino)-4-hydroxyphenyl}-2-
B G Il
{ﬂ@)%{édfmmy@@ymomhmﬂrﬁhu@eox@?ﬁwl}ammo)hexyl}

I I .
e ey VA S e e o ormgmng -+
lesaoponkeny] Hisbissesy ity soEagarendo e BB beBondsdiatoide, N-(tert-

ﬂﬂ%ﬂ RBe! 35 200%) a0 REWELAROUIRHARETA5200 510 29 0 1

armaceu Ically acceptable salts thereof. Ina ﬁa cular embodiment,

hn@qszﬁfhﬂ&@w@ 1y ATy b erappseaif A asbtedoromparndst
MNedRdde Ry S by armos3, published on October 3, 2002; 4- {(1R)-2-[(6-{2-[(2,6-

dichlorobenzyloxylethoxy}hexyl)amino]-1-hydroxyethyl}-2-(hydroxymethyl)phenol and
related compounds disclosed in WO 03/024439, published on March 27, 2003; N-{2-{4-
((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl } -(R)-2-hydroxy-2-(3-formamido-4-

hydroxyphenylethylamine and related compounds disclosed in U.S. Patent No. 6,576,793
B1, issued on June 10, 2003; N-{2-{4-(3-phenyl-4-methoxyphenyljaminophenyljethyl}-
(R)-2-hydroxy-2-(8-hydroxy-2(1 H)-quinolinon-5-yhethylamine and related compounds
disclosed in U.S8, Patent No. 6,653,323 B2, issued on Noverber 25, 2003; and

D]



10

13

20

25

30

2-phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine. When employed, the {32-adrenoreceptor
agonist will be 5 present in the pharmaceutical composition in a

wiheraneutiqally effective amount. Typically, the [3z,-adrenoieegptltesn290:3
agonist will be present in an amount sufficient to provide from about 0.05

to about 500 g per dose, Representative steroidal anti-inflammatory
PRI HIeE Ll 68 LR T S PRt T HE SEO UG e
athwstiospiochgdei sbist aceysiafibmitesbydraiigrisiesitisé1dRE,-[34(R)-2-hydroxy-
prednisqlone..dexame Ui  propi .6 9-difluoro-17 -[(2
e B e e 17-ca
hydotkjpiccarikti8dfusromdihs essidpysdo thifoadrenorydpinpgosist will be
- V|-3-0%0-17 - [ = ta-1.4-di thioi id
R e e TR
Typipipitndte awetarseehon TosHipFopicRatens 516r) AISHidesEHmmé o provide

ﬁﬂ}%Lﬁ%ﬂQ%a@‘g@&}%g{}ﬁ,ggtg&ég&sghe furoate ester), triameinolone

acetonide, rofleponide, ciclesonide, butixocort pro]péonate, RPR-106541,
ST-175aiertHel kel oot i antdeaementyr cesmblass 4R tReRsdrRpgnbination

- Rarticuiarembedinrent the steroidal@nidnllammatent e Mdeyl prednisclone,

6a,9a-difluoro- 17a -[(2-furanylcarbonyl)oxy]-11[3-hydroxy-
m@m&w@Wﬁ%ﬁaﬂmﬁﬁwmg%m@a@dl S-Hfdoromethyl

EalRiGkwAd BharmassHiicalypereRteblexsaliRbaelyataihereal WB@Roic acid

employed, the steroidal anti- inflammatory agent will be present in the
Spgrermetiicates oS Eiuerr ik labrBrEp U ANy e s Bhpigsionyloxy-
AaRigally s the.stareidabamisintiammatonyagent willheRrasentdian

amount sufficient to provide from about 0.05 .tg to about 500 g per dose.

bRt Aa R EEHR 5 iBh & RIS SEea Ao biker URIRMRRR RSN
HRISS d2 B Bo NS APS {aHEH-2518QAIIN HEOMOAtY CR1e:) NEERRIanNne

sodium; phosphodiesterase (PDE) inhibitors (e.g. theoprhylline, PDE4 dth
AHABIS IR AR ST PP L P HTRASRST 8 NGt S hE aHbAGors (& gPd the
R Relaukassirtiaiplars KR BBR &Y T e PsiNQBeiubitasst, the steroidal

protease inhibitors, such as tryé)tase and ela tasé%:%g)bitoa[s; b tﬁlg
R e g e TR b L AR
13danesine 2 aarnists)1 Adipdekinearisgesisisicaiehemeldiester or a

antagonists such as, inLerIeU in antibod (,Iéﬁxantibo , Specifically,.an .
RFHEHISY ST ARGPUgY ‘61 A ORI TRy TG LF
iGHtRlche By MbESIEI- b2 Dritkat 2006/ PRI4E4RECRIUGRAO51BRAI0 B3heraputically
effective amount. Typically, the steroidal anti-inflammatory agent will be present in an
amount sufficient to provide from about 0,05 pg to about 500 wg per dose.

Other suitable combinations include, for example, other anti-inflanvmatory agents,

e.g., NSAIDs (such as sodium cromoglycate; nedocromil sodium; phosphodiesterase
(PDE) inhibitors (e.g. theophylline, PDE4 inhibitors or mixed PDE3/PDE4 inhibitors);
leukotriene antagonists (e.g. monteleukast); inhibitors of leukotriene synthesis; INOS
inhibitors; protease inhibitors, such as tryptase and elastase inhibitors; beta-2 integrin
antagomists and adenosine receptor agonisis or antagonists (e.g. adenosine 2a agonists);
cytokine antagonists (e.g. chemokine antagonists such as, an interleukin antibody (1L
antibody), specifically, an IL-4 therapy, an IL-13 therapy, or a combination thereof); or
inhibitors of cytokine synthesis.

i, 1, .
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For example, representative phosphodiesterase-4 (PDE4) inhibitors or
mixed PDE3IPDE4 inhibitors that can be used in combination with the
compounds of this invention include, but are not limited to cis

wé-S)RRes4s{3-cyclopentyloxy-4- methoxyphenyl)cyclohexan-de¢arbmyhissor s
acid, 2-carbomethoxy-4-cyano-4-(3 5

g?lsd[ipg}p lmet? 0 gpﬁesdf':lgt%g{fg EJQP%X)&DQS?Q%‘QG ycéggga?%%ﬁors or mixed

mmmmmmw%mﬂmmatmﬁhmmﬁymhmpams of this
CiS-4-C

RS HROTG T s e 17l rsimmese- S Be IR and the
1hkﬁpmypbéla/®n§.dehmaﬂ-}l actepidblecid|tstbrent Bihprrepresdathtive

R B TR T T b P e el i R+ -
o@:tm;ﬁmgybnﬂm}ﬂﬁwgﬁt(@ﬁmwbmm?@hc@mbaﬁdsfdlfts@lmedﬂrﬂtﬁ~
ﬁ%%ﬁ?&% % Yﬁt\% Q?éﬂ%%&z’éy%ﬂé&%‘é’% Hﬁ’é%%\é én&t%%é%éttﬁp%%

en); pthalazinone compounds disclosed in

mwmﬂy(wmbtaéms thgreefic Afioer eBYRRBINdHD REG Miminad;
Qit’f“tﬂﬁs(é!mﬂ%sﬁ’ﬁedeéfafma)}ﬁVM%é'zi%Mf’@\fc@/@tﬁ&tﬁbﬁﬁt D-4418

Tanabe Seiyaku); and T2585 (Tanabe 15 Sel aku). Re resentative

(rhisvsimre aﬁﬁa%ﬁ@tg(?bu@ﬁn@hé%‘érgt&ébéﬁ prengedigyple
eftp binatiap Witk anehinasieiien (Rydhe mmguaﬂw&@wmeﬁtgp V-11294A
clu

de, but are not limited to, atropine, atropine sulfate, atropine oxide,
%@tﬁ&fﬁtﬂ@ﬁtﬂésa (@BakeCridrmuthtinitairg soPopaidsisedeyahim® Q991 7505
(BygrahiamdeSeeRAP IR 12 RVEROREMdanH) AP Diamide.
oxitro |um bromlde tiotropium bromide, methantheline propanthellne

L FBIREA - heP i SFAIAL) ) Frinitd Tanabe

s(aﬁmyul) |sopropam|de lodide, mepenzolate bromide, tridihexethyl
chloride (Pathllone) hexacyclium methylsulfate cIo entolate
Py clroBRERERE A R S ARSIt AGFBRRTSIIE B ugien be
tt&letizaﬂmﬁn%a%th;tﬁlaﬁndmﬁmetrammmﬁﬁmdstbeﬂﬁcememm include, but

har f{lcall accept ble sal or fort ose ounds listed
AR SAI, EEe erh%altm%ﬁa’rr%a gllj:tlsCa acc esa e%ﬁ"'? opine miirate,

t&mmamanﬁhlétahmsa(mme - t}ahﬁhtmramﬂgmqbs)aﬂnatecan be
h,ﬁ{q §mb|n tion ngh the com ounds %f thl%ln%e[}tlon in Iude but are
Imite

Cg’nuﬁrétmlnes éuc car moxarhlne n?alfl% e
mmmmmeummt@dmnemmmmmeanﬁdHum bromide,

%}%nﬂye s:)%t tmﬂ%?g 2z rﬁg}%atd%u%hz o n’%/félt%rgégl?t%@ bxe %ri chloride

elenna |ne dro e and trlpe Ine citrate; aI amine

@a&hlw)ch%q@helmmmﬁéwdc{ Rrastiraigiie ﬁaﬂm@l@mﬁa tzepicamide,
tﬂﬁg{%émﬁd%%%mgﬂgg’pircnzepine, telenzepine, AF-DX 116 and methoctramine
and the like, or a pharmaceutically acceptable salt thereof; or, for those compounds listed
as a salt, alternate pharmaceutically acceptable salt thereof.

Representative antihistamines (i.e., H;-receptor antagonists) that can be used in
combination with the cornpounds 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 tripelennamnine citrate; alkylamines, such as
chlorpheniramine and acrivastine; piperazines, such as hydroxyzine hydrochloride,

hydroxyzine pamoate, cyclizine hydrochloride, cyclizine lactate, meclizine hydrochloride
2 I
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hydroxyzine pamoate, cyclizine hydrochloride, cyclizine lactate, meclizine
hydrochloride --23- WO 2006/023454 PCT/US2005/029013 and cetirizine
hydrochloride; piperidines, such as astemizole, levocabastine
whyshiranlnege, loratadine or its descarboethoxy analogue, tesfengging e 3
fexofenadine hydrochloride; azelastine hydrochloride; and the like, or a
harmaceutjcally acceptahle salt thereof; or, for those compounds listed
: e Keesrl

408 SeER IR MR SRR ARy SHE 8P ARISE B¥8Gitable
aseshfefdbdathelibertpeitic aApenteadmilisieseaiioombinatitn viitadine
co und of the invention are inther. .0f about 0.05 mg/day to ab
R R A S e
sphahmrec utidal dempasitiensdOfithe preseit ritentiophifdkormiviyonceptable
SEf(@ﬁg%g A A dry powder for administration by inhalation is prepared as
f%hows: 'ngredients Amount 15 Salt of the invention 0.2 mg Lactose 25

mg RépreséntativePricedbee (iehepcumpgerd oithastwehtiorpisbination with a
micronized. and then blended, with lactase. This.blended mixture is the
L S I
are adbhinfstkerethg SingHapondérithaderpeomuilatiphaErarapiedBcAndrysitions
Jelel ] réggg%l%ti@&for use in a dry powder inhalation device is prepared

as folfows: 25 Representative Procedure: A pharmaceutical composition

is prepared having a bulk formulation ratio of micronized salt of the

invention to lactose of 1:200F3f%}g95gp§§g}]&&ei§xpacked into a dry
powder inhalation device capablé of delivering between about 10 pg and

about AGyjiRp BN dE GrpBRtediy inbelation sardwsed aofolawyyO
2006/Q23454,RCT/US2005/029013 Formulation Exappgle,C

Salt of the invention 0.2 mg

Lactose 25 mg

Representative Procedure: The compound of the invention is micronized and then
blended with lactose. This blended mixture is then loaded into a gelatin inhalation

cartridge. The contents of the cartridge are administered using a powder inhaler,

Formulation Example B
A dry powder formulation for use in a dry powde‘r inhalation device is prepared as

follows:

Representative Procedure: A pharmaceutical composition is prepared having a

bulk forrnulation 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.

iy Y
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A dry powder for administration by inhalation in a metered dose inhaler is

prepared as follows: Representative Procedure: A suspension containing

5 wt. % of a salt of the 5 invention and 0.1 wt. % lecithin is prepared by
wiSREBNGs10 g of the compound of the invention as micronjzed, RIKLCIES)1 3

with mean size less than 10 pm in a solution formed from 0.2 g of lecithin

dissolved in 200 mL, of demineralized water. The suspension is spray

dried and the resulting mate rticles having a mean

diamegetriessaitatodadrpinisk ieopariciasiaisdeadeskiotoicaisidanswith
FJoress%ize }19'14’2 10 tetrafluoroethane. Formulation Example D A

firatd ATtomposition for use in a metered dose inhaler is prepared

as folRwpsesthiRepreseniatvePrageasia AoSiiEHeRSION. CoRERMIGN He

.salt of the inyentiop, . 0.5 % lecithin, and Q.5 % trehalose is prepared
e D b i e B b f L R RER ot
itessifharsiioinadcpiividat sdtitiomfosimetfsahan Q.6 grofhteehdlose fnshed
s 9. 9fleciihin dissoluedin 100l ofdemineralized waterythe o
suspension Is spray fied and the resulting matéeriar is MICronizea 1o
spaatidiesiraviiy a0timeemidiaheteidesgaibiv bbtivieT hevparticlesademeter
iioaded 'ﬂﬁopﬁi?nﬁ%%?ﬁ&tﬂﬁfesl%‘iﬁég%%'a%a.;'tt%i’%%yaﬂ%ﬁoé%%ﬁgggd 1L1,12-
Formulation Example E A pharmaceutical composi jon‘for use in & °°’
tefeafiniieeibgler is prepared as 25 follows: Representative Procedure: An
agueous 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 wit®ERAEERIG TEREDRRture is stirred and
SOD'C%?MHc@?ﬁicéﬁﬁéﬁﬂﬂﬁfﬁﬂ?%ﬁedﬁﬁ ed REBThRLIRS SRR &
adjusted to a value of about 5 by 30 the slow addition of NaOH. --25- WO
follpsr023454 PCT/US2005/029013 Formulation Example F Hard gelatin

ZaDSUt@te%f@Jeﬁfﬁi@m&%Uﬂi OR SterRreRaAeHhamIIoNs s RIEEREntion,
moun
0.5 % lecithin, and 0.5 % trehalose is prepared by dispersing 5 g of active ingredient as

micronized particles with mean size less than 10 m in a colloidal solution formed from
0.5 g of trehalose and 0.5 g of lecithin dissolved in 100 mL of demineralized water. The
suspension is spray dried and the resulting 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 B

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

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

is prepared by dissolving 0.5 mg of~the salt of the invention in 1 mL of 2 0.9 % sodium
chloride solution acidified with citric acid. The mixture is stirred and sonicated unti] the
active ingredient is dissolved. The pH of the solution is adjusted to a value of about 5 by
the slow addition of NaOH.

25



5 Salt of the invention 250 mg Lactose (spray-dried) 200 mg Magnesium
stearate 10 mg Representative Procedure: The ingredients are throughly
blended and then loaded 10 into a hard gelatine capsule (460 mg of

wePmRasiiap per capsule). Formulation Example G A suspensieR;{ahdfdoers
administration is prepared as follows: Ingredients Amount 15 Salt of the

invention 1.0 g Fumaric acid 0.5 g Sodium chloride 2.0 g Methyl
paraben 0.15 g 20 Propyl pm%%%ﬁated sugar 25.5¢g
Sorbitplatd @¥:5alvkianl b 303 218! MRE@uUARK Y andedpli-£dt) Hilogs:
Flavorjng 0,035 mL 25 Colorings 0.5 mg Distilled water q.s. to 100 mL
Repre@@ﬁ%ﬁ‘w Procedure: The ingredients are mlxe%”t't?

'suspension containing 100 mg of active ingredient per 10 mL of
suspegﬁsil 30 26 WO 2006/023454 PCT/USZOO?/ ﬁg9013 Formulation
Example i |njec Y4 formulation is prepared as We Ingredients
AmouhtcwSalpoithizisdyention 0.2 g Sodium acetatéSbBuffer solution (0.4

M) 2.Q pnL eI;liCI %55 Nt) or NaOH (0.5N) g.s.topH 4 }}/é{ater (distilled,
_sterile q%l 0L

Representative Procedure: The ingredients are throughiy blended and then loaded

10  into a hard gelatine capsule (460 mg of composition per capsule).

