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WO 2006/099165 PCT/US2006/008644 CRYSTALLINE FORMS OF A
BIPIIENYL COMPOUND BACKGROUND OF THE INVENTION FIELD
w&hoklb{MVENTION 5 The present invention relates to novgl-¢ystalliiGseas
forms of a biphenyl compound and solvates thereof, which are expected
to be useful for treating pulmonary disorders. The invention also relates to
T T TR
preparing such crystalline compounds and methods of using such

compounds to tr i?% ﬁ@ﬁﬁy ﬁ@w OF THE ART
yih : aaten?bou Ica |onﬁ$§f§8%510203133 to

Commonly-asagne@
Mammen et al. disclos&g:novel hipAsvEAEempounds that are expected to
useful for trealj I | : S EMONICRPSHUGHYED
, gﬁﬁe or?%r%;l gg%@%é@é%%@aﬁr%eggﬁgﬁlg@r? g)aqﬁ}gular, %ﬂ tﬁ%li)cc_)r%gound
and somqmm&lyt@fyraai@amapw@é(@{{wm&arf@awpwmnﬁry|%{Wﬁ)ﬂ- _The
inventidf Q&%ﬂ%ﬂ?@%‘BH%&%?&E&D@!D&?'Q&HBH&&@H&%H%@&%M@Ea“s)f_a‘fﬁ%?&“bed In
this application” as possessing muscarinic receptor antagonist or )
compoapdichiireergid SotyityciT prISHIsaPIPGRer attsk %Fﬁﬁ@?f;%ﬁ?%/f%%wg
such 3SR Ialedlds(rarhamauh aiperdiIb Wirs hbsnraxirneity panRGly
' ethyl)piperidin-4-yl ester is represented by 20 formula I: O NHZ N~O" O
disordgy. H | The compound of formula | has been named using the
commercially-available AutpNepr:sefwege (MDL, San Leandro, -
California). 25 Therapeutic a?ents_useful for treatiné;Pgulmonary or
e

reSpraEBly HisieRse S Srd AR AalREGeR N adMtnePad ey RS 1t 2L

disclosi@ SRR Yy HEACE Qﬁﬂ?gﬁlﬁﬁ Ot EhigpRearts wevaiml e fing pulmonary
pharmaceutical inhalation devices have been develogﬁi for administerin

G
the corRigledisiesg - nalansAMDandehylizeciihaleisyipdiamprepating!)
armaceutical compositions and -I formulaﬁgg‘?ﬂ%&%% 0 su h dergc% on

benzoy R MR B PB4 ¥ S RS fis 2

as possessing muscarinic receptor antagonist or anticholinergic activity.

The chemical structure of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoyl
};‘aiperidin-l -ylmethyl)benzoyllmethylamino} ethyl)piperidin-4-yl ester is represented by

formula It
[ N
O 0 /OI/\\/N “ NHQ
z\NJKO o 0
<)

I

The compound of formula I has been named using the commercially-available AutoNom

' software (MDL, San Leandro, California).

Therapeutic agents useful for treating pulmonary or respiratory 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
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therapeutic agent that is neither hygroscopic nor deliquescent and which
has a relatively high melting point (typically greater than about 150 C)
thereby allowing the material to be micronized without significant
decomposition. No crystalline forms of the compound of formula | have
forrgglgﬁofg%pﬁge Rﬁeéﬂglij%lé(hcécqp Eg Il[}l . %&%‘%ee%%ag‘z’vfor acrsg?at?ll%b form of the
non-deliquescent crystalline forms of the compoun of formula | which
thelpRbia eeaptabladavEiRs O 1 FHoTto pieite b sektivelyvhigh ke ttirdepoihtieh
mel@WﬂRMyQEalTﬁ %&JW ENIQNGE h?j@re@?r}ﬂg@goﬁmﬁr qxgj%terial to be
_crystalline forms of biphenyl-2-ylcarbamic acid 1-(2-{[4-
micrgnizerh R Ao SiR AR ASARTAP e nzoylJmethylamino)ethyl)piperidin-4-y!
esterfermulant) fohe Grysialing fosm GanhafieeRasev@n reported previously.
A h(?m}qceuticdallx ac??eprtable salt sych as a diphgsg)hate, monosulfate or
“iS e’ J5HC 6t 5D m&a@éﬁaﬁl@gr@%%@éﬁ%%bﬂr@% VAR BFSGerPsipmpound of
forfBupniginglira crystgitiutée foratsodhthe digclosune: hawevbie énsfousdnagitache
deliquescent, even when exposed to atmospheric moisture. Additionally,
the crystalline forms of the invention have acceptable levels of
hygroscopicity and accépi@bteiméeltindgibdiny:hgreater that. about 70 C.

For examale, the diphosphate SalLias ameling RoDE aqupe. 150, G, Ina 1y

first aspect, there is provided a crystalline form of biphenyl-2-ylcarbamic
(4-caehgmeypingdia-tais s pipalisiptiamemyibbrzs| e thy RiaTIngprmula .
Theethybipiperishn-dnyhestesasa. pharmasertisally aseertable slvate diphosphate,

thereof. In a second aspect, there is provided a pharmaceutical
OSHBESTSI bHipHLiING B BHRFRYLBUN AP RRE b R EdHeRind a

confpoptitthaly. digsteised ahover in-aifimd.aspeet bteeredsdurovicled aidfugeont,
eveg%!%%rgxdo%\élc?% C?nrln rhselrng amds{ I .OAY\(/i ﬁ;ro qualt%{: %Oyn%‘a?ill?rltggomg of he invention

composﬁ]lon as discidsed above. Tn 4 fourth specf, tHere'is provi ed 4
haverystallinle Torehy of iy compouindzas distieskedraboacinsnucronited doom 70°C.
ror &ifih @SRE !, Ihere.ds Rravided anbarmpseHtieak pomposition comprising

a pharmaceutically acceptable carrier and the compound as disclosed
abolfes 8 arsiétibaspe srotidadaspislive doarpebbessdriprispdems wed 1-(2-
{[420RPUNE1BDHIFIOSEihAROUE O MRARING SN A RBberidin-4-y]  ester or a
biphenyl-2-ylcarbamic acid 1-(2g[4-(4-carbamoylpiperl din- I-
Phag e KA e rrs PR et RRF5&thy ) piperidin-4-yl ester with phosphoric
acidnln aseventtpaspeetthergrisiprovidgmarproness mprepaingtheising a

ha%?é"&%‘éqgfascgisa%'%%%%e?bo e’ccomﬁg Ing contactic
P E)lpﬁenyfE '-ﬁfcaP amic ac,&ﬁ_&_ﬂﬂl}@ -car amoy?pipen%in- |-
yiméthy fibeh zeappliméthylamineldethy ipedidine- gk estecomiphi sudfurio-apidvder
inhaler containing the composition as disclosed above.
In a fourth aspect, there is provided a crystalline form of a compound as disclosed above,
in micronized form.

In a fifth aspect, there is provided a pharmaceutical composition comprising a

pharmaceutically acceptable carrier and the compound as disclosed above.



In an eighth aspect, there is provided a process for preparing the
compound as disclosed above, comprising: forming a seed crystal of a
crystalline dioxalate salt of biphenyl-2-ylcarbamic acid
1-(2-{[4-(4- carbamoylpiperidin I-ylmethyl)benzoyllmethylamino}ethyl)piperi
?_”(1 5 ?[z‘r %S car Xc%: <’ t%cgé I}g %hc? aB{JIl gcé/ &'9 %pglla%%g the compound as disclosed
aboylm @ﬂmm@r&cwl]mwmmhnm}leihy%ipem incty} €atErAtbadnraliclagieidin-1-
informipg b digxalaien e &M% 1 CRIBAMICAGnoric acid
o Tgl [4- 49]carbamoyl |§e )?ﬁgl ylme hyI)benzo;I/JI mgtﬁi;}faaﬁ{lno
eth;}%‘iﬁ%‘f?ﬂfﬁ BRFRE bw@wf&étm@qsﬁsﬁémrmwﬁam@paw as disclosed
ab@e(zc&ﬂﬁﬁiﬁérl@&ﬁfﬁéﬁ@ perinylimehyhbenzoylimethylamings, oylpiperidin-1-
et yl))ap%:%z)ndm -4-yl ester with oxalic acid, and dissolving the salt in an
IR RS P YR AT A ST Mb AP Badretlr i thE et e A to the
solution. dizianintbcaspects thereiig pmmm@ pf@ﬁasg for preparingdRaciosed
above C(g) Ourpg as drlr?lcl:rllosesgeda b?é’te n gt% ? a Se?g S Stlaé O]IC a b
crystalline R S& by cortacting biphahyl-2 it car A RUReny!-2-ylcarbamic
acufg_J(QZ{EM(@&—@aﬂbzamdylpqpémd]mdtncthvl)benzoyE methvlarmno}ethy )plperldm -4-y| ester

by YimethyDhenzoylime! %@ﬂﬁ% yDpipeyidin-4-y| ester with an eIt - erigin-1-

diluent; forming a crystallirie freebase by contacting

3”mﬁtbﬁ&?yﬁ%i%%%%h‘fﬁiﬁoé@mlipm[hﬂ(ﬂ )da?ﬁgmwmp@qu forming a dioxalate
saltylmethyl)benzeyljimethylamipgigthyl)pipesidin-4-y pslgn Y‘!L't&r%gzﬂﬂﬁgq peridin- |-

diluent, and dissaolving the resulting crystalline ester to form a solutlon

yImg AR KR s r ) PR B GHLeTn By teitHCHER dtphRa-jdcarbamic

ac1cpnmmded@h&@m&&y@;t;@e[ﬁ&ﬁregiliaytﬂﬁﬁamSﬁ%@%f@lﬁﬁlQ&Qﬁy YRR .BN ester
eleventh, gsiag%tisgggre %grovlded the se of a ompound as disclosed

WILREVS 5% DFoCESB? Dartify BipRE A IR APBAmie iy and adding the seed
crysia( 2§4- :(d!m:@sbamoylplperl din- |- ylmethyl)benzoyl]methylamlno

}Ethb{]l)g P%ﬁ{di ctylt}?Ster r‘é:r%@(%) éSIn fogsr;nl &a¥1s1;[§‘ It Qecd?i%;l:)tou%rd as disclosed
crystalline free ase of |p enyl-2-ylcar amlc G

aboye( 2afprigingadosies oisedidivsti yihtethydbire oybirrethylaminging biphenyi-2
vletamipiperidin-4-yl ester. 2g4n a twelfth aspect, th@fe,@ @rgé’ﬂﬁja%%ﬁpl peridin-

comﬁ)f ound as disclosed above for use in therapy or as a medicament. In
&

yimgihiherrn mepeaminere i pisRideeta L afpounth a¥ diseToséiasoverwing a

cryﬁaﬂlnmﬂéﬁ%ﬁ'ﬂﬁtby%@ﬁ&tmgﬂGlﬁ%ﬂ@tma%@ﬁlmg:@ putmonary diserses: Jiain-1-
four enth@ IL there is provided the use of a compound as disclosed

YIRS e mﬁ@a.é%s%ﬁffamraaua%ﬁgdﬂﬁsﬂfcﬁaa ditiohyine

VT
the iﬁBlﬂ‘iﬁfgﬁe}?H‘{h }amp@w thénenis fotovidechthed disetod @compatiadias diselosed

aboye,in the manuiacture ﬁ%%&“(??l{%aprp SNk Qr reating ghronic obstruetive
pulmonary disease or ast
above.
In an eleventh aspect, there is provided the use of a compound as disclosed above in a
process for purifying  biphenyl-2-ylcarbamic  acid = 1-(2-{[4~(4-carbamoylpiperidin-1-
ylmethyl)Yoenzoyljmethylamino}ethyl)piperidin-4-y! ester, comprising forming a crystalline salt

or a crystalline freebase of biphenyl-2-ylcarbamic acid !-(2-{[4-(4-carbamoylpiperidin-1-

vimethylbenzovlimethylamino} ethylpiperidin-4-y1 ester.
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Among other uses, crystalline forms of the compound of formula | are
useful for preparing pharmaceutical compositions expected to have utility
in treating pulmonary disorders. Accordingly, one embodiment of the
disclosure pertains to a pharmaceutical composition comprising a
phapmaceitically AcreRRIR GaLlis. AR ather areticalbs fferiveiRMAuRt or
of a crystalline form of the compound of formula I. Yet another
as 2gpRiedTitidnt of the disclosure pertains to compositions comprising a
crystallingfaumaef e compeundpifeenuladifpeambinatinwith MRON the
more other therapeutic agents. Accordingly, in one embodiment, the
MarREIG et D EIREEEY 1o SRR ORTEESASHy (a) a pharmaceutically
accepﬁafblet@aam asmad iBctherapeutidally efectiveaprondhbofiscprpdtadlinein the
orm 9 the com a%ugd of for ula {),mmgogbl)aéa therapeutically effective
m‘mu amount of an agen? Ofep a steroidal anti- -inflammatory agent
suclfnasfatwtti(aastemmrfaﬂm\ad?@ﬁe@e ofeceptoragonisisdosed above in the
maRRRSRUSHISSIGIESR:4 lorvRllar, b oMbl REERk WORED Mg,
crystalline form and the agent are 2b formulated together or separately.
~ Whérneie ageatiscforiaieiey deparateie aLpRAPH c@%ﬁ@a}ryadcéeptabﬂ@ for
preRITIEr AN ReHaE HdeshAnatherembeAiment ot ihe disclsiiasalalesstiders.

a pharmaceutical composition comprising an aqueous isotonic saline
Accgglih cofn BRSREE i S HeIRT St HERBmBot I B I6Tta fomposition
comwhargin hearsokdighasadptin thekange of frtomabonlydcteiin anount of a

at[[tlm%lar efnlbodlment an g@ﬁoijs nehulizer formulation is buffered with
eryLitrite Bt S %D}EPPO? a% AIri another particular embodiment, the

aqué’etusmemjIlmbcf@unwtauf)mhcodntainwab@m% meghmbpdse@isasemprising a
ey SIS L PIBNSME A ERRATY A IRl AT AR

met enzoyl|methylamino}ethyl)piperidin-4-yl ester In one
age@tmw@dwﬁmiyxmwmmr@@mm@é@@amg%rm G\ FOBROH PRI SIRPES NS
(a) I PRNERIINRAlErFRBIRINING B RN AHRACRUHCA CORRRSILIAN ERMPIISING Bine

pharmaceuticall acceptable carrier and a crystalline form of the

forrg ot SsUFRTBP 8t 2T He! c8PATOU AR $BTRAGIAY RESCHTESHBRIRIC of an agent

selKRGE AN antagoenist actiifhAceardingly, QIMS@MIEIQ:&M&B&@&HW% B, adrene: gic
compound of formula | are useful for treating pulmqnar ord rs sh 0
receé’éoés?%?ﬂlﬁtaﬁd RIS BRRS SHEHTctivk ?Bﬁﬁgﬁt)no r d?gg%éeat huse’;'?l(r)lotheCrem ©
cryvesibedimentd afethedliselosure pertains to a method for treating a
pulmonary disorder comprising administering to a patient a
therapeutically effective amount of a crystalline form of the compound of
formula I. Still another embodiment of the disclosure relates to a method
of producing bronchodilation in a patient comprising administering to the

patient a bronchodilation-producing amount of a

2b



crystalline form of the compound of formula I. In one embodiment, the
compound is administered by inhalation. The disclosure also provides a
method of treating chronic obstructive pulmonary disease or asthma
comprising administering to a patient a therapeutically effective amount of
a crystalline form of the c ound of formula |. Another embodjment of .
o e e o T <ty
accepioblstanrinrarmammabdéaimprising administering to the mammal a
therapayticallysfective amount;oh & crystaline forp of the compeund, ofivion
formula I. The disclosure is also directed to processes for preparing
ORISR RS TEivPHS SFLERE BHRsselHENsmBprHNg . T diclogure tiseempound of
forREQViIdemadraaessifRiRuAlyingrthe apmpound: ofofoumiiad ePBRASINGicular

forming a crystalline salt or a crystalline freebase of biphenyl-2-ylcarbamic
embc%lizauen', an aGueous nebulizer formulation is buffered with citrate buffer to a pH of about 5.

in dhe(@ef[da(decarkamayipiperidinduytmetbyl)benzoylimethamnino lethy DiperinL

din-4-yl ester, The disclosure is further directed to products prepared by..
e o AL e eG4 TG S008 oo Ko PETCDRH tghr -
vimEhel disciodimetlisl aisodindetpihtd drefydtediine form of the compound of

fornihiant 0.AIFIARA6C RV ARIO RIRUTRGE HIRRL SORROS LS sing « ary

comprising a pharmaceutically acceptable carrier anda micronized
poveigjstialie foRtiaTise TorhpBuatbfonviumsitiPhecdisplisBureaisphismaceutically

accsﬁ{gﬁé%gﬁgraams;@@m@mm% cOmBELINGE Al ffmyla | for use Sin
therapy or as a medicament. Additionally, the disclosure relates to the use

of aldy/SRBRAISHHEOTBIIAS S Mpsard OF fFEPHLIARSER theF Whufacture of a
Aconesigamentaaspesialbfandhenmanafactuie.of amedicamentfenitheuimonary
__treatment of a pulmopary disorder or for antagonizing a muscarinic _
s Bt s A AR BRIE RS RIB ORGP HE BRAWIG &g men
of tMatigirsaspecis:ofdhenpiieseit inventiopudreniystiated by reteiepesnttitheing

aceco nving.drawings. .EIG. 1 shows a der x-ray diffraction (PXRD).
O S R S AT SRR e
Stilhagpufen qbedibenn ol lvpbsitipue relates to a method of producing bronchodilation in a
pati¥ANESRYRRE zg&ﬁmﬁ&xtgm&n@}@twﬁm@riﬁhiaaéagéﬂsl%ﬁ.rpmaﬁcﬁ%nﬁm oF 4

formula 1). 15 FIG. 2 shows a differential scanning calorimetry (DSC) trace
cry¥aH&OE stdanaaing 1t fonniigna angrsrhedigravfetria anadsis TG gred
by WRagiter this errstallingisafkofies 4 SbOWSsR EYRAMIGMRISHARSAPIOM onary

: éDMS) trace for this crystalline salt. FIG. 5 is a micrglg,ra[])hic _image of this
sy FAMTHE S LRTRIETE A BTG R ShEWHBXRE PRREHH Ah e DS e of 2
crysnelipedtively; fercartess:stablerforin lofaconyistalting iphesphate isalte 20directed

FI(%. 8 §h_owts a PXRD Q{attern of a c%stalline mor]osulfate salt of the . ,
to a method Tor an ?gomzmg a Muscarmic receptdr 11 @ mlanimal comprising administering to the

compound o
mammal a therapeutically effective amount of a crystalline form of the compound of formula i.
The disclosure is also directed to processes for preparing crystalline forms of the
compound of formula . The disciosure also provides a process for purifving the compound of
formula [ comprising forming a crystalline salt or a crystalline freebase of biphenyl-2-ylcarbamic
acid 1-(2-{[4-{4-carbamoylpiperidin-1-ylmethyl}benzoyljmethylamino}ethyl)piperidin-4-yl ester.

The disclosure is further directed to products prepared by the processes described herein.
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formula I. This crystalline salt is farther characterized by the TGA trace in
FIG. 9, the DSC trace in FIG. 10, the DMS trace in FIG. 11, and the
Worﬁqg‘%j&%ﬁwlc image in FIG. 12. FIG. 13 shows a PXRD patté’lﬁ?il"ﬁi‘sé006/003644
crystalline dioxalate salt of the compound of formula I. This crystalline salt
is further characterized by the TGA trace in FIG. 14, the 25 DSC trace in
Ehe dipgothE VIS tHACESA 16 orEaling daerhiEibyraptieuith agdampkcl 17z
micronifelFod8 §H@V&S§)l@aﬁ?§&@u@§ﬁ@ﬁﬁp@ﬁtﬁﬁfm&rﬁ£m§)§Wﬁﬁ%@eﬁﬁ%@%@c@fy&%

caompound of formula I. This crystalline freebase is further characterized

carrier ¢ ?ﬁ%%@eﬁé@@t%]ﬁl@”ﬁ@fYff'?ecgl"@?ﬂ”c?ﬁé’é {RrEIS 120, the DMS trace in

FHz di2dipanedithésonicragraphierismage: itmiGf 82.c30fiad 23 SRaWS Bror use
PXRD at%sn n of Fof[‘% 11 o th }/s alllne freebase of the _compound of

in therapy o 2 MSRATR 1t10?reebase R SIS dsIvEd %b%%%@@f“m

rmala I This crysta
of the wraopoundFG f@duhel TGA ﬂmm@@;&&famdﬂhbcws tragecial i1 Gor2fhe

manufact%r\éVSP 2006(0365,P (T 1137 Q06/00864 f ET@&LLECP D R R e &

OF THE INVENTION The invention prov es c sta fine forms
muscarigfhiptseteyiupayreamamic acid 1-(2-{[4-(4-

carbamoylpiperidin-1- zoyllmethylamino ethyl)p|per|d|n 4-yl
ester. The cr %@%@gﬁ%ﬂf)@ﬁ .,JdS]}é ceutlcally
amamesmmuna msserd tiphoisphateiimanasebate erdiexalate salt, or

ACCOm rHIaceutlcaIIy acceptable solvate of such salt. In a particular
p m’Go%hmenIt1 ke crystalline form is a diphosphate salt. DrrrNrTrorrs

Wil dmwsllalpgwtia“oampdtfﬁdsummmpps&meﬁ%;&&&}ﬁf@cesses
- e term following meanings unless
dlphos’g%ﬁerﬁgé?}r{ig 3tigd Oéc,#{? 1ecrmC soI atz[tﬂrz e?ﬁgj?’?: tip-1-
yhnethalj@mgatﬁﬂmﬂwwhw mthplpiporéimeled desratife sotuipuind. of eirstaline
u nd qne orm ecules of a solvent. Such
FIG. 2 e e R R B St mG
3 showw@mnalm@mtalsmmmmaﬂmmrmw@m&w&emm\@@éars a

I thanol,
R RO S R e

image ofatéy cmét@bnfamhfo iiedasnt Mg dtehThe: mmmmm seferDEhace,
respec§&¥ﬁ}%m§1@§%@§o§g 1at Igﬁf&&g{ﬁ d%:ﬁmst od t uses water as part
ert diluent Perm

of a solvent mixture as the in orm II" refers to the
crifstdIRRe e BES tnat e pareddine metisdl fratabes te crganimnd of

formul $IVERY, X683 & ARG A8 WA TG A trace in FIG. 9, the
DSC trace in FIG. 10, the DMS trace in FIG. 1 1, and the micrographic image in FIG. 12.

L

FIG. 13 shows a PXRD pattern of a crystalline dioxalate salt of the compound of
formula I. This crystalline salt is further characterized by the TGA trace in FIG. 14, the
DSC trace in FIG. 15, the DMS trace in FIG. 16, and the micrographic image in FIG, 17.

FIG. 18 shows a PXRD pattern of Form I of the crystalline fresbase of the
compound of formmia I This crystalline freebase is further characterized by the DSC trace
m FIG. 19, the TGA trace in FIG. 20, the DMS trace in FIG, 21, and the micrographic
image in FIG. 22.

FIG. 23 shows a PXRD pattern of Form If of the crystalline freebase of the
compound of formoula I This crystalline freebase is further characterized by the DSC trace
m FIG. 24, the TGA trace in FIG. 25, and the DMS trace in FIG. 26.
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20 The term "therapeutically effective amount” means an amount
sufficient to effect treatment when administered to a patient in need of

‘wdrsRENeaks-or example, a therapeutically effective amount {Qfez006/008644
antagonizing a muscarinic receptor is that amount which will achieve the

desired antagonizing effect. Similarly, a therapeutically effective amount
for treating_a pylm isorder. i Hl.achieve the
desired ngwﬁ%mﬁﬁﬁyﬁmgginmm
ameliesation psoidfte ssjetuliinatteviatdbipzodstibedbeivacifbe @erfid-(4-
“treating’. or. "trea t" as used herein means.the treati atment of
catbam g | ) BS CoDCA AL L OP DY th o et St e
crystallimafomad{pacticiiatysa @phmﬁmaﬁmﬂmd@spwlﬁsaﬁrmm the
g fiom SRsUITINg. e R GRRVIAGHC Tsaimant

diphos is,%ar%ex%r mﬁ?é%arléo}r(l q
PROSES a’paﬁenstul%e feved 10 be at Ngk o ntracting or "being pre-disposed to

such saudh disetedoremectioatobribktonstaingdoroos/@diphesphate salt.

PCT/US2006/008644 (b) amsligratingdhe disease or medical condition,
i.e., eliminating or causing regression of the disease or medical condition
W hepalsenithagiity euvhouissaceneasibencamadriiniond wpseispredshsy the

. i . on i i ; )
mventl%t?tﬁ%sgl%vﬁ&d{%&g% 188 fBowilvving.or U teslas e HeNelonmen

sease or medical condition in a patient having such disease or

Helioan ConldmenmeRTE R ANSTRRH O RS A B R e S T Or
mo1ecu5]9§9%%a§&%9ﬂm nR:patient,Naving seehdisgassnaromesicabconditiones

e term "pharmaceutically acceptable” refers to a material that is not

of a solsibgieayiolaiss BirieAliskatindeuisiBmiats fedrmaler thqefRolute and
solvent, PRRITBARE MGy RRceRIRhIa CatHandiRf oISt R dnAiarRb IR RGRR I tative

incorporated into a composition and administered to a patient without

solventg Analiifly-(HYdEST abRE BIBISy WAl BCEP Intiamtin & g RidRhsR 2c1d and
the likdPAREHWENRINGE GARPARE RIS afdhe-GempasitamiSuch

pharmaceutically acceptable materials ty icallggave met tg?? re(i%%ﬁd
éﬁaﬁa?a?asl*@r%iicr@fa@%éaﬁ%arﬁ%ﬁ%ﬁa&ﬁ?%et Y PERETES WA Rose
that usEAQERALS [Hendifiec assuitabie-activedag@tients e thent) BorhoDd ehds

Drug administration. The term "unit dosage form" refers to a physicall
o e RSN JFR HAE LY BRI 6 BRAFLAIECBRRIAg e

as the iREROEIgEMInOUARHEEY of a compound of the invention e

The term “therapeutically effective amount” means an amount sufficient to effect
treatment when administered to a patient in need of treatment. For example, a
therapeutically effective amount for antagonizing a muscarinic receptor is that amount
which will achieve the desired antagonizing effect. Similarly, a therapeutically effective
amount for treating a pulmonary disorder is that amount that will achieve the desired
therapeutic result, which may be disease prevention, amelioration, suppression or
alleviation, as described below. _

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

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

prophylactic treatment of a patient believed to be at risk of contracting or

being pre-disposed to such disease or medical condition; .
5
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calculated to produce the desired therapeutic effect either alone or in
combination with one 20 or more additional units. For example, such unit

wélesRaARJREMSs may be capsules, tablets, pills, and the like. SENTEERIRs644
The crystalline compounds of the invention can be synthesized from

readily available starting materials as described below and in the

amples. It will be appreciated 25 that while specifig.pr Il(Pl S
L R R e TSR 8o liasasp sondl g
pressuregesion af ehgilisessethemprocd sowdiiditions pdiveibovire yoek

unless gtherwise séaéa ¢0%§’1Q%§1a”y' the reactions are conducted in a

suitabl&'iart dilden , examples’of which include, but are not limited to,
(optharahpetsangthistipeopanohcidiobtandliathib askriey at_éftﬁﬁféﬂ%'fhe
d'Chlorﬁ%@f?pﬁ#@ﬂt@?ﬁ@hﬁ@ﬁglo?%%ﬁi@a@got&%}!igﬁir?’Q HiSsuch

thereof, typically containing water. Upon completion of any of the
foregoidigersactiondictiewystaflirns compounds can be isolated from the

ctio i i init ﬁf i 9P
- L e g e

PCT/UB2005/0086isaasT perirpkrehgredifieasbamic acid

]H@t%‘j(%ﬁgﬂgmwwﬂﬁi&%ﬁ%ﬁiW%fyDto a material that is not biologically
benzoyllmethylamino}ethyl)piperidni-4-yl ester employed in the invention

or othersisondsaianiylep R Famn FaABI SRRy In SREidls

refers t8AGRBGANBUSING AR HERGE M B o GaRRHRASHB BedR aMPieSQ1dI8INg
the procedures described in U.S. Patent Publication 5 No. 2005/0203133

patient wyikhewmserng wdewehlore pgicd eects e ieTaTETE SrfotrldFinys manner

with otﬁé\f%ﬂﬂ%bﬂ@ﬁst& feadibipsaiammisedipnuargsosthodsapudlabatteials
those skilled in the art. For example, such, molay ratios can,be readilya‘nd

typicallydiats MBIy BERAAARER CAIREH LB BRERERR g Broe

includd RESBOgReANPRGSER QIR BN e ve alafedbio: 1) MU Haie Hdlt
Crystal A diphosphate salt of the invention typically contains between

Drug agpenisa8hd 2.2 molar equivalents of phosphate per molar equivalent of
thgecermpancietfer R iciael yel ngHheisiedistiotein® anaRclfondleing a

. equivalents of phosphate per molar ecﬂuival nt of the compound of .
pationtrdgn SR U (OYAIENEIR BIEATSTHIIE %@%’h & SRS the compound o

calculafeiyiaddcatRhrepar tisigalitiactbptaliibesaluatetiinrenticantioa with one
or morg ;%%Eggaf)gn?t%p grt ig)gdrgilﬁg’e QLX:Iflzdlﬁt dosage forms may be capsules, tablets,
pills, and the like.
SYNTHESIS

The crystalline compounds of the invention can be synthesized from readily
available starting materials as described below and in the Examples. It will be appreciated
that while specifié process conditions (i.e. reaction temperatures, times, mole ratios of
reactants, solvents, pressures, etc.) are given, other process conditions can also be used
unless otherwise stated. Generally, the reactions are conducted in a suitable inert diluent,
examples of which include, but are not limited to, methanol, ethanol, isopropanol,
isobutanol, ethyl acetate, acetonitrile, dichlc‘Jromethane, methyl +-butyl ether, and the like,
and mixtures thereof, typically containing water. Upon completion of any of the foregoing
reactions, the crystalline compounds can be isolated from: the reaction mixture by any

conventional means such as precipitation, concentration, centrifugation and the like.
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ylcarbamic acid
1-(2-{[4-(4-carbamoylpiperidin-lI-ylmethyl)benzoyl]methylamino}
Wﬁ%&g@g&diﬂ#-yl ester with phosphoric acid. For example,l,tgsle/ﬁgg oI

e contacted with dilute aqueous phosphoric acid to form an amorphous
diphosphate salt, which is then 20 contacted with an inert diluent. To

re the rphous dipho It, the eSter.is typically dissolved in
I Rk S i e
benzoyGendralyyitvsciodptipaidhednductedeatddemi pe thturercatigingiromalddut
0,t0 30 C, such.as about 24 C. The ratio. af milligrams, of the ester. to
preparcyl B o EAR REIE Ser e D I WA O TR A Gedres
descriteddutis Fvaniples,esulting Gmprptedusssipisosphdie Saf Bateen thpicdin

R)tf(% gl ith about 15cmlg/ml to about 25mg/ml of inert diluent,
No. 20@__‘9 ﬁ 310 anmmen ¢t ak .
enerally; thiS reaction is'conducted at a temperature ranging from about

SthtofCrsirchlesabolingBe@uérhadp arfidelarvenivodiandre r&ddiimg of

h [ is tak in.5.mlaf : : ric.acid.
O A T e ey
molar yatiosshohc teidiliedrieling . Dy BladRuiveliemelivive dtsemntd aneisis and

piprc 16150 10760 And Iuortlized Bebugpsip provide an amorphous
ip t

osphate salt. The resulting amorphous diphosphate salt is added to
an isopropanol:acetonitf@{esphais| da8{; fofteéived by the -7 WO

200699 R %’&TJP@@99@&99&%%@3?3%&&%%&%@ reggtian.she

ratio of milligrams of the amorphous diphosphate salt to milliliters of

molar eeypRSEHGHROBHHRE ¥ BB LISt taishe sorprurtni dosmetr 1.
includ/RBYRMNE S CTySRlNe| qim@s%aa{@&aig S@amﬁm@az@%@w@@@mﬁ

the ester with about 2.0 to about 2.1 molar equivalents of phosphoric
of the gpmpauethefdiyntHisireaction 5 is conducted in an inert diluent at a

teMRaERiUre ARG STaphaRutAR I EcsHphad ctterhl Corlh a
particular embodiment, the ester is added to an isopropanol:acetonitrile

phammggeyjiealfyisieRtaRinedvaif thesRidifiB oPYrRREr RRErHackitg BREEProric

ylearbaid isiadded [ in(thisneadiapiphiaiationhgmmsaf g estaykadiiters
of phasphoric acid is agout 5:14 to about 5:18, including abouyt 5:16. 10

oty IRSHCER | I PERTER RBARR Bi6 5k e § I PHTER LG SRSt SRS contacted

with ddinbegphalepialisiean dedddddhe fommaiphoal difhpgale, JasswHirhles then
diphasphate crystal, form. FIG. 6 and FIG. 7 show a PXRD pattern and a
contacige Wil MRl GUUEVEIy, for this less stable form. The more stable

dipheephatereymtabin theliptevplens latnhberteviriypiehtiadensstable
X e T e
reacticarid ¢ehdatiod dhetsuspansiornigiab dudrb QHOu0ab @t °C, such as about 24 °C.
The ratio of milligrams of the ester to microliters of 1M phosphoric acid is about 1:3 to
about 1:4, including about 1:3.5. The resulting amorphous diphosphate salt is then -
typically contacted with about 15mg/ml to about 25mg/ml of inert diluent. Generally, this
reaction is conducted at a temperature ranging from about 50 to 70 °C, such as ébout 60 °C.

In a particular embodiment, 500 mg of the ester is taken up in 5 m! of water and 1.5
ml of 1M phosphoric acid. The pH is adjusted to approximately pH 5.3 with additional 1M
phosphoric acid (equaling 2.1 molar equivalents). The clear solution is ﬂltéred, frozen and
lyophilized o dryness to pfovide an amorphous diphosphate salt. The resulting amorphous

diphosphate salt is added to an isopropanol:acetonitrile (1:1) solution, followed by the
-7-
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70 C, typically about 60 C, for about 2 to about 6 hours, typically about 2
hours, followed by cooling to room temperature overnight with slow

wbhingdYlnosulfate Salt Crystal A monosulfate salt of the iRy§MiOR /008644
typically contains between about 0.8 and 1.2 20 molar equivalents of

sulfate per molar equivalent of the compound of formula I; including

.. between about 0.9 and 1,1 malar ivalents of sulfate per melar
addition g Tt At RN Bo P TOh P S A TR AL
salt to i Gem pdtivghobimvhwat boitépisatmeaceitic alybacc2pidbiiudolgateut 2:1.
thereof .can be prepared pby, contacting, biphenyl-2-vicarbami id 1-(2-
e R T T e s
with abpiperivin-dbytiesteneith suffusicraciol Foseheamplddthgastelivahibesaction
. cantacted with IN agueous sulfuric acid to f [fate ich
scondi AR B HER AN L Bl R AP R
about StheCesier isatyipidatiprolissived, ithd skteade roditd o waiepprihed -eaetpnitrile
) ueo lfuri id; diluted wj at [ t ilizagon.
oo SEPRMIEBE Aok Ry
In this Rawian, Gesetih abapaclhessthdaaidibtermngriemwhiineedisshout 5:14

'llifll' b gg&%{rg:l%cid in water is about 325 mg/ ml to about 285
o ab‘“ﬂ’g r%t’lel %ﬁu%g about 305 mg/ml. -8 WO 2006/099165

Bolefsroabicosstinsd prsqsanticonar enbeinnsinliog dighy gbaie wiferan
tead to Fd i gﬁeﬂ%ﬁa@é rded I%Miyitﬁiﬂﬁéﬁlbﬁﬂfgﬁﬁémhﬁf NG W aris @eid 7

is a slowly, while monitoring the p is then adjusted to

show a ZpfREXIHRaN RIS Crivecel seapseiiebn farrierdess fbinoamd TRpRITRd
stable dDESYIIERS LRREPVARABRNOSUIRAES SBleThe aRklting monssu tainsplhise

5 then typically contacted with about 10 mg/ml to about 20 mg/ml of inert

form isqrgest hognd eFRBbBIFRISHRSPheBA St oI By frsesins the

water dSRREIAMESaRIheNal8 IQwetisacpRdntampRiRivieohothiempeatwbest
ranging from about 50 to 80 C, such as about 60 C to 70 C, Iﬂg?gg%%ﬁular
. t

70 °C, Gk A% ndRbebihé CAPRIEAGEHTR AR RIGHBR% o pieed

by cookh@b)reeltiompk-iie rastion: Hie @t efiriigrams of the 10
monosulfate salt to milliliters of isoprﬁfa ol:acetorv.trile is about 15:3 to
about 15:0.8, including’4BEut4/8 SH!4deH& embodiment, this reaction

i3, Ganchiatedala irhismpatasiepnd henainibetowes ntentPsatutd .2
ot T TR oGS O S010 0G, 8D SBng
betweek alfig 0.9 and 1.1 molar equivalents of sulfate per molar equivalent of the
compound of formula L.

A crystalline monosulfate salt of the compound of formula I or a pharmaceutically
acceptable solvate thereof can be prepared by contacting biphenyl-2-ylcarbamic acid 1-(2-
{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl]methylamino} ethyt) piperidin-4-yl ester
with sulfuric acid. For example, the ester can be contacted with 1N aqueous sulfuric acid
to form a monosulfate salt, which is then contacted with an inert diluent.

To prepare the monosulfate salt, the ester is typically dissolved in 1:1
acetonitrile:water, diluted with aqueous sulfuric acid, diluted with water and isolated by
Iyophilization. Generally, this reaction is conducted at a temperature ranging from about 0
to 30 °C, such as about 24 °C. The ratio of milligrams of the ester to millilifers of 1IN

sulfuric acid in water is about 325 mg/m! to about 285 mg/ml, including about 305 mg/ml.
8-
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15 second lower temperature cycle varies from about 40 Cto 30 C. In a
particular embodiment, the monosulfate salt is added to an
woSRREARENGI:acetonitrile (10:1) solution. In this reaction, the ﬁ[\ 5906 008644
milligrams of the monohydrate salt to milliliters of isopropanol:acetonitrile
is about 161:7 to about 161:11, including about 161:9. Dioxalate Salt
Crystal 20 A djoxalate salt of invention, typically contains between
In one %%ﬁ?if§@had§?f?ﬁodfﬁ? r@ﬁlﬂgﬁgﬁﬁ%fso%ﬁ@%& %é}gféqluivalent of the
acetonic@patid:af formulaot, iNcdutiing: hedieaddab eliwl ehdeibnioking the
equjvalents qf oxalate per molar ivalent of the compound . gf formula |.
P, T e O A BT O BT 2% A 1t SO (- ooz
and Iyopathasday pipesiel mmmtmmmmaﬁwmamymmm}wmpmmw is
then tygiaally SanidRid T sl ASAEPIARIE P MAIS R SRh P BRER RYR
y ‘contacting bipnenyl-2- ylcarbamic aci
emboditn{ dhitdeatioanoydpihetidin b-firvatybiretzo i/t mlnwkr second
ethylpiperidin-4-yl ester with exalic aci r e, the, ester-gapbe
e L e R
70 °C. theamotitabtecmwbitdizsindite 3o uivdfite Falpiephied ioctioxalate salt, the

isoproganisita Y AiSSANRSAR 11k Asslanitiewaleh ikiadwith aguapus
15°pr°p§§§ﬁ'§%£|§?ﬁﬁlu SR, o |so{3at_e By -9 WO 2006/099165
monosEGTE SS2008i00s64 of ipopiviizatinsceiidiair2bhil idativaruEdadubted
inchudi@ %ggg@gr_ﬁture ranging from abql_Jt_C_) to 30 C, such as about _24 C_. The
ratio of milligrams of the ester to milliliters of 1M aqueous oxalic acid is

dheuetroemgnaivesibbin Eecisrinreningtrdinbist tesnisyratas et
two loWartigHlar.gmboedinent18.ma,0h iRe RS IahIR KGR Wbl S0 86 3¢ Such

acetonitrile:watér and 1.7 ml of 1M aqueous oxalic acid is added slowl
as abowyAile’ hoRo FiFY leMepiEmprratsr rydajTaies Fomshritiftatelrpid o, e
seconddSRESRIHHOR IR lGIR dre2 gR RRcbophiz edl 40 drynessdaipiayide a
dioxalate salt. In one embodiment, the resulting dioxalate salt is then |
embodippsph iecBABEHE R ANt ided 1 gmises el escngiitioritd e

Tn this REREIAIMCthIs d eactiondiseoRsuciesbabRydaitampey aluigitanging from
about 50 to 70 C, such as about 60 C. In a particular embodiment, the

isoproppRkRsraifiie 1 dhet ¢ b SGhBp A tater g PRSI “In this
reaction, the ratio of milligramg.nt the: divpalate salt to milliliters of

isopropanol:water is .about 10:0.8 tg about,10;3, includjn ut 1Q:1.
A gio:?alate salt of the inventgon typ?ca y contains between ato%ta’[k? an&gi molar

equivalents of oxalate per molar equivalent of the compound of formula I; including
between about 1.9 and 2.1 molar equivalents of oxalate per molar equivalent of the
compound of formula L

A crystalline dioxalate salt of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-
carbamoylpiperidin-1-ylmethyl)benzoylJmethylamino} ethyl)piperidin-4-yl ester or a
pharmaceutically acceptable solvate thereof, can be prepared by contacting biphenyl-2-
yicarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyljmethylamino}
ethyl)piperidin-4-y1 ester with oxalic acid. For example, the ester can be contacted with
1M aqueous oxalic acid to form a dioxalate salt, which is then contacted with an inert
diluent.

To prepare the dioxalate salt, the ester is typically dissolved in 1:1

acetonitrilerwater, diluted with aqueous oxalic acid, diluted with water and isolated by
9-
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A crystalline dioxalate salt can also be prepared by forming a seed crystal
of a 15 crystalline dioxalate salt of the ester (synthesized as described

W@Q@\é%gfggning a dioxalate salt of the ester by contacting ﬂf’%ﬁeﬁ%‘ﬁ%% 14

oxalic acid and dissolving the salt in an inert diluent to forma's
and adding the seed crystal to the solution. In one embodiment, a

_dioxalate salt is typically contacted with.about 5 mg/ml to abouf 15 mg/m
e R s G e T s
to 30 °@0strAgiNghramatouThe 10id @ Gnilighas abibistest2:Go Rlidihbselisitlien

cooled to g second erature ranging,from gbout 3.t0 10 C h a
squeon SR R TR L AL & R e A e Bp TS st e
In one thaivaiddedbblapar}i€l0angnihbelirvients thiecrdigxaldtenkaftis added to an

isgpropanol: r (94:6) solution. In this reaction, the ratio of .milligrams
nccton iR R k30 DN SR s F S AP g e
the pH afbetp R 5 Hogdi6d incipdingimbtily §508 18. Tleetlaseschystal i4 fEitpstd) linezen

freebase biphenyl-2-vicar i id. 1-¢2-{[4-(4-carbamoylpiperidin-
and Iyof-ﬁﬁ%%aﬁ?/l nezsg§ ﬁgmg?gnrﬁhgo ‘feat%yﬁ%%peridin-&yl ester or a
phanmardotitakyt, deceptebing sodralettrelcisfleartiydcpiopandecing with

ot e s acion s sputed e
tempergtylegetaing filvarihostodilaeth "Fospeb e owcofbrfn dna paysalitte

embod FEERARE SFRIM: b6 SRR H MR IS0 s A NG ORR/BP 9HBRon. n this
PCT/US2006/008644 contacted with about 5 mg/mi to about 15 mg/ml of

 reactiofy de giiie af o BiBrIR o fihs Aoentlals el naibibirm of isvapmanelwater is

about 160%1Y /00 2PULR IR oueeM as about 25 C. Ina particular

embodiment, the ester is added to a water:acetonitrile (1:1) solution. In

thisyeiabinsriithelpitisrbromirbrabsesmmeddardpraingmitess epstal of 2
crystalMyRIGlRceiRniI6 ig,akekt ihRR:iA 10200430 4 d0g UEingi AP Wl oxalate

100:0.5. Alternately, the reaction can_be conducted at a first temperature

salt of gty PorREpGiRe be st vtk grlissraondseoliing theseddsiar e
diluenS890Rd tmREEURTAnTIRaTem.abaut3 19 the fndush as about 4 C. A

crystalline freebase can also be prepared by forming a seed crystal of a
Y SERFAD o EaEsR (AR Bl e SISOV TR Beml o
about IYSEAHNEr fieehase:hY Gendaatifdhibesaf@stecuvithand aest il Rnipsture

._dissolving the resulting crystalline ester to form a solution, and adding the
?angm%égala%@faﬁ%t?h@s&u%% 3 ﬁ&@#%@mﬁ@ﬁﬁl{fﬁ%&&% %9pie ﬁ@g

secondaeniRaiReyith 859 BlommnigdmItecaliott, ach as about 4 °C. The seed crystal of
a crystalline dioxalate salt of the ester is then added. In a particular embodiment, the
dioxalate salt is added to an isopropanol:water (94:6) solution. In this reaction, the ratio of
milligrams of the dioxalate salt to milliliters of isopropanol:water is about 150:10 to about
150:16, including about 150:13. |
Freebase crystal

A crystalline freebase biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-
1-yImethyl)benzoylimethylamino } ethyl)piperidin-4-yl ester or a pharmaceutically
acceptable solvate thereof, can be prepared by contacting bipheﬁyl—?.—ylcarbarrﬁc acid 1-(2-
{[4-(4-carbamoylpiperidin- [ -ylmethyl)benzoylJmethylamino} ethyl)piperidin-4-y1 ester
with an inert diluent.

To prepare one form of a crystalline freebase (Form 1), the ester is typically
-10-



10

15

20

- 25

30

mg/ml of inert diluent. Generally, this reaction is conducted at a first
temperature ranging from about 50 to 70 C, such as about 60 C. The

woixik8dgshen cooled to a second 15 temperature ranging fﬁ%t@,%gb{?&é& 4
e

10 C, such as about 4 C. The seed crystal of a crystalline freebase of the
ester is then added, followed by several heating and cooling cycles. The

first heating cycle goes, for example, from about 30 tg 40 C and then to
contacteghigh BpPRL %&1&%&&%@8&%&g@%Bﬁﬂﬁfﬁi"%s%régefﬁ}é%&c%ﬁa{eﬁﬁean
is condasdderththeptngueyelegriavalvedeating the0sHm) pleliaadenipkf atirdn a
. _Janging from ahout 50 to 70 C, such as 20 about.60.C, followe ooling
partionlg RN AR A SIS RSN B
reactiony@ie radcetOnillile4iid pStietisar folnilidddoy dhieraddiietmofinlatorahogt
further onitrile. In this reaction, the ratio of. milligrams of the.ester
100:0.3 A 1 R BROFIE Soes oLV S ABLE S8I0 A At AT pdfeted
at a firdhelugdinghab o390 Hodn Teoprépacsdarntivachorsmode 26/ Aiaktinbthachaded
Farm U), the ester.is typical 0 ed with Q@ mg/ml to
toa Sec%ﬁ%t%%gﬁ%ué?rﬁn&l ﬂ%eﬁrt%aﬁ 3%1%1%%.%%%%53#’ 9&1\@‘% ,asr%%%%{o% i%'conducted at
aterypiaibte feechagingrfidsn bbpupaeddghansgrhsasdabpsinDe @ crystalline
rticilar [ ' ' tis.a. inatj itril I
e O s o e e
ester Wj]ﬂ(gn{[ne(ﬂdﬂuent and dissolving the resulting crystalline ester to form a solution,

and ad&g?u@@&l&)@f&g&@6]@@rgb%lg%gpenzoyl]methylamino}ethyl)piperidin-4-yl
ester Is added to 30 acetonitrile, followed by the addition of methyl t-buty!l

emeneamebadiaivahdha estarirtpiopsrnteded ovitlrboutid wemlilgrihest df
mg/m} e esfekiRmitiiiersof acgtenitrlsimeiivd dchund: §ﬁl§ﬁ@‘r@§f@ﬂw@%%ﬁlg

about 200 mg/ml to about 100 mg/ml, including about 70:0.45. -11 W
from abyERBoiGEPerph s 208008644 rapdraiis (Ran proth RTRESd

temperdORELOIRCEBAVANIROSS: fhaS Rean.diascaxnered thalforming agrysialline
compound of formula | is useful for purifying the compound of formula I.
crystalfgy fg‘i@é’ﬁﬁﬁléf th@eewstﬂh%ﬂé&%é%ﬂﬁt@% Vi Wé{@félpﬁfﬁt% FELtERtHEA
cycles. 966 ARG MBICANY HQRIR! hatk BB/ Fds isavehdnoumep ihe fieldiebbout
. powder x-ray diffraction (PXRD), relative peak heights of PXRD spectra
50 °C, folofessnaeanion P Rormb T EIEtETs ToRtRe g Bhad SPebdaitig and
cycles IRSHVERALAS IRBQ I e REBK BRGHEGRSE FRiA VeI 30eaSIIVE tBuch as
' experimental details, Thus, in one embodiment, the, Céﬁ_t%e com Oﬁnds
sbout G e PEHHLA D S B AR RERP B P RFF A PYEER e
ester iRRAKPRSHIAASIBONG @MDY BRI RSN diphdanhate Satief dhe
ﬁxrtherca%rertlgl?iutanig. O{nfglgg yégc!tilt;sn, the ratio of milligrams of the ester to milliliters of
acetonitrile and water is about 230:0.1 to about 230:0.5, inctuding about 230:0.2.

To prepare another form of a crystalline freebase (Form T0), the ester is typically
contacted with about 200 mg/m! to about 100 mg/ml of inert diluent. Generally, this
reaction is conducted at a temperature ranging from about 20 to 30 °C, such as about 25 °C.
A particularly suitable inert diluent is a combination of acetonitrile and methyl r-butyl
ether. In a particular embodiment, biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-
carbamoylpiperidin-1-yimethyl)benzoylJmethylamino} ethyl)piperidin-4-yl ester is added to
acetonitrile, followed by the addition of methyl #-butyl ether and additional acetonitrile. In
this reaction, the ratio of milligrams of the ester to milliliters of acetonitrile:methyl s-butyl
ether (1:2 solution) is about 200 mg/ml to about 100 mg/ml, including about 70:0.45.

-11-
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characterized by a PXRD pattern having two or more diffraction peaks at
20 values selected from 6.410.2, 7.60.2, 8.60.2, 13.710.2, 15.00.2,

w0 7602, 22.10.2, 22,90.2, and 23.70.2. In one par%!;@g
embo%g;ment, this crystalline form is 15 characterized by a P 85%?3%88644

comprising diffraction peaks at 20 values of 15.00,2, 19.40.2, 21.60.2,
and 23.70.2. In another embodiment, a crystalline diphosphate salt is
characterized by a PX@@%M@%&% peak positions are
CHIer o6 peecs e PXRD pattor in FIG. 1 3l the FXED b
ifferences between t jpattern in . t attern
compOYER B BN S AL S A SRR o S o P drammp o
the cry@aIDQAIPacipRats yotaline mohgsutiate $Sal 66Ueandnypiatig gfctoenthda | is
characterized by a PXRD pattern having two or more diffraction peaks at

98%. 20 values selected from 7.710.2, 8.410.2, 8.80.2, 12.60.2, 13.70.2,
W 10w I3 Rin B OfeRd dfha@d2r 2A-60d2(23100 2P ARIDR4182¢ Iredne

. icular embodiment, this crystalline form.is.characterized b PXRD
heightd N e A S S P o e SR ARSI sty
prepara2id®nd ianth2é @shrietay) othde prabedsiteny acryktalizhe irsontsul fate

. salt is characterized by a PXRD pattern in whigh the gi' SHEI(= '
cxper STy e An e v e Bt B o Bt RS on

are chaeantoddihbpt, BXORY3 tedtinen diswaktersatt pdheediiopsund of formula | is
aracterized b PX { i if [
SR CAnRm e e o seteigunpegta
characteBz8(0,2 2 PXBD Dation 0 in2 2190 X, m&@digfsmmn@@b?za.t RP yatues
selecteRHHGHHALMboGIments tis srys(alling f?ﬁfﬁ:ﬂé.ﬁﬁ@f@%?ﬁ'}fﬁé%ﬁév%g%m.z,

pattern comprising diffraction’peaks af 20 values of 8.70.2, -12
229070 0ef0PH 165 AT s patEI0ase s aodinent. 0trs Sy4glineisgp 90.2. In

chmac%%%&%ﬁ%@%ﬂ&ﬁ &J%ﬁiﬁ'ﬂﬂg (‘ﬂ@f&%{%ﬁ ﬁ@ék%%ﬁﬁf@é’ igets QM:@.Q,

RD pattern in which the peak positions are substantially in accordance,

19.4:+0,%4R 1§82 shishd3 ifi01S . Inpnpilameahaddanne aoa Tk fiRh pwdplssslt is

‘ characl(é:rﬁfé@r?% PhinerspmRey AR ML RAis, itRa R ENFRtRY AR RD

pattern having two or more diffraction peaks at 20 values selected from |
accordgnpp with Bese showroin FiG: 70 Moisthobiferngyoboy ey She PFRE pattern m

FIG. 128 B82PRAB DA ed 29 et 2200 Aphphed utiGidlae s eosiTents this

crystalline form is characterized by a PXRD gattern comprising_diffraction

Jaies spodiatibe srestrbive mesosgioteselspishe fopmorty Pt P ERYiet
characRmRRMipne ek asHialing Jadierbasa draiiffh) o€ hasre enzetibysa

PXRDgattern in which the peak positions are
selected from 7.7+0.2, 8.440.2, 8.8+0.2, 12.6+0.2, 13.7+£0.2, 14.150.2, 15.320.2, 16,0+0.2,
19.7+0.2, 20.620.2, 23.0+0.2, and 24.420.2. In one particular embodiment, this crystalline
form is characterized by a PXRD pattern comprising diffraction peaks at 26 values of
12.6£0.2, 19.7+0.2, 23.04£0.2, and 24.420.2. In another embodiment, a crystalline
monosulfate salt is characterized by a PXRD pattern in which the peak positions are:
substantially in accordance with those shown in FIG. 8.

Ini one embodiment, a cryétalline dioxalate salt of the compound of formulaI is
characterized i:)y a PXRD pattern having two or more diffraction peaks at 26 values
selected from7.7+0.2, 8.7+0.2, 13.5+0.2, 14.040.2, 14.8+0.2, 15.4:0.2, 15.8+0.2, 19.4+0.2,
22.940.2, 23.320.2, and 24.6+0.2. In one particular embodiment, this crystalline form is

characterized by a PXRD pattern comprising diffraction peaks at 20 values of 8§.7£0.2,
-12-
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~ embodigneRf,dhis crvsiaiimg eminthenmiered iy

substantially in accordance with those shown in FIG. 18. In one
embodnment, a crystalline freebase (Form Il) of the compound of formula

wa oghssagterized by a PXRD pattern having two or more difffactiom,neslss s
at 20 values selected from 4.60.2, 9.30.2, 12.90.2, 13.60.2, 14.00.2,

14.60.2, 16.50.2, 15 18.60.2,19.10.2,20.90.2,22.1:1:0.2,22.70.2, and

25.70.2. In one particular embodiment,.this crystalline.form is .
14,000 8 b B e b S B AR Bt st is
charactaf@tee $ph PBAIR pABeGiR vaRch(IR; mnd AE:TRAs ineanbstetidinimdiment, a

cr sta!‘g’k freebase (F ? is characterized by a PXRD pattern in which
accordaﬁ% B’é q%oosgiel}g%“énaéle%é%é antially in accordance with those shown in

FiGn@anBodimyet, acotiiellismirodinve fF ctine Drybthivemponmpbeifsela 1 is

¢ : . i . : :
°‘*afa°t?%%”§)aﬁ&i%’f“%%‘?é?%@%%‘?%ﬁﬁ%%%%%j%%ﬁ%%ﬁ%%
selecteddiromu kb 7-i8.2haradi8rizad48/A1d DB Ha igh um
19.4&0.2;;?8.@:565‘iﬁﬁ?ﬁé.ﬂ%@%@@%&%:é&z@%‘ 'Hgérﬁzéﬁﬁo{ﬁaﬂﬁm%dﬂ}l%@, the

erence between Ctrace in FIG. 2 and 't DSC trace for the less
crystallistaifen? 5 diphosphead ot ISRcteatierFrompriving Gifoaigeeraktrb20

values é&%&%ﬁ@%ﬁf%‘@é@ E?L%dsﬂt@‘é ‘B ﬁﬂ@ﬂ& %{m&ﬂéﬂ’ﬂ’a crystalline

temperature transition foliowed by a relatively sharp peak at about 154.5

freebase(RommAkivtherapigriacdthy pEERA pettem e Witk Rafspatitiens are
substanti ﬁpé&tﬁtﬁ%@e(@'lﬁ'tﬁ%ﬁ%&ﬁ‘iﬁiﬁﬁﬁ:t@houmer prior to @ much smaller

melting transition at about 150.3 C. 30 Similarly, a crystalline monosulfate

Inlees anbedmptnarpT Rttt shase EouniH)iobthe ¢ qrnsw abiEHichs

naractSHOWAS, 2 BRI LMANEAhR A6 beallow @tahonboifsummillystrated
charae in FIG.10; a crystalline diogfglate salt is characterized by its DSC -13 WO

selected fBr0bei085 PED/Y 366818085240 talé- Witlch Shibts dhddum

18.6+08N4othesmic heay Boyw at-alnut /8.3 £; ans Alstatedinodd Gurfibiiar
crystalline freebase (Form 1) is characterized bﬁ its DSC trace which

ks A A e
diffractibssHatechin b l@ludQopnd-a grystaiine, techase, thon. ADis. chesactesized

by its DSC trace which showed a maximum 5 endot i¢c heat flow at.
ernbod i OB S IS AT AT BT A SRR st
the pealbyesitionshayeuberntiemanaicatdene hdlethoseversibla FIG. 23.

tion/d jon, profile, with table, te level of
TGRSO U FEEIAE CRALBR AR ARG EBIUAT of ormula

charact%ﬁ%@ﬂﬁtl@ﬁcﬁﬂ&ﬂgﬁ%lw&gﬂth aﬂibvmeme&pﬁé@ triceu I tmO @%rystidtive
diphosgllljargal(glt t’o% t%@'?é%ﬂi@&?gfl POSI‘H’L]:I %e[?éa lc %%(stg GIZ("[ISZBd by its DSC trace which

showed a maximum endothermic heat flow at about 154.5 °C, as illustrated in FIG. 2.
Note the difference between the DSC trace in FIG. 2 and the DSC trace for the less stable
diphosphate salt depicted in FIG. 7. The DSC trace for the stable crystalline diphosphate
salt (FIG. 2) shows a typical low temperature transition followed by a relatively sharp peak
at about 154.5 °C. On the other hand, the DSC trace for the unstable crystalline
diphosphate salt (FIG. 7) shows a distinct shoulder prior to a much smaller melting
transition at about 150.3 °C.

Similarly, a crystalline monosulfate salt of the compound of formula I is
characterized by its DSC trace which showed a maximum endothermic heat flow at about

76.5 °C, as illustrated in FIG. 10; a crystalline dioxalate salt is characterized by its DSC
-13-



10

15

20

25

30

10 less than 4 % weight gain when exposed to up to 90 % relative

humidity; a crystalline dioxalate salt exhibits less than 3 % weight gain
whRBe¥peRsed to up to 90% relative humidity; a crystalline fggehase, . oscia

(Form 1) exhibits less than 6% weight gain when exposed to up to

90%.relative humidity; and a crystalline freebase (Form Il) exhibits less

han 4% ight gain wh sed t 90% relati idity. 15 ..
tace WA R R AP GO BOFEIC SRS VB P B
FIG. 159abﬁ*y§|tﬁbi};& l&ﬁ@iﬁhﬁ%@%ﬂff gie a{mteﬂﬁmmge'maﬁnﬂe:mmmﬁﬂiaﬁgmd a
. example, after storage for 1 m 40 C.and 75%. relative_humidity,
maxine B R ST AR oy i A R b no

crystalliieténtetnle: (Remiddl id ehreationrdity. jeBS thand. s¥ciddgradation)fonthe
endormGNHHDELOMPOUNGS Af dne. vetian, 20;These properties of the
crys alfine compounds of the invention are further illustrated in the
Exerpigs! hetawmPeiaRMAGEDTIGAD CONMROSIFI@NSANDO have a

SORMULATIONS The crystalline ¢ ff I
e L A T S ol Do P Y Bl eopi
a crystdBimeulgiimepiSie kaphdthrareupicad ofifousitied sxibitsdysh éhad Aimiseegbt

gain w %&%ﬁé&%@& E‘é %%%%&%@Fi‘ﬁﬁ%ﬁy?& ?%Wﬂﬁﬁ@ﬁ%‘%ﬁd&ﬁ (g U BAL
Imited to, inhaled, oraT, nasal, topical (including transdermal) and
less thapefSnteritin gaias dleneiphiistiatimioiWe velativ aampedibive esysbdipy

dioxal 43056 Sleiled Rdbe.al %t%é?@‘fﬁgmﬁ y\ﬁ{éﬁ@ﬂ@@eﬁq{; 195 thedayentienhas

been formulated, it may no longer be in crystalline form, i.e., the salt ma

humidifs gyrsgstoBnsiacbarabierentrierhbonissoimdiVe wMebHs SHLBBIEROH
to up tdRAURRIS SRR ARG RARILICALLSMPESIION GOMRY 3B Ban 4%

pharmaceutically acceptable carrier or excipient and a crystalline

weight pReyRRoyRAsEMIP J6iG relative humidity.