Formulation Examnle G

A suspension for oral administration is prepared as follows:

Ingredients Amount

15

. Salt of the invention - LO0g

Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢g

20 Propyl paraben 0.05¢
Granulated sugar 255¢
Sorbitol {70% solution) _ 12.85¢g
Veegum k (Vanderbilt Co.) 1.0g
Flavoring 0.035 mL

25 Colorings 0.5 mg
Distilled water q.s. 1o 100 mL
Representative Procedure: The ingredients are mixed to form a suspension

containing 100 mg of active ingredient per 10 mlL of suspension.
30
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10 Representative Procedure: The above ingredients are blended and the
pH is adjusted to 4 0.5 using 0.5 N HCl or 0.5 N NaOH. Utili The
compound of formula | possesses both (32 adrenergic receptor agonist
wilshed@qaugearinic receptor antagonist activity and thereforgcgusonsmzveis
I,2-ethanedisulfonic acid salt of the compound of formula | of the present
invention is expected to be useful as a therapeutic agent for treating
medical conditions mediate L eptors or muscarinic
receptassiniéctabiedicahtandiiopsibaiiareraneiiorated by treatment with a
$32 aﬂlren rgic receptor agonist or a muscarinic receptor antagonist.
‘Such g&?&b&‘&%nditions 20 include, by way of exam’g‘fé‘?}i’&‘imonary
disorde ' inctuding-those-assoctated—withreversible-airway
obstru tignf uch as t(%hronic obstructive pulmonary dq'szease (e.g., chronic
and w %e?y ronchitis and emphysema), asthma, pu 'mgnary fibrosis,
allergiBodmmitis;ethinbuifieapbmdittie 4ikd) Other conditidnsiwhich may be
ggifgg?% %ﬁ#gg}g@ﬁ%%tg deprt_assion, _co%%(_a%igﬁ qsaart f_ailure2 skin
.g., Ihflammatory, 25 allergic, psoriatic and-proliferative skin
diseas@siwddditidet shdere lowering peptic aciditys.isoddsindble (e.g.,
' peptic-and-gastric-teeration-and-musete He-ch . dingly, in
one embodiment, this invention is directed to a method for treating a
Apyeadsind hothdd.cebapr shseduministdrionitd anddtientiss

CaoC Co v OSC O o U A

H - = QLD QD £\ Q)

C C U Al TU Cl Ve Y L. »

1,;2-ethanedisulfonic acid salt of 30 biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
{g{hﬁgroquinolin-5-y|)ethy|amino]methy| }
-5-methoxyphenylcarbamoyl)ethyl]piperidin-4- yl ester or a solvate thereof.
When G8egeuprsadobismuieyasissraeboihd safrotass mwaretriasariit and
M@iﬂ@&&gmfwﬁﬁsgr&gswcm AT UG H05R5BREAMNWEa @l of
WO 2006/023454 PCT/US2005/029013 singie daily dose or a single
reepaiyad otfarBra ) ofitke dBss O SRy A FORMASA &9 Pecisefit 6 will

HRRGRIHRMBROME 4R/ A0 ARRUHANR BldRY: Ez%ﬁfeﬂe'@géﬁ%g Yors or

inhalation, the compounds of this invention typically have the effect of
BrSrAHRNG BroattddiftBadisdcsnditgns thaastaaebpraeh BiHowamps shs B2

disinyrntiegisdireaiechio amethed plRpeyidinglranchadiiation i fonditions
_patient in need of bronchodilation, the method comprising administering

iRs ke PatERY AiisrsHENedEmoR P 8H0tIRE anfttrsetincluding those associated
wd-sthasedsitenicrgd.sall oflirkenyBadeariamic Atiokd2 disease (e.g.,

chronic and wheezy bronchitis and emphysema), asthma, pulmonary fibrosis, allergic
rhinitis, thinorrhea, and the like. Other conditions which may be treated include
premature labor, depression, congestive heart fatlure, 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
ireating 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-ylethylamino}methyl} -5-methoxyphenylcarbamoylethyl lpiperidin-4-
vl ester or a solvate thereof. When used to treat a pulmonary disorder, the salt of this

mvention will typically be administered by inhalation in multiple doses per day, in a
DT
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(2-chloro-4-([(R)-2-hydroxy-2-(8-hydroxy-2-oxo-I,2-dihydroquinolin-5
yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl
ester or a solvate 10 thereof. Generally, the dose for providing

whrashediation will range from about 10 ug/day to about 20Q-g4gayaoliz 953813
embodiment, this invention is directed to a method of treating chronic

obstructive pulmonary disease or asthma, the method comprising

SRR ARY & & SPatRAER X desror rosintlnthe SRSF0E ek BRBKoRTY
FUBRA RO 2adk ﬁﬁﬁ@ﬁ!ﬂﬁiﬁw%V@a%&@%&ﬂﬁOfp@ﬂﬂ?nw -2-ylcarbamic

acid i 2-chloro-4-{[(R)-2- droxy (8 hydrox
oxo- 1%ﬁﬁ%atmﬁ1 xvg W&n SRGRYRS %@*ﬂﬁé&‘ﬁ%%%& ave

By ety s @lpﬁﬂdig HroylcBstiElatom Sbeataitheyenl MMoRe usad iethodtspects,
S A AP o of

fe’dBges per ay o a Single
Eﬁﬁﬂﬁéﬂilﬂﬁﬂﬁﬁtﬁ@ﬁ&%ﬂmﬂmﬁm@sﬁ@@ﬁmﬂmﬁhgﬂm \MH pang:& frorom2Bodlietibn-
10 v /rq a ountg%%lt%. =i /daé{s il‘“rllsceacti: TEI car%gnrg%cfdi [2-
s ruc%ve bro ysema (see or e E
(@hl'ﬁmm @ﬁwp@tmmmyd@mamd\ﬂ@gmm@m@m 343 269- -78).

d.t h t ti
e

thacofd Kaghyl dhivathadicalar 26wdmpbinedndiideop Waihzfammgal about 10 pg/day
%%gm% g methods of this invention further comprise a
erapeutlca ffective amount of a steroidal anti-inflammatory agent.

The piiw@mzmdmmw invensipm Hodixsgirgrie rietkedteforatiiag chronic
JPMERIAR 5RA BRI RRRORS AR HRING VRIS MR ANC NS A3P¥5a

well-known to those skilled in the art. For example, representative assays
naticelasansaatramest adimmreheaieivty SoToREReSIed 2-gthangrisulfonic

i 9}%&%%(@%%%?-{%%&&5- e foliwngy-2-(8-hydroxy-2-

Preparations and Examples are provided to illustrate specific

G edtitsdrewimainivdisibamindeabebinBsbyamspylabidictyy-

fptratandectster it 468 56 ane-et thigiaue ROt f @Y DOPL¥ESShma, the salt
qﬁ)emflcally |nd|cated 5 The foIIowmg abbreviatigns have the following

Biningtionerdl dmisths e grethavaRYaHer &b’&?&@%lﬁ&?é%?&& ay ot
heraincrRhnpieriineshhaue, theidsiandareatheaOmD or asthma will range from

about 10 pg/day to about 200 ug/day. As used herein, COPD includes chronic obstructive
bronchitis and emphysema (see, for example, Barnes, Chronic Obstructive Pulmonary
Disease, N Engl J Med 2000: 343:269-78}.

‘When used to treat a pulmonary disofder, the salt of this invention is optionally
administered in combination with other therapeutic agents. Accordingly, in a particular
embodiment, the pharmaceutical compositions and methods of this invention further
comprise a therapeutically effective amount of a steroidal anti-inflammatory agent.

The properties and utility of 1,2-ethanedisulfonic acid salts of this invention can be
demonstrated using various in vitro and in vivo aésays 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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AC adenylyl cyclase 10 Ach acetylcholine ATCC American Type Culture
Collection BSA bovine serum albumin cAMP 3'-5' cyclic adenosine
monophosphate CHO Chinese hamster ovary 15 cM5 cloned
weilpanzeg M5 receptor DCM dichloromethane (i.e., methylere chigkigdal:s
D1PEA NN-diisopropylethylamine dPBS Dulbecco's phosphate buffered
saline DMEM Dulbecco's Modified Eagle's Medium 20 DMSO dimethyl
sulfoxide EDTA ethylenediaminetetn% LES Emax maximal efficacy

EtOAg i vhaeaidigFiibaihancix2afiBSde abbadne sBivmate kieRfic

ihaxaflierapbesphatandehtiaSs danks tuHeresesalt pfutidiedttK human

embrygnic kidney cells HEPE . . .
Y RO A B g PR R et
inéeeptbuhiMa cldre diiuesan M2 vecbptorin3hd M3 ¢téned hrmdeiM8ndard
r&gggﬁtor hM4 cloned human M4 receptor hM5 cloned human M5
recep%br HPLC high-performance liquid chromatography 1BMX
3-isobutyl-lI-methylxanthine 40 %Eff % efficacy

AC
Ach
ATCC
BSA
cAMP
CHO
CM5
DCM
DIPEA
dPBS
DMEM
DMSO
EDTA
Emax
EtOAc
EiOH
FRS
FLIPR
Gly
HATU

HBSS

adenylyl cyclase

acetylcholine

American Type Culture Collection

bovine serum albumin

3°-5’ ¢yclic adenosine monophosphate

Chinese hamster ovary

cloned chimpanzee M; receptor

dichioromethane (i.e., methylene chioride)

N, N-diisopropylethylamine

Dulbecco’s phosphate buffered saline

Dulbecco’s Modified Eagle’s Medium

dimethyl sulfoxide

ethylenediaminetetraacetic acid

maximal efficacy

ethyl acetate

ethanol

fetal bovine serum

fluorometric imaging plate reader

glycine

O-(7-azabenzotriazol-1-yi-N,N, N’ N'-tetramethyluronium
hexafluorophosphate

Hank’s buffered salt solution

human embryonic kidney cells

4-(2-hydroxyethyl}-1-piperazinesthanesulfonic acid

cloned human M, receptor

cloned human M; receptor

cloned human M; receptor

cloned human My receptor

cloned human M;s receptor

high-performance liguid chromatography

3-isobutyl-1-methylxanthine

% efficacy

phosphate buffered saline

benzotriazol-1-yioxyiripyrrolidinophosphonium
hexafivorophosphate

rotations per minute

triflnoroacetic acid
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PBS phosphate buffered saline PyBOP

benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphate rpm

rotations per minute 45 TFA trifluoroacetic acid --29- WO 2006/023454
WBQ}BM§J?4995/029013 THE tetrahydrofuran Tris POCT/US2005/629013

tris(hydroxymethyl)alrlinomethane Unless noted otherwise, reagents,

startinﬁ}g\aterials atnd ol %%Ets were purchased 5 from commercial

suppIiFrs (such as é‘ﬁ%ﬁ %fhi}g ma and the like) and were used

without further puri EAtOn - In the & amp 20088 ibed below, HPLC

analysis was conducted using an Agilent (Palo Alto, CA) Series 1100

instrubrdetswitted othex BanasgRRs 2startibf matztakuimad splsapphedepurchased

il 4 column), havin .2 micron particle size..Detectjon was

P I A i, D SR R e i e
withwitsietbfpsrHitamnute of 10%-70% B over 6 minutes. Mobile phase A

was 2.%:-.98.9 X %0 - - ; ' 0%, .

o B 0 AN DEn Ui, s ST phat e Rl hten
(Rreacribe & ab&vasHPLE B85t vald 497 Bomge iRt Webé robtabiesdns,
@%@éﬂgﬂé&g(@@@mw@m w&&gg@ﬁtMMgm&%ﬁ?%@aﬁw was by

data were obtained with an Applied Biosystems (Foster City, CA)

GHEPRPICE 8HEN MirdHReht L DENMGE0e disinias Gindieeaaiief a 10
0®mBSYemebilenbass B overanaminitiegigdienhomalhseale_og o - 0.1

purification was conducted using an APl 150EX Prep Workstation system
AfSFappled BRISY BT PHRhTRsROpRasd Was Bl Wat€r1:0586 4 Using
thEFrAsheehhaBaasrte dkilaited ARXVIYPT I s -Bolaiava fivpicallyRous Jere

0 50 mg recgovered sample size) the following conditions were used: 20

ORERHAN ARG P FRSFidients and a 20 mm x 50 mm Prism RP
colunfiawithchreicreprasiielass (bernadtyeSlK pystones: Balefantein an

A o TR EbHON R TIATS (Lt b SRR LRI G dts
wgsatieitsdanth2bia 44 -HowhncbHe phazdvBoresoils B eitadianwith 10

microg Daf tslgaIL e P Vai{!;%%bg %!'c?s Qﬁ%ﬁ&ég 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 mI/min flow rate; 15 min gradienis and a 20
mm X 50 mm Prism RP colummn 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 mam 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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The specific rotation for chiral compounds (indicated as [a] 20D) was
measured using a Jasco Polarimeter (Model P-1010) with a tungsten
halogen light source and a 589 rim filter at 20 C. Samples of test

wePIRAMRMAg were typically measured at | mg/nil, 30 water. -85 WQiusn29013
20061023454 PCT/US2005/029013 Preparation 1 Methyl

4-Aming-5-chloro-2-methoxybenzoate To a solution of
PAepato8 Lhioro-2-methoxybenzoic acid (1.008 g, 5.0 mmol) in a mixture
Mbipiganen@uavs) anek-rethanal iheizpatsd C was added 5
(trimethylsilyl)diazomethane (2.0, M in hexane, 3.0 mL, 6.0 mmol .
(o FHRE E SETHRIIG 4rEEPE RCBOA R A L oD i
santkstiereftdbreho (9. Bkress nitrimeshyisiyl)dinacMethankiajas quenched
addi tic acid unti right yellow color of the reaction. mixture
B e R Vel S e
reornpoomdas ensdifewhiterselich whichowasrased avithdot=tufthé6 10 Excess
ificationn, F rati hyl . . . .
o IR X Mot oy ddineusotc add pagl e st vllow
cPlapdriatepaptivasnadtrdidiegnorome immigtara wis B Mpandrald! in vacuo to

y laming ), Thigmi 0 q
%%%%y%?ﬁ%%l%%lo mmgl)ga\f\]/%aé a%éf&lw ﬁ?p&ﬁﬁ%gl%&%?ﬁ g%’tﬁ re?g. After
pariqpéoFeaction was quenched by adding methanol (about 2 mL) at 0 C
and the resulting mixture was stirred at room temperature for 15 min and
then concentrated in vacuo. Dichloromethane (30 mL) and, water (30 mL)
Rreparatiged to the residue and this mixture was mixed thoroughly. 20 The

N?ééﬁ?ﬁ WRIE-ASPRARIRE-NE 18- 20UBAISIAXRLYRS extracted with
0]

dichloromet aneézo mL). The organic layers were combined, dried

(Na2SO A AreradushaftReRBRIR e réftdviehinromsiaG gidedhd tiD and

tEIMPURR 85 BARrOWNHeasY Falickiivhich waschsre tWitheUhiUEtheby chioride
(%liz;ification. 25 Preparation 3 Biphenyl-2-ylearbamic Acid Piperidin-4-yl

éﬁLB%&fBﬁﬁﬂl—b‘-’@é @95;:%9@0@@@ @?@‘fi"fﬁ%l)’:‘éﬁ?ﬂ 2 h, the reaction was
qieRYBEB Y- HRBNZ YHIRERE! 60D 1. 4D PIMeL thotBsulting mixture was stirred

commercially-available from Aldrich, Milwaukee, WI, were heated
at room temperature for 15 min and then concentrated in vacuo. Dichioromethane (30

mL) and water (30 mL) were added to the residue and this mixture was mixed thoroughly.
The layers were separated and the agueous layer was extracted with dichloromethane (20
mL). The organic layers were combined, dried (Na,SO,), 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-ylearbamic Acid Piperidin-4-y! Ester

Biphenyl-2-isocyanate (97.5 g, 521 mumol} 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
t-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 (88.5 g, 1.56 mol) was added and nitrogen gas was bubbled through
31
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together at 70 C for 12 h, during which time the formation of
biphenyl-2-ylearbamic acid 30 1-benzylpiperidin-4-yl ester was monitored
by LCMS. The reaction mixture was then cooled to 50 C and ethanol (1 L)

wW%sﬁgg?gu and then 6M hydrochloric acid (191 mL) was a@%%@%wms

The reaction mixture was then cooled to ambient temperature
ammonium formate §98.5 g, 1.56 mol) was added and nitrogen gas was

thespiwirtviasgprshyier YPon drtisdinmy(Kovt e bpbasi oraciiyated carbon)
(30u5iQRMEOT QMR fare Qo RHRRHNW AL Bl P41 (65 B3819)20and then

activated carbon) (20 g) was then added. The reaction mixture was

Tiereddhapug e et 2DGeki Teroliatetiaismgiaoyad wricreirducpAgrossure

SRVanhwasthend smoyrindps s eguced RIessueranthd 1Gde
acid (40 mL) was added to the crude residue. Sodium hydroxide 5 (ION

(WADthan Geriadied pdBtinBorits 13; Tihe asebt sy e adasisdcidy sthyl
avitarethyt oetatp40ed&0mhdrand-driedfmagnegismsifaten and thebved
the solyent was removed under reduced pressure o give the title
B PES Y 605 HPLE CRORT R L SEs20MS: MM 0P R =
ol WROmGIRH 20N 202 20704.6; faul 39763, 150 Breparation 4 Methyl
4-{3-[4-(Biphenyl-2-ylcarbamoyloxy)piperidin-1-yl{propionylamino}-5-
chloro-2-methoxybenzoate To the crude product from Preparation 2 was
@%?)eg Etnggn oduct of Preparation 3 (1.33 g, 4.5 mmol) and a mixture of

I ? 3B ) and methanol (2.5 mL). This 15 mixture was heated at 50 C

Mt stitriiie] foBiphiemyid thearbsyiiren) pips idmdvelpnopiacyburiiine} - 5-
Jﬁ%mg_gg&g%ggﬂ%%%aphed (silica gel; EtOAC) to give the title
compound (0.82 g; Rf=0.4,29% vyield over 3 steps) as an off-white foamy

solid. Wsisgrugeeradest-fqrekirpetedoschvas Adf€B3beiB2Aud80B)eparation 3

(PHPAralan R BIRREAY L CYPAIHG ACKNT ) and methanol (2.5 mL). This
1-[2- Q-ChIoro-4-hydroxymethyl-5-methoxy-

IpiIaRERey Hettyifoisahatiring feste hrehtben e nby shiemosmavst i

REeparetion kiR 824 Bhok AR SupRkl iR b 0f & iFeldeano ki a08mpound
‘methanol (0.5mL) at 0 C was added i%hiurglgbo.roh c(-iljrli%otlig{BZ mg, 25 1. Smm

(P Frad feaetivihaure I sl isvise t Whithfaamy siide Yperes €4
e vas stiaer farodd T e targtion was then quenched by adding IN

agueous hydrochloric acid at 0 C until no more bubbling was observed
and this mixture was stirred for 10 min. The
Preparation 5

Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chiore-4-hydroxymethyl-5-methoxy-
phenylcarbamoyhethylipiperidin-4-yl Ester

To a solution of the product of Preparation 4 (0.82 mg, 1.45 mmol) in & mixture of
THF (4.5 mL) and methanol (0.5 mL) at 0 °C was added Iithium 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
lyephilized to give the title compound as a trifluorcacetate salt. This salt was treated with
isopropy! acetate (10 mL) and IN aqueous sodium hydroxide (10 mL} and the organic
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solvent was removed in vacua 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 30 with 0.05% TFA). The
“Qpﬂgm}i_gig“fractions were collected and combined and Iyo%%&&g%&s
the title compound as a trifluoroacetate salt. This salt was treated with
isopropyl acetate (10 mL) and IN aqueous sodium hydroxide (10 mL) and .
lpyerotgarlectss. duest SeYons METREARLIE SO RS 38 s iayicuo to give
taepriedngiash (NeR2e4)1 filtaead and {ptsebian! Was. reouedc 3B MaBeH,
to give, the title com%ound % 1 mg, 21% yield) as a white foamy solid.
THEGHS 597 ({0 Feiali¥eisd 537.20 for C29H32CIN305). 5
Preparation 6 Biphenyl-2-ylcarbannic Acid
%%25&2-Chl 0-4-formyl-5-metboxyphenyl- carbamoyl)ethyllpiperidin-4-yl
B4 16°3 Lolution of the product of Preparation 5 (161 mg, 0.3 mmol) in
Rliightondrhgfearte: Emigdvagaduel dimetifpl-aylfaxidei3i3pHenglo mmol)
and 10 diisapropylethylami 61 IxL, 1.5 mmol). This mixture was
€60 elﬁol%%-e%)yggagée E&éﬁhgrlyrti%%%re pyridine complex (238 mg, 1.5 mmol)
was addedsshawly oAfiten88imim tRepmraictiod thbdtome, Wasguehdhed by
adding water (aboyt 3 mL), The layers, wete s e the grganic
B R R S T e
dosgiveriiettiflercoam{@ound. as. Adightlyellbw solidrdiSaniacb36.3-0+d and sulfor
expected 535.19 13 fo 9H30C1N305). Preparation 7 .
B S B e s B S AL SRR Afer 30 min the
r8adiomtoxiiitd-gusnpiincBedrin 20d8ak yotexaparmdling N -Oiedeyd 606 gschated
mol), commercially-available.fr ich. Milwauk l, and acetic.
o e R R M S et R i v
toqitiedlin tide cPmeprubiacs lighs pellesteclidn MBuchhds. fuiMerlwapbadd 535.19
fggtgzaﬁ%mmy_dride (2 x 100mL) and dried under reduced pressure to
give 8-acetoxy- 1H-quinolin-2-one (144 g) as a solid. 25 (b)
5-Acetyl-8-hydroxy-1H-quinolin-2-one A slurry of aluminum chloride (85.7
lﬂveﬁﬂpa%ﬂq) in 1,2-dichloroethane (280 mL)

8-Benzyloxy-5-(2-bromeacetyl}-1 H-quinolin-2-one

{a) 8-Acetoxy-1H-quinolin-2-one

8-Hydroxyquinolime-N-oxide (160.0 g, 1.0 mol), commercially-available from
Aldrich, Milwaukee, W1, and acetic anhydride (800 mL, 8.4 mol) were heated at 100 °C
for 3 h and then cooled in ice. The product was collected on a Buchner funnel, washed
with acetic anhydride (2 x 100mL) and dried under reduced pressure to give §-acetoxy-
1H-quinolin-2-one (144 g) as a solid.