Isrtidsdhr Pﬂ%%@bﬁ@?ﬁ@é%&ﬂ@@@ﬁﬂ%%% 1N CL2RABPRIISS
PCT/US2006/008644 methylamino}ethyl)piperidin-4-yl ester or a

stable R FIROBUIFCAIR} Aebeliemrs ebivate derastityT Hiopramplglifatorage for

1 monthQMRPSHARIMaY,GeRIAIL IAthediDeiaRe G ARMRL IR gaRNtS if
desired. The pharmaceutical compositions of the inventign typically

chromageahaEHhErapiticny dietiable ShBtR cloaarroehing.» tess than 0.5%
degrad@di@%?w'%é’&?é%ﬂ[ﬁ&?ﬁiﬂolufg d%ﬂéli]nvenﬁoln. ethy) ; |
carbamoylpiperidin-1-ylmethyl)benzoyl]methylamino}ethyl)piperidin-4-

SR AP AR LU SN L LT SR b PERHOP A gy et
in the I2gemblckyikaly, such pharmaceutical compositions will contain from

about 0.01, to about 95% by w&i%n of the )
HARMACEUTICAL CO SITIONS AND FORMULATIONS

The crystalline compound of formula I is typically administered to a patient in the
form of a pharmaceutical composition or formulation. Such pharmaceutical compositions
may be administered to the patient by any acceptable route of administration including, but
not limited to, inhaled, ora}, nasal, topical (including transdermal) and parenteral modes of
administration. However, it will be understood by those skilled in the art that, once the
crystalline salt of the invention has been formulated, it may no longer be in crystalline
form, i.e., the salt may be dissolved in a suitable carrier.

Accordingly, in one embodiment, the invention is directed to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier or excipient and a crystalline
biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-carbamoylpiperidin-1-ylmethylYbenzoyl]

14~
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active agent; including, from about 0.01 to about 30% by weight; such as
from about 0.01 10 to about 10% by weight of the active agent. Any
W&g&%g%al carrier or exqipient may b_e used in thg pharmalggﬂ%%%m% 4
compositions of the invention. The choice of a particular carrier or
excipient, or combination of carriers or excipients, will depend on the
made_of administration being used to treat a particular patient or type o
ety R A SORORCH B WSt S ARDAPARRE e AU A ORI AP e
The phetiiabieiphrdsnassiticahesropasitionter taaparticutamdot &ahulating agents if
desi administration is well within the scope of those skilled in the
esirednharmaceutical arts. Additionally, the ingredients for such compositions
anecqomesciaibslaamiipbigifionf the iexamipleypigaily, driBox 14508, St.
Lauis, MQ) 63178. B of farther lustration, conventional fo tion
e R B AT G PG T L A B e o
carbamispipesicn-20¢ipteditibheddppihocttyWilianist&WWhiieri@atdrybesieMaryland
2000);.and H.C..Ansel et al., Pharmaceutijcal D Forms.and Drug
B e e DR e S AT e
pharmdviarjtahcbiped)oRepilsentathviEoax ahplcdd Of materiaRSthdtosegervtias
active ? h%'é“%%&%&ﬂf alﬁ%%%%ﬁ&&? [?lg | %:Oag)lg{& é@%ﬁ%ﬁg@%@@u@ﬂ% rﬂg&dah%umo
gﬁoﬁvlng: su&érs such as lactose, glucose an ducrose; starches suc
to abowd @Yrhy staight afthpetdites sgudh; cellulose and its derivatives such as

S}%%%H&%ﬁﬂ%xm ¥} & %Hé?gﬁnﬁ feluloss andeelluipsg agetate;

powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter
compogitignsuppbe torgriaxe Shsithoitectl ad pishle shréetorEeda o, ¥afflower

combiiESARR AL QMG Die00r G, 21l APPSR Ol WSAIR AYERBS being
propylene glycol; polyols such as glycerin, sorbitol, mannitol and 30

used tofappbaAEagRREIcREes (s s et yratition o distast paieattr Gifar;
regard RHIGHDA 060 Y SUADER ﬁ?ﬂ&ﬁﬁé&&&&ﬁ%&ﬁ?&%ﬁﬁ‘%&'%ﬂﬁ%&%ﬂé@éigﬁ

alginicacid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl

- adminigfesionl ipRedpride sifreioss efignse ebibptdadae rhesnarortiotetvoles

Additiﬁn@ﬂf}%ﬁ@ﬁ%@é@%%%x RieRelaN.9RRES akctbhamindosaeBbeos aRd

ydrofluorocarbons; and other non-toxic comkﬁgtible substances

examplemHEYeEHY pRaF 4e 8RRl 08 imPYShSH STHEY g plfatige Hjustration,
conver#RMNASHHANSR R AANRIRY QR AR BICEIY HR DA : Db, A Bekals ibviamd ctice

e L SR e
H.C. Ahfecestapnaimeesired] e ieswbingsuninmly Diemdes Spxke TaRdiRa,
iSRRG B s bl cancrs,cartdes
Representative examples of materials that can serve as pharmaceutically accepiable
carriers include, but are not limited to, the following: sugars such as lactose, glucose and
sucrose; starches such as corn starch and potato starch; cellulose and its derivatives such as
sodium carboxymethy! cellulose, ethyl cellulose and cellulose acetate; powdered
tragacanth; malt; gelatin; tale; excipients such as cocoa butter and suppository waxes; oils
such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean
oil; glycols such as propylene glycol; polyols such as glycerin, sorbitol, mannitol and
polyethylene glycol; esters such as cthyl oleate and ethyl laurate; agar; buffering agents
such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water;

isotonic saline; Ringer’s solution; ethyl alcohol; phosphate buffer solutions; compressed
-15-



10

15

20

25

30

and equipment. In one embodiment, the pharmaceutical compositions of
the invention are suitable 10 for inhaled administration. Suitable
W&Q&{m%tical compositions for inhaled administration W”'Mﬁ}%@ﬁﬂ%d&m
the form of an aerosol or a powder. Such compositions are génerally
administered using well-known delivery devices such as a nebulizer
inhaler, a metered-dose inhaler (MDI), a dry powder inhaler, (DPI) ora .
propel L par SR AP AL RS SRR ABER P%ﬁ?@ﬁh@i@%ﬁ&ﬁ?{) figr-toxic
compaABRS BGeHticAhApIBRASIHPN R scomprisingipesariive agent is
adminjstered by inhalation using a nebulizer inhaler.. Sych nebuljzer
AR 4 e PR B G VO SERp RIP PR e e
thorouphBr MdGetitiealcampagitobleadiyy istignimad bfehadanittcsprath as a
' mist thaf is car&i%i into,the patient's resgiratt.orly #ract. dAlccg)rdi?gQ/, when .
pharmpeaiGay FePiRES SRR BTt 28 MHAREY, He4E i\llrég%egeer?t i yplgaeﬁ§/awo
desired]igsolvadtinpaisifttahle drrried taifame aasdhutiobe S tabiledebinlic esblets,

devices are commercially available, for,example, by PART ¢ m%H
ool A SBiian) BT HEBLTs & deuTc AL L Regp A, Procedres
and eq(ly@ebxinger Ingelheim) and those described, for example, in U.S. Patent

. 6,123,068 to Llayd et al. and. WO 97/12687 (Eicher 1), t .
[ ar bl
R et dha B B SR GRRRL HELELRldn I8 cuitable
for inhaedadmpresiertiative pitehinpbampabonhpositiositions e inkalnébulizer

admin{'s"t'i‘?é% &‘ig@ﬁgi?%ﬁﬁﬁé} %H%%?i:f? %Ml?&ef&%l%%?%@& ) a0yt 8,R98{5ak

to about 1 a crystalline compoun rmula | or a

are gemhaliphadainsaisdastepreddsowatictivers gt viswrinckatoathidizertndaler, a

metermgqﬂﬁgwnai&?E}%r Inane aseraiment: theiameedsvice.

formulation has a pH in the range of from about 4 to 6. In a particular

elnBonviEacTre Goerrddhe forentinidieiRlsumersatitMrereititfer to
compr&iBEﬁQM%elﬂ ANRIRGGASKICY P RMRCH RGN o the-REHS M aler. Such

formulation contains from about 0.1 mg/mL to about 1.0 mg/mL free base
nebuliggqfodiesstyprpibriagnoe basanschaehor slesily airshas asupse iisiperidin-|

phamé%@u‘é‘é@ g&gﬁégg%%ﬁ JM&@QO&@@Q&%& to spray as a mist that is carried
] ylmethyl)benzoylmethylamino}ethyl) piperidin-4-yl ester. In another
into f@ﬁ@éﬁ%'éﬁmﬂ%'ﬁ&w@m@iﬁ ,Wﬁ@bﬁmﬁ%%{%ﬂ%ﬁaghﬁ%w

inhalcC ARRIANGL NGBS AU il AN Hisieraanly IRhalalif S D g0t .
Such DPIs typically administer the active ag?%nt as a free-flowing powder

Suitabfg JeRursp AFYAPIRTS FAtEMS A B EHeRlf dRf PRI T to
(StarnB&RievaR dree dawinghowdaletheHetivalagerpis aypicaliidesnHiaiesin)
and thote desorbol ot orample, 38 U1 Patens No. 5,193,068 bo Lioye ot 31 and WO
97/12687 (Bicher et al.), the disclosures of which are incorporated herein by reference in
their entirety .

A representative pharmaceutical composition for use in a nebulizer inhaler
comprises an agueous solution comprising from about 0.05 pg/ml to about 10 mg/ml of a
crystalline compound of formula I or a pharmaceutically acceptable solvate thereof. In one
embodiment, the aqueous formulation is isotonic. In one embodiment, the aqueous
formulation has a pH in the range of from about 4 to 6. In a particular embodiment, the
aqueous formulation is buffered With citrate buffer to a pH of about 5. In another particular -
embodiment, the aqueous formulation contains from about 0.1 mg/mL to about 1.0 mg/mL
free base equivalents of biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-carbamoylpiperidin-1-
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common method of reducing crystal size to that suitable for pulmonary
delivery. Typically, the active agent is micronized and combined with a

W@gmg}]gpf&rrier to form a suspension of micronized particleﬁ,%]&sﬁi@% ”»

size, where "micronized particles” or "micronized form" 10 means at leas
about 90% of the particles have a diameter of less than about 10 m. Other
methods of reducing particle size, may also be used such as fine milling,

yimethyhsepapd Ine iRy R hsie skt &8%ig, trituration, pulverization,
&ﬁ@ﬁ&ﬂ@ﬂi&e@iﬁ%ﬁiﬂ)@&iiﬁ@ﬂd?ﬂ@dxﬁ@fﬂ@iﬁfﬂié@mﬁlﬁ&ﬂﬁﬁajBeﬂzpésitican
representative pharmaceutical compasition for use in a DPI co ises, dr.
comprigine s atERARRY & ALTHEISIRioR Betthedi ot Al S
adminigfed thy GkaiZ egepdtiel 6soflawtngsiatling campalinskrefdaimulaisnty &r-
___pharmaceutically acceptable olvateléher of..Such dr¥ powder .
stroam ko HOHE AR dH RS RO B oD CHRB RIS e TR AL ARER e
typicalacthrmaient eihl dhahatity blemdingsihd aompiosedtstaAltieriditrehization is a
comm{gelsﬂg%% dtg?rggtiv,e a ertwtlcan e ortmu%altﬁd I)NithOth an ex(fipient. e. 1
pharmaceuticar Composition s then 20 tpicany foaded Iftoca afy powaer
the actilispgases, mickotozethatdtimmbartddgitis oswtbde lesier tusewidlsesinsion of

, owder.delivery device. Examples of DPI delivery devices.include 1
microrfied pRACTes BYCSpDTe 26 Whets Bcronzed paticles' 62 g otfzed
means Roleut Monb036E3letpaNmive hetad. jiiDiskerso{ Blaxb8mithidliHepseeOther

.a. .Pa 0..6.378,519 to Davies et al.}: Turuhaley 25 .
methofs Sr b RO MR 0 10 DRM S 2 dnl WRNE S e
crushingegtendiing, Ritalsatero@lagoSmitiidinebeeizetipy, Wi sodteth Ndong as the
desiredt %ﬁ?’cﬁ%z&ocﬁ?@é!v@cﬁﬁr_@dal') and Handihaler (Boehringer Ingelheim).

rther examples of swtal@le DPI devices are described in U.S. Patent
NbiBesasatee paasperistltoBpretign i iarsDEh 405 pisss toy lertose

having 2 FARHARY 5! RewABH IRIGIANGESAESHHNEIEN AN AISERSHIES SiiRes of a

aforementioned 30 patents are incorporated herein by reference in their

crystal Bptireprmye e ATl dpeiciizhemiBs e srogse e sabataHisreof. Such

a dry pRRRIPALRIIS nCAPORILAR GareRLEINg %}%@ﬁﬁ%ﬁiﬁ%ﬁ% Isadanisiaed
by inhalation using an MDI, -17 WO 2006/099165 PCT/US2006/008644

active gedrRddeadibimdiae e FRERsURa arbitmebT ehe Hdpuldin astiye
agent dMYOTBREHTICAIV iACES @%péa&@;f@ls@ M3RIYARRARIRIEAISOMSISIHERaOTSINg
C

. compressed propellant gas. Accordingly, pharmaceutical compositions
typicalbloqrretértua imposrd s BSRFBReaI9L dBn Brhadaioa neriafest QUueHsHi® FPBI
use with@ agiivewrueatinaJiguglied propellant. Any suitable liquefied 5

propellant m}a%be employed including chlorofluorocarbons such as

ceaspleg g DPI delivery devices include Diskhaler (GlaxoSmithKline, Research
Triangle Park, NC,; see, e.g., U.S. Patent No. 5,035,237 to Newell et al.); Diskus
(GlaxoSmithKline; see, e.g., U.S. Patent No. 6,378,519 1o Davies et al.); Turbuhaler
(AstraZeneca, Wilmington, DE; see, e.g., U.S. Patent No. 4,524,769 to Wetterlin);
Rotahaler (GlaxoSmitﬁKIi.ne; see, e.g., U.S, Patent No. 4,353,365 to Hallworth et al.) and
Handihaler (Boehringer Ingelheim). Further examples of suitable DPI devices are
described in U.S. Patent Nos. 5,415,162 to Casper et al., 5,239,993 to Evans, and 5,715,810
to Armstrong et al., and references cited therein. The disclosures of the aforementioned
patents are incorporated herein by reference in their entirety.

In yet another specific embodiment of the invention, the pharmaceutical
composition comprising the active agent is administered by inhalation using an MDI,
-17-
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hydrofluoroalkanes (HEAS) such as 1,1,1,2-tetrafluoroethane (FIFA 134a)
and 1,1,1 ,2,3,3,3-heptafluoro-n-propane, (HFA 227). Due to concerns

wabRidlghlgrofluorocarbons affecting the ozone layer, formu '9%2006/008644
containing HFAs are generally preferred. Additional optional components

of HFA formulations include co-solvents such 10 as ethanol or pentane,

. and surfactants such as sorbitan trioleate, qleic acid, Iecitgai[%,%and .
which typealhiissbarges LRSAHIE? BrSUBRIE NG EAE NS P PATFRIRIEel,
acceptabiB ARLIBK AL of MinaeisetacMiting nthilenutaetssihpréieinpary), and

WO 92/22286 (Minnesota Mining, and Manufacturin mpany, the .
ccorc DR BT HNA PG el Er et o e AL B A SR

solutionl &r Aukpprereriativespties maoe iiealefpbsitipalfar ugemjrsaitable liquefied
metered-dose, inhaler . comprises from about 0.01.to 5% weight of a
prop e A EOTHBE AL S IBAOIET B TR ATEL Ty B Thabl
hydroflsolvatietes (EBfARMcAbO Ut ) 110284 lmprwetightegfiBACI 3dakrfidom about 0
5% by, weight surfactant; wi r inder bein FA propellant.

1’1’1’2’%’6 ﬂ%:e ﬁ%%g‘f{ﬁgﬁgfg%l %%%%%Ir}g%&:@pg[r%ﬁ Ejycggcci%%gﬁ)i Fll;d or pressurized
chiorofROdoyeiafhsorfatkap o suitapie, comainbreomtatainggidtdstive ag@mnlly
prefen%i%%tﬁgt&??%ﬁ%gaﬁ&% o%él%f %?ﬁﬁh( kfogl{'gﬁgﬁ%sﬁﬂoﬁﬁg @& Bivents such

|
ension, active agent is micronized ¢ en .com“bined. vv_lth the
as ethapyopederiend redonmiatition jsdhensohted tincdeate.aueisatidalsistain, wisich
{0808 g pution.of 1663958 NBAIRE euiGe B XAEPIeH el 7987 A2
glycem}he%%ﬁg?&gg%})ﬂ%,aﬁgg ev%g(;g%:leﬂelobed specifically for use with HFA

(Minnepptpiiaing zue Mesefistuing OSuPames Ke262068 A5 awmirddiqing
and Mﬁﬁ%@éﬁ%%&%ﬁ LS oAl BE Rl SSRRRSIAN KRR biAtion

can be prepare spray drying a coating of surfactant on micronized
referenpritidhes GfHsyactive agent. See, for example, WO 99/53901 (Glaxo

RrEUR LI AR WO QAL OB AN R 1P R th b TR disclsurasief the

aforementioned patents and publications are incorporated herein by

compripaseramcebimt It Enfitedy 3oiebh daunwiaiiassompravet pfdemaeiad g |

pharmRERRRKNGKRSRiEBRIe RRMiCES BN o aHdatio RS AN sievispasiliate daa
inhalation dosing see U.S. Patent Nos. 6,268,533 to Gagp et al., 5,983,956
from alygut Rofa st 1Eigh LSt sy naibithe F%IHH@EEH,M%W@@F .18

088469 PCTHRTZPRAEGAhdat: 2pE L PPeRER(Glaxo
Group Lt %?and WO 00/30614 (AstraZeneca AB); the discloslugﬁs of

hydroflypreicne iRcbPBtTate AMEHERT BYPaRRMEn S RPHNGIPRsRiralyaIA S Btives )
and theMIRHRER pteephamaasestical ARMPERIHONS atfRe ipveriieniatized and
then copyace i Toe paceasy A o Bhendoaded s A Berore? SentRler,
which forms a portion of a metered-dose inhaler device. Examples of metered-dose inhaler
devices developed specifically for use with HFA propellants are described in U.S, Patent
Nos. 6,006,745 to Marecki and 6,143,277 to Ashurst et al. Alternatively, a suspension
formulation can be prepéred by spray drying a coating of surfactant on micronized particles
of the active agent. See, for example, WO 99/53901 (Glaxo Group Lid.) and WO
00/61108 (Glaxo Group Ltd.). The disclosures of the aforementioned patents and
publications are incorporated herein by reference in their entirety.

For additional examples of processes of preparing respirable particles, and
formulations and devices suitable for inhalation dosing see 1.S. Patent Nos. 6,268,533 to
Gao et al., 5,983,956 to Trofast; 5,874,063 to Briggner et al.; and 6,221,398 to Jakupovie et
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5 administration may be in the form of capsules, tablets, pills, lozenges,
cachets, dragees, powders, granules; or as a solution or a suspension in

- QO?@H&% or non-aqueou.slllqwd; or as an 0|I-|p-water or water-in-oil
ﬁqw emulsion; or as an elixir or syrup; and the like; each (\:%%Fé{ﬂ#%é}é po8644
predetermined amount of a salt of the invention as an active ingredient.
The pharmaceutical composition maybe &ggka ed in a unit dosage form.

al.; and Y VR TAIE{Bec o Erap Addninigratid it gBaggeerarBl dicas
disclosGARIH %m&ggi%tﬁmgpﬂ)%ﬁ% tﬂﬁ'éﬁﬁ@y tbe RRatmegrutigalegmpositions of

the invention will typically comprise a crystalline compound of the present

iFvarriber S hed Eem s graaTE AT HHa b FemBP e RS AP Hesttieamye

suitabl2SSERAREAHRISBUGhL Ao dimGHERIR A dsRIsiumnPRRSRARAtE.
Optionally or alternatively, such solid dosage forms may also comprise:

adminifjfaiion B1gt Rie Ml ehcaRsulat b fabilise ERASECHITED SE285S,
powdefﬁ,@%@hs@ﬂf?é@_@%ﬁﬁﬂﬁ@ﬁ&:;a bﬂagl%rﬁﬁuﬁha@&qaéb@%mﬁiﬂm bilosGuid; or
ginates, gelatin, polyvinyl pyrrolidone, sucrose, and/or acacia; . ..

o5 an o ARSEARH L BAUR- LS P NG AR RS LTS s gl cach

contaifGafCiiffedhonademaiate i lapiotthsiarchtialgisiarnaidyeattridisiicaras,
and/or sodium carbonate; so utiona‘retardlngﬁa ents such as paraffin;

pharm%cﬁgg(fﬁ TP ROSHSPATEIE LA’ %gaué‘i‘earﬁﬁlrb O &mimiohium compounds;
igtingagelrtsbrictebaledhikaitamchand/id dtyegrofomoiios;earatesules,

_ ahsorbents suych gs kaolin and/or bentonite. clay; lubricants. such,as tal
aets T R SaTAS, TR Rt R Sy T R A St
comprisauytrgutifibe: eomponnd xifitespterers afveotaning dgentsyangipditatimgl one
or mora§%gzt1%a§e%lt?aﬁle agentey Welling a9eniS GOaing SASNIS: @%gﬂﬁﬂ'“g’

fi voring and perfummg 25 agents, preservatives and an ioxidants can
phosplaigo Optimedbntinithephaimaccutichdl dormpositinnsief tecinveptioe:. fillers

f ti include: ..
or e e cuioh e A A Gt Nl i

bindersedibes Giduifstestbylteimlinsetakisuifetezsbdinmauifitylandrehiddile sucrose
il- ioxidant . asg! i I .
and/or %}%ﬁ’%ﬁ?ﬁ%ﬁgﬂc}ﬁﬁ&%ﬁut 251: A% R{%Bﬂ%é@g?s By :%I?igar_—agar, calcium

ated hydroxytoluene (BHT), 30 [&cithin, propy!
carbongtal arsatgl phteninsestrardl, Aaatitheciikecdng mbcatashatdipipedjernsaberates

solutiof Uéﬁaﬁﬁ}% a%%ﬁfgeéﬁ%ﬂ iwﬁ%ﬁﬁf%gsﬂﬁi@ﬁ ik (BT A SRR qﬁf@ﬁiﬁfeid '
phosphoric "acid, and the like. Coating agents for tablets, capsules, pills
AmMmOBHE fesIIABNE bR aser Forch 9svirty boshodeudlgr glycerol monostearate;

absorbEftsIdhER200600080 44, YRl LOGHPIRHHCh RS Sl IHIQsR AGEIRLG Blihalate
(CAP), polyvn%igl acetate phthalate (PVAP), hydroxypropyl methylcellulose

magnesiR S5t Al hEigny ey rediery lautsl seHpShARE R, BEIEE e
thereogc&;gﬁﬂéigg@ﬂ{g@tﬁlg%@ﬁ%@@ﬂgnethyl ethyl cellulose (CMEC),

Release agents, wetting agents, coating agents, sweetening, flavoring and perfuming

agents, preservatives and antioxidants can also be present in the pharmaceutical ‘
compositions of the invention. Examples of pharmaceutically acceptable antioxidants
include: water-soluble antioxidants such as ascorbic acid, cysteine hydrochloride, sodium
bisulfate, sodium metabisulfate sodium sulfite and the like; oil-soluble antioxidants such as
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
lecithin, propyl gallate, alpha-tocopherol, and the like; and metal-chelating agents such as
citric acid, ethylenediarnine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric
acid, and the like. Coating agents for tablets, capsules, pills and like, include those used for
-19-
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hydroxypropyl methyl cellulose acetate succinate (HPMCAS), and the like.

5 If desired, the pharmaceutical compositions of the invention may also be
w(f)of &}%;ﬁgs to provide slow or controlled release of the actlye naredient

uspr?g, y way of example, hydroxypropyl methyl cellulose it \é/g y?ﬁg%/ﬂi}%ét&
proportions; or other polymer matrices, liposomes and/or microspheres.

In-addition, the pharmaceutical compositions of the invention ma

enteric GpAGRASHISLD st BRSHRIMBbREAG (&}%Phaaylwéiw}ﬁﬂﬂ@iéef&éaéﬂ%ﬁ
EVAH %&&%ﬁ%ﬁﬁp‘h@rﬁﬂ@i@eﬁﬂﬂ@g ISRt AR, AERERISIRNIN Y BnAERIABId ester

portion of the gastrointestinal tract, optionally, in a delayed manner.

copolypmssinfsikdese apmiie Himy LR Ostidhs hterasihye et getideigd CMEC),

hydroxPRRReHEEHPSIANGRS Athwaxesinkhaaeive Agredieni-aan also be in
micro-encapsulated form, if appropriate, with one or more of t

; / e
B e £ SV e STy T RS (O 8 W@%Wv%ﬁamlafed
to prov@iRigisthationintiddeichy washe hiltusd iatieniicphasmacsriieslbf aceeptable
emulsions, micrgemulsions, solutions, suspensions, s rug‘? and elixirs.

hydro xRt Y b RS R AR IR RSB RS H RO R SABH i an

liposodftgrindibiemicrisphass. for example, water or other solvents, solubilizing

ents.and emylsifiers such as ethyl alcohaql, isoprapy! alcohol, ethyl

T R e I S i st v
contairgbyeolfiii betyle maighrsdie dilsntebpet il theoltop selease droactiritgodignt

erm, olive, castor and sesame qi lycerol, tetrahydrofuryl alcohgl
only, oL 5 By L P e PP g, 2
delayedhepeotr SHspepkionbenihaiddigomtoptiséiactvehing ediba i sehipdodein

suspending agents such-as, for example, ethoxylated isostearyl al 54
Pty S R B R
form, ifhppiopmatem etidh pdeoxiderbehtbritbougdesgdrcdacipageisanth, and

'E(jﬁ%?esﬂ éaeé? S%%%o%ﬁﬁ%mg?af%ﬂﬁ%ﬂgﬁo% dg%’,gﬁ{}&gf&’]@dﬁa%m

aaminister tran ermq Yy usmg I’]OWY] trans e(m ysystems
pharmanedtedipreneytably exulvipts, mssespousidnst stletinvemuepeesiasesyrups and

elixirs.agggfl( M’&%@%@‘Bﬁﬂ@%Mﬁ?%%&ﬁﬁ%%ﬁ%@éa@%%@@d@éﬂ%ﬁd%% inert

polyethylene glycol mondlaurate, azacyoloalkan-2-ones and the like, and

diluentmuehisorfeeaxempla patencooSiirl celscigieieng sesalt éﬂéﬁé&%@ﬁéﬁ@ﬁs
such aéw 'zﬁgoggﬂ'ﬁg;ﬁgfﬁtﬁccﬁf@y lét!ﬂﬁréamg’déﬁ&{ 1 DAY REBSET AN

transdennal compositions if desired. -20 WO 2006/099165
benzylperpratrposidoseiicathb tRstdnnretsvhotntsetoibisotatestan

B
polyethylene glycols and faity acid esters of sorbitan, and mixfures thereof. Suspensions,
in addition to the active ingredient, may contain suspending agents such as, for example,
ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline celhllésea aluminum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.