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

A shurry of aluminum chioride (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 mixtare 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 stimming. After stirring for 2 h, the solids were collected on a Buchner funmel,

washed with water (3 x 250 mL) and dried under reduced pressure. The crude product
33
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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 30 chloride (1:5 mL, 21 mmol) was added and

whesisisies was heated an additional 60 min. The reaction FH’?PHE‘%{)‘G%%H
then cooled and added to IN hydrochloric acid (3 L) at 0 C with good

.stirring, After stirring for 2 h, the solids were collected on a Buchner
ek R SRETMAHRER (3% 736 SRt AP HAlH il ddhioromethane

(Preskueh. TiracriiiainsaduatwasSd 22 006/8234 a4 funnel and dried under
PCTIUS2005/029013 isolated frogn@rz}é%gal batches (135 g) was

g %ur% Ao kYRR Wit ehdRs é%‘e (4 L) for 6 h. The resulting

solid was collected on a Buchner funnel and dried under reduced

ressyre to diye, the titfle compound (121 q). 5 (c)
@-Ace?;?%@%%%%&l%&%ﬁ%ﬁ%% sijr%]{#]ﬁg—ié!)g}ri'e%"J?%ZQ'[he product from step (b) (37.7
g, 186 ntimotyovastddoed:ds, K dihéthylffmanyipe (2600iek)/aNd potassium
r 4. maj) foll by. benzyl bromide. (31. 86
T A R e P S frlloa o
biinetil pouredrithtd S et dtethsdlidechivtite (3bstiyrad 6t @ amd stiprsehfor for

210 hgyr. The, product was, g%&@&%@&%ﬂf&%ﬁﬁ@@fo ¢hner fid,%eé( galgséd for 1

hour, and the resulting solids were dissolved in dichloromethane

hard this mpdurbwrasdltstdet &isdiomadaetaciansblatidrhowasafitdhed
rég\'iﬁﬂ%}k Giad ok Grlitgwhichnuas aBHuas 'ﬂ@ Q}‘Q{H@ HICArRMEINRARdP Sver

200 mL). The combined filtrate was then concentrated to dryness and the
spaByTtiFY kst dEhw epdtiniy vt B 1o denergina 034 10f forlitervinne wio diser washed
WHBSIRHSIHRE RIS Bucttirh YN el wiabed il e il Atk o

dried under reduced pressure to give the title compound (44 %2 as a

dpairend B Bl RReRYS-1218 efyphiathirindiiu-bfe The Prodirduct
WEQRbBERR A2 BRcan &S nebsnasHissahedin digblargmeiaee udfer
(200 mL) and cooled to Q C. Boron trifluoride diethyl etherate (10.4 mL,

redet RS A i Uil sormeEnsHd Hr #5idRR¥ ¥as warmed to room

temperature to give a thick suspension. The suspension was heated at 45
(oilg thé and a solution of bromine. (11.5 g, 72.0 mmol) in
(‘ag‘chlo (%ﬁ ﬁ%’&%‘é’ﬁ"&%‘?ﬁﬂm§‘ﬂa’§é’" YA he mixture was kept
at 45 Chtgsratuad ditiarsadpl@)niio.apddhemeacied 40 desuly tampdtaturemiene
mixture,was cpn ated undey reduced pressure a g;e triturated

s e TS R R Rl o
wae e duall leetertingeaiiubla mer fureneds warmed to room temperature to give a thick
suspension. The suspension was heated at 45 °C (oil bath) and a solution of bromine

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

was kept at 45 °C for an additional 15 min and then cooled fo room temperature. The
mixture was concentrated under reduced pressure and then triturated with 10% aqueous
scdium carbonate (200 mL) for | 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 tritrated 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 tifle compound (34.1 g) as a

powder.
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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.

whhaaesyst was collected on a Buchner 30 funnel and washed il aQ%eq13
methanol in chloroform (2 x 50 mL) and methanol (2 x 50 mL). The solid

pas c%,g%g upder reduced pressure to give the title compound (34.1 g) as a
powaer =54- WO 2006/023454 PCT/US2005/029013 Preparation 8

SHenpipoxs-5CR1)-Bromerhisbnbyiyicisniiniisikansoredsint Hidwaningiiz-
-2- one (a) 8-Benzyloxy-5-((R)-2-bromo-I-hydroxyethyl)-1ll-quinolin-2-one
%‘%R)-(ﬂ-a,a—DiphenylprolinoI (30.0 g, 117 mmol) and trimethylboroxine
@1.1 #Bengyhomof-(Rye-dombinedinitelnenky3A0Ig)mnn - Sised at
room rature,.for 30 min. ixture.was placed in a 150 C ojl bath
g R RS o e e P g
disfillatioASvas @pmtimeechfomddinActotaleaB B0 ilatolsene was addedperature
|xtur 0oled to roo eratyre. 00 pL 10.aliquqt
o R L P RGP Bt e
Tdneehtratietiof catdlyst wiasidt8at SiBdnrplores continued for 4 h. A total of
-br ):IH-quinglin-2-one (90,0 g, 243 mmol) was placed
T e R e b By 500 o
bl staespibacidb dvessand weighedr(@44 Sog)lip 22tenimiod) tiEhehe

SHUsRension waseralediq 3341015 C in an ice/isopropanol bath. Borane
(1.0 M in THF, 294 mL, 294 mmol) was added over 4 h. The reaction was

then stifdeazalosy aﬁ%hmm@mmlhﬁ Huinalio-there (Betharbi3( 2680t kjas placed
WAS M&RW%&ZW%%%@M%@&W%%&%@V um %gdstthe

residue was dissolved in boiling acetonitrile (1.3 L), filtere e and

dersrRGo e VEd FoMh e tafsersid et Tryells Whrstitsrsibnveshediadtiv

agetonitileand , o "
196 mmol 810/5 yiéﬁlﬁ%%qoiﬁg%eg ;%%&é%]g %%{XEHIE’T%E)} %gf’ qmg%aq“g“gf? s

agdad Ay EAdh- SRR AL D e CrearLsTRG  am AL A 1Y By eithi/ OFland then

eRMiRANN250R81 3 SvI0R PERAHG! afrtaR ok (P2 Bnd SR AN ONINES cuum and
added N,N-dimethylformamide o

the residue was dissolved m boiling acetonitrile (1.3 L), filtered while hot and then cooled

to room temperature. The crystals were filtered, washed with acetonitrile and dried under

vacuum o give the title compound (72.5 g, 196 mmol, 81% vield, 95% ee, 95% pure by

HPLC).

(b) 8-Bemzyloxy-5-[(R)-2-bromo-1-(tert-butyldimethylsilanyloxy)ethyl]-1 H-

quinolin-Z-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 (40.3 g,
376 mmol) was added over 5 min and then fert-butyldimethylsily]
trifluoromethanesulfonate (99.8 g, 378 mmol) was added slowly while mainiaining 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(l: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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(260 mL) and this mixture was cooled in an ice bath under nitrogen.
2,6-Lutidine (40.3 g, 376 mmol) was added over 5 min and then
tert-butyldimethylsilyl trifluoromethanesulfonate (99.8 g, 378 mmol) was
wasdslegsiasdy while maintaining the temperature below 20 Gedhigshadusen1s
was allowed to warm to room temperature for 45 30 min. Methanol (45
/as. 2 added to. the mixture dr r 10.min and the, mixtu

rip?értlf iOhed betreen ety egggf’a?eﬁﬁoﬁeg?g Re(d ArestEin g gﬁﬁhg&\y&ﬁ’w oil.
Traterbiine fibitior00 WbﬁmwﬁmmamdaWemmrm&naﬁm

c\g@E Fﬂé?éme %?O%b%ﬂﬁ%%ﬁg? |ne organl O%%%}ga%% 3|c9c()}r d un éifi ed to the

eduoed fressuling ghits arlightsyetoviired wosepar itecpoionsef(300 mL)
( X istiflati o
e A ol ST s

Yived. A8i¢y/afm- the resulting white crystals were filtered, washed with
cyclohexane (300 mL) 5 and dried under reduced pressure to give the title
compound (75.4 g, 151 mmol, 80% yield, 98.6 % ee). Preparation 9A

Ry pensiirngss-[(R)-2-(P-

denrgylaspoa)denihidyidingihyl Silﬁmaﬁ@fge@h sitkdyloxyleth fl‘-lu--
gninolin-2-one A stirred solution of the product of Preparation 8 e’f
SlitToPfand benzylamine (493 L, 4.51 mmol) in DMSO (1.7 mL) was

heatechaki#8 foifeiof br (HBPrégastianPrapdiewasaewerdo 6ok ARt
was then diluted with EtOAc (10 mLE and the organic layer was washed

RERRY LR Ed ekttt HRAbIMNERSidedo St esieiia 105 Sadand b. The
RactiimiverRxiee (el Wrindi(MasSdandisaleRtiemoved HNEEY and the

reduced pressure. The crude residue was purified by column

URABH ST PR (8eh MEARARRLARIPHS e AR TR KatipsRIRdcpr o L)
Y1 NG Syaiax {0 6 B paleddom eI 3@N203a1 Rhddd (RMBbreduced
515.5. Pre atlon 9B

BBy 16% Fﬁﬁsﬁimvﬁéﬁ’iﬂgﬁﬂr?é’)cfl%@ﬂlcmﬁﬁﬁﬁWWs(ﬁgrﬁlloxy)ethy
E}mcmﬁmm@)zwgiee‘:‘nealﬁeembdfmneqmeekg,dsmpMlsotLamwtasHW@aicd for

dde
%Joﬁr?foﬁ fen?g%o?ydlm&%u ?snanyloxy)ethyl] 1H-quinolin-2-one (43 g, 0.124
mol, about 25 95% chiral purity), 1-methyl-2-pyrrolidinone (210 mL) and

Ibre%%¥a%tenn§li(28 39,0.37

8-Benzyloxy-5-[(R)}-2-(N-benzylamino)-1-(fert-butyldimethylsitanyloxy)ethyll-1 F-

guinolin-2-one

To a 500 mL three-necked round-bottom flask was added 8-benzyloxy-5-[(R)-2~
bromo-1-(tert-butyldimethylsilanyloxy)ethyl}-1 H-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 mixiure 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 sohution (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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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

wiERRLaed.gnd the organic layer was washed with water (2QQ-mkd,@datoo13
mixture of water and aqueous saturated sodium 30 chloride solution (200

mL), and water (200 mL). The organic layer was then dried over

magnésidih Snaecoifit@sciidetbenisee itidtenlosad ried scedipl@88urb rgnd the

Riaride theile, £oMmpRINY @ anORRaR Ol 13 MR AD0810234R00n was
PCTIUS2005/029013 To the orange oil was added heptane (200 mL) and
P@élfﬁi

Sfipt R ot (e e tlo AgRfiRtGrei s éahestd§ hews) et hich
RfRAUGeR AIRah O IR T s sRbdtianiyan ORI JemRs alure

and allowed to stand gvernight (about 16 hours) at which time a

PR HRG TR 4 e Hara s (&d Wad ¢oliectd DRediitien ®s give 5
Sherenehenicaly-imputetileueo B RoHNUd 8858 miRa0 ©)s Eheofilyate). This

s . concentrated under reduced pressure to give the title compound
b G WS THIE TREEIAT RS GG M op Evideis DA PBP e

(idteri3{iDethg, Q9506 e6) ail) Reptant=d250imbiand ethylacetase (100
(E‘a% yve&%a?%ldle . T}his jxture W , heated to 80 'Cﬂ(hquaﬁo clear solution)
ARd then sooled 18/rsh tehTeeratiPe Sha SHRFEHS TRy TErove MagH.
o?hmirgsulﬁhgxpseﬁipg@tec{nﬂ&w@u&c@eﬂdnwﬁIh)ﬁﬁ@tfat@ﬁffﬂﬁﬂ?_éb@tﬂﬂe_iﬂe
SABROUIEL A3 AIE PPIE 0 9 58 40 88 SYRe charcaRI . NG

te'was concentrated under reducéd pressure and ue was
ctissolivetdd rioep radectiQfanhic Fdehessiing solidswhbal ¢olteptecktti Hival ).

fﬁ@r@%ﬁtgggqeﬁme%g Q?g@A@tég%i §02 B R0, GHI R PRI IR S PEMICR 0o,

purity). 15"Preparation

oBireRzixnAiHo-tesrcslippdisiethylsilanyloxy)ethyl]-8-hydroxy-IH-quinolin-
2-one A stirred solution of the product of Preparation 9A (3.16 g, 6.15
mmol) and palladium (10 wt. % (dry basis) on activated carbon) (1.58 g) in
Frgnawatiplfin) was 20 placed under an atmosphere of hydrogen for 24

é(aigm.m@ﬂ&a.@' Waﬁsutﬁgﬁmmo e e-Hrrhed v mehanelone

mL), and then the solvent was removed undér reduced pressure to
give tHestReESHBIRE the Breghet af Breppratiog HkidI 1§ £94) ) Srrapalatién
pABBdium (10 wt. % (dry basis) on activated carbon) (1.58 g) 1n ethanol (62 mL) was

placed under an atmosphere of hydrogen for 24 h. The reaction mixture was filiered
through Celite, washed with methanol (15 mL), and then the solvent was removed under

reduced pressure to give the title compound as a solid (1.52 g, 4.55 mmol, 74%).

Preparation 10B
5-[{R)-2-Amino-1-(fert-butyldimethylsilanyloxy)ethyl}-8-hydroxy-I H-guinolin-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 slury developed. The reaction mixture was then

purged with nitrogen and methanol (1 L) was added. The resulting mixture was stirred for
37
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5-[(R)-2-Amino-I-(ten-butyldimethylsilanyloxy)ethyl]-8-hydroxy-1H-quinolin-
2-one Acetic Acid Salt 8-Benzyloxy-5-[(R)-2-(N-benzylamino)-I

wittankuddimethylsilanyloxy)ethyl]- 1H-quinolin-2-one (100xg;rAS3¢0308))13
and acetic acid (17.5 mL, 291 mmol) were dissolved in methanol (I L).

h . solutjon y d with nit d then 30 palladi
o B B APLHeOID S0 i 4 o) el et ab i Sgoironeh apad
off @it Wasidtoled wiydiogernrgas welsbeiibled thestigh ithe wilured of about 500

luti for 6 ' ich.ti hick sl

R QR BRI, LA QU NRO MCR e I S s

eve E) e reaction Tixture was then purged wit r?ifreggen
agrasivanot(itaddvad erddéueT heesomalting oixtoce fas stiFiSc b radheWwailting

&909%9%%%4051%1{ j}%q%%%%g%é ﬁ}%%g g&tﬁpom@“ﬁ?esh(ﬁ% gé%é)ﬁgdt‘?ﬁ a yellow-

product) and then t Ixture was fi rough a pa e
viilés spd @S s tidentedded Uiderrdruced pressure to a volume of about
500 mL and, to the resulting slurry, was added ethanol (500 mL). The
resulting mixture was again concentrated under reduced pressure to a
RrseavdiisrdBout 500 mL and the resulting 5 precipitate was collected by

easion ! g e filce ie.50lids.
R R A R S A e
by gepr-gedrd-Aetiindang Sikisdggngmeghyll-2-chlore-5-methexy-

IeiarRaghidletndinygdeciinalin-bsylethylamino]methyl}-2-chloro-5-met
hoxy- phenylcarbamoyl)ethyljpiperidin-4-y| Ester To the product from

Prepat 2(BH B IS SR FEBraRMma ShicHs e e intpramethsasidmonie snd
methpnasesidad the: praddeiofBaeparatianAeidt 124 L1ma1 3k MMehantnd
t{)%e resulting. mixture was éiirred at room temperature for 1.5 h. Sodium 15

SESRATBOTENAS I8 1715 B SRR AL ddtia S9He rosulting
e Washwiitted B0 e, emperal vefeiddbdnniiiBereachnn Wasure was

uenched by adding wager (about 0.2 mL) and the mixture was
R S AR o B S G g i et
Of@ntiier gmdrifie aticnrviSamizB3brsat ¢ At pexp ec e dedH3 (86 faympound, which was

C46H56CINSO7S).. .20. Prepatation ' yl-2-ylca ic Acid
R A s oA o DR LR BTG A

CasHssCIN0,S1).

Preparation 12 '
Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chiore-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo~
1,2-dihydroquinolin-3-yhethylaminojmethyl}-5-methoxyphenylcarbamoyl)-
ethyllpiperidin-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 pL, 1.5 mmol}. This mixture was
stirred at room temperature for 45 h and then the mixture was concenirated 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 acctoniirile (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 CyoHsrCIN5O7).
w38
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1,2-dihydroquinolin-5-yl)ethylaminol methyl}-5-methoxyphenylcarbamoyl)-
ethyljpiperidin-4-yl Ester 25 To a suspension of the product of Preparation
11 in dichloromethane (1.0 mL, 0.3 M) was added triethylamine

witihyslroflyesride (245 L, 1.5 mmol). This mixture was stirred st 1agi¥os/o29613
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)
Taxahtple Inixture was purified 30 by prep-RP-HPLC (gradient: 2 to 50%

tonitrile jn water. with. 0.05%,.T Th ropriate fracti ere
B e R e R
Iot-wWhil itk quimpididel {108 gi8 dPrbstieid - 9813 Th purnahley HiREEYnasy TN
f-whi ' +H. ted 7.39.28 for
&C%@ %g]%kgg%ﬁd%é 5\,{,‘%%%%%/%’5%%% %Qr‘%gos/ozgols Example
1 Bipheagluigncdrbaraibanedasufonic acid dihydrate (3.8 mg, 0.02 mmol) in ethanol
(&-1%:A2y CRAQURAsTHIR2 IUAO g (BN QR3O e aration 12 (14.3 55,002

1,2-dihydroquinolin-5-yl)ethylamino]methyl}-5-methoxyphenylcarbamo
mredhyi pitss i B ES pisppmanah serstirbloomeltsalt Adalufibanssulting
sbigrethanedisulionis peiddiydrats (3.8:m@. 0:02:melk insthangl @2 glowiy

mL) was slowly added to a solution of the product of Preparation 12 (14.
RAYCHIDZOTRHTIAF B2 24 YR Th ikt dhSRUH RS Raseme - b elesiist Eive
sOhuiid wHB e U iRG IR M WES: heaiet@td arde Y dd JoralRut Alrogen

minytes. The mixture was then slowly 10 cooled to room temperature at

QRIS Fim S LU e it ar fotls RS e ca g GH S48 Rarsisedhe

tifesioimg cand Aekite Rperatesbing er Ange tbeostypadn of nitrogen
overnight. The resulting precipitate was collected by filtration and dried to

provide the title compound as a white crystalline solid (13 mg, 72 %
Baaldhid 3 Example 2 Biphenyl-2-ylcarbamic Acid

e AR ANy g feepoze
1ghiiliyipexiginoliy} Eglmtiy BnihafnetisyifdhinAbid ety Rltiiandat)-
N e e L T
methakyphigingl cétipiruyi2etivgiipiperistint 4-{2 €8tehl RO BHier)- 2-hydroxy-2-(8-
h%gﬁ?-%}c%bl Yfi%hydroquino]jn-S-yl)ethylamino]methyl} -5-
methoxyphenylcarbamoyl)-ethyllpiperidin-4-yl ester, (26.8mg, 0.0362mmol) was
prepared in ethanol {(5.36 mL) and stirred at room temperature until complete dissolution
was obtained (5 min). A solution of 1,2-ethanedisulfonic acid dihydrate (8.2mg,
0.0362mmol) in ethanol (0.2 mL) was slowly added to the first solution over
approximately one minute. The resuiting 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).

3G
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prepared in ethanol (5.36 mL) and stirred at room temperature until
complete dissolution was obtained (5 min). A solution of
1,2-ethanedisulfonic acid dihydrate (8.2mg, 0.0362mmo1) in ethanol (0.2

wok)wasssiewly added to the first solution over 25 approximagiely RB6us/e20013
minute. The resulting suspension was stirred for five minutes then

isolated by filtration under nitrogen. The resulting precipitate was dried to
fanalethe title compound as a white solid (28.5 mg, 85% vyield). --39-

BYoha06/QR3dbanb e A ISR D02 -F HaPIen$ droxy-2-(8-bydroxy-2-oxo-
ﬁ' henyl-2-ylcarbamic Acid.

DR Ry R ol Ayl kpnsthggphenylearbamoyl)-
&Mﬂiymm@ﬁmﬁeylmmimmyé}mmoxyphenylcarbamoyl)-
gti gﬁgﬂég%%%é%%%%%é ' ZC-II(EJ't ?-&E —eaI—%glggglg—ﬁ%?—iﬁ%}dﬁoxy—Z-(S—hydroxy~2~oxo—
Elggm(%ﬁh@ormﬁf{i[ﬁr}gkﬁym) X e&ﬁ&?ﬂﬁ?ﬁﬁsﬂt@mh enyicarbaﬂﬁoyi)l; |

sdinyarogquinolin-S-yl)et n-.InQjm, -9-methaxyphenylcarbamoyl)-
e S ] ey e ok
(i5dpropa ful (160 mkjidithowd dibynaddkitinnid ethbdibdisulfohit2acic,

' - N . hdisso in water (20 nl.). The resulting
I R i e oD RS, SR e i
tevemiGhe Phe hﬂ@m@ﬁ@nﬁ B0 @/yagli&ma'féd adeccwhiteupd\ifde ) was
iafiepraductmes ealedin. S05A AL R ROPIERRNOl, (ARG T AR for

48 hours. After cooling to room temperature, the resulting precipitate was

(& ardd #y3fitkatir b havaricktiar spabrotpovs temiithite, tihe rewlipsund
Mﬁ%‘f@-@ﬁrﬁ%@&@% ARMBINhd dried in air for 2 hours to %'ri]eld the title

4-Acryloylamino-5-chloro-2-methoxybenzoate To a 1-liter three-necked
JaReBditbfeEttask equipped with overhead stirrer, temperature control
and addition funnel was added methyl 4-amino-5-chloro-2 20
methoxybenzoate (44.2 g, 200 mmol), dichloromethane (500 mL) and
R dthylamine (104.5 mL, 600 mmol). The resulting mixture was

bR AWagyLenineIatke HAL thaiatiedisisdissolved and then the
%:l(chloride (16.25 mL, 200 mmol) was
|

mixture was cooled to 0 C. Acrylo . /
then atftidd YrepiReRerR FRuAtRe e iesk earrrr s sétfonv g stirer,

iterpperate eleiomd iGiibhditetal Wnaddeaddiiion aasiabsWhioro-2-
methoxybenzoate (44.2 g, 200 mmol), dichloromethane (500 mL) and
diisopropylethyiamine (104.5 mL, 600 mmol). The resulting mixture was stirred at room
temperature mntil the ingredients dissolved and then the mixture was cooled to 0 °C.
Acryloyl chioride (16.25 mL, 200 mmol) was then added dropwise while maintaining the
internal reaction mixture temperature below 10 °C. The total time for addition was about
30 min. The reaction mixture was then slowly warmed from 0 °C to room temperature
over a period of about 2 hours. Agueous saturated sodium bicarbonate solution (200 mlL)
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 I 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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25 30 min. The reaction mixture was then slowly warmed from 0 C to
room temperature over a period.of about 2 hours. Aqueous saturated
sodium bicarbonate solution (200 mL) and dichloromethane (200 mL)

wietRdaenadded and this mixture was stirred for 15 min. ang-4egtiSe29013
layers were separated. The dichloromethane layer was washed with | M

hg/droch_lori acid (200 mL) and then concentrated under reduced pressure
EERBEARBhE*30 third its original volume resulting in a thick slurry. The

Moyl waS-fitepigiangitheyfiteh aakel ovaspiyrsiad Wi sioplomaihar)es-
(él.‘OO rgL aﬁ%c}) dréed to provide the title compound as an off-white solid (36
T 8P e 9885 Bty by HPLC). --40- WO 2006/023454

PCT/US2005620643ndkedaramdrbdddieliash equipped with overhead stirrer,
4-{3-[4-(Biphenyl-2-ylcarbamovloxy)piperidin-1-ylipropionylaminal-5-.
o R B

ethoxybe iter three-ne rou ottom flask
repprigped-witkiav@mheadigirmen o, diviperataboentrod ardd refiizopropanct (100

! _ oo Sl Fe oD
Rl e S e D s
driselredamihthenidie rradas St BrapacdiontedBerathid Gmitie wngretiiehts
dissoiwed.and.then the product fram Prapgration 4830 giséc}lljm% maall

was added. Stirring was continued at room temperature until the

nhgregivhtshine senedadartedlvo (iiXtire WadGhen hbhesdsuridenresivn®xture
vad@ner SbiQ 84RismEbedracanmixtiecwas AR aRad 19408 nre was

temperature and ethanol (200 mL) was added. This mixture was

opREdied cadm Vs TEREBrSestYA HBNS 0BRRORE bPUBduitctBitRg(in a thick
stasyltingdathicks shurya Themnvenakfilaedandithafilencake Was) and

washed with ethanol (50 mL) and dried to provide the title compound as a
rittdogRy sdly, BrtomeRIYrs iR By S Rip5BY: ¥irkhaPatiGrP ety by
ramplgnyl-2-ylcarbamic Acid 1-[2-(2-Chloro-4-hydroxymethyl-5-methoxy-
phenylcarbamoyl)ethyljpiperidin-4-yl Ester 20 To a 2-liter round-bottom
flask was added the product from Preparation 14 (40 g, 70.8 mmol) and
Pkt (466nmE). The resulting mixture was stirred at room temperature

A A T TS e AR Ry
pinea v dabh sologipetiof jishpenidin-4-yl Ester ,

To a 2-liter round-bottom flask was added the product from Preparation 14 (40 g,
70.8 mmol} and THF (400 mL). The resulting mixture was stitred at room temperature
until the ingredients dissolved and then the flask was purged with nitrogen for 5 minutes.
The mixture was then cooled 0 °C (internal temperature) and a 1 M solution of lithium
aluminum hydride in THF (106 mL, 106 mmoi) 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 io provide the title

compound as a white solid (38 g, 100 % yield, 94 % purity by HPLC).
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aluminum hydride in THE (106 mL, 106 mmol) was added dropwise via an
additional 25 funnel while maintaining the internal reaction mixture
temperature below 10 C. The total addition time was about 40 min. The

wisasiiannixture was then stirred for 1 hour at 0 C and thenpt-IVusasit)iBoo13
hydroxide (200 mL) was added while maintaining the internal reaction

mixture temperature below 15 C. The layers were then separated and the
Preparplil 19as washed with aqueous saturated sodium chloride solution

Hibhxpl-2-siéacbave ARsodjaresolinses Himadandaencayiaiagiunder

reduced pressure to provide the title compound as a white solid (38 g,
cib%a%vgﬁe?g‘iﬂwﬁmﬁy‘ﬁﬁﬁé). —-41- WO 2006/023454

PCT/U52005{628043-tdnepafatiowib-Bieiehy bibyleatbamiespaiation 15 (28 g,
-[2-(2-Chloro-4-ormyl-5-m xyphenyl- carbamoyl)ethyllpiperidin-4-yl
T e L T T D LI

errroun was a pro
Rreparatiom Ebt28ngretiSRsniivsoly-ahdndidido ronrettvdnea(@fesa NV dwde (45 g,
s-g%%%ﬁ'a%?é% L&E@éﬂ?‘%ﬁé‘%&%%i% E%%%éemm?%% A, until the Ingredients,
Issolved and then activated manganese(N) oxide (45 g, mmol‘)1 was
néteized. f0h &2 bastiondribaufdiwes vl atpesor tempefBitareivindewas then

BiEQ &J@E&&P?&H&%‘%&%&?{; %@%E‘%&?&l&@%’&%ﬁﬁo@&ﬁ QRPN 1o

was then concentrate uced pressure and the residue was
peiddedbe ifilgoumband aeaveiieo Bolptovide Rictiteckbripotifttagwity by
piglley solid (26 g, 93 % yield, about 93% purity by HPLC). Preparation 17
Biphenyl-2-ylcarbamic Acid
1-[2-(4-{[(R)-2-(tert-Butyldimethylsilanyloxy)-2-(8- 15
ﬂ;xggggw&,-q)fo-l,2-dihydroquinoIin-5-yI)ethyIamino]methyl}-2-ch|oro-5-met
hoxy- phenylearbamoyl)ethyl[piperidin-4-yl Ester To a 500 mL
Biplacastion ﬂ'&%ﬁ‘iﬁ/é‘ﬁd’d (thel Grbduéertdrnpidpastudrilaayiowy)-14(%

M%@qﬁ@?@mﬁmﬁﬁlm%b&%ﬂiﬁﬁ%mm%@Ufecﬂ\iﬁﬁosﬁuﬁ?&lﬁky—

room temperature until the ingredients dissolved and then the product of
pbragiaisime B pdriretdinitbpl &ifietiry methanol (50 mL) were added.
This nixWBKaS, StikHachakiéa0NAskONHR QRIS EHdRESMIITRGR PFfadNONIS (6 g,

PE TR o U e oo,
ipopeans-o vat hitldingrdiempealiad iaad dhe ththatie paibrroPRyeaasSIaely,
15.0 mmol) and dry methanol (50 mL) were added. This mixture was stirred at room
temperature under nitrogen for 2 hours (clear yellow to orange solution) and then the
mixture was cooled to 0 to 5 °C. Solid sodium triacetoxyborohydride (7.2 g, 34 mmol)
was added in portions over a 10 minute pertod and then the reaction mixture was slowly
warmed from 0 °C to room temperature over a period of about 2 hours. The mixiure was
then cooled to 0 °C and 1 M aqueous sodiwm 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 agueous saturated sodium
chloride sohution (50 mL), filtered, dried over sodium sulfate, filtered and concentrated
under reduced pressure o give the title compound as a yellow solid {10.1 g, 100% vield,
87% purity by HPLC).
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warmed from O C to room temperature over a period of about 2 hours. The
mixture was 25 then cooled to 0 C and 1 M aqueous sodium hydroxide
solution (50 mL) and dichloromethane 150 mL) were added. The mixture

weassairsed thoroughly and then the layers were separated. geyg, @pgaiS o013
layer was washed with aqueous saturated sodium chloride solution (50

mL), filtered, dried over sodium sulfate, filtered and concentrated under
E‘bressure to give the title compound as a yellow solid (10.1 g,

BRRGyieldicaPrhalfe WWWQ%M@{mﬁQQWhydmxy-Z-oxom
PCT/U82005/029013 Example 4 Blphec‘}/l -2- ylcarbamlc

cid

pgmEg WB%WW%L%W ym gggfphenylcarbamoyl)-
&Mmyﬁmﬂwlm)amwmaiMy&}ﬁcm@mxyphenylcarbamoyl)—
ethyl] -4- nedisulfo AC|d aIt5T a 50 mL
o L TR R B A r i Br P B L (0, 1 5@ 0 &
lrﬁrmmk)camhdldmmﬁane ((00RL.) ?ﬁa&mﬁuﬂmmx@mymrsﬂl wedah
room re.until th re |ents issol eda d the tmeh mil
e e e e e A e R RE 0 2
whas7stimehtes @i@dmm@sﬁtmgmmma@mgdmmamm A

d I L th
D e R 2 s T A R 0%

‘S’Hﬁﬁbehadd@dm@bﬂmmwmslmw@l6@/@@321@1%@ mte'htg@éeiwaghmk
Wﬁ?d’ﬁ%ﬁ@&‘%%%}w Wl {&%J%Eg%)%%é ARG IERA060s washed

overnight under vacuum to provide the title pound as a fine white

wihvstiians! §1 6989 wudipbipHPo)s 1adehenpiedparidnodastvacuum to
BIRhEOMIZMICas AR AaloEne PlRrRet ) 2>'9¥‘)“%%S¥1@1§§HPLC)

hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]methyf}
methoxyphenylcarbamoyl)-ethyl]piperidin-4-yl Ester 1,2-Ethanedisulfonic
eidhsalt. To biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2- 20

S Gl r@mw Wmm%&%iﬁrgm&@mhﬁﬁaéma%(8~
wmmmaeridmmmgmoﬁmmwmmaem,a@is-prepared as in

Example 4 (80 g) was added a solution of 20% water. in isopropanol

%F&W?@@Byﬂﬁﬁib?ﬁ’ébfﬁs‘ﬁmgﬂgﬁf IR RA T ot Ranpdisationic Aeta st
overnightapittyen-fiarbshit peavidptie diflercenprynhhavng inprdesky-2-
g}%—s ltillﬁﬁ¥d%ggugl%ﬁiitl¥ngz}ﬁ)gaiyiamino]methyl}-5 -methoxyphenylcarbamoyl)-
ethyljpiperidin-4-vl ester 1,2-ethanedisulfonic acid salt, prepared as in Example 4 (80 g)
was added a solution of 20% water in isopropanol by volume (800 mL). The resulting
shurry was left at room temperature overnight and then filtered to provide the title
compound having improved crystallinity and purity (74 g).