The crystalline compounds of the invention can also be administered transdermally
using known transdermal delivery systems and excipients. For example, a compound of
the invention can be admixed with permeation enhancers such as propylene glycol,
polyethylene glycol monolaurate, azacycloalkan-2-ones and the like, and incorporated into

a patch or similar delivery system. Additional excipients including gelling agents,

emulsifiers and buffers, may be used in such transdermal compositions if desired.
20~
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combined with one or more of these secondary agents, either formulated
together (e.g., packaged together in a single formulation) or formulated

wSShRRsls(e.9., packaged as 5 separate unit dosage forms},d\flﬁmg&(}%ﬁ 44

formulating multiple agents together in the same formulation or in
separate unit dosage forms, are well known in the art. The additional

therapeutic, agent(s) can be selected from other bronchodilators.(e.q.,
EB%Wﬁ%ﬁs@%miﬂ%%waﬁw@ i wga%ﬁ@egs@?s&%&m
therapcRGIQISER)s amtitsi favimatarhagent(@igssaisinidatanpeinftaefhatmmention
. agents such as corticgsteroids; non 10 steraojdal anti-inflammator ents
corb QT B AP A TSRy bR I TR B RA s
packagfidelo gitiahilolingigic agentsjpantirfiectivieted easritely (GraprgositiVes and
Gram negatiyve antibjotics or antivirals), antihistamines: protease
separs T R TS LAS (o L158 U et SR e same
formulatiod aiorsp Eneyndrticsige fmbgdimerntidfitheinwghtiert.is directed to a

mpaQsition caomprising 15 (a).a rmaceutically agc carri
LR ARl s R AP e SRR e
PDE; iohivitors)adgamth@@banpiiatamaseuticdligdavceplabtecparrigosints Ja anti-
. therapeutically effectiv U ' clal. ant-
i RSN . SN T AU e BRI Pl
steroidabyoisty@amhotphiogiattéNsslBh itk S By bt aoberthwasefinic
rcceptowgf?{%&ﬁgﬁ ﬁp@] QRH&HO%EBEI@QQ@E{%)', %ﬂ%ﬂf@cﬁ%@ Qéé'ﬁ@ Q.EI' ositive

together or separately. In another embodiment, (b) iS a pharmaceutically
and Gragceqsalite seihistisnor anHerajouveaiplemienniteumiebititoss and
afferen? DI6AGIIFIECBR U ABQNISHARA, BiSig oAk aRtpflammatory agent. The

secondary agents can be used in the form of pharmaceutically acceptable

<ans prrtisneiegibad e ibsAarantion éptieanirdbine coBIBRIENASAIPESING
(a) 2 pRRCRRSRRLAIVE I3 AHIEBRIAIF JRPERIREAIRRIRISBALGRA REMERGIN

combination with crystalline compounds of the invention include, but are

crystallipg fiprmcef be sammeradpf Smmiamh snddhhsRiramestiiiselly seottithiiol,
carrier IBUIBING AT HR OO tAHHEt BTRiRRERIR IRNchitRiarok: alskialaneh-

levalbuterol and the like ?ﬁrﬁgharmaceutically acceptable salts thereof.

inflam )iy B CRSHERTS o R SdFRIEERIR TSRS RRISEE, but 30

phosplRV@ Redrtisleikehitor; or a combination thereof; wherein the compound of formula
3-(4-{[6-({(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxymeth I)-_phenyd]ﬁethyl}
Tand %%%tﬁ@%m%&m&%ﬁésa ehhid aotPsr calptimesg) B isa

pharm LAY dd-Hyabymdhysiaynapemiohienyreihvtimasumoheplyl] oxy}

-21 WO 2006/099165 PCT/US2006/008644 propyl)bengenesulfognamide
oy EABRER CERSLAPLE HESESHI T O OB AB S IR oeomdiy s

can be used in the form of pharmaceutically acceptable salts or solvates, and if appropriate,
as optically pure stereoisomers. ‘

Representative B, adrenergic receptor agonists that can be used in combination with
crystalline compounds of the invention include, but are not limited to, salmeterol,
saJbutamol, formoterol, salmefamol, fenoterol, terbutaline, albuterol, isoetharine,
metaproterenol, bitolterol, pirbuterol, levalbuterol and the like, or pharmaceutically
acceptable salts thereof, Other B, adrenergic receptor agonists that can be used include, but
are not limited to, 3-(4-{[6-({(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)-
phenyl]ethyl} amino)-hexylJoxy}butyl)benzenesulfonamide and 3-(-3-{[7-({(2R)-2-
hydroxy-2~[4-hydroxy-3-(hydroxymethylphenyl]ethyl} -amino)heptyljoxy} -
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Group Ltd.);
3-[3-(4-{[6-([(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyl]ethyl}

wRhiRRIgxyloxy}toutyl)-phenyl]imidazolidine-2,4-dione and %2006/008644
compounds described in WO 02/070490 (Glaxo Group Ltd.);

3-(4-{[6-({(2R)-2-[3-(formylamino)-4 5

SR e R R

Group H@W@)W@JIWIWW)Z‘ henzepasiuinp@miges-(hydroxymethyl)phenyljethyl}

S R SR L R A L
in WO Oﬁmw@iﬂiﬂﬁgﬂﬂﬂm@%@ B&;}G;gi@ﬁ'ﬁ@ﬁd]ﬂwfﬂwxymw})) -4-
e BRI Sty

({(28)- ﬂhwﬁmmwwmbembmmmmm]oxy}butyi)
rt-bu
R o T oD D

hydroxgaihiyi ?Mnybh@xymwmghmmmmnﬂ fetonbetzbragdults

e B e ampoena-ppd o)

benzenbgldf@)@etﬁgsl}l@(éhydmﬁ@!hﬁefﬁyﬂ éﬁé@)%r&f@f@ﬂmﬁ@mhﬁ@&

2R i o
({(QR/SIQ)E@(f?ﬂm&WEn@"fbh?ﬁﬁﬁmﬁﬂﬂﬁ AMRERd related

oxy} bu@?ﬂ@%@&l@&?&%%ﬁ Higefdd m}:ﬁﬂﬂd@éz&g o3IO WOBNRLe3

henyl-4-methoxy phenyl)aminophenyl]ethyl) .
(Glaxo Gryup-hidH oky ARy trdRytE e FTREA LY obmp e -1-

hydroxﬁfé%ﬁiffﬁf é@ﬁﬁﬂ &) SaRateH NN AR33R3:mMaan et
utica y accC

al.; ‘and pharmace table salts thereof InaE articular

03/02443 A5 GaFR ORI (92 A Eéﬁr&ysﬁw& greigdmipo)phenyljethyl}

(R)-Q- W@@%ﬁﬂ%ﬁ@ﬁq{ﬂr&%ﬂﬁt& HR)Athya@y and related compounds
hen lethylamino) [lethyl}-(R)-2-h dro 2- (z mamido-4-h drox
descnb?ﬁp - B ﬁ;lwf?n 5\7\% éﬁ%%ﬂdt éd% i tor g‘ﬁg}‘ﬁ F will

phenylﬁ?faﬁf@ﬁwwhﬂ %@mrm?m@ync[g Z(aﬁ-ﬁwmmgmmqaﬁmmempuy

effective amount. Typically, the 231 orec &é)
cthy e T PBENPRTAGERPRS oo RS 8353%%3% BredFyhetk
and ph&%@eﬁh@ﬂjs&l@%m%tﬁalﬁemmIpﬁl@dm&teﬁisoﬂmdauhhe@Eons are

incorporated herein by reference. in their re nt teroidal
eSO 1 O el e e e e g
2 phengtyﬁiﬁummsmgmm@gtmmmmammuﬂanbmhmemgﬁmmmbm)

meth rednisolo olone, d xameth sane qutlca%om?h
ethyiaz:B%eplo B eé‘&’b’g’%%ﬁ% afgeaﬁgercu T Fgoms wili Be present in the
pharmwhmayt)@npbélﬁ(ﬁrhydmhxgaﬁéﬁmmylyfﬁeﬁxeambmﬁ}@admyem@& -22
adr eno}/gcce)p oroa%/gzggtm%i e(:: gr/e%%%?r? g}éoa(.)ﬁgéﬁ sufficient to provide from about 0.05
g to 500 pg per dose. The disclosures of the aforementioned patents and publications are
incoriaorated herein by reference in their entirety.

Representative steroidal anti-inflammatory agents that can be used in combination
with crystalline compounds of the invention include, but are not limited to, methyl
prednisolone, prednisolone, dexamethasone, fluticasone propionate, 6¢,90-~difluoro-17a-
[(2-furanyl carbonyl)oxy]-11B-hydroxy-16a-methyl-3-oxoandrosta-1,4-diene-17p-
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carbothioic acid S-fluoromethyl ester,
6a,9a-difluoro-11(3-hydroxy-16a-methyl-3-oxo-17a-

W@E@&gﬂgﬂgg(y-androsta—1,4-diene-17(3-carbothioic acid POT
S-(2-oxo-tetrahydrofirran-3S-yl) ester, beclomethasone ester égsgz?,o%ﬂe%ﬁ“

17-propionate ester or the 17,21 -dipropionate ester), budesonide,
flunisolide, mometasone esters (e %é)the furoﬂe;é{e%?s‘}fée%triamcinolone im

carbothyelsrpiftss THEBbHI Lo Riebrae Btk ddoF GBI ORRY
propim@r-fmll}z@rﬂﬁﬂ;d rt:il@,éﬂilﬂfégéflﬂlﬁ&ﬁﬂ%ﬁﬁiﬂi@aﬂiﬁ&G@-@B&b}eﬁ@&ﬂﬂrﬂfﬁfﬁﬂﬁShﬂrm)?n
employed, the steroidal anti- inflammatory agent wi present in the
ester, SR RO P4 RSB SRR e g TR i
budesoaftié;inflavnatoicageniondlcbep esentiie farvam ostat), stiffictemiltmeprovide
from about,.05.q to 500 g per dose. 10. An ex I ination i
scetoni . SRR B G T A o A e b e e
like, orqshadminisierég wittpsdinetbsdhasdfie {3Rndmeplongid, fheefstoidad ouist,
. and fluticaso ropionate as the stergidal anti-inflamy: r .
e et ta ek S e TS .
amounforfypleallpy tholstatei fabaetifirdteradniimisterad willba prgstdllimen amount

. monaohydrochlaride salt @i N- {2-[4-((R)-2- oxy-2 15
SUfﬁCI% Pé%g%?ﬁy?a%)ﬁo% uzr?y?]%eﬁﬁ/%- g%éﬁ%%-(s-fomamidoA-hydroxyp
HemyReratherta coimbinatitrei R2 caviieHire teprorfdbp pimopaned of formula I or
solvate%&?@c;g'éug%ﬁnﬁﬁ[x@[% %ﬁﬁé@?@l\@s the B, adrenergic receptor agonist, and
roxy-l6a-met

oxy|-11(3-hy iethyl-3-oxoandrosta-1,4-diene-17(3-carbothioic
fluticaspwielrgeifiontsmethy sesedd d sutidrilepoaipandcifiafineibernsuepleras

combi%%&&ﬂiégey}gstgﬁﬁé%&g%eﬁhgmwa&mp&%}%f&9@%5@%@@@%@% 20

ther suitable combinations include, for example, other anti-inflammatory
adminigegeastayith g criesimsnenyhebanieids sroghf it HetEordmndsetivn,
. & APRE)InRibitars. fuye! lline BRE
phénﬂ%%%%@%glﬁ(%ﬁéég% %%?gﬁ%rs); Ieulggjtriene g%%go%gts

ethylamdng a5 elediRATyCHRHBRERPRISH Bk OHAME I ERm9ekTe, ik aminathas)
oxy]-1 PERSARR-IOTIRItRES USRS A4 NRIARA And SlavtAsedibias heta-2

integrin 25 antagonists and adenosine receptor agonists or antagonists

fluorometyyl sefenasihe g ats ISR BAEEbrs ¢ d 200Tan TR agents

can be IBIAURNABSHIERAS, sdpataterieukin antibody (all, antibody), specifically,
an all-4 therapy, an (AL-13 therapy, or a combination thereof); or
it SR Bt e FRIRHBSEpRESE IR ﬁ}&&!ﬂé&@%ﬁ%ﬁh@&@f@?&%ﬁgm&
e.g., NEADBA)cinhikitansQi-onieet DR aiBskA30sihibitciad babgad diesused in

S T e T
leukotG¥EioRERNkSAEN0 X ihatitkast); inhibitors of leukotriene synthesis; INOS
nhibitore e b itors  at b R B2 bt 2 integrin
antagonists and adenosine receptor agonists or antagonists (e.g., adenosine 2a agonists);
cytokine antagonists (e.g., chemokine antagonists such as, an interleukin antibody (alL
antibody), specifically, an all~4 therapy, an oIL~13 therapy, or a combination thereof); or
inhibitors of cytokine synthesis.

Representative phosphodiesterase-4 (PDE4) inhibitors or mixed PDE3/PDE4
inhibitors that can be used in combination with the crystalline compounds of the invention
include, but are not limited to ¢is 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)
cyclohexan-1-carboxylic acid, 2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-
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WO 2006/099165 PCTIUS2006/008644
difluoromethoxyphenyl)cyclohexan-1-one;

wé& Rikdosagao-4-(3-cyclopropylmethoxy-4- PCT/US2006/008644
difluoromethoxyphenyl)cyclohexan-1-ol];

cis-4-cyan-4-[3-(cyclopentyloxy)-4-

1 methox nyllcyclohexane-1-carboxylic acid and the like, or
it R A S A reaA ot FeRERRS BB or
difluoneinethPREMBDESR nthibitoisdlickidd-AYiEd 5 1 2-2821 (g x NES-613

. P-4418 (Chirasciepce and ering-Ploygh); CI- 1018 or

e e o At e maL BB ) 7l
salts thespowaOthakiap)ercBatitaREd akikazAPDE2IADENapibiicefmlidsta WD-

i - : | i can .described i 99/47705 .
s O e S Mol e .

ol
1018 wmémﬂﬁ?d@ﬁmm@wmwmﬁmmﬁﬁe@mwm (Kyowa
HM@W@Q%Wa%&%%M&@?%%%&@; tgﬁglg%%ig%eéyg%?uﬁg 2}?%8511 inone

antagonists (i.e., anticholinergic age in combination

compeirHEseriptinn QaRbELIId Bk thelinmniumifaittie, Giyketeidon)noited
Altand§, AUQRING (AIFRAMEPsHHAG AL FW?S%W@’&%‘ %lgmr%%?ggz %mgﬁﬁfmabe

homatrg{ﬁine hydrobromide, hyoscyamine (d, mide,

Seiyalggs g ﬁ@ﬁi@é‘ﬁ&%ﬂ’é}l}praﬂopium 15 bromide, oxitropium bromide,
tigpRism Aremile.Meibaneings @xgeaﬂmm&%?@y sPRHSCHARIDGsed

methyl bromide, clidinium bromide, copyrrolate (Robinul), isdpropamide

in comaRAROMEE AR AR feB e Ré g iENRTigE fltopare not limited

to, atrbyseCyebiim: SHERY|sHIRIR. 6%@_@%@%%%}%95%&&&%&%@@“6'
trinexyphenidyl hydrochlaride, pirenzepine, telenzepine, AF-DX 116 and
bydro R AR (He KBTI Z o s ey Eepabidusattopivm

bromillepeRitfopludObifiaaR CRMBERANSIsHEgam Rl Al N antheline bromide,
ptable salt thereof. Representative antihistamines

. harmacggéi allyacce_ .
m"‘%@?}iﬁl? §f8% ReaRJHRIRLY Braptde senysedels (RoRiBmadwmimnenids
iodidecryspatiintacompatirdsiaiibeinyeationdociuge i aebeidimiied to,
meth Fm%reglamines ﬁ?f#cp g}s{ carpjngxamine maleate, clemastine fumarate,

YdiprenyThydPamme 2 RIS BN A Y Re AeRaaidy] hydrochloride,
pirenzyfens démiepmsuth-Byrdaminsc-amoieaisint prlennaraing Hiydrochloride
d tripelennamine citrate; allcylamings such as chlorpheniramine and
pharmttuich .X&C%?B%'ﬁg%i%%%a‘@%fé ggfh GBS ﬁ%ﬂﬁg}&%gch{ﬁr?&eﬁs Ryeio}isiRate
pharmpeswidaidy eyaitavdelsytirbentofide, cyclizine lactate, meclizine
chlaride. and cetirizine hydrochloride; piperidines such a .
B SRR S paiing B n e vsed in
combigkisparbtethosyysiadioguenterfedadiibednddeiafenddieethydroeblatidead to,
olasti rochloride:.and the like, or a pharmaceutically agceptable
th 1
A A
hydrooghlpsidecane divzannpdiesitabibyetetiarents such as pyrilamine amleate,

tripelennamine hydrochloride and tripelennamine citrate; alkylamines such as

chlorpheniramine and acrivastine; piperazines such as hydroxyzine hydrochloride,
hydroxyzine pamoate, cyclizine hydrochloride, cyclizine lactate, meclizine hydrochloride
and cetirizine hydrochloride; piperidines such as astemizole, levocabastine hydrochloride,
loratadine or its descarboethoxy analogue, terfenadine and fexofenadine hydrochloride;
azelastine hydrochloride; and the like, or a pharmaceutically acceptable salt thereof; or, for

those compounds listed as a salt, alternate pharmaceutically acceptable salt thereof.
-24-
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-24 WO 2006/099165 PCT/US2006/008644 Unless otherwise indicated,
exemplary suitable doses for the other therapeutic agents administered in

W%?gdl?lj@g{i‘%n with a crystalline compound of the invention ar%g]ﬁmg%{ﬁ%gg&“

out 0.05 g/day to 100 mg/day. The following formulations illustra
representative pharmaceutical compositions of 5 the invention, as well as

e lary methods.of preparation. One or more secqondayy agents can
oSO R ST ety SPGBt o R
agent( plimaistaectve ageriathitewitialyrtitel Bec oonhoiag eNtaésShoamnibe are in the

farmul eparately. and co- administered with the primary active agent,
range 80{%?%@%??3 @51 s?ﬂ/laargs%é%igﬁtially. For example, in one embodiment, a
sfﬁ@éé@@vﬁowﬂﬂn@mﬁw&ﬁﬁmmw bepresntifaet phaioddinaludespashithe of
me infDIBIAIAR,COMPQUIR SLUE Invention and one. or are secandary adents,
In-another embo |meﬁt, né TOrmulation IS manufactured 10 CONtain tha
can opdpysaditibe fovmidehw g the drpstaition amepsepdrefiéhédrmentitiorfsinane
i agtyred [ nt(s). h.dry powder )
% 1V:ef_orm%uﬁfati_ons cﬁﬁr?g%%t%%géﬁgég%g %@é’%%?”ﬁé%@ﬁ‘%g %aa%&’ and co
adminggipridigtiéhabopitimarsingie DRenesitsr $BrE ensplaly DrseRotaly. For
omUR T arAGMDISALoR BY | siAline
?X&mrgompound ofoth_e inv’entiorglq 1S micrc;.'#liﬁ%g? g%%%@rg t%é?rg)(?e]ﬁag\%%é E:r%f;oof
includp et EheissidrgeammRamE oS thednerittsardoacqelatindnbedadoy agents.

In anoBRUEBRTRGCONERISRINSLRTHINR AG- a0 minislarR dhuaing pQwder

inhaler. Exempfary Dry Powder Formulation For Administration By A Dry

compausabihmPaRT oD RSB aoR R as ity Tachund sy pentaitothe
secondAH0. 06T ONIER S S IRHE o cRMAMRL AT e IBY BRHIOR JREIVE, 38R EN er

lactose of 1:200. The powder is packed into a dry powder inhalation

packs gadpdministned St Pabout 10 g and 100 g of active
ageRt PR IASLERBIMIARL FRURHIRLEDS Kon ARIRISH BI OBy, Al etered

Dose Inhaler 25 A suspension containing 5 wt% of a crystalline com{oound
o thB Ve B ALHY EXHERH 94 dhe VIR dttFPTe e arddhsy blended

with 2disRessiagdR. g idbe-atiiveraastiameitsamaaddagicias with aimean
artrd sizealgss than 1%{;)%in a solution formed from 0.2 g of lecithin dissolved
cartridge GO L BPUR LT SAZE AR 4Te P Sl HER AP LPRS BhElitand the
Exespltingmarerialds Foieronized o pariciesfavinds 1oan iameteliess
than 1.5 m, The 30 aréiizles are lo dfd into cartridges with pressurized 1,
I IR O SATRATS PARR LR PSR L T s B e

compdineladttie iagention Guits dgeaitli, lactose of 1:200, The powder is packed into a
dry powder inhalation device capable of delivering between about 10 g and 100 ug of
active agent per dose,
Exemplary Formulations For Administration By A Metered Dose Inhaler

A suspension containing 5 wt% of a crystalline compound of the invention (acﬁve'
agent) and 0.1 wt% lecithin is prepared by dispersing 10 g of the active agent as micronized
particles with a 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 material is micronized to particles having a mean diameter less than 1.5 pm. The
particles are loaded into cartridges with pressurized 1,1,1,2-tetrafluoroethane.”

Alternately, a suspension containing 5 wi% of the active agent, 0.5 wt% lecithin,

and 0.5 wt% trehalose is prepared by dispersing 5 g of the active agent as micronized
' -25-
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and 0.5 wt% trehalose is prepared by dispersing 5 g of the active agent as
micronized -25 WO 2006/099165 PCT/US2006/008644 particles with a

wdnRadsigsless than 10 m in a colloidal solution formed from, Q.94
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 havin mean diameter less t 1.5 m. The particles are
pertcidb g TR SAE TR it 4 BEb e SO TR AT B s Of
trehalofex@Inplawry Alrieibis Aamsel koroluatien FoniAdmlintstratien BjxdNebulizer

A pharmaceutical compositjon is prepared by dissolving 0.5, mg of. a
suspen LTI GO B0 O TR B e e I B Lo OB
mean dengiten el dricdel SolutioThagidifieitavith loitdeddcid. cEhistanixttitle psessimredd
111 zatgﬁj%aggigatea%gntil the active agent is 10 dissolved. The pH of the solution
G 13} jusfe 0 d'value in the range of from 3 to 8 (typically about 5) by the
skosnadaliti cly wioda@ido ok Simpralyrida oG dtatiiniSraptenaly drenulimon For
ral Administration_ The. following | ie nd
A B B e
compogainfduntofthen trasivicrEe2) Gmigrdf (e84 sodpraghdpteds selitioro mg

acidifi fm%%iﬁfééﬁft%@ﬁ%ﬁ‘a%égﬁkéﬁ 460089l COMPPSILIAREL LAPRUIE.

xemplary Suspension Formulation For Oral Administration The Tollowing

dissolvinrétiepibod b aaidetian Fordivated spansivn eohmiangg 2B d¢ Betive

- ' Qi o4 sHspersighngredients Amount Crystalline
(typlcaic m%%ﬁ%gff%%e invention 1.@%{9 Fumaric acid 0.5 g Sodium chloride 2.0

g Fretmsiopuiises (G iasmyCrrswy| tranei O 6%y Onrahdnaist sigar 25.5 g
%%@o@ﬁ%‘% 5&%@9@5%@3&@&0&?@99@1&@/ AOeIRIa®d 2@ hard
.5 mg

Flavoring O. mL Colorings 0 ) )
gelatin capsule: 250 mg of a crystalline compound of the invention, 200 mg of lactose

(spray-dried), and 10 mg of magnesium stearate, for a total of 460 mg of composition per
capsule.
Exemplary Suspension Formulation For Oral Administration
The following ingredients are mixed to form a suspension containing 100 mg of

active ingredient per 10 mL of suspension.

Ingredients . Amount
Crystalline compound of the invention 1.0g
Fumaric acid 0.5¢g
Sodium chloride 20¢g
Methyl paraben . 015g
Propyl paraben ' 0.05¢
Granulated sugar 255¢g
Sorbitol (70% solution) 1285 g
Veegum k (Vanderbilt Co.) 1.0g
Flavoring 0.035 mlL.
Colorings 0.5 mg
Distilled water q.8. to 100 mL

Exemplary Injectable Formulation
" The following ingredients are blended and the pH is adjusted to 4 = 0.5 using 0.5 N
HCl or 0.5 N NaOH.

26~
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Distilled water qg.s. to 100 ml, 20 Exemplary Injectable Formulation The
following ingredients are blended and the pH is adjusted to 4:L 0.5 using
wdResid or 0.5 N NaOH. -26 WO 2006/099165 PCT/USZp /@ﬁfﬁ“‘”
Ingredients Amount Crystalline compound of the invention 0.2 g ium
acetate buffer solution (0.4 M) 2.0 mL HCI (0.5 N) or NaOH (0.5 N) g.s. to

pH 4 Water (drstrlled sterrle) g.s.to 20 mL UTILITY The compound of

for 3 C antat .
there@ﬁ@ %He% aﬂﬂﬂélfo‘mt un%L gformula lis expected to
be us%?ét‘?é’r%?‘ﬂ@ﬁ "rﬁé%%%%&?rélﬁ@ns me%‘(af@h muscarinic
recep%ré(q NP]% K Aditidhs that are arfléid? treatment with
a mu&éﬁ?ﬁ@%‘@@ﬂtof'@&nﬁgomst Such medicsf & s include, by
way of example, pulmonary disorders or diseases including those
associated with reversible airwggmpstruction such as chronic obstructive
pulmona chronic and WheeO}/ bronchlt st ctivity and

AR REIES, AR RORE PRTERE SraT g R At

therefodd) dlﬁﬂ}tﬂtﬂhﬁﬁlﬁ@hmﬁdiﬁai@ﬂpdlﬂm ﬁhﬁhuwﬂlmadxpat@d twithe mmfscémmrc
rec ant onlst nitourinary. tract disorders su S Ve

treatin, ?fg ﬂ}%’? ?‘)%Saa@tlv B4 tﬁelres%/r%rﬁto%emgeagtro?r? es {‘%%%Yﬁat

are amé[ﬁﬁhﬁ&bpdﬁrmmnam a’rﬁakxterbmmlcsmmd rorepdisteriiuchanetiswdse,

chal astrorn strnal hyperma I|t dis rders r
condltlﬁ?ﬁﬁ‘]\%sn? ag UK 8 as ZHnRIEy Heglcar rkl?'\rsso)rrt s |seéags£1 @ggg#%%e
assomartttﬁuﬁiﬁr&msibtasuﬁi%lymmmtmmb adigmeio wheiaycsing pdnikeary
discasd 550 AN, In.PRgemadibent: (e beian.s distiediaadmeea el

&g & puimonary |sor hé methiod com rising administering to a
allergtqaﬂnmﬁtsarhmmbamodltiwéfk@ct@éim%ﬁa@mI'Fhet can be treated with

muscal?n?cb o r#%yfiﬁ %@Br%g &8'@ ]qugguﬁéz%' &%P&@b%ﬂ:rs such as overactive bladder

peri enzoyl]methylarmino}ethyl)piperidin- 4@% ester or a
or demmmmmmwmw@mwimﬁe Hosttahis

mtabl@"é%??%}(ecgo rden e frling. cameay! gaattﬂﬁéeﬁertr%emtbmy

administered by inhalation in mulfiple doses g%_r day, in a

dismd@‘mglé drawl@mw@wa wigi s Rl oS sintebrarkirg dite §é1r8rl HERERY

cognitide disorders such as Alzheimer's disease; dismenorrhea; and the like.

Accordingly, in one embodiment, the invention is directed to a method for treating a
pulmonary disorder, the method comprising administering toa patient a therapeutically
effective amount of a crystalline biphenyl-2-ylearbamic acid 1-(2-{[4-(4-carbamoyl
piperidin-1-ylmethyl)benzoyllmethylamino} ethyl)piperidin-4-yl ester or a pharmaceutically
acceptable solvate thereof, When used to treat a pulmonary disorder, the crystalline
compound of the invention will typically be administered by inhalation in multiple doses
per day, in a single daily dose or a single weekly dose. Generally, the dose for treating a
pulmonary disorder will range from about 10 pg/day to 200 ug/day.

‘When administered by inhalation, the crystalline compounds of the invention
typically have the effect of producing bronchodilation. Accordingly, in another
embodiment, the invention is directed to a method of producing bronchodilation in a
patient, the method comprising administering to a patient a bronchodilation-producing

amount of a crystalline biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
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pulmonary disorder will range from about 10 g/day to 200 sg/day. When
administered by inhalation, the crystalline compounds of the invention 25
wYRiGe Nave the effect of producing bronchodilation. Accorgigtydihe /008644
another embodiment, the invention is directed to a method of producing
bronchodilation in a patient, the method comprising administering to a

y]metlﬁ@ﬂ?éﬁtz Bl %@ﬁ%%%ﬁ%&%ﬁgﬁmﬁég @&i %ﬁ?ta”i%%%i_?%cceptable

biphenyl-2-ylcarbamic rbamoylpiperidin

solvato grsrodoGssord Y,/ he tooaroosedly sy tbenioplohetngarimdjdilation
will I-aggyﬁgm%ﬂgiﬂ-fgng?ﬁ?E&Q@gﬂé@&g}@%u'ﬂcauy acceptable solvate

thereof. Generally, the therapeuticélly effective dose for producing
bFB ReRGaRarbeRithafentem isisbiee e yrdagths @00 ieding thionis
obstruBRRAIMBAk-IhEnNe RIS dIreciad fna %ﬁiﬁﬁgﬁg HEANNGEHENG Batient

obstructiveffulr_nonary disease or asthma, the method comprisin

| r sthme g
a therapapiralbe AfECHY & st o La tieripline Oingcarba il imaee 4-(2-{[4-(4-

carbarGbygialingibiphenvig ylearamicasindid Wty mayipiRerdin; 1
-yhnethyl)benzoyl methylam|no}ethg{}glpendln-&y ester ora
pharmgeenicalikateenipoinertib i tenardihetasrdvp s s e O RPRs oo i

salt ofdh@bthenaotheilsatiiehipednentionadll tyrealiviig %ﬁjﬁiﬂ]igfﬁf@gs BYper day

. inh%atéi{m}in multi(ﬁle d%i?s per day. 10 orin a sin?oilge dailé%(%se_. Generally,
O 1N & AR S P At BB S LSt AR RIS GRTR AT 2aont vollgresfem
about 20Q.gHayo AsLSEHIICraNuLORRIACORD chEnRic: QREIHIS tustaRehitis

__.and emphysema (see, for example, Barnes, Chronic Obstructive
broncH A PR eI S R I DATSBa P S YOHER R et
Diseasa, ViFaghdny«di Sapcesothe @oEipline compounds of the 15 invention are
in compination with other therapeuti¢c agents.

jonall ministere i
f\?:{:hc?%h‘ﬁna%? ?%f%a%%?t‘f' ReERS %O&fiiﬁ%&ketﬁ@% SBRAERAE GhBBsitions
inventmmchraethooialbf iminsentibinfostheimadoapsite atliberepepsicallycefiective

unt of a (32-adrenoreceptor. agpnist, a corticosteroid, a non-steroidal
S A L s e A e

~ the inwngionyBrdlime goprpeurttis afditiciilection: esemsent of 20 Aniagonizepeor

; ini ceptor in biological system, and a mammal in particular suc
Ee S e e g R i s
thissepiberdiniertingerth €rapastidily efiaptivedzrdtimtiofantioystadlined to

s SRS N8 eSO S s
mice, giingiémnaticabiprolesdupiss Andregeipmentf26. Thetpopebidamnd 4
therapéﬂ%ﬁﬂgj éﬂ@cﬁ%s_&ﬂ{uﬁﬁt %‘f@%&%ﬂ%@&%ﬂ%@ E? @o%%ﬂlg Tis adminis’ceréd to
the mammal. If desired, the effects of antagonizing the muscarinic receptor can then
determined using conventional procedures and equipment.

The properties and utility of the crystalline compounds of the invention can be
demonstrated using various fn vitro and in vivo assays that are well-known to those skilled
in the art. For example, representative assays are described in further detail in the
following Exampleé.