Preparation 18

Seed Crystals of Biphenyl-2-ylcarbamic Acid 1-[2-(2-Chlore-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-S-yhethylamino]methyl}-5-
methoxyphenylcarbamoyl}-ethyllpiperidin-4-yl Ester 1,2-Ethanedisuifonic Acid Salt

Step (a) ,

Biphenyl-2-ylcarbamic acid 1-{2-(2-chloro-4~ {[{R)-2-hydroxy-2-(8-hydroxy-2-
oxo0-1,2-dihydroguinolin-5-yljethylaminojmethyl} -5-methoxyphenylcarbamoyl)-
ethyl]piperidin-4-yl ester 1,2-ethanedisulfonic acid salt, prepared as in Example 4

3
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25 Preparation 18 Seed Crystals of Biphenyt-2-ylcarbamic Acid
1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-(8-
hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino] methyl}-5-

wiaebhowypkenylcarbamoyl)-ethyl]piperidin-4-yl Ester 1,2-Ethapedistiionioo:s
Acid Salt 30 Ste a Biphenyl -2-ylcarbamie acid

-[2-(2-chlor -2-(8-hydro o
(é(% :i;g} vg;ﬁyc%?séca u% I%-yfye s aml% i(ﬁzq}mL) at ~60 °C. The resulting clear
s&umhmmhmmwmamgy@omﬂwi}mMMAt -ylossdarontainer. After 48 hours,
2-e ed sulfanic ac % mple 4 --43- WO
: 86?}8%%4? %lﬁg’&%ﬁ V%J%@{ 5 %%g Evvgs dissolved in 13% water
in methanol (20 mL) at -60 C. The resulting clear solution was allowed to

cool tw@temperature in a closed container. After 48 hours, the
resulting plate-like crystals were isolated by filtration. 5 Ste b

Blphe@]iw&ﬁr@%wmd 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-{8-hydroxy-2-
okl (Z-ERlora A HiR)-3- ﬁ)()ef;‘%ﬂ(éﬁgﬁ@n@é/ﬂ XY %ﬂe%%xyphenyicaibamoyi}

0-1,2-dihydroquinolin-5 ylamino]methy!l
i ﬁ@)@?&ﬁeﬂ;ﬂbﬁﬁ%ﬁa Wa@ﬁﬁwﬁ%@mﬁﬂ%’fheema@é BriaRsEEIRdit0 2
Reidinalivhianared asip Examplef (bO:a).) wasodisselved dnda%watesdition

methanol (100 mL) at 60-65 T. The clear stirred solution 10 was allowed

TETHIHES 00k iRiiher i SR Rm A HRORFPIONERT Birpd (g Malsves

ﬁﬁi@@drﬂéfb%lﬁﬁhﬁl%s\%&é‘&ﬁia@ tQ 20dCGerand SHFredder 2 Triissulihg; precipitate
resultin itate Was |solated by filtration and dried.in air for 1 hour to
bl §

Vel iR B A B Al1Pn b st AR o isilE SrEteth)
wee HgPeated substituting the product of Step (b) (20 mgq) for the product
of step (a), to provide the title compound (690 mg). Step(d) 20
Biphenyl-2-ylcarbamic acid

1-[2-(Zahlorp-4-{[(R)- 2 hydroxy 2-(8-hydroxy-2-

oxo0-1,2-dih dr um eth laminojmeth thox

yh)- eti? fr? gerl n- Lf) §t& nyrﬁgg#eé etf g%%gn n%es%ﬁ prepare
(Eﬁamgpfeﬂl(&ﬁg@hvvaﬁ dessElv edprodisohedtde romeihah (359(0 gt 60- 65
T. The clear, stirred solution was allowed to cool to 30 C, and then the

crystalline product of step (c) (4.2 mg) was added.
Step{d

Biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-
ox0-1,2-dihydroquinolin-5-ylethylamino|methyl } -5-methoxyphenylcarbamoyl)-
ethylipiperidin-4-yl ester 1,2-ethanedisulfonic acid salt, prepared as in Example 4 (10 g)
was dissolved in 15% water in methanol (1 L) at 60-65 °C. The clear, stirred solution was
aliowed to cool to 30 °C, and then the crystalline product of step (c) (4.2 mg) 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).

.
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25 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). --44- WO 2006/023454 PCT/US2005/029013
wbxampiesbsRecrystallization of Biphenyl-2-ylcarbamic Acid pcT/us2005/6029013
1-[2-(2-Chloro-4-{[(R)-2-hydroxy-2-
]ﬁ%‘%’ £03<y-2-0xo-1,2-dihydroquinolin-5-yl)ethylamin o] methyl}-5-
methoxyphenylearbamoyl)-ethyl]piperidin-4-yl Ester 1,2-Ethanedisulfonic
Reciy Sdliz#tigsinfiSplech Or)<thiarPemid A tiddu P (Bdtidoréldsi{ (K3 -dadecky-2-

I . and
e L R i S BRI L8 T 65
mgithostnhey deathhmiydrethahiripisshinddvhBatetifrdiitramsdiodfvoinpdd Salt

Mg@é@@ -f12.C. The mixture was allowed to cool to 30 C and then the
product 10 of Preparation 18 (2 g, 2.15 mmol) was added. This mixture

was slksvity Ebareantobetia B tfies restafitley snndychasstiirempr Aol &
cadditionsl &heus ¢t 30,8 nldeprogictwagniilleredvithmetbanokhR0Y from

nilﬂ_érand dried in air for 2 hours and then in vacuo at 25-30 C for 18 hours

I privfde the it gpstm A dayiisol Loangarite for an additional

TEXRMRUR £ cDheymal AnalysisRiflerentintscanfing:slormataiRSEd Wesuct
performed uséné aTA Instruments%{\él%iel Q-10.module with a Thermal
I

ANERAEEBR o i Belia Ward CHterdae ardis TRy 288 YaSilg K cooled to 20 °C
aHiSihY RSt § BRiAL Soltitied Sosaff wadeich8ample it abiptt. 1 The phasdOras

ccurately weighed jnto an aluminum pan with lid. The sample was
SRR St0 TSRO (L oA QSR OF A DA ABIaR Seco at 25-30 °C
fee mphsats te peoajdiert mbdehngdaad ez, DS cididyas. petgesityjth dry
nitrogen during use. A representative DSC trace for a sample of a
crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
Ebegap2-Thloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5

.1%‘5 lylll}gltrgél%fngpo]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-y|
fer of Exa pﬁe 6 is shown in Figure 1 and a representative DSC trace
for a SaffplnoilExample @liwshawr(DR@igueper fFheediogngviMatistraments

L?hﬁ‘(%}t’%%e@%%‘é’ IHRGAURES USINGRA LAHBRLY %%@%Mé’g&ﬂlfgéﬁ%gd analyzed
quipped with high resolution capability. Data were collected an
uaiglyZetnstruments Thermal Solutions software. A sample of about 1 mg was
accurately weighed into an aluminum pan with id. The sample was evaluated using a
linear heating ramp of 5°C/min from ambient temperature to approximately 300°C. The
DSC cell was purged with dry nitrogen during 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-oxo-1,2-dihydroquinolin-5-
yDethylaminoJmethyl}-5-methoxyphenylcarbamoyl)ethyl Jpiperidin-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 (T'(GA) 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 fiunace chambers were purged with nitrogen

flows during use. A represeniative TGA trace for a sample of a crystalline 1,2-
S



10

15

20

25

30

30 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 300C. The balance

waldusnase chambers were purged with nitrogen flows durjRg-NRSeBnzs013
representative TGA trace for a sample of a crystalline 1,2 --45- WO

2006/023454 PCT/US2005/029013 ethanedisulfonic acid salt of
BipriHEnic arkbsattod e e emic - - 2-(2-chloro-4-{[(R)-2-

HRMEX - 28 By bisinyoR00K0-dilgy libyetrminolincaylaindpmingimathyl}-5
- methoEQE%r%lcarbamoylésthyj piperidin-4-yi ester of Example 6 is_.

Rt A e B 13%'&5@%%%%%%@’%%& 6 is shown in Figure 1.
1,2-ethmnPdiSuttanriciagiensatiofihe prestiile diie RN RS eX e iR bresent
.thermal stabilit%é\évith melting}a%oi,nts at about 239 C and at about 219 C,

PNy S o PR A BB PSSR SI6 i 8 Bb 206 C B xaathpiabout

28PoveepstRay Ditfractinn Lo Bowden ey siffsactiompatterns were
obtained with a Thermo ARL X-Ray Diffractometer Model X'TRA (Thermo
ARL SA, Switzerland) using Cu Ka radiation at 1.542 A (45 kV, 40 mA)

RuitmaisSi(Li) solid-state detector. The analysis was typically performed at

22 s&an‘giaj\e of 2/min with a step size of 0.03 per point over a range of 2 to
35 I'E\K‘l‘og‘iﬁ"ét’gigrinS'féﬁ.ﬁgamples, either as received or ground to a fine
powdBowwiere-15y geffthe packethiniavare ubtamesnaath woluee: dnseIt X-Ray

igned to fit int insrument tQp- lpading sample cup for analysis.
Dﬁ%ﬁ% s éé?%%gc?g%ré e%oe‘é%% %2 a g\ﬁ%ﬁ%&l‘“&%ﬁ%ﬁ?&%ﬁ{ﬁwn at
1@.@Aw@sth‘étaa@mgw.u@thep%@)ﬁqﬁde@m@emﬁem&fmra@samme}@fcmy
ofIglNS & e taner NG A dag Lol BRIBIVE VSRR E A5 or2 o
3% iRy thydrovgle2 -f8rhyidsoxijher ex oetdatihyd ppound atin- Bnd yetilanvien]

t thyllpiperidin-4-yl ester of
e R S R O 05 B v
lpdisiremplarridorenpl Biaipreistimhane s Aralisis Qbvislinbarsti(@R)netal
s@m&@%ﬂﬁ%@%‘@%@ﬁ&&ﬁf ineg %%s&%ﬁggy% Qt@ﬁsltﬁggqsé%ple of

675 cm -1 using an Avatar 360 FT-IR spectrometer equipped
2 vt rding et diufvandcibialiof Ripbanybid-Hertermic asitd sntathhdoro-
4R @ SORRHRR PReGBSY- 8. sampleof aursystadineshyg e aaadisulians s
acid salt of biphenyl-2-ylcarbamic acid
methoxyphenylcarbamoyl)ethylJpiperidin-4-yl ester of Example 6 is shown in Figure 3

and the pattern for a sample of Example 2 is shown in Figure 4.

Example ¢
Infrared Analysis

The infrared (IR) absorption spectrum was determined over the frequency range
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-cthanedisulfonic acid salt of biphenyl-2-ylcarbamic acid
1-[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-
ylethylamino]methyl}-5-methoxyphenylcarbamoylyethyl]piperidin-4-yl ester for a sample
of Example 6 had significant absorption bands at 7041, 748+1, 768£1, 8411, 9001,
10551, 110441, 116621, 121841, 129441, 1408+1, 15221, 16091, 1655+1, and

17011, as illustrated in Figure 5.
el
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I-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-l,2-dihydroquinolin-5
30 yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl
ester for a sample of Example 6 had significant absorption bands at 7041,
wOAhibe@B8d4 8411, 9001, 10551, 11041, 11661, 12181, 129%dr/448R3020013
15221, 16091, 1655-1, and 17011, as illustrated in Figure 5. --46- WO
2006/023454 PCT/US2005/029013 Example 10 Dynamic Moisture
Sorption Assessment A dynamic moisture sorption (DMS) assessment
Katsopiadvn as a moisture 5 sorption-desorption profile) was performed
%%rngmhl% (gﬁ un gar%glgagfsa Cryst; lline 1,2- ethanedisulfonic acid salt of
phenyl-2-y carbamic ac iﬁféc loro-4-{[(R)-2-
hydroxydr@uiytheisimz-sxptiv2 (M Dretgesaolm S ajdyekhyianine meshyi}
sorpDRIBGYPRGIVIGAIDAMA )ﬁé?%%rk}&R&PQH&%%&%%@%E{&E?&PP?&&%@ 1,2-

using a VTI atmospheric microbalance, SGA-100 system

Hizedinu n30kbyainoddmprade stikebbappreximarely-thieerdviRised
}%@i%%eztgm@é{x%@o%%t g&ﬁ&&ﬁﬁ&%ﬁ&Mﬁ@%ﬁ&tﬁ%}&ﬁiﬁ&t}&%@ﬁ@?'YSiS-

pical DMS analysis consisted of three scans: ambientto 2% “relative
mﬁgﬂw@hmﬁbwm@w@wﬁm@w& FEF 6 T Rt ScaingteVat 5
ARSI, HREAMASS WA MeRsIMes evency nitiies andthe RHANAES e

g:hanrgaed to the next value (+/- 5 %RH) when the mass of the sample was

S8 B PETRAIFRATEHO 100 Eor & ¥5eE SRASEE VRSB ansrh B EScHiRive P at

tHagartoshRWRN W ey8i ke AV irase SemanRs U atRe 4RaLa: ambient to 2%
1,2-ethanedijsulfonic acid salt of the Eresgnt invention has a reversible

TEBFBRORIRREEF SRR SromeiRtR ottt RBokY o dristcpieay rainel Sale
HIastes SThama dulks Welghtgodndry e Ruigl s iaTBerol 46h9ehRidetdtd the next
% RH. The reversible moisture sorption/desorption profile demonstrates
it 0 b SENERAIOF e PSSR reR N DR Lo Sl bl
coysgasbapicitand ispaaicmeiivPdEe niadexampleslih Elgmeatal Analysis
and C rign Ratio 25 The following elemental percentages, of carbon,
yarogthNIRob, SRIPRHCF Ol A SAra s B ECAAG o of e Froent
idv2atthelmsci senfosid amidp@ah/dédnimhbmpraﬁymmamﬁde_mid = 9%)
bk G MR A T QM 8 B0 0 1 sV RAHIGINP a0 o4
RH to 75 % RH. The reversible moisture sorption/desorption profile demonstrates that a
crystalline salt of the present invention possesses an acceptable hygroscopicity and is not

deliguescent.

Example 11

Elemental Analysis and Counterion Ratio

The following elemental percentages of carbon, hydrogen, nitrogen, and sulfur of
a sample of a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-yicarbamic acid 1-
[2-(2-chloro-4- {[(R)-2-hydroxy-2-(8-hydroxy-2-0ox0-1,2-dihydroquinolin-5-
yDethylaminomethyl} -5-methoxyphenylcarbamoyl)ethyl jpiperidin-4-yi ester of
Example 6 were determined by combustion analysis using a Flash EA 1112 Elemental
Analyzer (CE Elantech, Lakewood, NJI): carbon 52.95 %, hydrogen 5.43 %, nitrogen 6.83
%, and sulfur 6.87 %. The weight percentage of 1,2-ethanedisulfonic acid in the
crystalline sampie, calculated from the measured weight percentage of sulfur, is 20.4 %,

el ] e
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yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl)piperidin-4-yl
ester of Example 6 were determined by combustion analysis using a
Flash EA 1112 Elemental 30 Analyzer (CE Elantech, Lakewood, NJ):
weathirnds95 %, hydrogen 5.43 %, nitrogen 6.83 %, and suftir08du%e29013
The weight percentage of 1,2-ethanedisulfonic acid in the crystalline
S le, calculated from the measured weight percentage of sulfur, is 20.4
R e ey e
rtheasétidal weight percentage of 20.4 %, providing a counterion ratio of
1:1. Preparation A 5 Cell Culture and Membrane Preparation From Cells
Expressing Human 11, R2 or 1+3 Adrenergic Receptors Chinese hamster
Rreprsatig@H0) cell lines stably expressing cloned human (31, {32 or (33

1, 32 «
L G RS

ﬁmmgmﬁmﬂpm was 10 lifted Wlth 2mM EDTA in PBS. Cells were

pellet nt| ation at [ and , cell pellets. we either stor d
frozer?%’tm-%s(? or rcr%em rane%g%greggﬁé%%re%ﬁ gé’é?ﬁ%&?% TSEUBER P P2
priépahationiot(3dan ﬁ@mﬁeﬁmm&xa r@esrﬁgomemb@ﬁﬂe&a@e& peligts-12
were re- Sus SIS buffer, ES/HCI 10mM EDTA, pH
P00 B oD Toeeh g R 9B gL momolas was
nfmmgmm (B0 BirakeBROCites ﬁﬁﬁtjﬁﬂl&ﬁd@@r&m@f@@ﬁ%ﬁ@ﬂb‘mrﬁ@ and
e ore [ ranes, C Iletsw re homogenated jn lysis,
b%f § ??Om Str%sf%@fe # 7 Eéfup 8?1?8 i SheERTEEgfed immediately
f‘d@mpléi’eijﬂépaﬁﬂaseolﬁw itdrc ealestibrTedpletsimgthaibidnED JN HeBES vere re-

ff r( och och iochemicals,
SFsarar%acgo 5 “F%fﬁ?ng%*g‘e%gﬁ c&ﬁf@ﬁﬁé%ﬁ&%%%&%e
mggmg@bﬂeng\msghaﬁm drameitldysiomoteariby 25D ersks) SRS For the
and centnfu ation a abovet The final pellet was then pended in
R B e Ry ey PR (SR LT 725 £ SIA It erBogenated

urer

. imipSIE DT (MTM@QW@H@@M@WW&%M@M}W@S

Ig&%grggﬁ %h%n&%cfl?y%@%% d5esarr]é) Ebog‘\gﬁ;? |(]:T'PF |oc% aiw Catalog

1\@?697'2982384@4 mrmmmm,mmammm JltgatsnogEnate-8Qs
c%ﬂﬁgﬁja{m' §t§,l¥mg t§P %ﬁﬂﬁﬂngeI}et was washed once with lysis buffer by

re~suspension and centrifugation as above. The final pellet was then re-suspended in ice-
cold binding assay buffer (75 mM Tris/HCI pH 7.4, 12.5mM MgCl,, 1 mM EDTA). The
protein concentration of the membrane suspension was determined by the methods

described in Lowry et al., 1951, Jowrnal of Biological Chemistry, 193, 265; and Bradford,
Analytical Biochemisiry, 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 My, M;, M3
and M, Muscaricic Receptors

CHO cell lines stably expressing cloned human hM,, bM;, hM; 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

T
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Cell Culture and Membrane Preparation From Cells Expressing Human
MI, M2, M3 and M4 Muscarinic Receptors 30 CHO cell lines stably
expressing cloned human hM1, hM2, hM3 and hM4 muscarinic receptor

w%lg)%txé?&éaggspecnvely, were grown to near confluency in H,%I(V_ITS Fs?z &% pzouss

edia supplemented with 10% FBS and 250 pg/mL Geneticin. THe cé
.were grown --48- WO 2006/023454 PCT/US20051029013 in a 5% C02,
17 hfctnabriaimnsubaser trehlifiaiwitnd mid BPES lodiBSverelsonereallected

9y arine @-pemidiiaatine i 650k deang-pell Relletsmerg siheisiared o oc
frozen at -80 C or membranes were prepared immediately for use. For

9 e P e aRarr S atrs iR iR ste TR AEEERS rsRamstiNer shlpellets
waeegepzdaiii s PaleomB horl QR tissue HtiStURIes { FIROMAIIGRAC

0 seconds x 2 pursts), Crude membranes were_centrifuged at 40,000 x g
o?“f%e%##ﬂ? oy RO AL SR BEIRY WARIh ST bstRSeHers G witfrged ot