EXAMPLES
The following Preparations and Examples are provided to illustrate specific

embodiments of the invention. These specific embodiments, however, are not intended to

Hmit the scope of the invention in any way unless specifically indicated. The following
98-
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demonstrated using various in vitro and in vivo assays that are well-known
to those skilled in the art. For example, representative assays are

wdlesgriesgin further detail in the following Examples. EXAMBAESR R0 64844

following Preparations and Examples are provided to illustrate specific
embodiments of the invention. These specific embodiments, however, are

not intended to,. imit.the scope of the invention in any w nless
abbrevlzglon %axie %ine folf ovan.ng mef\rﬁl Sunqeﬁ%%%%%ﬁS 8}%&6@?!1% any other

specifically indicated. Theé tollowing -

abbrevRG T BR006/60864 M allofevidiions haiveitreldoll owimgzgmeanings unless

otherwi% indicated aa% an 8;5@%@ eabbreviations used herein and not
defined have their standar meaning: AC adenylyl cyclase ACh
acetylciglihe 5 ACNaggigiomiitile BSA bovine serum albumin cAMP 3'-5'
cyclic a sine mo g%gﬁﬂﬂate CHO Chinese hamster ovary cM5
cloned c%ifrir\c}])panzee I%S receptor 10 DCM dichloromethane (i.e.,
methyléd®4ehloride) BIREAsHL @lisgptopylethylamine dPBS Dulbecco's
phosphagyppifered splise. DMSO dimatmbauliaxideFPC
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 15 EDTA
ethylenédtdhinetetraabBifecdaa BT bovine serum FLIPR

fluorometic imaging platesreadsia3BIaankpuffered salt solution
HEPES 4-%—hydroxyethyl)-l-piperazineethanesuIfonic acid 20 hMi cloned

human ceptor hifighigsraetmna drevasdmorhivideioned human
M3 receptpr M4 cloged hiynrepMdirenentes hMS cloned human M5

receptor .
dPBS Dulbecco’s phosphate buffered saline

DMSO dimethyl sulfoxide

EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDTA ethylenediaminetetraacetic acid

FBS fetal bovine serum

FLIPR fluorometric imaging plate reader

HBSS Hanl’s buffered salt solution

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
M, cloned human M1 receptor

M, cloned human M2 receptor

hM; cloned human M3 receptor

=M, cloned human M4 receptor

M cloned human M5 receptor

HOBT N-hydroxybenzotriazole

HPLC high-performance liquid chromatography

IPA isopropanol

MCh methylcholine

MTBE methyl t-butyl ether

TFA trifiuoroacetic acid

1

Any other abbreviations used herein but not defined have their standard, generally

accepted meaning. Unless noted otherwise, reagents, starting materials and solvents were

-29.
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25 HOBT N-hydroxybenzotriazole HPLC high-performance liquid
chromatography IPA isopropanol MCh methylcholine MTBE methyl

wd-hlibdether 30 TFA trifluoroacetic acid Any other abbrevialpeRs 46 00ss44
herein but not defined have their standard, generally accepted meaning.
Unless noted otherwise, reagents, starting materials and solvents were

WO 2006/099165 PCT/ 08644 df I
e e G

were us%dthﬁubfwmh&[eppuﬁmmm Unless otherwise indicated, HPLC analysis

ucted usj ilent (Palo AIto C 0
OSSR Aoter gl Gl cM s ORI
Alto, CAJSErisarod0pasticlesiveq iinted ticthwasihpURoabs Bibarice 3 2 qelymn

mob|I hases em ed w I
Qe e e e e
The mo@i&%hxansie’ﬁﬁﬂoﬁ@ﬂ@@temﬁ’ fodlanes 7oy @awmsﬁom&ﬁéa(a%hgvatﬂb(ﬁ&@e
f t 0) dignt fwvit
ama TER (PR QAR O INELR (L i SrAEB ST 1000
data waweb@umhme:g adioy ale 6606 Brlgmigre 003 B d0& B Syeimaditfient.

gadlenIWIgr?Q Ar\pp g}g BI’IO%II% ems S%%%ZI%I? %ﬂgg%h?o%%?%? I %%%%(M@@%gm

were ommgwg E@M‘S%@wdét@ s BisEnad sEmE a8 9% Mobile

€ BRYEhSLPp IS HARRIER D RARE GYNvErd dbtained with an
B| henyl-2- ylcﬁ%amm Aud%?pendﬁ%l Ester Biphenyl-2- |soc]2f/gnate

Applie{@igsysians (Feven e 4o AEdnofisipatiriment a5

was o FIR NERPILIRIBAERALIR Bifae HPohewsss G aEmmiXure was then
cooled to 50 C and ethanol (1 L) was added and then 6M HCI (191 mL)
was added slowly. The resé&ﬁﬂ?@mwas then cooled to ambient
temperature W%éﬁﬂ@&@@&@ﬁcﬁrﬁdﬁﬁ@sfﬁm) was added and
then nltrogen gas was bubbled through the solution w%(%rougg far. 20

e e vk NS0 5y RS (105
g, 549 Hﬁem@l@mmm@g@mtmm@wm@mm ?éaéﬁcﬁ mwmwmmd

cooledttgg?ré fg[g a%e\ci glé’ou 9" i,ipmags OaI:I. %II:ILIeld-IIIIe% %Mﬁ%\ﬁ%ﬁ 9 vrs/%rsna?cI/deeg uI

The resulting mixture was then cooled to ambient temperature and armmonium formate

(98.5 g, 1.56 mol) was added and then nitrogen gas was bubbled through the solution
vigorously for 20 minutes. Palladium on activated carbon (20 g, 10 wit% dry basis) was
then added and the reaction mixture was heated at 40 °C for 12 hours, and then filtered
through a pad of Celite. The solvent was then removed under reduced pressure and 1M
HCI (40 mL) was added to the crude residue. The pH of the mixture was then adjusted
with 10 N NaQH to pH 12, The aqueous layer was extracted with ethyl acetate (2 x 150
mL) and the organic layer was dried (magnesium sulfate), filtered and the solvent removed
under reduced pressure to give 155 g of the title intermediate (100% 'yield). HPLC (10-70)
R, =2.52; m/z: [M. + H'] cale’d for CrgHzoNoO; 297.15; found 297.3.

PREPARATION 2

N- ~Benzyl—N—methx@aminoacetaldehyde
To a 3-necked 2-L flask was added N-benzyl-N-methylethanolamine (30.5 g,

10.182 mol), DCM (0.5 L), DIPEA (95 mL, 0.546 mol) and DMSO (41 mL, 0.728 mol).

30~
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HCI (40 mL) was added to the crude residue. The pH of the mixture was
then adjusted 25 with 10 N NaOH to pH 12. The aqueous layer was
wEXRGR.Ith ethyl acetate (2 x 150 mL) and the organic |gyef,Wasdriesks
(magnesium sulfate), filtered and the solvent removed under reduced
pressure to give 155 g of the title intermediate (100% yield). HPLC (10-70)

+ HL] cal dfor 15H201202 297 215 found 2973,
Using g SR O 50 Kool R SRy m GeR S Py Bt
complea-(ié’cge’ﬂsz&_nﬂ@]s)mmadﬁammnnybh@n@mwmmm@}(@@&@on

v i T A SR PNED L B
by addingtwmne(@nﬁmré‘mmawueéiawzaw@meme@e@ﬁudsibmrm e pyTiaine-
Washe ervals é&i %%@ ﬂﬂﬁp (y %iﬁ%ﬂg %%M&{tb%f; rﬁxgﬁeélﬁ?m}ﬁate and

ction was stirred at -10 C for 2 hours. Before removing
ﬁiteredtmpmnﬁamem%rmpgquﬂm@wwdwﬁtmﬁ@w@@%@f&ipwhe
aqueous layer was separatgd gng the,rganic layer was 5 washed with
water (O 5 L) and brine (0 5 L) and then dried over magnesmm sulfate and

!l et YoV Rin 1ehciid PTaENATE LA T\ e ArgiRe ) eidal AR BB Yh E sler

Pryficafl (fﬂskp RERARA HONdRiPhesds2ryicar bamiscAe i 5 ﬂ? v@@&t&i@&'

nethylamino)ethyl]pipefidin-4-yl Ester To a 2-L flask, containin

the progrstioEPrspRiisa AR 2 MIBEMOR B VrdDd % cady™ biaseioRy gmre%l&s@ﬂde
(45 g, (?’ﬁ@@%@i oA G AREmON fellawed R spsiumdriace prdasaydrde

02 mol). The reaction mixture was stirred overnight and then

addmoaﬁdcma'cbqu@naaa}ﬂdﬁ of 1 WithyHroERHS TG (B8 R VigHtous

observeliHRGnd NS IRV RLR 1%%&&%@5&69&%@@1&@&%@1{&)@0}@@ lzemoyed.
After washln with |N NaOHé Q%} a homogenous qrganic Ia%/erw

homogaBR RIS ST RNAPSSTER ithes CE R SR G ed jatieg

of aquddaCke:b(b) diiediayersnagiRasium suliate, filteretlandihe salyerinoved
removed under reduced pressure, ngﬁ'dfldu was purified, %Y |ssoIV|n
under JpGHORd RSP arh DU B F Bt S SIS AT SB BRI Waeu of

isoprop@nel alaQJudamglmmmﬁeﬂested@Mfm&lwgﬂzwmhms@pmpm@m

washe 3 oA SRR R BT TOUNE S &8 R p ARG, 35
m/z: {Mevertpc@lhasemmgE@ﬁfmmfammzﬁﬁohe,ﬁaa-ﬂymam@mn:mwzﬂz0,

reversep ElseBﬁgﬂet}netylalnuao)ethyl]plperldln -4- ly Ester

PREPARATION 3A

The title compound was prepared by mesylation of N-benzyl-N-methyl

ethanolamine, which was then reacted with biphenyl-2-ylcarbamic acid piperidin-4-yl ester
in an alkylation reaction.

A 500 mL flask (reactor flask) was charged with N-b enzyi—N—methylethanoIamine
(24.5 mL), DCM (120 mL), NaOII (80 mL; 30w1%) and tetrabutylammonium chloride.
Mixing at low speed throughout the reaction, the mixture was cooled to -10 °C (cooling
bath), and the addition funnel charged with DCM (30 mL) and mesyl chloride (15.85 mL),
which was added drop wise at a constant rate over 30 minutes. The addition was
exothermic, and stirring was continued for 15 minutes while the temperature equilibrated

back to -10 °C. The reaction was held for at least 10 minutes to ensure full hydrolysis of
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The title compound was prepared by mesylation of N-benzyl-N-methyl
ethanolamine, which was then reacted with biphenyl-2-ylcarbamic acid
w@ B4 Yl ester 25 in an allcylation reaction. A 500 mL flask {reagtQbsssa
flask) was charged with N-benzyl-N-methylethanolamine (24.5 mL), DCM
(120 mL), NaOH (80 mL; 30wt%) and tetrabutylammonium chloride.
Mixing'at low speed throughout the reaction, the mixture was cooled to -10
the excess@isheRIBEHS), and the addition funnel charged with DCM (30 mL) and

mesy shlerice 15 Shdpd) w30 viflichyivas/ rdttechitrapi dyeeatln ebptatet

rate over 30 minutes. The addition w t ic,and stirring, was
(26 5 TGO TG TR RS AT L e L2 Gl e B s o
room témptheurepiibthwasdnetddatied ledstyl® iiifdies forerssinerull Theosbiygisas
of -31 2006/099165 PCT/US2006/008644-.th I
ten SORETAN RSB HL HA UL AT Gk B SRy EaTae ved
and thepipetidinadxthissters @6medrefded He dastritedantRnsfraredienalgeangtory

ramel R T B e S R A B Do ves

transfertbdigekl fotbdheareadioslf) atikring teruadditionthinies. plétedolig bath was

temperd moved ¢ %é@&a‘%%%%?é&@%%‘ﬁ?%éj%%@% 0 DiohE mixture was

fransferred to a separatory funne lowed to settle, and the

dfeacusdaderiterap vy cithwidrdiatid 414 swhyiarah Sfembe Baerdcpddhbe
layers z{ﬁ@&%%rtgas%ﬁiesnﬁrﬂé%f SHEG 0B 0bIAR-R el 10 L0 PR ORE AlUIBo ) Hs

e reaction monitored by HPLC. for a total of 3.5 hours. 10 The reactor

volumd|pasisibys ehisrgeendaryaeuom v stireé teouneityddBdetiasdiiegtnelbe
solids YAYER Alowed P s6led TN858ANIE IBYeroNes RenaraleguivasediidNateke

~ satd. solution), its volume partially reduced under vacuum, and subjected
obtaineg fiepeAtaberrosrasivim g5 rrao s digyos R Yameredusheraliodvetfns)-
air-dry (25.85 g, 98% purity)sAdditicnaksplids were obtained from further

processing of the mother liquor (volume reduction, IPA, cooling). 15
P s i A b-{; : inegthvhpiperidin-4-yl Fster

Irfes g@%mmma&m@wﬁo@ Harrepydiegenatmog flask
was added the product of Preparation 3é140, % 0.09 mol) and Q%gg%]fl 0.5
0.09 me}}aﬂ%eﬁ%fgwwgoéfmsh%mf%wm&aﬁha Y HRASReEiA Y on

activat6@HAARLALES 100N (dry basiy) 3 376wy was esinasrglont eithiaseide
acid 20 (20 mL). The mixture Wad? kept on the an%rﬁr hg\/dé[‘(i)?%enatgqr?urger a

(20 mlpy g EERFR R P B ST Tor S HEERAICT R R e W I TRHET S

(~50 pangbwaabes Witheethaned Whetdi alecred and washed with ethanol. The filtrate

was condensed and the residue was dissolved in a minimal amount of DCM. Isopropyl

acetate (10 volumes) was added slowly to form a solid Whiqh was collected to provide
22.0 g of the tiﬂe compound (70% yield). MS m/z: [M + H+] cale’d for CpHp7 N3O, 354.2;
found 354.3. R/~2.96 min (10-70 ACN:H,O, reverse phase HPLC).
PREPARATION S5
Biphenyl-2-vicarbamic Acid 1-{2-[(4-Formylbenzoyl)
methyvlaminolethyl} piperidin-4-y] Ester
To a three-necked 1-1 flask was added 4-carboxybenzaldehyde (4.77 g,
31.8 mmol), EDC (6.64 g, 34.7 mmol), HOBT (1.91 g, 31.8 mmol), and DCM (200 mL).

When the mixture was homogenous, a solution of the product of Preparation 4 (10 g, 31.8

mmol) in DCM (100 mL) was added slowly. The reaction mixture was stirred at room
-32-
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was condensed and the residue was dissolved in a minimal amount of
DCM. Isopropy! acetate (10 volumes) was added slowly to form a solid

wavhishowasscollected to provide 22.0 g of the title compoundgd @ Yigkthuss1q
MS in/z: [M + H+] calc'd for C21H277N302 354.2; 25 found 354.3. Rj=2.96

min (10- 70 ACN:H20, reverse phase HPLC). PREPARATION 5

Icarba -[(4-For
temper%‘gﬁ%ﬂ’g SISThEh g‘]’g ?gr“ﬁagﬂa?gh‘?ﬁg nec{e% ¥ 10f 2y HCL
5 Goaﬁﬁ};dN-NaCH@{ybemidﬁmydee(elwsgxrﬂQ 3trigdmroRoERE 16B6%.di 84

and 001%5%%#6 g%% o ]H%:I? g %Ilfh%le and D Iéég) gp&)? hené’ a&e&(tlillre

mogenous, a solution o e p Product paré
HPLC)mMﬁl)mqw EUC ) EaCadtie-SlowRa. Zhﬁiwécﬂﬁ@ﬁm&ﬁfré vz (10-
70 AC raetv%?.gem -32 Eﬁﬁ% 06/099165 PCT/US2006/008644 temperature
romma?h@/ 9 urs and then washed with water (1 x 100 mL), IN
HCl (5 X 60 mL) IN NaOH (EXAI@LML) brine (1 x 50mL), dried over

by
T IMEFW]
X R ERAlhy 8 i N -j' DR (105 70

ACN: H20 reverse phase HPLC) EXA henyl -2-ylearbaunic
Acid 1-(2-{[4-(4- Carbamoyl ip nd@j;)@%l;iv

beiizoyllmeLhylarn in cridini4-VI Este " N I NHZ N10" O
0 H10 Toath e- lgec L flask Was added |son|pecotam|de (5.99 g,

40.0 mmol), agetie acid (2.57 mL) sodium sulfate (6.44 g) and
isopropanol s-o L). The reaction mixture was cooled to 0-10 C with an

RSSOy R GTET BAREE bl b 1o B9 s

acid (zprem@d@ﬁuﬂeﬁafaae@lslmﬁﬁmm@mﬁmmm@pamr{ﬁ@eambﬁwmm
slowly added, The reacti |xtuewas I 00 erat

was cop R D tHE LB D A0 SR RS pr e e 1

{(4-forgxy@&ﬁmm@k)twmddmt}qﬁparmiaaqndsﬂlms(ﬁrn)gme 'Wamcﬂl;lpm@amed as

erature for. 16 hours §6 ctlon a Ui
deserit R LAY FICEA B QD B S GIIPRS B o d B S
mixturdweamititté avasactdifipelauitie i 2 hours and then cooled to 0-10 °C., Sodlum
triacetoxyborohydride (15.16 g, 68.5 mmol) was added portion wise and this mixture was

stitred at room temperature for 16 howrs. The reaction mixture was then concentrated

- under reduced pressure to a volume of about 50 mL and this mixture was acidified with IN

HCI (200 mL) to pH 3. The resulting mixture was stirred at room temperature for 1 hour
and then extracted with DCM (3 x 250 mL). The aqueous phase was then cooled to 0-5 °C
with an ice bath and 50% aqueous NaOH solution was added to adjust the pH of the
mixture to 10. This mixture was then extracted with isopropy! acetate (3 x 300 mL) and
the combined organic layers were washed with water (100 mL), brine (2 x 50 mL), dried
over sodium sulfate, filtered and concentrated to afford 10.8 g of the title compound

(80% yield. MS m/z: [M + H'] calc’d for CasHasNsO4 598.3; found 598.6. R=2.32 min
(10-70 ACN:H;0, reverse phase HPLC).
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HC1(200 mL) to pH 3. The resulting mixture was stirred at room
temperature for 1 hour 20 and then extracted with DCM (3 x 250 mL). The
w@EgNHRAYS phase was then cooled to 0-5 C with an ice bath adiaQ%06/008644
agueous NaOH solution was added to adjust the pH of the mixture to 10.
This mixture was then extracted with isopropyl acetate (3 x 300 mL) and
the combined organic layers were washed with water (100 niL), brine (2 x
50 niL), dried over sodium s%@—’ﬁﬁ&ed and concentrated to afford 10.8

g Qf‘ﬁﬂﬁlﬂﬂﬁﬁﬁiﬁt@@hﬂd 351&89%@1%1&1&@5&%%&1 Ioleidg-

@W&f@ 'ﬂ%@hﬁﬂﬁsﬂwﬂ@ﬁhﬁm@thE@Mmmmm@1%'34*(1%‘:13’1)

R e R R R S

preparedi- éﬁg{aécfﬂmhﬂbd Emlmmﬂnﬂegchﬂ-éﬂcﬁhﬂml h?'fj mbefwetdirastHyfamind 1M
in:4-yl ester mmal o
Bhosph G e o Bl A L R LB St g e o
of 1M piveghtdciecatitkdihengl3 WamMJc@tedtmabﬁfbxwmmleﬂmﬁ \Baﬁ/iﬁh‘c@rﬂd
onal 0. 1.0of IM [ lents).
throu hﬁ]@% ear soﬁlorh %&’ég &%%Bﬁﬁg%?@%%%n%g%ﬁﬁler %?ﬁ(zﬁég# g{r%d
d;phosmmhhed to dryness to yield an amorphous 10 diphosphate salt. 20 mg

?Jo %%ﬂﬁ’é%ﬁ% Wsrlipng; ;%B%&ﬁa%ggawmkﬁm\%m% m 9%1:5’&&@1@(1 1),

ater w ded and the mixture heated to 60 C under

0.1 ml firvieter; Whnaskied|pod themﬁe@&@éeqv@cﬁmw@ﬁém whingrbolkef (e
solids AR RAMBIENIIEIRSEAIMIE RS tSHEENE AUBINYNmT bR Kes UG

crystals were collected by filtration and air-dried for 20 15 mlnutes to give

stirringy eéehbripeuptiE s rRiale 30y rbyaed by Aetirysparial-doivd. fapHen

UNAES A BUGHRSARPE HEINgspOlRcias 41 Wit Sarsliale sxhibited
mummgg(?‘nge}%ioefggfr|ngencgH EXZ(CI%/IPLlE Crystallan Diphos hhlgt% Salt of

When @R |pdaeaiBimc s ang pelanzel Sght dhs-arisihfs sahidite sqpe
blrefm{é%ﬂaél benzo limethylamino}ethyll)piperidin-4-yl Ester 5.0 g of

Biphenyl-2-ylcarbamic acid 1- 52 {[4-(4-carbamoylpiperidin-I-
yImethyl)benzoyl]methylam|n eridin-4-yl ester (freebase

IPA: ACN (1: 1)._4 O mI of water was ad e
Carbamovlpiperidin-1-yvimethyl}benzoylimet

5.0 g of biphenyl-2-ylcarbamic acid 1-(2-{[4~(4-carbamoylpiperidin-1-
yimethyDbenzoylmethylamino} ethyl)piperidin-4-yl ester (freebase; prepared as described
in Example 1) was combined with 80 m] of IPA:ACN (1:1). 4.0 ml of water was added |
and the mixture heated to 50 °C under stirring, forming a clear solution. To this was added
dropwise at 50 °C, 16 m1 1M phosphoric acid. The resulting cloudy solution was stirred at
50 °C for 5 hours, then allowed to cool to ambient temperature, under slow stirring,
overnight. The resulting crystals were collected by filtration and air-dried for 1 hour, then
under vacuum for 18 hours, to give the title compound (5.8 g, 75% vield) as a white
crystalline solid (98.3% purity by HPLC).
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and the mixture heated to 50 C under stirring, forming a clear solution. To
this was added 25 dropwise at 50 C, 16 ml IM phosphoric acid. The

#E}g}g %Ié)udy solution was stirred at 50 C for 5 hours, the Qfﬁj é’!ﬁ&' }008644
coo to ambient temperature, under slow stirring, overnight. The résu tmg
crystals were collected by filtration and air-dried for 1 hour, then under
vacuum for 18 hours, to give the title compound (5.8 g, 75% yield) as a
white crystalline solid (98.3%BAMEHEAHPLC). -34 WO 2006/099165

PC@A&éﬁﬁ%@(@%@%@%ﬁ%ﬂaﬁﬂﬁm@l&ae%aegﬁdﬂia}t@zsﬁli ol
Blhenyl 2 ylcarbamlc ACId l (2 {[4 (4- .

Eﬁi@ﬁnﬁ%@ mﬂl&{ﬂlm@d&%ﬁﬁfﬁ@-%@q4 Carbamoylplpendm- -y]methyl)
b nzoyg} (4 Carbax oylpiperidin-1-ylmet
&

A RTS8 Pl 88 RBIR 85I e

preparéﬂ&t@ﬂ@dcﬂ@&lﬁﬁ@ﬂaﬁﬁoﬁﬁ%&ﬂ@dkﬁrﬁ)}ﬁm plent pRIIAEN (P 1iNandril.0F ml
H I o J sulfuric. aci lowl il
of IN R i e e o S v e s SRR Al o

appro:-squImB m&mmzmmu@tamemm@tem ﬂmmﬁrmteky(ﬁmmzeddto
to ield a. nosulfat 30.3 mg of the monosulfate salt

IYOP}H g?ﬁ%@l‘ 3%13&,2% ef%tﬁé’ 10 1). The suspension was heated
b3OdBaningfithe maﬂlmtﬂfmes«ddeamjdﬁﬁcmvwhterl tﬁthltcufmﬁmkmte&(} A). The
VLSCOUS ater. s formed and the heat jncr. d

suepe g R e A S el et B D

A viscQuanththeainvietufehedted fbe heatadditimadith GOrr T ﬁE’ Ré atiwasstufinect dff

mater SYLE AP AR AONEAIG CROLIGI OO BiPRPRIARIE 1 AMIEE foAYS

material appeare e solid, and the sample was owe to sit for
additicmalduitiohbd hfatveeyismEdeo §otiewsmirrrfitsre d v dfiedoabingaem

tempeéé"i’\ﬂé“ " RUMRIQ &, DA, 01 ?S) fhedilewompeuRd %ﬁé” ﬁ}(%lb%sydﬁmed to

EXAMPLES Crystalline Monosulfate Salt of Biphenyi-2 amic Acid
sit for an(adgfiquppgne days. The solid was then filtered and dried using a vacuum pump

for 1 h%fP@g?@é/tﬂwﬁﬁ%ﬂa yoneihyh benzevimeigylaminolethyl)piperidin-4- |
Ester T61 g of the monosulfate salt (prepared as described in Example 4)
was dissolved in 8.77 ml of IFERLAENE2S0:1). The suspension was heated

by plagingdbesjaldn apeReriB nélEvatarhath fRed 5-poyrs.(Q

droplets f6rmed Wlthln 5 mlnutes The heat Was owered to 60 C and the

fqrgﬂ% @%%x@sﬂ:@a@ E@It%@réﬁﬁl’é&ea% (ﬁ@@dﬁ@é@ﬁl @)I&hﬁﬁ ﬂ)'%&eﬁsgﬂﬁed in
8.77 mq of IPA:ACN (10:1). The suspension was heated by placing the vial in a pre-heated
70 °C water bath for 1.5 hours. Oil droplets formed within 5 minutes, The heat was
lowered to 60 °C and the mixture heated for an additional 1.5 hours, followed by heating at
50 °C for 40 minutes, at 40 °C for 40 minutes, then at 30 °C for 45 minutes. The heat was
turned off and the mixture was allowed to slowly cool to room temperature, The next day,
the material was viewed under a microscope and indicated needles and plates. The material
was then heated at 40 °C for 2 hours, at 35 °C for 30 minutes, and then at 30 °C for 30
minutes. The heat was turned off and the mixture was allowed to slowly cool to room
temperature, The solid was then filtered and dried using a vacuum pump for 1 hour to give

the title compound (117 mg, 73% yield).
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turned off and the mixture was allowed to slowly cool to room
temperature. The next day, the material was viewed under a microscope

w@nshéndigated needles and plates. The material was then heateg&ydHbssss
for 2 hours, at 35 C for 30 minutes, and then at 30 C for 30 minutes. The

heat was turned off and the mixture was allowed to slowly cool to room 30
temperature. The solid was t%&% [e and dried using a vacuum pump
for 1 hour to give the title co 17 mg, 73% yield). -35 WO
CrystalB00 GIQ891:65 PG PARSPOO6I00g64vbaEx MRl E@-Chi<thll 0kl
VAN mé%JAPa!‘r%'%E)( 3

Salt of Biiherg’}ﬂ ) ‘ . arh;
iithersybZbipbenhidcadidnti| 2o 42e Hrbtnoyipipenlipddin-1-

1-ylmethytbe
thyl ' Npipericin4- f
et e o i
materiab; pricpfuadosAleN{ted jimFyampian) afasNlepuan s Sosh e Heldr Madf Qdélgéﬁd
1.7 mi SO a@éﬂﬁs@%ﬁé’ﬁm e Mded bR, WasiAdisigH e ARRIPX TRE as

The clear solution was filtered through a 0.2 micron filter, frozen an

adjustefsprimres W dyhebhaslsae i iinswatbloand toael HiPerirenidiciate
frozen SR GshelissONETHRARSAE MaLIMKIPALH20. The mixture was stirred

in a pre-heated 60°C water bath for 2.5 hours. After 25 minutes, all of the

Hriprewhmdiomatibnsahisas dissalysdifredoo i PGB ad he

mixtur@UAVEF10CR0 1Re IRAMIBIRE Rt EReY Harsa ATHDIROMRES I of
viscous material was present. The vial was refrigerated at 4 C. After 4

the sangpleavanin RIS midie healvas samsstesemd Pheibixiay sstinstrdigceg!

room t@hfREMIEMAR A1 AN 9RSE A AR IIRBbLdaREeA IevRAIHBht. The vial
appeared to he solid, and was observed to be crystalline under

was refisgeraiadiét The ABREAGAESHERN VTSRS Bl A afwa‘cuﬁﬁﬁ Bdhges
then piiRkd Housipiaive-theditlecontparadietnngh BRRITYialthcEX AdRiEdlo
.20 Crystalline Dioxalate Salt ofBiphenyl 2- Icarbamif Acid. ‘
be sohq_,_@d{ﬂﬁs( EW&%@HB@%&W fgﬁﬁﬁé roscope. ©he solid was then
filteredogiz@ydmeing arioaheihyhpigeridinodrybistenioitngontibendi@iate
. z%liﬁ(frepared as described in Example 6) was dissolved in 13.1 ml of
63.5% ofPA/6%H20. The mixture was stirred in a pre-heated 60 C water bath

for 2.5 hours. The heat was tiizpedroff and the mixture was allowed to
~The vjal wa%(rnecfr'i

- r1(:511‘ Annc

1-yImethyhbenzoviimethylamino}ethyl)piperidin-4-yi Ester

150 mg of the dioxalate salt (prepared as described in Example 6) was dissolved in
13.1 ml of 94%IPA/6%H;0. The mixture was stirred in a pre-heated 60 °C water bath for

2.5 hours. The heat was turned off and the mixture was allowed to cool to room
temperature. The vial was refrigerated at 4 °C. After 6 days, an oily material was observed
with what appeared to be a crystal on the side of the vial. The vial was then allowed to
reach room temperature, at which point seeds (crystalline material from Example 6) were
added and allowed to sit for 16 days. During this time, more crystals were observed to
come out of solution. The solid was then filtered and dried using a vacuum pump for 14

hours to give the title compound (105 mg, 70% yield).
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with what appeared to be a crystal on the side of the vial. The vial was

then allowed to reach room temperature, at which point seeds (crystalline
ng%%{ggm Example 6) were added and allowed to sit forp’.IFGFQi% 16/008644

During this time, more crystals were observed to come out 0 ution.

The solid was then filtered and dried using a vacuum pump for 14 30

hours to give the title compound (105 mg, 70% vyield). -36 WO

2006/099165 PCT/US%OG/O@M@(AMPLE 8 Crystalllne Freebase

Ariagile
y@%gﬂwmawmm@wmqw@mm@w@md as
described in _Example 1) was dlssol%_svg in 0.56 ml of H2Q; ACNe(C} :1). The

yimethyd)hepangibrethaiensinos Sy Resiis I‘f/gfﬁ’a P8I ?)S)%Sa 8% 1Br a

Examplel QYWesL¥asHRHAA tiFemT be Wi wasiflacedThadesemisagers fidn a vial

enyvirgnment, although the nltro en was not used for ratio for
e oG AT AP A SO B VI ot ORI W
under a@b&@@%ﬁdl@v@xﬁﬁvﬁfg&ﬁﬂlhﬁhmgﬂ@n%@gmwmdﬁhe@tﬂm gvapdtatinn,

laced on a hi cuum line to re .S ntt e.the
onty fol i R BT o B A el o be
cwstaliﬁf@ﬁ@éhﬂe xra&escﬁhpso Whagsuhﬁi@@sﬁiﬁbw Bladed(ap prb»g]naielyzﬁsmmﬁg/ mL),
s stored at 5 C and th rec ; 'iﬁ)LC
remove %?aﬂ Ven rvég‘dtgrlg:tlé?ecf Wnﬁ% ater; uaaﬁlﬁé ?ﬁe?% on hi i‘f\%ﬁﬁ%}ﬁ (1)%\/2 night.”
Wmﬂagﬁs%mltm&ﬁimism@ ihalifg g8 ik blﬁm}?m@mﬁa

mg/mL %/heny % gg/% (111 Y Ez@‘%fug‘t% AP%]Q% A: E%sﬁﬁ%%‘?ﬁé?z The solid was

ylcar amic ACi oylpiperi 1- ylmethyl)benzo
ﬁlteredllyma@thyi@zmn‘myeﬂmﬂlmpé nmh@wazeme: tromiehy. Beepyietyofas 55%, with

the sohﬁlﬁgve s y&?!%ﬁ?% %?}%ﬂd%&%ﬁ@%ﬁsweﬂdm -1- 20

yImet benz thylamino} ethyl)piperidin-4-yl ester (prepared as
descrlbed in Example 1) waskad@h@ in 0.144 ml of H20:ACN (1:1). The

%@C&H{EA 5&9&;@?9\5@@%&!@&@@@'{@ mec ewgql@@_as a

white solid (27.8'mg, 55.2 % yield)
yimethyl)benzoyi]methylammo}ethyl)p1pen in-4-y1 ester (prepared as described in

Example 1) was dissolved in 0.144 ml of H,O:ACN (1:1). The suspension was left in vial
(cap loosely placed on top) to allow for a slower evaporation time. The vial was
refrigerated at 4 °C for 6 days. A precipitate was visible after 2 days. The solid was
filtered and placed on a high vacuum line to remove all solvent and give the title compound
as a white solid {27.8 mg, 55.2 % yield).
EXAM?LE 16
Crystalline Freebase Binhenvl-?,—vlcarbamic Acid 1-(2-{[4-(4-Carbamoyipiperidin-

I-yimethyDbenzovllmethylamino} ethyl)piperidin-4-yl Ester (Form I)
230 mg of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-

yimethyl)benzoyilmethylamino} ethyl)piperidin-4-yl ester (prepared as described in
Example 1) was dissolved in 0.2 ml of H;O:ACN (1:1), using slight heat. The mixture was

then heated in a 70 °C water bath for 2 hours. The heat was tumed off and the mixture was
-377-
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EXAMPLE 10 Crystalline Freebase Biphenyl-2-ylcarbamic Acid 1-(2- f
[4-(4-Carbamoylpiperidin-
wahnsbenzoylimethylamino}ethyl)piperidui-4-yl Ester (ﬁ% ’ 15%(%%{3864 4
mg of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-I- 30
yhnethyl)benzoylJmethylamino} ethyl)piperidin-4-yl ester (prepared as

described in Example 1) was dissolved in 0.2 ml of H20:ACN (1:1), using
alloweddRfiaoh oA MBAINE e ipgaled th i ro'es \Ilvﬁ?gﬂ)cgﬂﬁoq]f) FStrs.

was thell R@BER MBS tyBH ikame the mdtisieoras 13 dAAQREOGHAXGRple

. PCT/US2006/008644 allowed to cool tg. room te, %eratUég, heg - slow
back infpHHiRle 0 CTOR ROITAE0T ST R GRAE IR LI
stirring fRlowadd thanadditiorials4ttiel AGDL0 ged the sampiewhaakdntal to sit

. solution. Seeds (crystalline material from Example 8) wer ed under
oven R U ] BB R BRA SAr EA AHRR Lhy or 10
mintesyURteCeRYas atiowes tacaitsh aydmihiniittesloWrstindagy dtemekptianddhe

i heat cool cycle was applied (30 C for.10 minutes, 40 C for 10,min
mistur Y 5 3P 0B FIHGRGs) OCREAPIE b CH B T L
cycle wadlepeidqanl dvelrtight, with diksuldtigivigreiiel peXd day, dlsebandvas

at/cqol cycle was applied (60 C for , With dissolvi r at
mmed oG e B e et

crystalswitinespovestirminigy, filve henttoda/ s sldecnystapyies E691Es dort hhetzsth i nbeat
was mrﬁg&%’%ﬁ Wy ?ﬁ%—?%@%&t&o&%ﬁ%ﬂﬁﬁb%HE%EQW%EME?%&%%@,

€ Misture allowed to coo overnight, with sfow stirring. The next day, a

a heat chebtyoohaycipplied @PSI(60 10 erdonourel, shew GO H; theh 1@7011@)1‘01‘_1?
heat wal urz%d The, &gt %g)g[ﬁ%g gLk 0 d e, m allpwaddagaalovemight,

with slow stirring. ays, the solid was filtered and placed on a high
days, theolidrvtinBltered nnsiplaged ol emiginvegiven inetie iemorsabsiient aud give
. f 11 Crystalline Freebase Biphenyl-2-ylcarbamic Acid
the mie??@%’-%@arbamoylpiperidin-
1”vhnethyl)benzoylimethylarkika¥gidbiperidin-4-yl Ester (Form 11) 70
criRghbnhenyshylsarbamis agiddi2Ala(4-camamoypipenei 2B din-
ynnethyl)ber;zoyljmethylamlno}e hyl)piperidin-4-y1 ester ( t. repad as
HEELINL ) SRR | B E YA F H PR hadb - SRECTNF QT Al

= = ARA SEeNEE : L=
o SOLRRLAPRE AR Clovdy A Additionaliat:. 1of ACN
\?Vg;éﬁgc%\(geg %%%?i?yﬁthe solution 15@5 {r?]% mi Acﬁgﬁ/ﬂ%@E =1:2). The

yimethyiearesiastbranine ¢y iP@Eiipday s AR apekae 81576t Hext
Exampfay) WhesQlid wem hendliares andiagadion st DighvacuBm) hnestdution

remove all )
appeared cloudy, An additional 50 pul of ACN was added to clarify the solution (155

mg/ml ACN:MTBE = 1:2). The mixture was left in the vial and capped. Crystals appeared

by the next day. The solid was then filtered and placed on a high vacuum line to remove all
solvent and give the title compound.
ExampLe 12
Powder X-Ray Diffraction

Powder X-ray diffraction patterns were obtained with a Rigaku diffractometer using
Cu Ka (30.0 kV, 15.0 mA) radiation. The analysis was performed with the goniometer
running in continuous-scan mode of 3° per minute with a step size of 0.03° over a range of
2 to 45°, Samples were prepared on quartz specimen holders as a thin layer of powdered

material, The instrument was calibrated with a silicon metal standard, -
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25 solvent and give the title compound. EXAMPLE 12 Powder X-Ray
Diffraction Powder X-ray diffraction patterns were obtained with a Rigaku
wdlHiRgimeater using Cu Ka (30.0 kV, 15.0 mA) radiation. Thg-2RalysiSaoscas
was performed with the goniometer 30 running in continuous-scan mode
of 3 per minute with a step size of 0.03 over a range of 2 to 45. Samples

R RPN e AL R Stk B B

materi AMOROAGONNIE SPETHIGRADG/DUTEA f=ia FOXR Bxpaltesh for aystitipke

. f the di hate salt of Example.2.shaw material to be crystalline.
dptos D L AN T St 3 AP g bt o
monosdlifbosihaf&saitit Exaowié Bisrsheiah tintel Gydtaliine. PXRPrpsttativéor a

sample.of the n Ifate of 4s terial
PR FAEE) e Bt B S G e SPGB
FIG. 8 mdnoRiRe sttt fE xampldeoittishdivnainteRi@t & BivenpX R Bhpattd thdor

materidl £H8 Ilﬁés?%ﬂ% .d R)%é%gﬁi@al ‘9&; Eﬁ%ﬁ%‘%@%ﬁ%ﬁ% gnakagl%r?ﬂﬁy @J’)}Qa?ﬁne

crystal representative PXRD the crystalline
dioxal adéoyedil afFsatvpleExigsiple7 ik BRows. id iR GXRD PrkeRXRD pameinociia

frecbas® f&f‘ﬁxé&ﬁﬁﬁ@%ﬁ@%&ﬁ ﬁé%@ﬁ?&%@cﬁﬁ@ﬁ%@d e

material to be crystalline. A 10 representative PXRD pattern for a sample

represepfaiiecFoEbRE(EG M} stEREMpiberberb stolamn - Exgmple 10 is shown

in FIG! 2R SRCRIANE IR PRI HeampipRidhal REbARE (FOUTIHLe"
Example 11 is shown in FIG. 23. EXAMPLE 13 Thermal Analysis 15

Exampsitt risifaraciniifgGalorimetry (DSC) was perfonned using a TA
Instruments Model Q-10 mogig,ith gsThermal Analyst controller. Data
were collected and analyzed using TA Instruments Thermal Solutions
software. A sample of abokEImAlAHANSIS ceurately weighed into an
R PR 1B 83D AayateRiad using ATIRREhe_HRI

of 10 C/min from ambient temperature to approximately 300 C. The

 Model 5 Popordaly T2 RS A AT RIRIT JHAR e SO lsgel apiatighsed

using Sfastraseier Pheanapoafihe eosialtinediahespbaidealt of shxaaple 3

showed two, transitions, at about 63.8, d 154.3 C, as seen in FIG. 2.
a"Cmt?}%?%%’éd&ﬁ‘@eaa@ﬁ%ﬁ%%@a{h‘gf%igc@éfa?ﬁﬁ’ﬁ’ iSSP ot

linear IReERRARIH WF YoOod MBI MM ambient temperature to approximately 300 °C. The
DSC cell was purged with dry nitrogen during use.

A representative DSC trace for a sample of the crystalline diphosphate salt.of
Example 3 showed two transitions at about 63.8 °C and 154.3 °C, as seen in FIG. 2. This
DSC trace demonstrate that this crystalline diphosphate salt has acceptable to good thermal
stability with the melting peak at about'154.5 °C and no thermal decomposition below
150 °C. The DSC trace also showed an onset of endothermic heat flow at about 135 °C.

A representative DSC trace fora sa:;npie of the rrlonosulfate salt of Example 4
éhowcd two transitions at about 57 °C and 73.2 °C. A representative DSC trace for a
sample of the crystalline monosulfate salt of Example 5 showed a transition at 76 °C, as
seen in FIG. 10, demonstrating that this c:rysfaﬂine monosulfate salt has a melting peak at
about 76.5 °C.

A representative DSC trace for a sample of the crystalline dioxalate salt of Example

6 showed two transitions at 69.2 °C and 122.8 °C. A representative DSC trace for a sample
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stability with the melting peak at about 154.5 C and no thermal
decomposition below 25 150 C. The DSC trace also showed an onset of

w@'ﬂ&lﬁ%‘ﬁ ic heat flow at about 135 C. A representative DS?&E&%%J&’J/@S 644
sample of the monosulfate salt of Example 4 showed two transitions at

about 57 C and 73.2 C. A representative DSC trace for a sample of the
crystalline monosulfate salt of Example 5 showed a transition at 76 C, as

of the wyaAlling iy xelyicth oh Sratmneth sheetrEamitiatibiosHrdic Eih il
15. ThReKgReakatoaaRoLY B &vAuBREeRsiative IR Das Hagedas Beak at

sample of the crystalline dioxalate salt of Example 6 showed two
about ahftions at 69.2 C and 122.8 C. A representative DSC trace for a

?Q@:Bli%sm%aﬁmf - @@%Q@?{%SE@%A@W A ﬁﬂ%éé ﬁcf@:%ﬁaeeqmiﬁ_ |I'Ul;lﬁ
Ioxalate salt o xampile /[ sSnNow nsition, at ,,aS enin .
Examplsh g B AR A e THE N BASS i e aaane Pe bpRalite
freebad®itng DeIatnalevishdw:CiWorepissentathvesDSC iraceifos aCsample of
the crystalline freebase (For of 5 Example 8 showed a transition at
repres e Dt B A TN R S Ebana! (S R Po
showedExastplasfishomec-tosedrpas{Borss at 84 102. aRd) 08i® L. thensition at

Jepresentative DSC trace for a sample of the crystalline freebase of
1025 S A B RD (e R B b i R A CEeRes flmg, Jo.
This DS02rhE Y dnumahettrdnsition cayt@2e Gdebase dpe nygaliciththearhy pelikis
... ,due to water. and/or ,as;seeninFlG, 19, 10.Thi
with R R T 0 ST Bk B 285, e
DSC tmaithathe seltedgppeatett Bbslat Oz BainomoathehonaPd&Eomposition

below 80 C...Th C | [ [ '

P I el e AR S
Exampieyktafioedtespasgimorn?$1F 6C.Braneplin FIGHYwdemonsirsite that 986
crystalgngaﬁeﬁﬁgﬁﬁhgé ok nﬂm%‘i&ﬂﬂf%ﬁﬁi& hRiEReHRIng feapasehes

xcellent thermal stability with the melting peak at about 98.6 C and no

and notfermal desmpesriohdseion 76 -CTIMB IS Seersdecaibevsbiamssh Ynset

endotn@ingodothapmicheatiloywat about 75 C. Thermogravimetric analysis
(TGA) was performed usin%a TA Instruments Model Q-50 module

cHRAppesr iR RabeTsH 35 Ad pesing frmed weits dolldcketirapgnts Model
Q-50 AP@YZESLiRRHSIRG TAHRStIRSRIS T AR HRAISALLRRs Softviaiend aRIpRia

weighing about 10 mg was placed onto a platinum pan and scanned with
using BAnlgHrEsenitibhcrBatinp FHE T b ntarapih Bisaliaaabns 16 mpwas
placed RARNEFIANAN HIACH ¢ BAMPET S WS el 984 MHEERUE rate from ambient
temperature to 300 °C. The balance and furnace chambers were purged with nitrogen
flows during use.

A representative TGA frace for a sample of the crystalline diphosphate salt of
Example 3 showed a loss ‘'of solvents and/or water (8.2%) at temperatures below 155 °C, as
seen in FIG. 3.

The TGA trace for a sample of the crystalline monosulfate salt of Example 4
showed a loss of solvents and/or water (12.6 %) at temperatures below 116 °C. A
representative TGA trace for a sample of the crystalline monosulfate salt of Example 3
showed a loss of solvents and/or water (13.7 %) at temperatures below 150 °C, as seen in
FIG. 9.

The TGA trace for a sample of the crystalline dioxalate salt of Example 6 showed a
40~
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flows during use. A representative TGA trace for a sample of the
crystalline diphosphate salt of 25 Example 3 showed a loss of solvents
wEHorWaLer (8.2%) at temperatures below 155 C, as seen (ﬁ) &Q& 14

TGA trace for a sample of the crystalline monosulfate salt o xam

showed a loss of solvents and/or water (12.6 %) at temperatures below

116 C. A representative TGA trace for a sample of the crystalline
loss of U HGUEBAL SAIFIT eI STRIENVE BEIBRS P s e ESARRAB e
TGA u@e% o) saldeR PRI RS DRIRMibRAIG: asisEamdiinFiky. Sotha 1GA tace

for a sample of the crystalline dloxal salt of Ex mple 6 sﬁﬁ}/\ﬁ%a -40
solvenif Y eEARd 165 F@:Wfﬁ’%ﬁe&% IR gﬁ]i’sné ater

(TRl atdenipel sluiph bemw&giﬁa&r& feabese(tﬁatuwﬂ)ﬁiﬁﬁ:tnaqﬁefer a

sone RSP SRRE dopac sl ol Ceanle  phoneda gy

trace fdrlsabdpld betltyttalimédt isanlernf Ihef@ystaﬂﬂeté ftestale(Foofh 1)

a loss of solv, nt pglor water 7
s"i"mt%%?gﬁ rrag’ ?3%% 2% %@pleﬁamffg acesflogla Sal Iee &i?fte‘:’)crys a} ine for
a sampleeebaseffsoliing fetiaxarfijueOlhdHicoaloss dtow&erﬁ@swfdﬁdwwﬁer
and/or Rt %%t}ﬁ r;‘ﬁ“fa‘iﬁrbe{ao 0w09% Eesp%%se”tﬁﬂ’ée'zEGA trace for a
fHHS cryStall Fon

samp I Ine freebase xampe 10 showed a loss

aﬁsejwm'a*ammmam@&mlmﬁﬂmgmswbelémebea@méawfn

FI 20. 10.A r Sk o
Examg r%ehag%v%%doarr%? %Sﬁ%ri%?gﬁtp ell ?&vgg g% FEQS?SP%% vengtgs%an @% ©
as seenwatBi§320.%) at temperatures below 98 C, as seen in FIG. 25. These

HeAURess ﬁ%@é%%%mt g SRling; GO PR CE g REESERtnvention

invention lose a small amount of weight from room temperature to

lose a snodlermalytaibvaishl EpnperamfesipesEyto 7ardeptiely, dltvielsddemperatures
(e.g., 7%0W@S‘%ﬁ&ﬁﬁ%&%ﬁ%&hf%ﬁ@ﬁ%%@L%@r?eﬁﬁé&’t"ﬁ%tétﬁ%(&'\é&'v&lﬂ

Dynamic Moisture Sorption Assessment A dynamic moisture sorption
(DMS) assessment (also Imokaa&sEnhdisture sorption-desorption profile)

was performed ugig. 2V MrainesrigsGMiciabalange, SGA- 20 100
system (VTI Corp., Hialeah, FL 33016). A sample size of approximately 10

@W%W&%ﬁﬁ%@ﬁr@ﬁ%h@%@%&ﬁﬁé FRPY ISR BOWE  tart of
sorptidRRIABANBIS pA BB GRs performed using a VTI atmospheric microbalance, SGA-

100 system (VTI Corp., Hialeah, FL 33016). A sample size of approximately 10 mg was’

used and the humidity was set at the ambient value at the start of the analysis. A typical
DMS analysis consisted of three scans: ambient to 2% relative humidity (RH), 2% RH to
90% RH, 90% RH to 5% RH at a scan rate of 5 % RH/step. The mass was measured every
two minutes and the RH was changed to the next value (+/~ 5 %RH) when the mass of the
sample was stable to within 0.01 % for 5 consecutive points. '

A representative DMS trace for a sample of the crystalline diphosphate salt of
Example 3 showed a reversible sorption/desorption profile with low hygroscopicity, with a
3.3% weight gain when exposed to 2-90% RH and a 0.6% weight gain in the humidity
range of 40-75% RH, as shown in FIG. 4,

A representative DMS trace for a sample of the crystalline monosulfate salt of
Example 5 showed a reversible sorption/desorption profile with low hygroscopicity, with a

10% weight gain when exposed to 2-90% RH and a 1.8% weight gain in the humidity
A1
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DMS analysis consisted of three scans: ambient to 2% relative humidity
(RH), 2% RH to 90% RH, 90% RH to 5% RH at a scan rate of 5 %
wabHsieR dhe mass was measured every two minutes and t ) 08644
changed to the next value (+/- 5 %RH) when the mass of the 25 sample
was stable to within 0.01 % for 5 consecutive points. A representative
DMS trace for a sample of the crystalline diphosphate salt of Example 3
range oHBufacoR iyt S LBrBlidntdesorption profile with low hygroscopicity,
WithAefeniit WAINIE GRic: Whenexpaserite 2-pfsiRHirrdiadstioweight
ain in the humidity . range of 40-75% RH, I%i show; in.FIG. 4. 30.A it
Bxample ¢ Shayhtd RS IS Sl SR eSBARPRE BF AfLe St AT B YRRk it #
5.3% welighxgmpienbnshoued @ eYelsiRE sadptibn/deseigitiqaiprofie witnidiy
yaroseopicity, with a . 109 ight gain when exposed to 2-90% RH and a
range OI%. /? %gﬁ’jé\ﬁ%‘i’ﬁ"fh@ ﬁ@n\?{dﬁfty -41 WO 2006/099165
RGEALSAAN0 DHE8 4r aariye ofadh B586 tRH rast s Howfrdeb R FotmA) of
epresentative DMS trace for a sample of the crystalline.dioxalate salt
s g R e SO S Bt e . e
a 10% WyiiisgaipisitenwithoacdtdZA0etdRitigaih :vhath evel glsieghin i2-Q0MuRkignd
range 02@1?1/%%\/ hgsgﬁggvé{%%g@[\%dlty 5 range of 40-75% RH, as shown in

répresen ‘trace for a sample of the crystalline
frestpase(Fdinn D) tEsafpiea0shofte arpetdiisibliecsormiGivaeddpfion
rqfile,wi W hYQFRSCORIC ' 109 ' '
e ki b R b S
a 9% wessgbhgain whEnGxsed (0 R reREhtathrel BihSvrtebe gandshmpranidittie
range o%r%@g%%f%?@?%ﬂ{ﬂ(wﬁ. Example 11 showed a reversible

sorption/desorption profile with low hygroscopicity, with a 9% weight gain

WihesedXiseres demonstRig Bl thercnoialelg soaaerident hgprawent
inveilﬁmggﬁlgﬁgé%q&%pﬁ%ﬁﬁgéﬂﬂoﬁbﬁ ﬁog%%%mﬂ@(ﬁﬁ%ty The

demonstrate that the ‘crystalliné compounds of the present 15 invention
crystal ey ecspepads bRy e errerrtdde tEhL R W e PIARSRY dp sspithymidity
range. gfxé@veﬁiﬁmm&%%%@a@s%%ﬁ%m@m&ﬁim@%@Wazme

road humidity range. The reversible moisture sorption/desorption

compoprgHIa tHe Rsr HecHian AR eF S BIRSECRIBH D BUFQSCOPIHY sresaRmot

deliquégé@@j[ion possess an acceptable hygroscopicity and are not deliquescent.

20 EXANTLE 15 ‘
EXAMPLE 15

Solid State Stability Assessment

Samples of the crystalline diphosphate salt of Example 3, about 1-2 mg each, were
stored in multiple 3 mL borosilicate vials at —20 °C (closed container) and 40 °C/75% RH
(open and closed container). At specific intervals, the entire contents of a representative
vial was analyzed by the following HPLC method:

Column; Xterra Ms C18, 4.6 x 250 mm, 5 pm (Part No. 186000494); Mobile Phase
A: 0.1 M NH,Ac, pH 7.0; Mobile Phase B: 100% ACN; Flow rate: 1 mL/min; Injection
Volume: 10 ul; Detector: 240 nm; Gradient — Time in minutes (% Mobile Phase B): 0.0
(8); 5.00 (28); 22.00 (42); 30.00 (100); 35.00 (100); 35.10 (8); and 45.00 (8). Samples
were prepared as 0.5 mg/mL stock solutions in 10 mM citrate buffered normal saline, pH 3.

For crystalline diphosphate salt of Example 3, the initial purity of the samples was

98.3 % as determined by HPLC area percentage. After storage for six weeks, for the
40



Solid State Stability Assessment Samples of the crystalline diphosphate
salt of Example 3, about 1-2 mg each, were stored in multiple 3 mL
woAeslcate \{ials at-20C (qlqsed container) and 40 C/75% %@9&@/@(@%4
closed container). At specific intervals, the entire contents of a
representative 25 vial was analyzed by the following IIPLC method:
Column: Xterra Ms C18, 4.6 x 250 mm, 5 JAm (Part No. 186000494);
sampleq fespiiatsisnall candiond, (e ARSI ??&%Blﬁé@il%f‘s@ ghefBiEeh BAEN; 10
observABIRWHRIE: in e/ BAbataiRetiah /Bt 1O 4 abaterier 340 rind; 1@ adient-
Time in minutes (% Mobile Phase B): 0.0 (8); 5.00 (28); 22.00 (42); 30.00
showedpgietagiahle didlyeagesto (8): and 45.00 (8). Samples 30 were prepared
as 0.5 mg/mL stock solutiongguifemniecitrate buffered normal saline, pH
5. For crystalline diphosphate salt of Example 3, the initial purity of the
5 samples was 98.3 % as @&%@%@LC area percentage. After
Sthsapdetig)elvneks] foldhed2\50 260660 99 TESREHEIIHB200G6/0086 44
. samples kept under all conditions, there was.no detectabple ein
the i R AR - B ER IO CH AT 1 DG S 4 b e el
Analyzan(Candlysischyl REGenil] NBA showed no detectable differences.
EANEEE e Semanial AnahaisIhe Rlowbha Sipnental pipeptages
F'samples of thé crystalline compounds of 'the invention were
10 hydrogchet8rdiifedibysaniiktibhoanatnsandsiiy deralshr B b keE féhidrital

carbon ag&g@éﬁ%ﬁﬁgg%&%@% ek dl, g}gg;%%%hgy%ﬂ%&@% Qefoguialy.

arbon, 7.1 rogen, 8.81 % nitrogen,

Fonthesnyxipdian, dindalnB3d sllunpetpdcfedy452 aarbm, dé¥oH, o/do g
8.15 % ARG 40 Ya Bt £ e %t%&)%@%‘w%b%&%%%'ﬂw&%éﬂ't§)22

For the crystalline dioxalate salt of Example 7: 54.54 % carbon, 6 57 %
% nitrdgpiragdR6-82% vy fesland 30.74 % oxygen (expected); 56.33 %
15 carbon, 6.90 % hydrogen, 8.22. JgRitregen, and 26.32 % oxygen (results).
15 EXAMPLE 17 Micronization A 13 g sample of the crystalline
diphosphate salt of ExampleMigiaaizaiiabnized with a jet mill to give 8.7 g

of afreesflgning Wbt Rowdenwithpiralinaenesahsrved 4RBRronized with
microscopic examination (67 % recovery). Pre-micronization, the
a jet milhyeraiNaes dipied sgkrardlowing white powder with birefringence observed upon
microscopic examination (67 % recovery). Pre-micronization, the crystalline diphosphate
20 had an initial purity of 98.1 % as determined by HPLC area percentage. The purity of the
micronized material was the same. The water content of the pre-micronized material was
6.54 wi%, and the water content of the micronized material was 6.23 wt%.

No issues were encountered during the micronization process. Particle size

distribution was as follows:

Pre-Micronization | Post- Micronization
D (v, 0.9) 38.6 pm 52 um
D (v, 0.5) 9.9 ym 2.2 pm
D (v,0.1) 1.7 ym 0.4 pm

25
No significant changes were observed in the powder x-ray diffraction pattern, TGA,
DSC, DMS, chemical purity, chiral purity and moisture content for the micronized material
compared to the unmicronized material. For example, as noted in Example 14, a

representative DMS trace for a sample of the crystalline diphosphate salt of Example 3
43~
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20 had an initial purity of 98.1 % as detennined by HPLC area percentage.
The purity of the micronized material was the same. The water content of

wdhBdarggTugronized material was 6.54 wt%, and the water cQptept afliRiscia
micronized material was 6.23 wt%. No issues were encountered during

the micronization process. Particle size distribution was as follows:
Pre-Micronization Post- Micronization %Zm D (v, 0.5 9

dhowelih BT 6915 T O AISTHD ST g Gerids

matenalrkﬁh%m?“'/M&glﬁlgﬂﬁimmmﬂy%g@SC DMS, chemical purlty,
chiral purity and moisture content for the micronized material compared to
the unmicronized material. , as noted in Example 14, a

representative DMS traggliaeaSaatae Shiikterystalline diphosphate salt

of Example 3 -43 200 PCT/US2006/008644 . show
SO TP I 02 P AR GR TR0 e i R ine
dipho sﬁl‘ﬂa@é@W@fépﬂﬂﬁi&ﬂde@&@h&ddrﬁﬂ&a]ﬁ@lwe)ghtMmMﬁmm@ range!

i S AT SR SRS SR o
eqmvaleﬁeﬁﬂﬂ&baﬁ"dei%ds ehhm(E%rﬁ@m@tlmﬂ‘ﬁamMmtméMeﬂ@dedme

month é; %??ﬂf?e solubility of the crystalline salt was greater than 40
mE ase equivalent in the buffer. Less than 0.5% degradation

was observed after storage foraseyrhonth at 40 C/75% RH. 10 AssAY 1
Radioligand Binding Sa) M : h tion from Cells Expressin
ﬁ? ?Elg %@.&gi@s‘aﬁf b 9
hM7, hM2, hM3 and IS a%@%r ptor Subtypes CHO cell lines
stably expresé@bl@ned’mmﬁdmwoml\@llhPﬁ@mimM muscarinic 15

reCepIOr SHYY PR, TP SEL BN MRES GRONRLER BASE Priency in medium
consisting 0 HAI\/I S F-12 supplemented with 10% FBS and 250 .tg/mL

CEitieihlimssieblis wpresspooiprio 45U ICTHE) FPE- s e nic
receptoW%%ﬁ@Mrgng—ﬁ%ﬂPv%% &%%eﬁ@ar confluency in medium consisting of

HAM’s F-12 supplemented with 10% FBS and 250 pg/mL Geneticin, The cells were
grown in a 5% CO;, 37 °C incubator and lifted with 2 mM EDTA in dPBS. Cells were

collected by 5 minute centrifugation at 650 x g, and cell pellets were either stored frozen at
~80 °C or membranes were prepared immediately. For membrane preparation, cell pellets
were resuspended in lysis buffer and homogenized with a Polytron PT-2100 tissue
disrupter (Kinematica AG; 20 seconds x 2 bursts). Crude membranes were centrifuged at
40,000 x g for 15 minutes at 4 °C. The membrane pellet was then resuspended with
resuspension buffer and homogenized again with the Polytron tissue disrupter. The protein
concentration of the membrane suspension was determined by the method described in
Lowry, O. et al., Journal of Biochemistry 193:263 (1951). All melnbranes were stored
frozen in aliquots at 80 °C or used immediately. Aliquots of prepared hMsreceptor
metbranes were purchased directly from Perkin Elmer and stored at —80 °C until use.
Radioligand Binding Assay on Muscarinic Receptor
Subtypes hM;, hM,, hMs, hidy and hids
Radioligand binding assays were performed in 96-well microtiter plates in a total
assay volume of 100 pL. CHO cell membranes stably expressing either the hM;, hM,

hMs, hM4 or hMs muscarinic subtype were diluted in assay buffer to the following specific
A
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collected by 5 minute centrifugation at 650 x g, and cell pellets were either
stored frozen at -80 C or membranes were prepared immediately. For
wdBieReng preparation, cell pellets 20 were resuspended ingdysig;Quiehossas
and homogenized with a Polytron PT-21 00 tissue disrupter (Kinematica
AG; 20 seconds x 2 bursts). Crude membranes were centrifuged at
40,000 x g for 15 minutes at 4 C. The lq: e pell as th )
target DG AEHABIRE IOE o O AN i a o BB ar o W the
hMs, 1Piviofetissueadisidpierpd fier pidteiihcamgehtratioweftheafie nimapenized
. uspensjon was determined b %e metg)od described.in 25 L et
wsing o R S S FOPOB DAY Pl fdon. Bt
bindingfenedmsifoadieuotsabtgd0,G dnesettimmaddiigety wigumsohsepnad HMS

f tor, membr I ir rki r
ety e A s
PharmaRiediptorhSBbtjpeshimvhiteNEngind) sividnaeiitelims Boghegiftigdhenl nM

i ) ) microtit :
to 20 o T e e
perfornpediw HVZEENM SVl oY b ohevier dififecst gt wivendiRaserii aieny

The testP Héﬁﬁ%&&%@%ﬂﬂ%&éﬁ%& LU Box E&T%Nﬁ%mﬁéﬂer

arget protein concentrations (g/well): 10 pg for hMI, 10-15 pg for hM2,
and then@eibedibriedds, oiodipgoopuffa tafigal gorp e sprmengpe from 10 pM

to 100 [REMBrRES e 5 hlefhaRmagsnized MsiigrRotiendigausgisniptor

(10 seconds) prior to assay plate addition. Saturation binding studies for

radioligrad AfiRIngi RS ERicoBPIE G atho IRt D BERb e BIRGL RIS

incubatREVESHizeRRARIMING. Mgty £ Blaride (Rl 2heldd 1068518 4iRration
Ci/nnnol, Amersham Pharmacia Biotech, Buckinghamshire, England) at
over GEghglsat BRGNS RS ST LDBISANIO 1 50 RN DIANBE A AEa e for

BSA. Pelspunatipaofifsevaties ohlaskRRMRaLPESHEre noa foRrEs) Wthmove

[BH]-NMS at 1 nM and eleven different test compaound concentrations.

unboungaciaap iyt Sl Ward ey drss SR e MOROERREA0 Bt 00 M in
scintilgHstioniByHakiAB1are thenveeniadly dintod:bx witedititsn bufierthefilales

concentratjons ranging from 10 pM_to 100 M, The addition qrder and
e Ty AR A A S B PR S SRR DA
Inc., Waiiekpsl ash FoRIpatntiAnd &0 playedbranedindssmagpiaios melesis with
incubated for 60 minutes at 37, C. Binding.reactions were.terminated b
the Gro BT VB R T I e e T e e G G e the
one-sity\@iigsieoMAddule-Keashubirfol Yest ddfoufdterplateuiard fnsedtueed
T e

ried, an SCIN ul
Y Prusoff W. H. Biochemical Pharmacology 22(23):3099-108 (1973)). K values were

converted to pK; values to determine the geometric mean and 95% conﬁdei:}ce intervals.
These summary statistics were then converted back to K values for data rep‘orting.