4 Eiengifm biiffenanch¢rtogenizeseain withtheReMromiissiRd with re-
Sdés%%gltgr{b;r%e pr t%i?n concentration of kt;h membrane susggension was )
datarmined by the MrEtRBEdes BRI TH LRy BT ST M8t Lisgitfal be protein
cBiochieatiistiy, thO B e2Gmand smpmbianes sveserstiprethirazemn 040 &ligHes in

t -80 C or.used immediately. Aliquots repared hM5 receptor )
Ir%nweu% swgzlo, l%gg oz‘.zmald ?zg /] Im%{w,fﬁtf b rkrgﬂzxﬁﬁ}éipmssm&fgfq%§ozen

branes ‘wére purchase rectly’from

nCehgtibiase—Hs¥ayTest RrovebadyA Ragiotiganstgiadingvlseespfor membranes
wdiganel . ( renergic Receptors 15 Bind says were
p%rmeﬁ?&%@c&v%l gr%@%%élrl gié‘%gé %H%asi%ﬁ%qlésgéa@ ﬁ)&ﬂ?ﬁeus f100 L
with 10-15 g of membrane protein containing the human 131, 132 or Q3

A@Qﬁ@&iﬁ{&gﬂﬂ}%@in assay buffer (75 mM Tris/HC1 pH 7.4 at 25C, 12.5
mM MgC12, 1 mM EDTA, 0.2% BSA). Saturation binding studies for

 RetilintnaBin g hvsdp Sor Huhvancicligand Picke bonezisRgeptors

Sciences Inc., Boston, e 131 an receptors an

ofoldtScya et 8ol N X480 8, PRE:Ritmmtwhi RethériBhner (L fe.Sei@nces
e,%gsg&g } n rati [ j rom O

aéliillé/llto 20 nhﬁ%ﬁ%ﬁl&nﬁrﬁgﬁgﬁoﬁ Setern#%gamagﬁggvgé%uge% ?é}g‘tch’

1 aaM FEthsOR&r S8 Hne Serrdaes bt saibrsfotolettarinbiandf K values of

tld Zatbhpaipccanarindalonat i L ar 10.94; Jgﬂﬁﬂ?%%%ﬁ%& tci/mmol,

concentrations of test compound ranging from 1

PribBEessifesirigncgsies. daeanind i nohdobessd fe whandvs prdif Aible)-
iRASSRURNIRIEINENBRAEI0520 Ci/mmol, PerkinElmer Life Sciences Inc., Bostor,
MA) at 10 or 11 different concentrations ranging from 0.01 1M to 20 nM. Displacement

DOl b AR e SR S i ey vplame

assays for determination of K; values of test compounds were done with [3H]-
dihydroalprenolo! at 1 1M and ['*°I]-(-)-iodocyanopindolol at 0.5 nM for 10 or 11
different concentrations of test compound ranging from 10 pM to 10 M. Non-specific
binding was determined in the presence of 10 uM 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 f3, receptors or GF/C glass fiber filter plates for the B3 recepiors (Packard
BioScience Co., Meriden, CT) presoaked in 0.3% polyethyleneimine. Filter plates were
washed three times with filtration buffer (75 mM Tris/HCl 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, CD
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1 hour at 37C, and then binding reactions were terminated by rapid
filtration over GF/B for the 131 and (32 receptors or GF/C glass fiber filter
plates for the (33 receptors (Packard BioScience Co., Meriden, CT)

_in 0.3% polyethyleneimine. Filter plates were 30 washed three
“E{nig(%%v%?:fﬁ:ration buffer (75 mM Tris/HCI pH 7.4 at 4C, 12.%9?/%%%@@3?13

1 mM EDTA) to remove unbound radioactivity. The plates were then dried

e BB d sof Pl stme-adutitpdith schudhatib i dheicuR figkal deBitiBtion ceunter
R MEHAN G 1) 52 MR QOB 0% /W52902(023013, was

(gdded and plates v(\;gr’g%gounﬁéd in al%:’%(c:%% ﬁ%&%ﬁ%{ u‘:f'gqj iniiation

TESIANENT AnabRiy i BidBriennblad Prigeriteity €T paBkading vatPelBeftware, Inc.,

anabiess BARasinaa i%%ﬁﬁ%i@f‘rﬁ&@}’&'@ yiththe. GraphPad Rrism - e

Software package (GraphPad Software, Inc., San Diego, CA) using the

miNERI BT Frisd & for brbcdie eumssifionTiEcer dets mifinhoprssence of
fixgdrte:thevaive fernansnecii binding.aswisterpinedindhe %5%%%8%@5]‘0

10 M propranolol. K1 values for test compounds were calculated from

Gkl ese vaEned iisdatielicandnsi o fith Ersapligand esimganéCheng Y,

SHDeRGEFUSell egualion (EPang,¥ .o ,&@#%9‘3%;13%@2*?@@.”3'
Pharmacology, 1973, 22, 23, 3099-108). In this assay, a lower K, value

indicat8<hiFdtsite st e/ FouABh RS RS HBAG Mefhep e amies fohigher binding
JEeepiasriasiedihansiestatin. his@s o inecomRosng 8 farm A WA was

found to have a K, value of less than 10 nM for the human R2 adrenergic
frupd Stohanced By vebet phbes thie 18 RYdRidaiemmdinadrensagigapceptor.
Muscarinic Receptors 15 Radioligand binding assays for cloned human
muscarinic receptors were performed in 96-well microliter plates in a total

Agsey LGS FReefISdBAL. CHO cell membranes stably expressing either
RhgiblithnaNiZa @3 ARMY F MR cRksEaRaIGStdRtype were diluted in
assay,buffer. to the following specific target protein concentrations
(g/welé)?{f'@lﬁ@’?é:bmafgfﬁﬁg & wmé%%%ﬂwwwwpqm@zwﬁ
pelnasdnl 0626 1 Prderbeitds Misite Bed simillaissionaledeBMOITRE. CHO cell

membranes were briefly homogenjzed using a Polytron tissue disruptor
TOTE SRR AP B PTG s At Y s HralSh BitfngrteEs fbtype
vatadihittid gateesya hgieofot e fadislipangsvETe Beidopednusinthations

R R R S e B R el sk pabfnd 10
loqne Rt oRSIARFHINASHAREHRD L T iRcalh AL N SR AcRMERIASSAYSed
ufs%gd g Egg%%tit?sglg é?s’r\égtlgf (Sl (()) ];éggxtzds) prior to assay plate addition. Saturation
binding studies for determining Ky values of the radioligand were performed using L-[N-
methyl-*H]scopolamine methyl chloride ([*H]-NMS) (TRK666, 84.0 Ci/mmol,
Amersham Pharmacia Biotech, Buckinghamshire, England) at concentrations ranging
from 0.001 nM to 20 nM. Displacement assays for determination of K; values of test
compounds were performed with [*H]-NMS at 1 nM and eleven different test compound
concentrations. The test compounds were initialty 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 pM. 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 plaies 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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compounds were performed with [3H]-NMS at 1 nM and eleven different
test compound concentrations. The test compounds were initially
dissolved to a concentration of 400 pM in dilution buffer and then serially

wglgﬁ%] K%/I)if?nth dilution buffer to final concentrations ranglngpggms%%g 0013

he addition order and volumes to the assay plates were
follows: 25 pL radioligand, 25 pL diluted test compound, and 50 L
psenaishast %884y pidurpivterenprsubatedithseciomituttsveast potfgitingM

HEBELINS éo%é%ﬂﬁiﬁ‘fﬁe@é(aﬁﬂmﬂzf"%'8&1%&’%&': 6‘3% @é@%&'&%@

plates’ (PerkinElmer Inc., Wellesley, MA) --50- WO 20
Nocrpro s Binnd edigtibrbondbsd Rerkin s IpdteVsikadsyndis rivesedided to

JHUERIM %M@Q&%&@Hﬁ%&ﬂt@&% HERER I0eTANEUPRAL cintiiation

radioactivity. The plates were then air dried and 50 L Microscint-20 liquid

ceuE s AL e BN iR e REsrkpe vaty W% aRftizerdd yeautinear
rgelbsihe.plales weratbensauntadinasB ORGQWRENAYIthorare, Inc.,

scintillation 5 counter PerklnEImer Inc., WeIIes MA Blndln data

S\%%%ﬁa%é&%@%ﬁm%@aﬁterémeﬂﬂaﬁa% ’fﬁiﬂ% @?g‘ﬁhﬁé@ﬁﬂﬁﬁwm’
caefuRIerRACkaga AR Pades eftnvaker INcaiuSaniiegto GARaNGthe

one-site competition model. K, values for test compounds were calculated

CHRSTE GBS ATEED (it and etk Halld GPuiuadebinghrd ueinepine
2@@3%@99@9&5 emlgeg @éﬂ@ﬁ&l‘éeﬁd&l sOFMHA IS 6 Bioshemicatometric
Pharm (igg d9 ﬁ% rt; 9-138%%}( values were converted to pK,
SR G S T AR SAEY SV O MaEn T rRRElfed back
td Kesﬂtmsrfhmaa;asépbﬁﬁmg were then converted back to K; values for data
repor In this ass lower K: value tes that the test compqund
has t)ﬂ%her Bt aang a Tir%’tyafIs 81?383& %@ “{igs gﬁﬁﬁ%%r
bastiay affieicpfopturdceptdSdard uWiiazva&f@imﬂtm hassy . ahi€ coalpenat less
than,1 DM ar uma 3 _mus e [S. t
f rolclzitf:-1 ure cp?f’e cell & mﬁﬁ ashpﬁ%%aﬁgl?a%£ ﬁ%%ﬂaﬁﬁa&gﬁ
nHsterwiogecsitoBExpressing 20 Human Pr, R2 or (33 Adrenergic
Receptors cCAMP assays were performed in a radioimmunoassay format

using the Flashplate Adenylyl Cyclase Activation Assay System with
Asay [lesk Pre¢pdare SMPOO4, PerkinElmer Life Sciences Inc., Boston,

Wifble REAVLINS BL0R MR NRGIHE SHBEUF RS ﬁgm%g%%ﬁ@mmmg

of (3 receptor agonist potency (EC50), CHO-KI ¢
Human By, B; or B3 Adrenergic Receptors

cAMP assays were performed in a radioimmunoassay format using the Flashplate
Adenylyl Cyclase Activation Assay System with [ "°T}-cAMP (NEN SMP004,
PerkinElmer Life Sciences Inc., Boston, MA), according to the manufacturers
instructions. For the determination of f receptor agonist potency (ECsp), CHO-K1 cell
lines stably expressing cloned human 1, 37 or B1 adrenergic receptors were grown to near
confluency in HAM’s F-12 media supplemented with 10% FBS and Geneticin (250
nug/mL). Cells were rinsed with PBS and detached in dPBS (Dulbecco’s Phosphate
Buffered Saline, without CaClhand MgCly) 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
0f 1.6 x 10%to 2.8 x 10° cells/mL. About 60,000 to 80,000 cells per well were used in
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25 lines stably expressing cloned human (3i, Y2 13or (33 adrenergic
receptors were grown to near confluency in HAM's F-12 media
supplemented with 10% FBS and Geneticin (250 g/mL). Cells were rinsed

WW!EQOB&%aggd detached in dPBS (Dulbeeco's Phosphate Btijée%%gﬁa%l)ﬂ%ms

without [2and MgCl2) containing 2 mM EDTA or Trypsin-

solution (0.05% trypsin/0.53 mM EDTA). After counting cells in Coulter cell

thisipstay; mém@r@dpéwaﬁ@m BAG R getiodibtadGoo RIS aemtaining 0.1%

39:@%@@&95&@@5&5@1&@59@&Hf{%ea%tﬁmi}@e}@ﬂ%ﬁﬁﬁ%g&%gpgln@ om
.6 X106 t0 276 X

pre-warmed to room temperature to a concentration o

{96 ME IR inpM.-Asatien C0oasedeed felkdpeimebl IWetendstopired by hdding

: i T 1ds, (10 .
B b o S TR i
Biswrek Dovoaltitestés arerdifardhMtonstrtrdtonslaningfr orvul0e!

i 00 L o S ecton B Coma e (120 AN N e e

REGSEIE PR R i SasiehsedyBdhp moMiRF AT rrgraisarme s Rk
i ogucad: frmalwallwas saleaierpaseirihe.caunts apsaved-ior iy,

the samples and cAMP standards as described in the manufacturer's
RuemiaTBEer Wk Grarfaasel aurmticiGane Ssisrddarpsisiih
BheiaranhPag-Rrisolsefwase packageiCrephPadiRaiyaifulle 1Rdtso

Diego, CA) with the sigmoidal equation. The Cheng-Prusoff equation
Ye&¥Eng Y, and Prusoff WH., 10 Biochemical Pharmacology, 1973, 22, 23,

3099-108)swiaay e we:CBTY et iadiGRA tvaluRsel dbisRSEa e IO lr
C50 vlalue indicates that the test compound has a higher functional

E c
AR A A e AR PRI e BEREGSH RIIS @85S AP O R f
feoumalaw avasdiatrchie hay e, Fadvabuehidessdbandf aihink the

g\ruman 32 15 adrenergic receptor. Assay Test Procedure D Functional
ARSES 6F%ﬁf%onism for Muscarinic Receptor Subtypes A. Blockade of
Agonist-Mediated [35S]GTPyS Binding 20 The functional potency of a test

compoun lyggesdglgé%mined by measuring the ability of the compound to
Ab Ok SXotremorne-stimulated [35S]GTPyS binding in CHO- Kl cells

Fexptessihgstayd viAntaptoind fdhaimendhicsReéepzenSubmpsanes were

thawed and then diluted in assay
A.  Blockade of Agonist-Mediated ["°SIGTPyS Binding

The functional potency of a test compound was determined by measuring the
ability of the compound to block oxotremorine-stimulated {3SS}GTPyS binding in CHO-
K1 cells expressing the hM, receptor.

At the time of use, frozen membranes were thawed and then diluted in assay
buffer with a final target tissue concentration of 5-10 pg protein per well. The
membranes were briefty homogenized using a Polytron PT-2100 tissue disrupter and then
added to the assay plates,

The BCqg 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 uL of
assay buffer with [*°S)GTPYS (0.4nM), 25 UL of oxotremorine(ECss) and GDP (3uM),
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buffer with a final target tissue concentration of 5-10 Itg protein per well.
The 25 membranes were briefly homogenized using a Polytron PT-2 100
tissue disrupter and then added to the assay plates. The EC90 value

. _ N ' : \
ngg@%\ﬁé 4oncentratlon for 90% maximal response) for stlnl],%l%t{} 0, ‘?Sff“”ﬁl-"

S binding by the agonist oxotremorine was determined’in edac
experiment. 30 To determine the ability of a test compound to inhibit

20xatrefdiurd-sinulaiRin 3ok QT RY S HOMEY nibaiekiewizgraan g detcdvg
each well of 96 well plates: 25 L of assay buffer with [35S]GTRyS
rec@?amff %aesm%ﬁse%?iﬁ@(e&é%ﬁ?ﬁ&féa p%%fu% migley e assay plates
w200 61020 6¢: P RE200WERADEE/R2 Silteny hiltiedResihaomposiierelhda2tester.
L CHO cell membranes expressing, the hM2 _receptor. The assay plates
PR e S T R T e
dfilseradionec ¥ B Shnpinatiealachid PR filtors asidded BeddnBidernab=walblate
harvester. The plates were rinsed with ice-cols sh buffer for 3 x 3
BRGNS TR F e & HHERE WP G e SE SR T v
biaibritinavas adaechtamebety well, tan Geabhqdl @eswaslseatepaaigke (GraphPad
radioactjvity counted on. a. Topcounter (RerkinElmer). Data were analyzed
i e ke B S aaneetacs
epeatiag G Ephizdt uSdiwmeicmez Seadvegdc @A) tisig thhenpdms ifiearalues
ression. one-site competitio uation. The ChengsPrusoff equation
e A e T TR . Lema e | B aTaS ToraY tha! cronms
conrrdration dnthespense turnve fard helt st d wynsenidating, teeposiatpémorine

conceftliondn RgARY, @ﬁﬁ@%@a@%ﬂtﬂ@é@%&&%@txﬁg A0 higher

respectively. In‘this assay, a lower K; value indicates that the test

fearhpeal netiviiy at thghieserisndasadl Nomntesedia ticapsay. thsteemyphod of
e IV HISARIRY nie CRTRAHOGRL{RIHUB NG IRNAT IRRYE 3K

value of less than about 10 nM for blockade of 15 oxotremorine-stimulated
olRSSIBTRG St i SIFBEKT tinfing ip (EH6NG el vprestinptbe. 1B/
r&lébqu_\de of Agonist-Mediated Calcium Release via FLIPR Assays
Muscarinic receptor subtypes (MI, M3 and M5 receptors), which couple to
Gq 20 proteins, activate the phospholipase C (PLC) pathway upon

BRIONIH RGN ARG RCRRIE AP BaithH IRty alseth e Gy JQlywes
phosphatyl inositol diphosphate (PIP2) to diacylglyeerol (DAG) and

phospHtRIFiRicAsRiBhERHRTe rha) y iRt MnttsFR gEhathiel couple to Gy

proteins, activate the phospholipase C (PLC) pathway upon agonist binding to the
receptor. As a result, activated PLC hydrolyzes phosphatyl inositol diphosphate (PIP;) to
diacylgiycerol (DAG) and phosphatidyl-1,4,5-triphosphate (IPs), which in turn generates
calcium release from intracellular stores, i.e., endoplasmic and sarcoplasmic reticulum.
The FLIPR (Molecular Devices, Sunnyvale, CA) assay capitalizes on this increase in
intraceliular calcium by using a calcium sensitive dye (Fluo-4AM, Molecular Probes,
Bugene, OR) that fluoresces when free caleium binds. This fluorescence event 1s
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 M; receptors.
Antagonist potency can be determined by the ability of antagonists to inhibit agonist-
mediated increases in infracellular 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
o



16

15

20

25

30

calcium release from intracellular stores, i.e., endoplasmic and
sarcoplasmic reticulum. The FLIPR (Molecular Devices, Sunnyvale, CA)
assay capitalizes on this increase in 25 intracellular calcium by using a

gﬂg%§ggsitive dye (Fluo-4AM, Molecular Probes, EuQen@CQ@MGf}ﬂw 3

fluoresces when free calcium binds. This fluorescence event is measure
in real time by the FLIPR, which detects the change in fluorescence from

tafferonQlsdrigERBEsrdloné i halmiaen KhilemdeN3} mid mm&éeﬁnak‘s
BRERAIP @zt@emw?m&mm%tsﬁm%pmﬁ %‘f}'@}%ﬁ% growth media
itago ular

antagonists to inhib nist 30 mediated increasSes in Ihtrace

2eliternEo FLIP ofIIIRR duffotatiie askaysTCHO ekbatabiith 50 uLAvoll
SPIS3nede 'ca@@og&%@wés (868 t%mg%%nage%da%w@ ?%Vyaer%on
h efore the assay was done.