Tn this assay, a lower K; value indicates that the test compound has a higher binding
affinity for the receptor tested. The compound of formula I was found to have a K, value of
Iéss than about 5 1M for the M3 muscarinic receptor subtype when tested in this or a

similar assay.
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scintillation fluid (PerkinElmer Inc., Wellesley, MA) was added to each
well. The plates were then counted in a PerkinElmer Topcount liquid

woShtlatiaR counter (PerkinElmer Inc., Wellesley, MA). Blndﬁ;gq, AoV EISs44

analyzed by nonlinear regression anaIyS|s with 20 the Gra rism
Software package (GrapbPad Software, Inc., San Diego, CA) using the
one-site competition model. K; value§ for test compounds were calculated
from observed IC50 values a D value of the radioligand using the

Cheng-Prusojfieeniatio R {chanarabicBsuspiowndy. Biegkemical
Pharmacaology 22(23):3099-108 (1973 were onverted to pK;
valueS%s ?Mﬁ@’fﬁé%@g’ﬁfgﬁé Zﬁ%g)ﬁ”bﬁf/acég? 48R ﬁéé”fntervals 25
Thgse-seuy ey yustaliaicp suatey then earveniashhdokatal ervalneishipr data
reparting. In this assay, a Iowe alue in cates tha test o
meas%t%ﬁf%ﬁg?#ﬁﬁﬁﬁ SRS {%e\frecep ested @2%36%85%13& 1R
mediatdQIERMER lanamsfdatieh tn KAUE-E Krealid mm’és!mg tiinaiiMiboutBADM for the

M uscarinic receptor s hen tested in this or. i
S i R S
Adenylﬂeﬁﬁﬁaee Eunmmmm&wmmm Blediudi(TRY SHMROMEi BrelinElmer
Inhibition cumulatio lﬂ%%}ia otency of a
Lafe Scigh ec?o&?lnp’g%n Was Sétaécfcr:ﬁfr?e le%aggﬁrg%%pﬁw ilty@(ﬁktlﬁ'e test
mﬂpwr@mmm@mﬁnm&wddiﬁbmmmw@%m&@MMﬁﬁ

trypsin/Soss M z%'?ig% %%88 ?n %&%mﬁwﬁm}i%@&%%ﬁi@ﬁsays

were per orme In a radioim at using the Flashplate

section Atlevy/l\TI@ybiashed ciliatonmesededisenbentdogaeanpodoeng for five
minuteSh 5 PQ{%‘E dﬁ%k' REDRSA SRt S RGES G s ROSIR M AN BoeeIdl @Qé%@ €

manufacturer's instructions. 10 Cells were rinsed once with dPBS and

cells whtrePwitbdTrith i - e TnZd dRnmd R{giosYeorissithockaanidqubarallerton,
ca). HeswiRed-in (he Gl Guliie AvddMembrane RigRaalienseaienabaye.

The detached cells were'washed twice by (é‘entrlfugat n at 650 x g for five

stunula%mh@ﬁqrmtg@m@aws@ewﬁ@@apﬁénémaswﬁe%%é%wgﬁé/ﬁéed%@m%L
compotiidwisAnHiinG sellsiuers &9&5@&%@)%&%&1@8@%@@&!@%@3@9

(Beckman Coulter, Fullerton, 15 CA). The cells were centrifu L@f?gd a%aln at

supplelera@ts@gw@h mgmmdiﬁgfxéﬂd?@Jsagsmm@l&mmraﬁaﬁ% piter to
final mABRALHANERABAL '%giﬁé Honl 18 Bx d.060el ekl e e Hasampaunta

was initially dissolved to a concentration of 400 M in dilution buffer (dPBS
similargigmiemented with 1 mg/ml, BSA (0.1 %)), and then serially diluted with

dilytieRhuferd@emorine inhibition of AC activity, 25 pL forskolin (25 pM final
concentration diluted in dPBS), 25 pL diluted oxotremorine, and 50 pL cells were added to

agonist assay wells. To measure the ability of a test compound to block oxofremorine-
inhibited AC activity, 25 pl. forskolin and oxotremorine (25 pM and 5 pM final
concentrations, respectively, dﬂuted in dPBS) 25 L diluted test compound, and 50 pL
cells were added to Temaining assay wells. .
Reactions were incubated for 10 minutes at 37 °C and stopped by addition of 100
uL ice-cold detection buffer. Plates were sealed, iicubated overnight at room temperature
and counted the next morning on a PerkinElmer TopCount liguid scintillation counter
(PerkinBlmer Inc., Wellesley, MA). The amount of cAMP produced (pmol/well) was
calculated based on the counts observed for the samples and cAMP standards, as described

in the manufacturer’s user manual. Data were analyzed by nonlinear regression analysis
A6~
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final molar concentrations ranging from 100 pM to 0.1 nM. Oxotremorine

was diluted in a 20 similar manner. To measure oxotremorine inhibition of
wd\soR%is 25 L forskolin (25 tM final concentration diluted jp g2 B3)s ARs14

tL diluted oxotremorine, and 50 gL cells were added to agonist assay

wells. To measure the ability of a test compound to block oxotremorine-

inhibited AC activity, 25 L forskolin and oxqtremorine (25.sM._and 5 M final
it theyGrER R AT A (AL T O35 B I8 Cr
using tHAIPROMBE: Rpfkaibh, Gellsiwetenddidiieqerianinashaygriisof!
) Reactions_ were incubated for. 10&%&@5 {h37 C %nd stoep%gcg naagi%%i-on
equation g s i CASHHEEE doin BiREY Pras WereCseaad ihcubate
respons@\@FMighidahrepHempRiativiey antemuited dhehediks adrilihg @peatively.

PerkinElmer. TopCount liquid scintillation counter 30 (PerkinEl Re.,
o K ABARET: FHAY A SRS SAN O (STRaT Lhf s e 0478
confidefiddCutates Haredomthecountsstibs ervedHor tvesaimplesiatedic AMEs for
dat standards, as described in the manufacturer's user manual. Data were

ata P ed by nonlinear regression analysis -46 WO 2006/099165

BOHHS2006/1008684 valith itvbc@rathi dkk Peig wpSohwarBasadkabe
ﬁmctiotg%rg eriaia'a%t gtl\‘/élcat{ffomgste%?nfgé%&ﬁ%@djémﬁﬁﬁly?Rfﬂ%ﬁﬁd to have a

regression, one-site competition equation. The Cheng-Prusoff equation
K; valuwal!essebiat baifatdtfe Kodssinpfeecsmaptminlbhiieambipgkolin-

2t SPDESAY AIQN- ES0RTS flesve AN pXohemAURR BRSAKEANFRATTRte
medlat%scmg&c%gﬁ, reépectively. 5 The Ki va%ugéﬁweregconverted to pKi
in this erlumeierdeteymine the geometric mean and 95% confidence intervals.

These SUM Ay, SIplS UGS WEIS en P isrrhacksinify values for data

reporting. In this assay, a lower Ki value indicates that the test compound

Aae seigidinmiivonbadeichnd attineal Sobmey edashCormPERNN 58URE of
OLIMIA]MRSFURE I SN el Qishyalide fF hesabanBRRuLS- Rivhitited

f
blockade of oxotremoriné-inhibition of forskolin mediated cAMP

[°SIGRRetpinine S ERE ke dln e arsdsihg MbrrFoniSteptor, when tested
iR {his ghR siplarmssamiiarkasdeiRapniaidMediaietiiluted in assay buffer

_[35SJGTPyS-Binding In a second functional assay, the fimctiopal potency
with 2 GpebSHreshHsBIR RIS 1S LR HEA B R aLEin R B SIBIET 6T

briefly %%m@%}ﬂgeﬁitﬁ)sﬁfg clegxetsamotnes indeduiiaSie s sdhisdgho assay
CHO-KI cells expressing the hM2 receptor. At the time of usg,ffro%en .

nse) for stimulation

plates. fibgBen sauedRETGEN e ArR IRER IR el RS RAbITR?

of [**S]GTPyS binding by the agonist oxotremorine was determined in each experiment.

detern

To determine the ability of a test compound to inhibit oxotremorine-stimulated
[33SIGTPYS binding, the following was added to each well of 96 well plates: 25 pl. of
assay buffer with [*°S]JGTPyS (0.4nM), 25 uL of oxotremorine(ECso) and GDP (3 uM),

25 kL of diluted test compound and 25 pL CHO cell membranes expressing the hM;
receptor. The assay plates were then incubated at 37 °C for 60 minutes. The assay plates
were filtered over 1% BSA-pretreated GF/B filters using a PerkinElmer 96-well harvester.
The plates were rinsed with ice-cold wash buffer for 3 x 3 seconds and then air or vacuum
dried. Microscint-20 scintillation liquid (50 pL,) was added to each well, and each plate
was sealed and radioactivity counted on a topcounter (PerkinElmer). Data Wére analyzed by
ﬁonlinear regression analysis with the GraphPad Prism Software package (GraphPad

Software, Inc,, San Diego, CA) using the non-linear regression, one-site competition
-A7-
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with a final target tissue concentration of 5-10 g protein per well. The
membranes were briefly homogenized using a Polytron PT-21 00 tissue
W?iﬁi&%%ﬁ@d then a(_:lded to the assay 20 plates. The ECQO y?‘lﬂﬁszoo 008644
effective concentration for 90% maximal response) for stimulation o
[35S]GTPyS binding by the agonist oxotremorine was determined in each
experiment. To determine the ability of a test compgund to inhibit

equatiogy JrherhbrE U SR OB STRSTSTSID PG RE I SHoting e Sadalit

of the Bacthwalbal 3G wal plaleso2thb wft asspsindieiiib (I68dadies
(0.4nM), 25 L of oxotremoring(EC90) and GDP (3 M), 25 25 gL of diluted

concenteaticggih B AT AN B Fre élﬂ%f’é%%?&ﬁ@%‘%?ﬁ%%ﬁﬁacﬂ%’gﬁmz
BOGRtasalNe BSRAKPIAIS Welertheminaubiaiedoah okl insGlhigirutes.

. The assay plates were filtered over 1% SSA-pretreated GF/B filters, usin
functiogeb BB I8 HE et i FRE AR DMLY THRTES AT
K; valuwashehuffer fend ¥ 3nccentisiantd tanxaifearotaeustmulkied [NVEPETRIRL-20

oinding A A A A DR A UL e I B DR

assay. were analyzed by nonlinear regression analysis with. the GraphPad
Prism_Software, packa raphPad .Software, Inc., jego, CA) using
the r%r%fzﬁaegro e%gggg%%%h%@éé 2%%%?%/%5 32(‘?’\11??@3%%%“ 9165
RGIEAIS RO DEHD86:AD teaps dvhin MzhenCBNgeBritssff whishtionplal Gsed to
. calculate the Ki, using the lues of the concentration-r oot
proting L (1 DB S T DA Ry T e L R0 SEecptor
As a reasBagctisathé PCE hpdrdlijzépinespotgemrsitiondipboppiotiodBiP this assay,
ey QNS e NAICaER DA s eRLCAmRRNAE fan ARl Rtp dHilchapal
dlacylgg%?%ﬂ?/(a]gtf}h Ertgggp?osiﬁtlé%t . The co 1po{{}lr%q 0 f%?’mula | was fo%nd to
calciurhaleaae Rpvalneaotibdsy siarenbouteBdapidenis gokageaplasmic reticulum.

The Fﬁf%@%&ﬂ%ﬁ%@@&%&é %J@ 'a?é%gl& i@iﬁ&gﬂﬂﬁ%ﬁi@eam in

expressing the hM2 receptor, when tested in this or a similar assay.

intracelideierddwniyorinem calieited Tariiim dreddse- ¢iM epudalohes.
Eugen%/l Bﬂﬁ%ﬂﬂ_ﬁﬁﬁ?&,@@ LRIRE S AML MBRBA MBS 1eGSRIRER e WhiER S QbR Eed |

g proteins, activate the phospholipase C (PLC) pathway upon agonist

in real imeiby the FldFBeafhtish dalsds tha shaneiatBaomiscersrify e B pRYEHHAY
cells IR QL AIRRASARAIEAR A2 4 diagyiaiveeral (RARANntagonist fotency

phosphatidyl-1,4,5-tiphosphate (1P3), which in turn generates calcium
can bedsteamdnad Ry e abdiaf swrenists iepbdplagomishmsdaiedprasiies I
intracdifligiUudp The FLIPR (Molecular Devices, Sunnyvale, CA) assay

capitalizes on this increase in intracellular calcium by using a calcium

SERTitBRIGE IR B ks PHEgasLs stably expressing the hvh, hM,

and cM; receptors are seeded into 96-well FLIPR plates the night before the assay is done.
Seeded cells are washed twice by Cellwash (MTX Labsystems, Inc.} with FLIPR buffer
(10 mM HEPES, pH 7.4, 2 mM calcium chloride, 2.5 mM probenecid in HBSS without
calcium and magnesium) to remove growth media and leaving 50 pL/well of FLIPR buffer.
The cells are then incubated with 50 uL/well of 4 pM FLUO-4AM (a 2X sohrtion was
made) for 40 minutes at 37 °C, 5% carbon dioxide. Following the dye incubation period,
cells are washed two times with FLIPR buffer, leaving a final volume of 50 pL/well.

To determine antagonist potency, the dose-dependent stimulation of intracellular
Ca** release for oxotremoﬁne is first determined so that antagonist potency can later be

measured against oxotremorine stimulation at an ECqo concentration. Cells are first
-48-
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Eugene, OR) that fluoresces when free calcium binds. This fluorescence
event is measured in real time by the FLIPR, which detects the change in
I ce from a monolayer of cells cloned with human
Wé%%@ﬁ%ﬁg%nzee M5 receptors. Antagonist potency 20 can bkyeg?j"?}eﬂt%zrl}rg|§ﬁ]e0(8216'44
by the ability of antagonists to inhibit agonist-mediated increases in
intracellular calcium. For FLIPR calcium stimulation assays, CHO cells
incubatedapith exprrassiAgiHEaI RIS ARarEmsTliomrd Byasudsatiiion

which i9p¥sthik RRRlslesthemight Hefate theaetrmisHee gehendechealisiage
washed twice by Cellwash (MTX Labsystems, Inc.) with FLIPR huffer 25

to the mefhad dpfatss Bt A SFRRTSIGRITCHIBRIE SE IR RPBIObBREY Th

conjuncHBOR WithoRalc B aNdMagrEsi/E) tEMOone giavtinoadia and
leaving 50 L/well of FLIPR buffer. The cells are then incubated with 5

S 0
concentraiirah i Lt FIS s RAI T S e UBHATbR RS i
of oxotemd¥ne M hencdipxiden Fellawing thexgye ineiisition patpdiateslls are

washed two times with F buffer, leaving a final volume of,5Q pL/well.
%W@%H&%ﬁ&#ﬁ é’*ﬁ%y‘?’&%%“&sgs‘%?éﬁb%ﬁ@é'ﬁ %?%ﬁ%#%% of
strengtirdfaceikiing, Gaddticeleaseltapuxofrédionineris! firsi wiste mairdehgth thiat

antagonist potency can later be. measured against oxotremori
d
550 nmg SRS 1 A AT RN e A aiE PRer A 00588 18s
prior toRAF S 2006/RRB 6 dndup atedistitticmaponitiediLiRkh dowtiorfusiz0
inutes, followed by agonist addition, , which J rtor the ELIPR,
s ) B A B 16 S S e Ut
maximdaetfileckindie Bldide measurement and data reduction section below, in
e %‘Ha‘%'%”o}“ hog‘ggcg%gly !%xE:Q E éd(ég%%iﬁ%\ll{ 'ﬁ)l%gsgé%e%nus bageline
oXStremarine o concentrationrof 3 x ECE Is prepared in stimulation plates
fluoressucte fhatah EED0Meroendrt hasfipastesaiosiribe sogaddanteickie well in

concen%ha?i@Eﬁ%ﬁ&ﬁﬁ%ﬂﬂ%@gﬁi@ﬁ%@%f@%ﬂﬁ%’ﬂ@ﬁ?@&%@é’(?ggf@fa}@ﬁﬁ:dr,'@Bl

Are. exposure ength of 0.4 seconds, laser strength of 0.5 watts,

Diego, Editativg habuibrythaich §8 mamaitrbinrssiorr oo BatEPBIsEED Yies are

| detemgae@gggggﬁi&ﬁ%&@m%%msaaurmg%lepag% iR fIQreRceREedabAR:

10 prior to addition of agonist. Following %gonist stimulation, the
ECqyo fE (iR Resoh wnuemsiytiprassordmgie BrdraatmmmEsosntendidinre Sto 1

PrusoffS%% for 1.5 minutes to capture the maximum fluorescence change.
The change of fluorescence is expressed as maximum fluorescence

iribis pssasin o TRIdreEesdadisriea dhelvbn s eoamonathss alarrtd
fimctioRIPIREL IR/ eearihm @i 11RonGRpHEHoR Ry RAINQAE FBERaSSIREVe 2
with GraphPad Prism (GraphPad Software, Inc., San . )
K; value of less than about 5 for blockade of agemst-mechated calcinm release in CHO
cells stably expressing the hMs receptor, when tested in this or a similar assay.
ASSAY 3

Determination of Duration of Bronchoprotection in Guinea Pig Model

of Acetvicholine-Induced Bronchoconstriction

This in vive assay is used to assess the bronchoprotective effects of test compounds
exhibiting muscarinic receptor antagonist activity, Groups of six male guinea pigs
(Duncan-Hartley (HsdPoc:DH) Harlan, Madison, W) weighing between 250 and 350 g are
individually identified by cage cards. Throughout the study animals are allowed access to
food and water ad libitum.

Test compounds are administered via inhalation over 10 minutes in a whole-body
46.
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Diego, CA) using the built-in model for sigmoidal dose-response.
Antagonist K; values are determined by Prism using the oxotremorine
W@%&QO@JH as the KD and the oxotremorine EC90 for the | g
concentrat?on according to the Cheng-Prusoff equation (Chégrépgj/ S@?S@S?ﬁ“
1973). 20 In this assay, a lower K; value indicates that the test compound
has a higher functional activity at the receptor tested. The compound of

exposurfodsitig e (R Soliee, 2k Gl 6MRsT Al anDchaRRIYare
arr:mge@ lockade of agonistmediatad salgmiteieass NitdiRneelasiabl from a

expressing the hM3 receptor, when tested in this or a similar assay.
central masiotd3 SEIDeASIEHALIOH OF0 (P MR OB BhRATH FHBEABRGGuinea Pig

vehicle MPfB! etion QhAcaivichelinendyead Brenshesnaskt Tbisginiosasay

_ 1S used to assess the bronchoprotective effects of test compoun%? ,
Nebulizgg RiMgIRLAZET hRASI Bror ey BARPRERGtr SYB Al mfE ven
by a mikHRES Pidss (Bansaiviastiey tisdBor; BHdintenpiadisd 2M)i. The gas

weighing between 250 and 350 g are 30,|nd|V|duaIIyl:é$ent@ed bgecra;l}%ie
flow t P ARSI AL S SRR A1 ATSRS e S B ER HEERE st ™ B0 and'®

generatWolBroast i Ritimv I e e anaRaUnts e, pdBiNis inresuyia NG dikiidm aiels 10
minutes in.a Whole-bO(glg(_ -49 WQ 20030991 5 PST’-USZOO}% (Z)ggcﬁff

used duging 85 de o gt AR ézfe%ﬁ&]gt?\%?d e o S ER)e TR RS

approxighasioers arecassnges isadbalizud adidsdd wasssitiutianeotshedebyered
to 6 individual chambers from. g central ifold. .Guinea pigs are

compn AR B O B D ) VRO, Those
aBoseschtpgentrateffdarofacgueonpsohdiadsirsine aivicCGrB@stn are
Nebulizer Set (Mpdel 22F5 1, PART Respirator ipment, InG,

eveluat A A T B FTR Bl i 3 2 BB 085 ang
Rrty-Té¥nitacpresstiretnf @2rpst. tihewasnfione thfaun thech ebilRaarigts

anesthe hzlgcf) @%ﬁaﬂ? ga g?nsuss%lgt g}?hrgggé%'%&%{n%nlé/

E&pygem generated
aerosols are driven'in chambers by positive presstire. No dilution air

xylazinis (US@dngiii gritiecdptivenyiot £bSsulzee) sldtofis: smiqg site iﬁ@_hﬁvﬁdte

and c1cBSRHTA A A ARRr RABAGlYotoflDk OGRS GRS EPMRdSeck
measured gravimetrically by comparing pre-and post-nebulization weights

was magithEtfille thadimilzersitHe ispdaief eprotactivietediacts ofabsedBibounds

o I 9 S P S0 G v
infusions of ACh (Sigma-Aldrich, St. Louis, MO) in saline. The trachea is then dissected
free and cannulated with a 14G teflon tube (#NE- 014, Small Parts, Miami Lakes, FL). If
required, anesthesia is maintained b.y additional intramuscular injections of the |
aforementioned anesthet'ic mixture. The depth of anesthesia is monitored and adjusted if
the animal responds to pinching of its paw or if the respiration rate is greater than
100 breaths/minute. 4

Once the cannulations are complete, the animal is placed into a plethysmograph
(#PLY3114, Buxco Blectronics, Inc., Sharon, CT) and an esophageal pressure cantula (PE-
1(%0, Becton Dickinson, Sparks, MD) is inserted to measure pulmonary driving pressure
(pressure). The teflon tracheal tube is attached to the opening of the plethysmograph to
allow the guinea pig to breathe room air from outside the chamber. The chamber is then

sealed, A heating lamp is used to maintain body temperature and the guinea pig’s lungs are

inflated 3 times with 4 mL of air using a 10 mL calibration syringe (#5520 Series, Hans
50
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Forty-five minutes prior to the start of the pulmonary evaluation, each
guinea pig is 15 anesthetized with an intramuscular injection of ketamine

wéA3elamgka), xylazine (3.50 mg/kg) and acepromazine (1.
Sk P —

ter the surgical site is shaved and cleaned with 70% alcohol, a™2-
midline incision of the ventral aspect of the neck was made. Then, the

jugular vein is isolated and cannulated with a saline-filled polyetha(%lg;sne
Rudolpbaifveses (17,5603 sxeoAuDichan Ssnlosisa S MIDJed el eatiBtaita e ik

animal dOUHHSIQRE0F AL BytRigmanAidiich, St. Louis, MO) in saline. The trachea

IS then dissected free and cannulated with a 14G teflon tube (#NE- 014
SnsalitPeeicnnied Hukbsseiy, TelkegaTrel! BifedhEniEanil tafhtaitdapy20
for con@AGHANALIRHARUBE WAL IeCTions otiheLierepentaoad aresihetite, the

mixture. The depth of anesthesia is monitored and adjusted if the animal
pulmongEg SHHYAHEIMERIHE O K RO TR TSR ATIBPALE SO PULREP T 25

enablesHOBIRRINS ML RAn6E Srewamaulgtionsare complete, the animal is
glaced into a plethysmograph (#PLY3114, Buxco Elec ronic%lnp., Th
BB Ty R BT L SaISh e s Enr) BERTAERS %4%6? &L 1he

changePie k801 SRAHE MR)dscinsertisd iRerpRusiHeutplonty diivihghessure
(pressure). The teflon tracheal tube is attached to the gpening of the

—hrpy A b Dt
measuruigitlerifeschambeltdhchaimnbenib. thdns seakddtoidieatmighltmap is used

to maintain body temperature and the guinea pig's lyngs are inflated 3
puknont?ﬁféﬁ\%ﬁﬁ Wﬁﬁfxfﬁ égrgﬁ%?ﬁfgwgl ]?g i 0851, 5 i%ﬁl%ﬁr%gseg%gﬁeﬁsgree fies,
transdukta s FROWEA R 00646881 65VRCITRUS 2006 AN 8644) RusoipHiKnsdsicity,

.MQ) to ensure lower.al do.hot collapse and. t imal
colleot 3 RS i T GpR SR e R
derivedviatine shase withimptite range 0.3 - 0.9 mL/cm H20O for compliance and

ithin the range 0.1 - 0,199 cm H2 i e,dhe. 5

e B e R 8 SR T CHE N e

challengednpitibeA floghfhdidbles ity tolidetishinm cayivdtiGm bipulrtofionya

. values. Startin i initi er t ;
SETD G e SR e S G R
doses aplbtigsmibepaishes/fthne dohstme il expraayured -9is HBoweorh PEBEUHSS,

3.8,%/% REES0 m&%gﬁﬂg/}ﬁi%é%%%ﬁﬁﬂé&% AP measyamenhaliaw

ated for eath breath. This signal, together with the pulmonary

30 ng/nibmitrppPEsuimatehaned naminie el SoBEBEPusH gralstars pmcpraRitier
has notIBREEMERS (HERRALAD; I3 $ORRERIEE MiREB WGP AMA %S 13 guinea pig’s

preamplifier to a data o '
lungs are inflated 3 times with 4 mL of air from a 10 mL calibration syringe. Recorded

pulmonary parameters includes respiration frequency (breaths/minute), compliance
(mL/cm H;O) and puimoﬁary resistance (cm H.O/ mL per second). Once the pulnionary
function measurements are completed at minute 35 of this protocol, the guinea pig is
removed from the plethysmograph and euthanized by carbon dioxide asphyxiation.
_ The data are evaluated in one or both of the following ways:
(a) Pulmonary resistance (R, cm HyO/mL per second) is calculated from the ratio
of “change in pressure” to ‘l‘the change in flow.” The Ry, response to ACh (60 pg/min, TH)

is computed for the vehicle and the test compound groups. The mean ACh response in

-vehicle-treated animals, at each pre-treatment time, is calculated and used to compute %

inhibition of ACh response, at the corresponding pre-treatment time, at each test compound
-51-
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collection interface (#'s SFT3400 and SFT3813). All other pulmonary
parameters are derived from these two inputs. 15 Baseline values are
w&OllGSEss for 5 minutes, after which time the guinea pigs are,
with ACh. ACh (0.1 mg/mL) is infused intravenously for 1 mﬁl%?e%f%ﬂm’gjn%“
syringe pump (sp210iw, World Precision Instruments, Inc., Sarasota, FL)
at the following doses and prescribed times from the start of the
dose. TaRiBEHpAGRECEBRATMENEVSE Bnititess, S quith iR MrnFflesstr 5
equatic AP R HRR PHRMESerb® DOM RWE A3 MOLIES, R0RP-RefRuse at
25 minutes and 60 g/minute at 30 minutes. If resistance or compliance
Diego, a4 iuh A farFE Haosrher el et snitRRe SomHERMify RHeH Ren tbda?
pgflninﬁ’tﬁ‘rcgﬁmr@kgi&dﬂfm@@ Yflsted) 3tipeguaiibrreel of AiFfiomsa 10 mL
calibration syringe. Recorded pulmonary, parametgssncludes respiration
frequency (b eﬁﬁ’@/’rﬁﬁm%’ﬁ%ﬁ%gﬂaﬁég (ml,/cm H20) and pulmonary

where JeRISiesQEM2 Qb BLYPRIIBEEQBN RS EntibipuiNvInarY: Ahifidectianease
measurements are completed at minute 35 of this pégtocol, the guinea pig

in Ru)-i¥ f@rioy S8R SRS s ARagPipir Attt Otz B aap de
Fepimsigiianity e, datdddrs dvalisdtedir anewitboth Ol tiedalioliagesdys:
_ (a) Pulmonary resistance (RL, cm H20/mL per second).is calculated from
o causb GO i BN SR TR MBI SRR FELBBTe
resistadOeARGEGimirtbrh)th3(iscom phigddfonthewehicka gndfth€liesthistamine
compoun s. The mean ACh response,in vehicle-treated animals, £
chaler g R AT PR G L Haton D COA S BByl
PCs valfhAiGasreipdiselatthecOhesporiticgtpr&tidelimenbtimethat eelvle fost
exercisc%%]e{ff%ﬂng tes i]ilwcl).‘)%go /no e@SﬁE' 1:!1_1[ %20‘?916 49%?4510&'855 'l(o%ﬁﬂ?glon
-8ose-re§ponse urves for 'RL" are fitted wfﬁ a four parameter logist
equatiorppging @;ﬁp&%«ﬂ@ s, véosich 300 CoX(WineBws (GraphPad
Software, San Diego, California) to estimatBdbr#achoprotective ID50 (dose
where:r€gjisithe dorictnibitiive X QICH6H Ipsthmimp prenatiogdhsWciothresporsgrasion of

96). The equation used | lows: 5.Y.= Min + -Mi Op -

achop i SHE T 2 e R MBS A e
the basedspdhsea(s; Rhisitionfaf valbh ifiduCetantRedsdherRR Vplve sttmt€at Min
and I ‘ i 10: I ' idal ), e

sica B e o
pg/mLidosansé Ghiubingbdinthefasbiisdipuhworensryasisstarce (Rlzatgulated

ngdng puimgn %rfyth%%f{?i S{%@%&Y@A‘ﬁ%&%%r%%ﬁ?éﬁ é‘?&d@%&é’ t‘?&%&.ﬂ‘_e
pressure SVera range o Chror histamine hallenges using the following
A P-vaberrafion {wduicsidsrdérigndffcan eneratipriessdmpesidabaring a PDysq) less

“than about 200 pg/ml. for ACh-induced bronchoconstriction at 1.5 hours post-dose in this

assay are preforred. The compound of formula [ is expected to have a PD(sgy less than
about 200 pug/mL for ACh-induced bronchoconstriction at 1,5 hours post-dose, when tested
in this or a similar assay.
Assay 4
Inhalation Guinea Pig Salivation Assay
Guinea pigs (Charles River, Wilmington, MA) weighing 200-350 g are acclimated
to the in-house guinea pig colony for at least 3 days following arrival, Test compound or
vehicle are dosed via inhalation (IH) over a 10 minute time period in a pie shaped dosing

chamber (R&S Molds, San Carlos, CA). Test solutions are dissolved in sterile water and
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PC20 values described in American Thoracic Society. Guidelines for
methacholine and exercise challenge testing - 1999. Ana JRespir Crit

W&ﬁ(ﬁs/%@fksle’l: 309-329 (2000)): PD2 = antilog [ log CI + (IolgC - |
Cn(2R0 - Rl) R2 - Rt where: Cl is the concentration of ACh or /?éstza%ﬁg%m

preceding C2; C2 is the concentration of 15 ACh or histamine resulting in

at least a 2-fold increase in uImona%gesistanqe (RL); RO is the baseline
delivereR singurendRilizen dlfed vafie-Srek of dasiperiutine. RIMPIRB'EHECC2. An

restrain& 1 AEAAHEHRRR @191?1@@19%%@1&%%@@M@M&@,@h@ﬁtﬂ@%e

response to a 50 pg/mL dose of ACh to a doubling of the baseline ,

restricteg(interiary FaREARER YIS AEDST SatidfisIRARSVSRI TR (95 Rganimals to
turn fro§IRpRGEhHSHICh S I tailed Bl denisdoiasls 20 M Rvilahs® slifeisof

_considered significant. Generally, tesf compoupgds having.a P. 0) less,
acclimatiosin SIERRH D BDIY RALOFSH HCR-ATERIG @%ﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁéﬂ

(Model Qgﬁtsﬂq%@ﬂnﬁla@i@a%ygggﬁ@f@;ﬁaaMtéawn;%%aamadﬁm msgacms:z air a.(‘; a
ex ecte_ to have a ¢ ess than about n r - C
pressurg A A2 N BERFORRAEHCS REUTEHIGE b0 DR EIRE TP B o

G gvalll
a8 IS r &
12, 24, SN AR rdBEANE 4 Inhalation Guinea Pig Salivation Assay Guinea

igs (Charles River, Wilmington, MA). weighing 200-350 g are accli d
B R B ROy £ At S g B fost
injectioB@TWaIHAE a0 Mehigherarésdubad g inhatatiah {id)/kgeaal boemivteitime
period in a pie shaped dosing 30 chamber (R&S Mglds, San Cayl A).
1.05 G PR e TR G T R AL S0 BTt
(37°C) Pieiiitl SR006 298644 clisdivatk dhuiingad mebddiserfitddlopth B0Hply 8fx 2
. dosin lution. Guinea pigs are restrained in the, inhalati b I
inch g i S U TS TR O b ST Mg, SACA
insertedpi@xpiatalyil i0mqlenFivhinspasddeg deguate donih egenishaliotamim

freely, reposition themselves, and allow for gro F iNgd 20 1aced
0 PO T B e Bt oA Fpece
by a negenerateghtidpuard fadtSNebidicali@ed MddanRrs,latpARY point the

Respiratary Equipm Inc. Midlothian ive hoUSEAIhBLA: of
ganze pﬁﬁel sﬁ?l%¥$§%§eﬁb%1r%%%&g§%ﬁ%f %%é%%%g%%%inea pigs are .0
accumvietlistbehatringe)6 The nRep4s; omy iwdisdter Hastadionerdunicwisigingrie

v R EL MEASU B i s LO
considareé prdmafiie salivation. Results are calculated using result means (n =3 ot
greater). Confidence intervals (95%) are calculated for each dose at each time point using
two-way ANOVA, This model is a modified version of the procedure described in
Rechter, “Estimation of anticholinergic drug effects in mice by antagonism against
pilocarpine-induced salivation” Ata Pharmacol Toxicol 24:243-254 (1996).

The mean weight of saliva in vehicle-treated animals, at each pre-tfreatment time, is
calculated and used to compute % inhibition of salivation, at the corresponding pre-
treatment time, at each dose. The inhibition dose-response data are fitted to a four
parameter logistic equation using GraphPad Prism, version 3.00 for Windows (GraphPad
Software, Sdn Diego, Califofnia) to‘estimate anti-sialagogue IDs, (dose required to inhibit
50% of pilocarpine-evoked salivation). The following equation is used:

¥ = Min + (Max—Min)/(1 + 10 ({ogD30-3" Hilislore) y
where X is the logarithm of dose, Y is the response (% inhibition of salivation). Y starts at
-53.
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1.05 mg/kg at an 0.88 mL/kg volume. Animals are placed ventral side up

on a heated (37C) blanket at a 20 degree incline with their head in a
wélWpwRLdsslope. A 4-ply 2 x 2 inch gauze pad (Nu- Gauze 8?'&{@0&5308644

sponges, Johnson and Johnson, Arlington, TX) is inserted in the guinea

pig's mouth. Five minutes later, the muscarinic agoni.st pilocarpine 15 (3.0

mg/kg, SC) is administered and the gauze pad is immediately discarded

Min andeappregsiaescasypplatirelprobisigHEtrgagneifaaihaetiva is collected for 10

DHIES cRihich fRiIdhe: BY2s Raddsopriakadams thasitesansapine
weight recorded to determine the amount of accumulated saliv. C%é‘r?dfég)
the appareie g FelasibiRtiBiSant Sedneaemtorahirhare Rt GhgRHE:

apparen@ﬁ&@@&@c@@ﬁj pfitgsteamnaundistalcuyadethn ERicgaud Uiéan IS
20 considered to be 100% salivation. Results are calcula eEﬁanl in

forfmﬂarﬁéga?i@%ﬁted@(;}a@ré%@ﬁm@%mﬁ&eﬁ%mé G IR cu? ed %wn
tested HEBEH HOS8AAARRLMeE point using two-way ANOVA. This model is a

modified version of the procedure described in Rechter, "Estimation of
anticholinergic drug effects in M antagonism against

|oiImmmmmeahs@h@dieﬁoﬁmse@macmoﬁmm Q@R (1996).
25 The mean W t of s CEﬁ/a |g vehicle-treat etnln}?_‘ at e%c
g@}f}%’aﬂﬂ‘gﬁt"ﬁ li’éa%%ﬁ e SRETREO COMpute © tion of
weighuﬁg,aﬂiv@i&ﬂﬂ mthﬂmgsm@mdmxp tbedaseaimtﬂm%ra‘s@ﬁma@msthhsa (to
|nh|b| on dose-re ata are fitted to,a four
effect), ZGiM% ﬁfﬁéﬂ%‘t‘i} AP ﬁb it versm%%a&?%r%@ g?/ég glrga(% S

(PE-50 8Q;fii¢gar Q"h%ﬂlﬁtagw@alt&vrm&)s&%ﬁzmg@ swhtivsiakage g tb®dlteose

U|red t hibit 30.50% of pI|OC 0 vati
subscapélé S i l?se gisions 1 {_1'_1 %gpg[ 50315%}1@ a&?ﬁhﬁggﬁl@s
locked witknespaintfi@ 0ogmiitiml Of di:asb ammaﬂhe aémm@ée@@w&ﬁumo$ C) at the

end of Ssﬂal‘lé\ég)ggp%ve\{ é%rtsr%}m 5%.%% %goégﬁéjlﬁépﬁﬁfeﬁg%%%%fb MiBver

oac es a ymp sigmoidal shape. The ratio
onahemfmlg@ahheﬁwml@ﬂmm tiroidiedrdingtseave. ID50 is used to compute

%Eet@fﬁ‘i%%%&lﬁ%ﬂg%%f&B%ésﬁkﬁ@%mm%%sgr@uym the

poun s Having'an apparent lung selectivity index greater than about
camndam ordieteech Tivh mb@n@mf@tﬁ@rmgmsd@ﬁ%&wwﬁwﬁﬁﬂﬂ

pressur%p@%&%[ll ?%sﬁ?é%ﬁﬁ\ﬂ%fpgﬁé( SeRteriban oVMR AP esteAli Eigon

or a similar assay. ASSAY 5 Methacholine-In ced epressor Responses

Systemin ADmEdicUs @gmt@?gsllmé@ﬁsﬁ HaiizmBreagsrigt Rl BARIEY Guinea
RS, (Hanans PiaaaRalizidNeCh (0.3 mg/kg, 1V) administered through the

jugular venous line and the cardiovascular response is moniiored for 10 minutes, The
animals are then placed into the whole body dosing chamber, which is connected to a
nebulizer containing the test compound or vehicle solution. The solution is nebulized for
10 minutes using a gas mixture of breathable air and 5% carbon dioxide with a flow rate of
3 liters/minute. The animals are then removed from the whole body chamber and refurned
to their respective cages. At 1.5 and 24 hours post-dosing, the animals are re-challenged
with MCh (0.3 mg/kg, 1V) and the hemodynamic response is determined. Thereafter, the
animals are euthanized with sodium pentobarbital (150 mg/kg, IV).

MCh produces a decrease in mean arterial pressure (MAP) and decrease in heart
rate (bradycardia). The peak decrease, from baseline, in MAP (depressor responses) is

measured for each MCh challenge (before and after IH dosing). The effects of treatment on
54
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10 weighing between 200 and 300 g are used in these studies. Under
isoflurane anesthesia (to effect), animals are instrumented with common
w&atid.attery and jugular vein catheters (PE-50 tubing). Th?&?ﬁ{!?z%@ﬂﬁssm
are exteriorized utilizing a subcutaneous tunnel to the subscapular area.

All surgical incisions are sutured with 4-0 Ethicon Silk and the catheters

locked with heparin (1000 ynitslmL). Each ani Is.administered saline (3
the MG oo a1 AL SR P Ay HEETEES Dyl RB08 e
respondd). Brimalg Arecaliaweth s eppugirion pdssatiogpas befbretbeitiy effects

returned to their holding rogms. Approximately 18 t hours followin
of oG e SRS o A e Tt o EURORER g B
relativépimahis gdnne ciedda dtcansaficemfol sécotlisig gwehiakipeéssure.

terial pressure and heart tate are recorded. usin Biopac MP-
it B SN B R RR R e
appareit perestiot 20tmiftite sesEachpanimalGsichailengecbwitd MEYiEe S apignt

V) administered through.the jugularv lin
s 0 e S e e
to havethe aphatenbbulg-ddsivityithambe groate thisn do rrhet éestrsl an Fopalissimilar
assay containing the test compound or vehicle solution. The solution is nebulized

" for 25 10 minutes using a gas mixture of breathable air and 5% carbon
diBilgehwitesefibinvienéonthas lirees/AeksulesdTwisharsiransate shropliepipRelE or
embodlHIEHIPIR ROFY LHABRES AN BIIDGFLINS KRRRPRIING cRdER: At

34 hours post-dosing, the"animals are re-challenged with MCh

varioug QlB gy iegn e)tadrs BretiddRyh s becEpBHBEk ad e iaeY s Sraftes,

- true spi€aADINAIS e HhaRized Nl Rodi B enieRAR i LR d e/ Kggﬁ\ﬂa@@

MCh produces a decrease in mean arterial pressure (MAP) and decrease
patent fpfesanfareyininnealorablirAiope et ead@dratnpplictives pitfidsrein

are her@?@ﬁ%ﬁﬁﬂfrﬁ%ﬁ%?ﬁb&e%ﬂr eatiereRB Mbh.chadenga(bgiere and
after IH dos[ng)._ he effects of treatment on -54 WO 2006/099165

documprgad § veealdy inermentrddpbrdeeniehstfifessed as % inhibition
(mean +/- SEM) of the control depressor responses. Two-way ANOVA
with the appropriate post-hoe test is used to test the effects of treatment
and pre-treatment time. The depressor responses to MCh are expected to
be relatively unchanged at 1.5 and 24 hours after inhalation dosing with
vehicle. 5 The ratio of the anti-depressor ID50 to bronchoprotective ID50
is used to compute apparent lung-selectivity of the test compound.
Generally, compounds having an apparent lung-selectivity index greater
than 5 are preferred. The compound of formula | is expected to have an
apparent lung-selectivity index greater than 5, when tested in this or a
similar
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assay. 10 While the present invention has been described with reference
to specific aspects or embodiments thereof, it will be understood by those
W&E&{Q gﬂ/sskllled in the qrt that various chan'ges can be mage ar ) os/008644
equivalents can be substituted without departing from the trué spirit an
scope of the invention. Additionally, to the extent permitted by applicable
patent statues and regulations, all publications, patents and patent
applications cited herein 15 aféﬂfé%& incorporated by reference in their
WmTEggﬂ%gnléhe same extent as if each document had been individually
incorporated by reference herein. -55 WO,2006/099165 - eridin-1
1. pcTrrhooboogEhiphenvkvdcabemie feiE L AMMED faampripgride-1-
Imeth: f?ﬁ%@é {RRERY 2R ERAMIRREMHHE2 4stdr errbpraayipiRaTdin: keceptable
vime {/ methﬁl) enz%kyl]metiylam|no}ethyl)piperidin-4-yl ester or a
solvate BipapAfaceutically acceptable 5 solvate thereof. 2. The compound of Claim
1, wherein the crystalline form is a diphosphate salt. 3. The compound of
Claim 2, characterized by a pqw%er x-ray. diffraction pattern 10 %Pav' g two
2. PRRSRERANPAQIC H kY F €5 SRR PR %%AE?‘?E?I%)‘. i
8.60.2, 13.70.2, 15.00.2, 19.40.2, 21.60.2, 22.10.2, 22.90.2, and 23.70.2.
4. The compound of Claim 3, wherejn the powder x-ra .%jgégction ajtern
3. dORFRTERSRHRECID fek SRR BTE5 PG B IIPRED and
having B30/ hokd AfFEcoppaLad o faliert@echdrfotarizethily APaul]8roede

13750 G SR Be A e H A A 6 e P LML FIG. 1. 20 6

The compound of Claim 2, characterized by a differential scanning

calorimetry trace which shows a maximum_endothermic heat flow -
s IRPTRRE O I SV R B 3 AR Bt on By o oprises
diffractilifferamtiak soaniing sRioimeDy! drdce. 3 btttz ynidh 22ctsbdance with

that shown in FIG. 2. 25 8. The compound of Claim 1, wherein the
crystalline form is a monosulfate salt. 9. The compound of Claim 8,

5. dheresigsied by Claiovedehacrayritisitantiopgyadternrigadifipotiongratronen
which Igf{a%? s'!%% 1&81}1(583?; s*?u g’tgrlilﬂ% ys %%%E:%Czi 1808 \ngl?’cﬁe %édég '503%‘1%9:‘;2 uf the

pattern shown in FIG. 1.

6. The compound of Claim 2, characterized by a differential scanning calorimetry

trace which shows a maximum endothermic heat flow at about 154.5 °C.

7. The compound of Claim 2, characterized by a differential scanning calorimetry

{race substantially in accordance with that shown in FIG, 2.

8. The compound of Claim 1, wherein the crystalline form is a monosulfate salt.

9. The compound of Claim 8, characterized by a powder x-ray diffraction pattern
having two or more diffraction peaks at 26 values selected from 7.7£0.2, 8.4+0.2, 8.8+0.2,
12.6+0.2, 13.740.2, 14.1£0.2, 15.3+0.2, 16.0+0.2, 19.7+0.2, 20.6+0.2, 23.0+0.2, and
24.440.2.
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30 12.60.2, 13.70.2, 14.10.2,15.30.2, 16.00.2, 19.70.2, 20.60.2, 23.00.2,
and 24.40.2. 56 WO 2006/099165 PCTIUS2006/008644 10. The
of Claim 9, wherein the powder x-ray diffraction pattern
W(gggrﬁ%ﬁ%ggs diffraction peaks at 20 values of 12.60.2, 19.70.5, él.]%(.)%/%{}r? 4
24.40.2. 11. The compound of Claim 8, characterized by a powder x-ray
diffraction pattern in 5 which the peak positions are substantially in

10, Zbesraaprerh i dar parsindhe RTTHE" pafsHIERCIATPAEREL gomprises
diffractionS SAUPREHNY A i &eharpsterize dhbhadlifferrntiakisganning

calorimetry trace which shows a maximum endothermic heat flow at
about 76.5 C. 10 13. The compound of Claim 8, characterized by a

11, @ﬁ@&e&ﬂﬁkﬁamﬁ%pam%ﬁmeﬁdpgwm@w aceardanpeeiiin
that shown in FIG. 10. 14. The compound of Claim 1, wherein the

which theygaipRSTPRF & BsuRskaIfE Sl cser danop g BORTERPOT BRI Tae

pattern HE¥FRCEE €AY a powder x-ray diffraction pattern having two or more
diffraction peaks at 20 values selected from 7.70.2, 8.70.2, 13.50.2,
14.00.2, 14.80.2, 15.40.2, 15.80.2, 19.40.2, 22.90.2, 23.30.2, and 24.60.2.

12. 20JdGrtpsusamponnd of Slaimcbowbereiiftbe o demsingcaifiiacion
attern comprises diffra (’gig? peaks alhgo vaILﬁjes 0';6857 2,14.00.2,

trace Wit RO WS A Gy s PHOTITEUSAFS ST S @Paih 147 characterized by a
powder x-ray diffraction pattern in which the peak positions are
substantially in accardance with the peak pasitions .of the.25 pattern

13, FHGERTIPIS O TG ARG S T e R S B

trace sbifiereatialiscacningeatoriniitstivacenvBith $hows a maximum
endothermic heat flow at about 73.7 C. 30 19. The compound of Claim 14,
characterized by a differential scanning calorimetry trace substantially in

14.  &teorcmpoenditf tainshowheeif e GFstBiy ©r2006/009%68e salt,
PCT/US2006/008644 20. The compound of Claim 1, wherein the

crystalline form is a freebase. 21. The compound of Claim 20,
15, Cfiaractepined by Glpowdks charastetifeddion povdenx ey HEmebosrmmera

having iff(g%%tlil%lrg ﬁﬁjﬁ%&%o%op\é l%%% 2??{/‘%%5%9 sfé%@te% %1%1%’ ’P?gc%%,’ éﬁa?&?i&szao.z,

14.0£0.2, 14.840.2, 15.4%0.2, 15.8+0.2, 19.4:£0.2, 22.9+0.2, 23.3:+:0.2, and 24.6+0.2.

16.  The compound of Claim 15, wherein the powder x-ray diffraction pattern comprises

diffraction peaks at 20 values of 8.7+0.2, 14.00.2, 19.42:0.2, and 22.9:0.2.

17.  The compound of Claim 14, characterized by a powder x-ray diffraction pattern in
which the peak positions are substantially in accordance with the peak positions of the

pattern shown in FIG. 13.

18.  The compound of Claim 14, characterized by a differential scanning calorimetry

trace which shows a maximum endothermic heat flow at about 73.7 °C.

19.  The compound of Claim 14, characterized by a differential scanming calorimetry

trace substantially in accordance with that shown in FIG. 15,
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513.70.2,16.70.2, 17.40.2, 18.50.2, 19.410.2, 20.80.2, 21.40.2, 24.20.2,
and 25.60.2. 22. The compound of Claim 21, wherein the powder x-ray

W(g%ﬁ% ng[kgattern comprises diffraction peaks at 20 values %
18.50%2, 20.80.2, and 25.60.2. 10 23. The compound of ua?%‘ Sifinosses

characterized by a powder x-ray diffraction pattern in which the peak
positions are substantially in accordance with the peak positions of the

20.  ‘BetermppiowrefiCiic. havhesem theassss fREFbIEIETRoSE:

characterized by a differential scanning calorimetry trace which shows a

maximum endothermic heat flow at about 102.7 C. 25. '{#e compouynd of
21, Biairemenbe S B AR SRR R ATy et

having SWPSIaRLRIY: i AccRrdancevithvihalshawrintdle 418:02) 26:0112.7:0.2,

compound. of Claim 20, characterized by a powder x-ray dslgrgguon
13.7i0-§ah@?f#0r¥a\1i716ﬂt%%»dﬁﬁﬁ?@d}ﬁrﬁ%%n%g%fk@%n%ﬁlae%‘* Sttt rom
25 6+0.4:60.2,9.30.2, 12.90.2, 13.60.2, 14.00.2, 14.60.2, 16.510.2, 18.60.2,

19.10.2, 20.90.2, 22.110.2, 22.70.2, and 25.70.2. 25 27. The compound
of Claim 26, wherein the powder x-ray diffraction pattern comprises

22, GirRstoRRRAKECIEAD MANES B AR 3y EBGLED (AR ARIGY paittRRcThRises

28.Th d of Claim 20, characterized b .
it oA A0S0 Hhich 1 SN SABL Aty i

accordance with the peak positions of the pattern shown in FIG. 23. -58
WO 2006/099165 PCT/US2006/008644 29. The comép(%%d ?f CI%% r&?ﬂ
23 Shserrenred oAt SHRSEITAM BV A RISt TR AR CReR W A
which A ANEBsaRGRhermisheaillpw at@beiicd8SICh3Pedlbpostinpoaiitiof
Claim 20, characterized by a differential scanning calorimetry 5 trace
pattern ghpais Bl ilaccordance with that shown in FIG. 24. 31. A
pharmaceutical composition comprising a pharmaceutically acceptable

carrier and a ¢ ound of any one qf,Clai 1 tQ. 32. The.
1
24 SRR O R O ER ea aarlft kit ety
trace wiifecihesvammuitnhaendgirtaélderediiromt 2BouadA2HET§ic receptor
agonists, steroidal anti- -

25.  The compound of Claim 20, characterized by a differential scanming calorimetry

trace substantially in accordance with that shown in FIG. 19.

1

26.  The compound of Claim 20, characterized by a powder x-ray diffraction pattern
having two or more diffraction peaks at 28 values selected from 4.6:0.2, 9.34+0.2, 12.9+0.2,
13.6£0.2, 14.0+0.2, 14.6+£0.2, 16.5+0.2, 18.620.2, K19.1i0.2, 20.940.2, 22.1+0.2, 22.7%0.2,
and 25.740.2.

27.  The compound of Claim 26, wherein the powder x-ray diffraction pattern comprises

diffraction peaks at 26 values of 4.6+0.2, 18,6+0.2, 22.1+0.2, and 22.7+0.2,

28.  The compound of Claim 20, characterized by a powder x-ray diffraction pattern in
which fhe peak positions are substantially in accordance with the peak positions of the

pattern shown in FIG, 23.
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inflammatory agents, phosphodiesterase-4 inhibitors, and combinations
thereof; wherein the compound and the agent are formulated together or
W&gﬁ)&g@&@& 15 33. The composition of Claim 32, WhiCh ComQ’@%‘?&s%?woogﬁm
therapeutically effective amount of a R2 adrenergic receptor agonist an
a steroidal anti-inflammatory agent. 34. The composition of Claim 32,
wherein the (32 adrenergic receptor agonist is a monohydrochlotide salt
29, BronqeiauRICIgareRyRasHEREh I HOTEREAY A/ R 20
trace wiACINHERMY a2 IR tMARadshwsirexynbenyhetrlarmsine, 35. The
composition of Claim 32, wherein the steroidal anti-inflammatory agent is
6a,9a-difluoro-17a-[(2-fiuanylcarbonyl)oxy]-11(3-hydroxy-16a-methyl-3-ox
30.  PROCRSiamtadbrdinne: 23 (3rapbeihieicacidiSiituarameinylestelor2b et
The composition of Claim 32, wherein t% f mpound and the agent are
trace susiFREREEE toeRthared e OImpB Lt in o%&laim 32, wherein the
compound and the agent are formulated 30 separately. 38. The
composition of Claim 31, wherein, the com osition.is rggéa%eﬁf%%%g-
31 VPR IERIE eSSBS S S4B 4 8  Adairistration by inhalafon. 39.
and a cobiSoERENIasHioA:d fClimS1 tovb@rein the carrier is an agueous isotonic
saline solution having a pH in the range of from about 4 to about 6. 5 40.
The composition of Claim 39, which comprises a citrate buffer. 41. A drug
32, Unbvenpdelics ebOigiisiiy widop fovicerimziescotiairaytivaly effective
c osition .of Claim 31. 10 42. A crystalline form.o nd of an
S P T e g T U S

micronize P armaceutical

 inflamGSI0Tp agkios shoaprsitgter phatimhistvisatydasuebiadiersdhsesodierrin

compoungd of Claim 42, 15 4. Pe &%rer}%?%ié ?Jl laim 43, wherein the
the company rﬁqué%?oa S 45 ° O%H(‘:%s?g or preparinﬁaé compound of Claim 2,
comprising contacting biphenyl-
33.  The composition of Claim 32, which comprises a therapeutically effective amount

of a B, adrenergic receptor agonist and a steroidal anti-inflammatory agent.

34.  The composition of Claim 32, whérein the 8, adrenergic receptor agonist is a
monohydrochloride salt of N-{ 2-[4-((R)-2-hydroxy-2-phenylsthylamino)phenyl]ethyl} -(R)-
2-hydroxy-2-(3-formamido-4-hydroxyphenyl)ethylamine.

35.  The composition of Claim 32, wherein the steroidal anti-inflammatory agent is
60, 9a~difluoro-170-[(2-furanylcarbonyl)oxy]-118-hydroxy-1 60-methyl-3-oxoandrosta-1,4~

diene-17p-carbothioic acid S-fluoromethyl ester.

36.  The composition of Claim 32, wherein the compound and the agent are formulated

together.

37, The composition of Claim 32, wherein the compound and the agent are formulated

separately.

38. The composition of Claim 31, wherein the composition is formulated for
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10

15

20

25

30

2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-lI-yhnethyl)benzoyl] 20
methylamino}ethyl)piperidin-4-yl ester with phosphoric acid. 46. A process
ring the compound of Claim 8, comprising contacti iphenyl-
Wéo-{;)lﬁégaﬁ?%%ér%c acid 1-(2-{[4-(4-carbamoylpiperidin-l-yhnethylgiogéﬂggyz/ﬁmm%“

methylamino)etlryl)piperidin-4-yl ester with sulfuric acid. 25 47. A process
for preparing the compound of Claim 14, comprising: forming a seed

adminigipgion by brladiatine dioxalate salt of biphenyl-2-ylcarbamic acid 1-(2-
{[4-(4-carbamoylpiperidin-lI-yhnethyl)benzoyllmethylamino}ethyl)piperidin-
4-y| ester by contacting biphenyI:Z-)(Icarbami_c acid ) . ,

39. S GOAPAS ?B%%%B}baidﬁm@él the carrier is an aqueous isotonic saline

solutiodHaethy ibenzomimethy lmpineletbyb pipatidin-4-y ester with oxalic acid;
forming a dioxalate salt of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-
earbamoylpiperidin-1-ylmethyl)benzoyllmethylamino}ethyl)piperidin-4-yl

40, estetbypbairentaciagiphenydi2cytaaramicaeis bulfer.
I-(2-{[4-(4-carbamoylpiperidin-I-
ylmethyl)benzoyllmethylamino}ethyl)piperidin-4-yl ester with oxalic acid,

41, anddisdelving theicalbinmiziinest dilgentier foinda salttioigathd adapogition
the seed crystal to the solution. 48. A process for preparing the compound

Ofcmgf aim 20, comprising: forming a seed crystal of a crystalline freebase
by contacting biphenyl-2-ylcarbamic acid
1:(2-{[4-(4-carbampylpiperidinsl-yimethyl oylimet mni .

o o B e e B tpzed form,
freebase by contacting biphenyl-2-ylcarbamic acid 1-(2-{[4-
(4-carbamoylpiperidin-l-yime nzoyl ' -

B R o SR (MBI S peooptaple carier

and therpstatinel e§@latm #2m a solution; and adding the seed crystal to the
solution. 49. I' he product prepared by the process of any one of Claims
45 to 48. 50. Use of a compound of any one of Claims | to 30 in a process

44.  f@hpurifyngitiprdiriylain Weardwnsio Hel¢arzyja lgtesgbamoylpiped
din-I-ylmethyl)benzoyl] methylammo}ethyl)piperidin-4-yl ester, comprising
forming a crystalline salt or a crystalline freebase of .

45, plommeysoiycaspeing theisompripd-of ChiBhn 6O BRI REFIntacting biphenyl-

2-yicaMGH¥ARENZOMIMS b aminalistaiRinsiAkngr&stsn; 51: A compound

of any one of Claims 1 to 30 for use in therapy or as a medicament.
methylamino }ethyDpiperidin-4-y1 ester with phosphoric acid.

46, A process for preparing the compound of Claim 8, comprising contacting biphenyl-
2-yicarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl]
methylamino} ethyl)piperidin-4-y! ester with sulfuric acid.

47, Aprocess for preparing the compound of Claim 14, comprising:

forming a seed crystal of a crystalline dioxalate salt of biphenyl-2-ylcarbamic acid
1-(2- {[4-(4-carbamoylpiperidin-1-ylmethyl)benzoylmethylamino} ethyl)piperidin-4-yl
ester by contacting biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-carbamoylpiperidin-1-
yimethyl)benzoylimethylamino} ethyDpiperidin-4-y1 ester with oxalic acid;

forming a dioxalate salt of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-
carbamoylpiperidin-1-yimethyl)benzoyljmethylamino}ethyl)piperidin-4-yl ester by
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52. Use of a compound of any one of Claims | to 30 in the manufacture of
a medicament for treating a pulmonary disorder. -61 53. Use of a
compound of any one of Claims | to 30 in the manufacture of a
medicament for producing bronchodilation. 54. Use of a compound of any
one of Claims | to 30 in the manufacture of a medicament for treating
chronic obstructive pulmonary disease or asthma. -62

contacting biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylipiperidin-l-
ylmethylhbenzoyi]methylamino}ethyl)piperidin-4-yl ester with oxalic acid, and dissolving the

salt in an inert diluent to form a solution; and
adding the seed crystal to the solution.
48. A process for preparing the compound of Claim 20, comprising:

forming a seed crystal of a crystalline freebase by contacting biphenyl-2-ylcarbamic acid
1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyljmethylamino }ethyl)piperidin-4-yl ester

with an inert diluent;
forming a crystalline freebase by contacting biphenyl-2-ylcarbamic acid 1-(2-{]4-

(4-carbamoylpiperidin-l-ylmethyl)benzoyllmethylamino yethyl)piperidin-4-yl ester with an inert

diluent, and dissolving the resulting crystalline ester to form a solution; and
adding the seed crystal to the solution.
49, The product prepared by the process of any one of Claims 45 to 48.

50.  Use of a compound of any one of Claims 1 to 30 in a process for purifying biphenyl-2-
ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-I-ylmethyl)benzovl]
methylammo}ethylpiperidin-4-yl ester, comprising forming a crystalline salt or a crystalline
freebase of biphenyl-2-ylcarbamic acid {-(2-{[4-(4-carbamoylpiperidin-i-
yimethylybenzoyl]methylamino} ethyl)piperidin-4-yl ester.

51. A compound of any one of Claims 1 to 30 for use in therapy or as a medicament.

52, Use of a compound of any one of Claims 1 to 30 in the manufacture of a medicament for

treating a pulmonary disorder.
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53.  Use of a compound of any one of Claims 1 to 30 in the manufacture of a medicament for

producing bronchodilation.

54, Use of a compound of any one of Claims 1 to 30 in the manufacture of a medicament for

treating chronic obstructive pulmonary disease or asthma.
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