FLIPR plates the night eeded cé€lls were
diggaredivlewibg Gelwasiydaixt pabegdststisvine yeshthdriEPRnesSHWOIPR

%@g@/%@&%&gﬁ%ﬁg}g@g@g}g%%&uffer (10 mM HEPES, pH 7.4, 2 mM

calcium chlioride, 2.5 mM probenecid in Hank's Buffered Salt Solution

(H ES%\/&E&%&@A%%&& aguesiy @s@d@%éﬁt%%ﬁﬁﬂﬁ%@h%ﬁggium

Iegrvin 50 jL/well of FLIPR buffer. The cells were then incubated wit

G /vieiradst pumatieneriaavet A Tkdstitmbirdaes hrhadpseriatraimarewalater be
mdabarSPA LA R SudinddR. Hrllawing thendve inciationiBsriedncelse frs

.were washed two times with FLIPR buffer, leaving a final volume of 50
PRRALG I e tompRI A AtEYRI B HBtdRt 5 Bt elelsition ettt pdfbtion.
whitirageuaheatyeipase iy oxetremping.wassistasienpinessadhal

anta&onist otency can later be measured against oxotremorine

“CHREIEEH AT BT ECS HRLEntRaS T B aneafarmars ea6 Jacusdtetonitrotion
mﬁnﬁw oshlihdion b;ﬁf)enér?aﬁﬁlm ipOfes (Ggé%w&?h@m additigibtremorine
which was perfor the FLIPR. An value for oxotremorine was
SRR Rt ding VAR AT S AR PR L B mon
canckdaisise di ototrcaastionwhelhadednccamnetiDm widhibg Jolniintiein Fssay

(lgiééLOO-F)"llH) * EC50. An oxotremorine concentration of 3 x ECF was

pprep'ared in stimulation plates such that an EC90 15 concentration of

oxotr ' ILin the antagonist.inhibition assay.
plates e L R e
sgspstidy, faswatisirerdaiion o & oenash ofGtation, wal eteissjtn ofa48B g, of

s3odemisalomwave lEaginiol AL BASINSWAR SeHRISARGH R or
measuring the change in fluorescence for

10 seconds prior to addition of agonisi. Following agonist stimulation, the FLIPR

continuously measured the change of fluorescence every 0.5 to 1 second for 1.5 minutes

to capture the maximum fluorescence change.

The change of fluorescence was expressed as maximum fluorescence minus
baseline fluorescence for each well. The raw data was analyzed against the logarithm of
drug concentration by nonlinear regression with GraphPad Prism (GraphPad Sofiware,
Inc., San Diego, CA) using the buili-in model for sigmoidal dose-response. Antagonist K;
values were determined by Prism using the oxotremorine ECs value as the Kp and thé
oxotremorine ECqy 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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20 10 seconds prior to addition of agonist. Following agonist stimulation,
the FLIPR continuously measured the change of fluorescence every 0.5
to | second for 1.5 minutes to capture the maximum fluorescence change.

W'Hqﬁ)&l;{%ggq of fluorescence was expressed as maximum fl%x;ﬁ&?[}g; 29013
inus ana

minus baseline fluorescence for each well. The raw data was yze
against the logarithm of 25 drug concentration by nonlinear regression

farthnirhyhries kAt rabhvzher SHieamiien abovs B iihiefpo bosyadsinfageerist-
AR R RER 0L RIS IS B QS8 SSBRNSErARIAI PRNSING M@#%Wﬁrgcepﬁors.

determined by Prism using the oxotremorine EC50 value ‘as the KD an
the oxotremorine EC9o for the ligand concentration according to the

ShepaRrusefaqpation (Cheng & Prusoff, 1973). 30 In this assay, a
lower Ki value indicates that the test compound has a higher functional

Vdirlryrelt i BpthpiatacaswnEithesicerm nhadinl - e Bynipsieaenensly
Eafeleh3000/02 8424 REI4ISRO0B29013 formula | was found to have

a K; value of less than about 10 nM for blockade of agonist- mediated
calciufPreRsAETrepit el assmiblp expréssing thecRNeE, (Hmandcsviges) ina
R T e U S i e i S
SREPEHEFGT RBo Rt 8P IR SBtehE ok S agon o PeRE RIS A Gulture
eHficasies KnRiresis 3ctiyliss)in 8, celiling eXRRS5IY SNORISRRUSSVEelSS,
of the (32 adrenergic receptor, a human lung epithelial cell line
[BEAS ) WaS TICRHRER FOURRE o6 CARIIRERN Ty EBiERofE T e
ﬁﬁﬁiﬁligﬂid?amlgg %ﬁ 4,7 %??%%(I:ﬁ{ﬁ ﬁf&tiﬁaﬂﬁwm@id%c?tg#ogl-soo,
arniacology, : : -11). Cells were grown to 75-90% |
AR 5 RSBl eSa e Ak MR PHCLE BB DN SO R ohed
ibpiHEPRInecphtRatnQiCr&bidiccatidi d81 300, 5@oBMimedniemasianal,
(E:ama)ﬂ'llocg ). The day before the assay, medium was switched to

?ho epinephrine or retinoic acid, cat # 141-500, Biosource
InternatidvitlzkbyCamapicofide {oANIE assayavietey Jerformeiidrita Flashplate

e e TR e R S e
RifsigtiencbsdifcicBoste,. Bagioachbidingeding mdhe fastufarsirers
HLEHUGHRNS:

On the day of the assay, cells were rinsed with PBS, lifted by scraping with 5SmM
EDTA. in PBS, and counted. Cells were pelleted by centrifugation at 1,000 rpm and re-

suspended in stimulation buffer pre-warmed to 37 °C at a final concentration of 600,000
cells/mL. Cells were used af a final concentration of 100,000 to 120,000 cells/well in this
assay. Test compounds were serially diluted into assay buffer (75 mM Tris/HCI pH 7.4 at
25°C, 12.5 mM MgCly, | mM EDTA, 0.2% BSA) in Beckman Biomek-2000. Test
compounds were tested in tﬁe 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 uL
of ice-cold detection buffer. Plates were sealed, incubated over night at 4 °C and counted
the next morming 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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20 On the day of the assay, cells were rinsed with PBS, lifted by scraping
with 5mM EDTA in PBS, and counted. Cells were pelleted by
centrifugation at 1,000 rpm and re- suspended in stimulation buffer

“Q{%Wﬁ({ﬂﬁg to 37 C at a final concentration of 600,000 cell %ﬁg&!%mms
n

were used at a final concentration of 100,000 to 120,000 cells/well'in this
assay. Test compounds were serially diluted into assay buffer (75 mM

StfbHelE paokhge 4 GrnpBP28 So R S arivk )RyBIDiéenMCADTsbn R4 BSAp érer model

f@?ﬁéﬁ]@iﬂa@iﬂ)@@%@ QQ0, Test compounds were tested in the assay at 11
diffefent concentrations, ranging from 10 pM to 10 pM. Reactions were

incubdeediifors1ymileueRPGoaniisiogisettbipaidbitits: Lo ok a higher
G50l q(@&%%% @U?@aﬂ?&?‘i@&e\!&?fﬁfﬁ&ﬁ@&e&ﬁ%ﬁ&%%@&?{@gg@%

and counted the next morning in a Topcount scintillationcounte

Biesdits ondvekiverrEd Gmyaithedae tinnshCNIP oty tetfpedmsrgic
r@ég&%@gtion 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

Asway VWG BROGMZ3404 PCT/US2005/029013 Software package
GraphPad Software, Inc., San Diego, CA) using the 4-parameter model

S i SlBr ensdepsissties TG ea §ig Morrie sty inkokinednskiteed or

Bhakihe iosieeriernihasaAshighes functional activity at the receptor
tested. When tested in this assay, the compound of 5 formula | was found

to havePSTF OB F5TaE STIEsLaddn 256t tho mRnehrmreedva aftstsrgfdest
dReeRIads AaTYIRE SbEr aresuiair RiAboMRLRAshePoIeRHRA A receptor

Guinea Pig Models of Acetylchaline-Induced or 10 Histamine-Induced

SBBIE AT st QLS BEESAT N ARy pary s Buths aeebdlshefie-induced

thsacishopseiecty enelfectaoidashiconpaands exRIDHIOgROIR MUSEHMIC that
recepéor antagonist and P2 adrenergic receptor_agonist activi'%HTo

OlOSHRE FRERREGT AT ARSIt HeRdRstRtioR afiersirhelimaueration of

bhoacidiReRostIGHaN I RatehiHicRABAIS WRH RNBHIISIN 8t MPRARSIPB,2
ggm ound that 15 blocks (3 receptor activity, prior to the administration of
8 e@t%l%ﬁéﬁﬁ%’ﬁ%&%ﬁbﬁ B B¥nchoprotection in the histamine-induced

broncliesgnsifictinalnudelrefieqioudan Stieng gidRee iR auPRIst
A WIPNBRARE SRR 6 BRI e TN R e cage
cards. Throughout the study, animals were allowed access to food and water ad libitum.

Test compounds were administered vig inhalation over 10 minutes in a

whole-body exposure dosing chamber (R&S Molds, San Carlos, CA). The dosing
chambers were arranged so that an aerosol was simultaneously delivered to 6 individual
chambers from a central manifold. Guinea pigs 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.
56—



10

I3

20

25

30

Madison, WI) weighing between 250 and 350 g were individually identified
by cage 20 cards. Throughout the study, animals were allowed access to
food and water ad libitum. Test compounds were administered via

W’a%&g}@gﬁgg‘ver 10 minutes in a whole-body exposure dosmﬂ@f)ﬁ@&%%zsmzs
(R&S Molds, San Carlos, CA). The dosing chambers were arranged so

that an aerosol was simultaneously delivered to 6 individual chambers

from a'CEMIARTACHIRERIS GifRels ST Thermerprdeiitpinisierad s iutalation were

Raleempasinewkole bigle NiAmkmidiesshaarass)lsavasaseneiaied H#idose.
aqueor{:Js ss}v.l_i}ions using.an LC Star Nﬁ%ulizer Set (Model 22F51, PARI

Respifatory E§GIHER £ T8 M SRR VAR UmAns P e Reeaiygtnse pig
WwaOAesthhz PwiR dGananhkdHar dYecaba of lesaule=G8 22 Paig/kBy gas
flow thr the nebulizer at this. operating pressure was approximatel
e O T e P R g hoved
Jpdsitiveqdresiure’Nicdilitie 3-8icwasi dsedidtising tichdeliment afiect of the neck
lized solutions. . During the. 10 minute nebulization, approximately
B C Rl P BRI
Hj:ﬂﬁﬁhﬁiﬁ@g@ﬁ?f@ﬁiﬁarﬁ@mﬁh@m-ﬁMEZhﬂb}”ﬁM‘gﬂt@ﬁhﬂf@emus
;‘%!fmo'ﬂ@%k* Hé&&iéh%ﬁhé’\(r@cﬂp&ﬁé%éi%% %%T!Jgé 2&%%9&? %]%asﬁﬁgr 1gsected

ronchoprotective effects of test compoun(fs administered via inhalation

fperedoansategdsiftyaiiblécbodyubrti)EmbifapmplaPars, Dian8lakds7PL). If
rBOHFSPASLARRE: WA tive NI REGEF0the SR Ak the. Aulmanahy

evaluation, each guinea pig was anesthetized with an intramuscular
afeesarationrdrnesietio suturs g /klg, dspdl af e estr iwey kg nifsed and adjusted
iPARPIATBLBHRT LU Vo TR a0l AR INASPNAY R Blter than

cleaned with 70% alcohol, a 2-3 cm midline incision of the ventral aspect
IPHEHRYRIPME made. Then, the jugular vein was isolated and

cannutaiesndtthansiingWer Rahyrthident sRneiertim=a iBeGton

Dickinson, Sparks, MD) to allow for intravenous_infiasions of acetylcholine

PEATRF PRI S A e Rpsstere dhaseried hindan rphageal
peadnadaiachviatiPa-14G telian DHeENE SPddks SITa)WRartssdMiam kakase
Flﬁ%. If required, anesth%sia was mﬁ(ilntaiged b ad(iitional intramuscular
PRjECHBS 5 ThE PHRSHEM@ATSHEH ahBSHERR IHSERETUPR& ERptActpd to the
operisif eSthapdaimaeninpt rndlad)jisiedidtiistowibredtrspoenisiGom outside
inching of | w ar if the respiration r f as greater thagﬂ_;loo .
Bt b ST AT R R B e e boos
tovgsplaice didtbesguinea pig's lungs were inflated 3 times with 4 mL of air using a
10 mL calibration syringe (#5520 Series, Hans Rudolph, Kansas City, MO) to ensure that
the lower atrways did not collapse and that the animal did not suffer from
hyperventilation.
Once it was determined that baseline values were within the range of
0.3 - 0.9 mL/cm HO for compliance and within the range 0o£ 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



10

15

20

25

30

plethysmograph (#PLY3l 14, Buxco Electronics, Inc., Sharon, CT) and an
esophageal pressure cannula (PE-160, Becton Dickinson, Sparks, MD)
was inserted to measure pulmonary driving pressure (pressure). The

wisHanrtragheal tube was attached to the opening of the plethysmogiaphoiaz
allow the guinea pig to breathe room air from outside 20 the chamber. The

chamber was then sealed. A heatln was used to majntain bod
Pﬂ&mglé?a& "%ﬂ%d’fﬁfe“ﬁﬁu??@& %@%’ B RO RS RS G

tﬂaiﬂisdsm (aﬂlmmonal lhﬁauamsyrmgm(#meoi@m Han;sﬂwﬂqiﬁﬁer to a data

as Ci fo wer not collapse and
P S Al ) LR Lyt hAER PSRy R wer
dﬂat@mﬁmﬂtﬁa@& tvaseipoe.values were within the range of 0.3 -0.9 mL/cm
H20 gL gomplgnee anditin e range 010 4 098, e RO MDAk

second for Tesistance. the puimonary eva uafon Was init
wantnebaideyeaed w&mmMMteWWMWMM%MSt

e?t%&'t‘é%xégﬁ eHl a‘ﬁ é ta e %) z@%@ﬂ?ﬁi{h %@ Imya&?mmsﬁmd 15

experim protoc lection In volume over

zm%mm@mmmtwmhymb@mwm@bm Wiee (0.1 mg/ml)
WREBSHEES Mia, A BB %%ﬁﬂ{&érasﬁdys;&ngaﬁ&%%wéﬂw%%%%f(m

time, a measuremerit of flow was calculdated¥or each breath, This s na

%@W@ﬁwmm& WO 2 dosfolsnByg #@W@@@W@Q%m@% @m@ﬁmﬁaﬂ

oFEhdng RIGSHEE £b Which WekR-c0HecledhHSIng A REASYILPressure
transducer (#TRD4 0), was connected via a BUXCO (MAX 2270)

TorégpRHE 1bla H&?&teéoh%&i&ﬂv{qﬁf@ﬁtf‘a%fezgm@mszmaﬁﬂnsméi BYIAES
20860 RHIMAGRN: PERMAIAISAVRIR BRIVt SHRAMIAGSSIML MPY Sompounds was

Baseline values were collected for 5 minutes, after which time the 9umea
ARt P era A R AEReEREE MR KT W PEeRATHLYIHY fRsta blocking

cBmiseasinic antagonist effects, propanolol (5 mg/Kg, iv) (Sigma-Aldrich,
St. Loyis, MO) was administered 15 minutes prior to chaIIenge with Ach.

Ach (éﬂﬁﬁ%e)&?ﬁ’r'ﬁ‘ ERe &ie Poiloniiee a5 ey AsOT h LSRR ekt compounds,
nhistsares s|yeanll) W@Jﬂaﬁb& SHIDEEH WD (SR2efMeN A BIeasianr

10.Instruyments, Inc., Saraso ) at the following dos nd pr scrlbed
B A EAFE B B ARG G LRGP g o e e
of glendrpéeimtid0 odnuiesindd g/ misidiesat 0.5 ppimiiage 1510 gﬁmmte at 20
L. iﬂg}r%?ﬁu Q g/grglnut%tgé %58 gr/] Ut?nsite at 20 minutes, 7.5 pg/minute at 25 minutes
and 15 pg/minute at 30 minutes. If resistance or compliance had not returned to baseline
values at 3 minutes following each Ach or histamine dose, the guinea pig’s lungs were
inflated 3 times with 4 mL of air from a 10 mL calibration syringe. Recorded pulmonary
parameters include respiration frequency (breaths/minute), compliance (mL/cm H,0) and
pulmonary resistance (om HyO/ 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:
(a) Pulmonary resistance (Ry, em H;O/mlL per second) was calculated from
the ratio of "change in pressure" to "the change in flow." The Ry response to ACh (60
pg/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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and 60 g/minute at 30 minutes. Alternatively, bronchoprotection of test
compounds was assessed in the acetylcholine challenge model without
pretreatment with a beta blocking 15 compound. When evaluating the 02

waadneIgisreceptor agonist effects of test compounds, hiStEEHRC AR D/029613
g/mL) (Sigma-Aldrich, St. Louis, MO) was infused intravenously for 1

minute from a syringe pump at the following doses and prescribed time
AP hECTRAUE dAEe o XU R R S S G AR e 4 %iﬁ%{e‘@?ﬁé&#ﬁ?ﬂ@t& four
pataddd it Rgietic 2Qukthe gARNGaPiB PRsIeSr Sch §/00Iu VA ROvE(CipBPad

7, /minuge at 25 minutes and.15 pg/minute at 3Q miputes. If resistance
S el S S S NG
iedbi Aeh Oh it amine riosachbedgticen pigpeisntg e iritadgehldinest was
W';[%4 mL of air from a 10 mL calibration syringe. Recorded pulmonary
2 é Meters include respiration frequency (breaths/minute), compliance
(niL/cm H20) and 25 pulmonary resistance (cm H20O/ ml, per second).
Oncc_a@__g 11I}njL ggﬁ%t}aqﬂsaﬁyﬁgmmﬁm@r 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 ; ) resistance (RL. cm H20/mL per, ~_ . .
secor s L A, IO e HER AT o e
imhysasgen R flov. SiFiveaR}M e spd AsertecAS 80P Wital T H) Masvobnaigsepidal
he vehicle and the test compound groups. The mean ACh response
In'vehicle-treated animals, at each pre-treatment time, was calculated and

used (0 confpateusgtinhiBlionorine Heespbastheamhud ofr dspondigigmine
nQéSéH?@HKi&Q%tHB‘@oiﬁI%' ot NR206A23 4R BGiHMe A0R/ 04002 48R4 the

test compound dose. Inhibition dose-re)s{i%onse curves for 'RL' were fitted

PRI PsistiaEhBEIefodisie b Bomion leinand tap RIestr ier 4/eanrge Rl Ach

o?iﬁgaf&'iﬂé/%ﬁ%éﬁfﬁﬁ Bﬁ%ﬁ&mﬁg'&m%h%%ﬂ%@%ﬁ%ﬁ@ £SVRRLEo
bronchoprotective ID50 (dose required to inhibit the ACh (60 g/min)
cpiiR SCanibtss e Sroriiasasabr) . HireasiiitonRBd was 5 as
follows: Y = Min + (Max-Min)/(1 + 10 ((log ID50 X)* Hi IsloPe) ) where Xis
the logarithm of dose, 'r' is the response (% Inhibition of ACh induced 10
increase in RL). Y starts at Min andlap§foalkcizges: @8RmpRafically to Max

with a sigmdiDaF shidlpg.| log Ci+

Rz-Ry

where:

Ci = concentration of Ach or histamine preceding C,

C, = concentration of Ach or histamine resulting in at least a 2-fold increase

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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(b) The quantity PD2, which is defined as the amount of Ach or histamine
needed to cause a doubling of the baseline pulmonary resistance, was
calculated using the pulmonary resistance values derived from the flow

wanddhepssure over a range of Ach 15 or histamine challgraessisss@ro013
the following equation (derived from the equation used to calculate PC20

O AGG | 1 Lo b P S e OB A RO RO T of
tondiispeohictivp redeilngf@t IBAubanariicatio mahii aksay. histamine

resulting in at least a 2-fold.increase in,pulmonary. resistance (RI) 25 Ro =
ssell i Mo 2 R S (o MO M AT Cap it apecs
& eanbtidialcatrellysisobfithweld &tawué;%ddmtbdgasiﬁgl“éim tdxi[@e:ﬂ-i:&ﬁ@amﬁat
valesths Aabe¥@lUG b<eor§§d¥"&55 Blﬂﬁk‘éﬁ{sedaﬁ*%‘&%%%?% ihen testedin WIS the
assay, the compound of formula T produced a ose-gepen en =
iBrofEnbprérseveeffecnagainst MEhtimdliceth horetotonstrictidhameplicable

ﬂé‘é&i{@gﬁ%g aﬁﬁ%o%@pﬁi%ﬂézﬂng&jég{%g% %Qgt%plprl]lgéugns cited

bronchoconstriction. Additionally, the compound of formula
hstriasn P e TR YISt Rt pebtsatc dndbavignbray ledbe aboat2iemoears each
docthisassawWhilethe.Rrgsentinysnion hagheemdescribed with
reference to specific aspects or embodiments thereof, it will be
understood by those of ordinary skilled in the art that 5 various changes
can be made or equivalents can be substituted without departing from the
true spirit and scope of the invention. Additionally, to the extent permitted
by applicable patent statutes and regulations, all publications, patents
and patent applications cited herein are hereby incorporated by reference
in their entirety to the same extent as if each document had been
individually incorporated by reference herein. 10
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--60- WO 2006/023454 PCT/US2005/029013 WHAT IS CLAIMED IS: 1.
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-

wo Yaeliagunolmethyl}-5-methoxyphenylcarbamoyl)ethyl]pigerigdiend 0013
ester or a solvate thereof. 2. The compound of Claim 1, wherein the

&om ound is characterized by a differential scanning calorirnety trace

iffém endothermic heat flow in 10 the range of about
215 C to about 240 T. 3. The compound of Claim 1, wherein the

compound is characterized by a differential scanning calorimetry trace , .
which?showsb‘é; %ﬁﬁﬁi’g‘ﬁﬁiﬁﬁg‘ﬁ‘ﬁé‘}%ﬁ%&ﬁh°Fﬁi’éﬂ%ﬁ‘§k?ﬁ?’¥%‘8’a{9‘13ﬁd
1 2atidutc229 1015 1 dFhe o (Bpndrskel2Glatr L-sheteiminslizospound
is_.characterize differentjal scanning calorimetry trace, which shows
R S R e P S s B otvate

tiz4@C. 20 5. The compound of Claim 1, wherein the compound is
characterized by an differential scanning calorimetry trace which is
substantially in accordance with that shown in Figure 1 in the temperature
rangeZabovel2000TBuiii e o hupo ld ot Giaine domrersinsthiescamepoehbly a

dcharieizad bAn-ga.dillerenial sanng sallmetdraceich o, 5o
substantially in dccordance with that shown in |guréH§l|n?ﬁe ff’empera ure

hamyEapcioecl T tomwecpdind of Claim 1, wherein the compound

is characterized by a powder x-ray diffraction pattern having diffraction
peaks at 28 values of 5.00.3 and 30 15.00.3. --61- WO 2006/023454
PCT/8S200505290r9u8d phEiedm bothersin thaipamapeying rsiphavecterized by a

dnaRReEngdisEhataciarieed Bua ReNGeh sy A aston-RAtE L WRIC Bow in

the peak positions are substantially in accordance with the peak positions
e pateershbvir i BRWE3% B9, The compound of Claim 1, wherein

the compound is characterized by a

4, The compound of Claim 1, wherein the compound is characterized by a
differential scanning calorimetry trace which shows a maximum endothermic heat flow in

the range of about 230 °C to about 240 °C,

5. The compound of Claim 1, wherein the compound is characterized by an
differeniial scanning calorimetry trace which is substantially in accordance with that

shown in Figure 1 in the temperature range above 200 °C.

6. The compound of Claim 1, wherein the compound is characterized by an
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 28 values of 5.0+0.3 and
15.0+0.3.

—61--



powder x-ray diffraction pattern in which the peals positions are

substantially in accordance with the peak positions of the pattern shown

in Figure 4. in . The compound of Claim 1, wherein the compound has
whhRkes akgorption 10 spectrum with significant absorption papels Ahs/o20013

about 704, 748, 768, 841, 900, 1055, 1104, 1166, 1218, 1294, 1408,

1522, 1609, 1655, and 1701 ¢m-". 11. The compound of Claim 1, wherein

the cothpound FCeRRRReL AL Clemy Lrviisreirdhtreapenes isshatrgierized by a
powldstantiallyi fratioo fAnres WihibAHEhHUR FoHiRHeR stbshandien

aggorp(pa%gngm% %Iaim , in.micro%zgig form. 13. A pharmaceutical
composition tompraing A RS ThEER AR B e drrier and a
compound of any one of Claims i to 12. 20 14. The pharmaceutical
s compgsition.gf Claim 13, wherein Te ompaosition further comprises a
steroidal antﬁlﬁf%)r%%}%ary? gg’{eaﬁ% 5‘.”%‘ rgg‘pﬁ%?r%oa‘?&% ISWpOSHTEH BY
POYsien i hiBTeifich pateroidarizinki125pinflammiadansagebttmtially in
Saaiflueios]ra - [(2-furanylearbon onyS]%II 3=hydrox #Ga-
methyl-3-oxoand%st -ﬁ,4-d?éné?-€ %%ﬁgear 0 ﬁ%?clr%?}%% uoromethyl
ester or a solvate thereof. 16. The pharmaceutical composition of Claim
13, whgrein the composition agrﬁufthﬁ{ comprises a phasphodiesterase-4 .
inhibitor. 17. The pharmaceqt?éa cér}]pg&sfﬁ[oneo?oéfg%nf Awherein the o eHen
10 spesiRyBSHiBrsignrErAs: Rbrsaropmbeniis strebion BAiiHEATh 84520081 Tise 1104,
1 REgrmageniicahaomnesiioR ey, G 13 j9gnigipnized form. 19. The
pharmaceutical composition of Claim 17, wherein the carrier is lactose,
starch, mannitol, dextrose, polylactic acid, polylactide-co-glycolide or a

combinationrthessgborih &Q@E‘i‘z@@,a%@r%wi&%o@d%cﬁ{%%ﬁgeﬁ% an

. any one of Claims | to 12; and (b) a steroidal anti-inflammatory agent.
“‘%‘ﬁée‘ééihfﬁfﬁﬂ% ﬁ%@%rﬂ“@ﬁ?ﬂﬂ?@é&ﬁ rePsiarerowithdtrhammiatbigure 5.
15 agent is 6a,9a-difluoro-I 7(x

-[(2-ftiranyl ﬁtﬁ)bonyl)oxy]-llg-hydroxy-1_6a-methyl-3-oxoandrosta-1,4-

dienet17(3-CARERRTELCRY SlafTbloramigionited B @ solvate thereof.

13. A pharmaceutical composition comptising a pharmaceutically acceptable
carrier and a compound of any one of Claims 1 to 12.
20
14.  The pharmaceutical composition of Claim 13, wherein the composition

further comprises a steroidal anti-inflammatory agent.

15.  The pharmaceutical composition of Claim 14, wherein the steroidal anti-
25 inflammatory agent is 6¢,90-difluoro-17a. -[(2-furanylcarbonyljoxy]-1 1B-hydroxy-160-
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

30 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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22. A process 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)ethylamino]methyl }
-5-methoxyphenylcarbamoyl)ethyl]- piperidin-4-yl ester with
1,2-ethanedisulfonic acid or a hydrate thereof. -63- 23. A process for
preparing a compound of Claim 1, the process comprising: (a) contacting
a tbmpo ABMARHE! eyepesiRien of-Slai d 3on BigMigd P Rherein
Ria, R1b and Rk are independently selected from Ci_4 alkyl, phenyl,
-C7.4 alkyl- (phenyl), or one of Ria, Rte and R" is -O-(C1_4 alkyl); with
fludride i6RE BRATBS Lo ETREPHE SRoti B steperaivith oprricr is lactose,
starchZieiRanedisulfanic peidaria Kdraaytherestde farsnd eystaliitenation thereof,
1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic acid | -
[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
ylyethylarninometoyh-Somethoxyphenylcarbamoyl)ethyl]piperidin-4-yl
ez:aﬁr or a csc%lzvaot& érg) ra%of,O xvhg{?/ip %tl%q ga)la}ngn(cp) are conducted in the
sae reAction vessel without isoration of %hé"product of step (a). 24. A
pridgess fotgpretdmring-afempound afe@laim 1 having a melting point
greater than about 230 C, the process comprising adding a seed crystal
of a crystalline 1,2- ethanedisulfonic acid salt of biphenyl-2-ylcarbamic
acitl 1-[2Ttz ehtoborai{RY-Clmyr ifkywherein the steroidal anti-inflammatory agent is
i XY -RXC 1 r A0 Yo -osta-1,4-
O et Ao BT A S2i0y o A aiares
diened gpicaibaiicompridinglacromethirmssis arfenio it kaRods
biphenyl-2-ylcarbamic acid I-[2-(2-ehloro-4-
{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethylamino]m
ethi}-5- PSRy T RAERARRMBNHY I b eI -b-eciRicst SPatsks
contalf@tepbdisselyad inmminektdilyent-wherein thesread grystal heh ddroxy-2-
melting point greater than about 230 T, 25. A process for preparing a
oxo- I BBRE B R RTARIEIEHY ol e2ta (BB 0 & e
piperidiCESH LANPISINg.-thadisholivgiaeisialingdtat-egib@oedisulfonic acid
salt of biphenyl-2-ylcarbamic

ey e



acid
1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-l,2-dihydroquinolin-5-
--64- yl)ethylamino]methyl}-5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl
ester 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
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-

23,y eRRYREASi S RTERAT NS ATERRERYP IRE Ay B ae PRI ROBRHEREA -y

(a) eg;g{ﬁawh%rgigbmgoﬁgggpfmh@ﬁs a melting point higher than about 230
C, the first temperature is a temperatgre sufficient to dissolve the
1,2-ethanedisulfonic acid salt, and te second température is below a

temperature at which the seed crystal.eomptetel’digplves when added

to the product of st;g(b 26LA p @ ifying °

biphenyl- !-ylc rbamichaci 1-[2‘}(2- hloro-4-{] -hyidroxy-

2-(8-}‘@ 5<|,2-dihydroquinglin-5-yl)ethytamins}methyl }-5-

methoxi phéhylcarbamoyl)ethyl]piperidin-4-yl e lserﬁthe process

comp g forming a compound of Claim 1. 27. A crystalline
1,2-ethapgedisulfonic acid salf ofbiphenyl-2-ylcarbamic acid I-[2-(2-
chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethyl
amino]methyl}- 5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a

wherejpRatekthensok forrasadependeaply ssleats @ iostifcantdnt. 28omde 6f aalkyl-
(phen%[ ,Z%ﬁuk%eo%a@%tﬁa%giﬁﬂ*fgm@)i{@ﬁéﬁﬁﬁi kiRhand:2wytearhamic acid

() (xenierdng-eorrlsidrenysEREMydiby = dRaetisulliaAsi likvgrate
theredh) 3 MYIAMI RSN} D-oiriRexypITe Ry earbamay ephylipietidinthnilc acid 1-

ester or a solvate thereof for the manpufacture of a medicament for

D-%@gﬁﬁéé%lraﬁgf%.gﬁ’.@-ﬁéé}%wé%@éo%fefaf.ﬁ%} Br&in the

yl)ethyleaicamenh i$)te - hedelvered it abamelath ipiacitig-dronshaditedios vate
tient. 30. T f Claim 28, wherein the pulmonary disorder is

, d .
thereg %g]h%egbsg?% g%g@}]g&)ﬁ 550 yd. %g\ély ol tohe're 5%%%%%(: n v%/sie'[ Awrgtou{ 1solation of

the prowkdiosfiwept(epntaining 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-

24. 54 ysthplsrfonolapetinglaSemethoxyphefadrbavieyh erblilsiperdipraatgr than

about%a@,rtﬁesﬂé(@é& comprising adding a seed crystal of a crystalline 1,2-

sthanedisulfonic acid salt of biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-
(8-hydroxy-2-oxo-1,2-dithydroquinolin-5-yl)ethylamino jmethyl }-5-
methoxyphenylcarbamoyl)ethyllpiperidin-4-yl ester or a solvate thereof to a solution
comprising 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-ylethylaminojmethyl }-5-
methoxyphenylcarbamoyl)ethyljpiperidin-4-yl ester or a solvate thereof dissoived in an inert

diluent, wherein the seed crystal has a melting point greater than about 230 °C.

25. A process for preparing a compound of Claim i 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-oxeo-1,2-dithydroquinolin-5-
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thereof. 32. Use of. (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-oxo-1,2-dihydroquinolin-5-yl)ethyl
amino]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.

33. The use of Claim 32, wherein the steroidal anti-inflammatory agent is
yhethglengmefimstisl traethoxyphenylearbamoylethyl [piperidin-4-yl ester in‘an inert

diluen{ (@ funandoarbetyoxy]-11(3-hydroxy-16a-methyl-3-oxoandrosta-1,4-dien

& lddSifamnothinisasidSpfluprometnl eatehararolvade thereof. 66-

(c) adding a seed crystal of 1,2-ethanedisulfonic acid salt of biphenyl-2-ylcarbamic
acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dithydroquinolin-5-
yhethyvlaminoimethyl}-5-methoxyphenylcarbamoyljethyl]piperidin-4-y! ester;

wherein the seed crystal has a melting point higher than about 230 °C, the first
temperature is a temperature sufficient to dissolve the {,2-ethanedisulionic acid salt, and the
second temperature is below a temperature at which the seed crystal completely dissolves
when added to the product of step (b).

26. A process for purifying biphenyl-2-ylcarbamic acid 1-[2-(2-chloro-4-{[(R)-2-hydroxy-
2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ylyethylaminojmethyl }-5-
methoxyphenylcarbamoyl)ethyl|piperidin-4-yl ester; the process comprising forming a
compound of Claim 1.

27. A crystalline 1,2-ethanedisulfonic acid salt of biphenyi-2-yicarbamic acid 1-[2-(2-
chloro-4-{[(R)-2-hvdroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-53-yl)ethylaminojmethyl } -
5-methoxyphenylcarbamoyl)ethyl]piperidin-4-yl ester or a solvate thereof for use in therapy
or as a medicament.

28.  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-oxo-1,2-dihydroquinolin-5-
yhethylaminolmethyl }-5-methoxyphenylcarbamoyllethyl]piperidin-4-yl ester or a solvate
thereof for the manufacture of a medicament for treating a pulmonary disorder.

29, The use of Claim 28, wherein the medicament is to be delivered in an amount
producing bronchodilation in a patient.

30.  The use of Claim 28, wherein the pulmonary disorder is chronic obstructive

pulmonary disease or asthma.
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31. A medicament containing a crystaliine 1,2-ethanedisulfonic acid salt of biphenyl-2-
yicarbamic acid 1-[2-(2-chloro-4-{[{R)-2-hydroxy-2-(§-hydroxy-2-0x0-1,2-dihydroquinolin-
5-yhethylamino]methyl}-3-methoxyphenylcarbamoylethylipiperidin-4-y] ester or a solvate
thereof.

32, Useoft

(a) a crystalline 1,2-ethanedisulfonic acid salt of biphenyl-2-ylearbamic acid 1-[2-(2-
chloro-4-{[(R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ylethylamino|methy! }-
5-methoxyphenylcarbamoyl)ethyllpiperidin-4-y] 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.

33, The use of Claim 32, wherein the steroidal anti-inflammatory agent is 6u,9¢~difluoro-
170, -[(2-furanylcarbonyDoxy]}-11B-hydroxy-160-methyl-3-oxoandrosta-1,4-diene-17p-

carbothioic acid S-fluoromethyl ester or a solvate thereof.



