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The presewd 20nvesgopon rel ates to novel crystalline fornecofusaoibiopiyeny|
conpound, which are expected to be useful for treating pul nonary disorders.
The invention also relates to pharmaceutical conpositions conprising the
crystalline conpounds or prepared 10 from such conpounds, processes and

i nternedi ates for preparing such crystalline conpounds and met hods of using
such conpounds to treat a pul nonary di sorder. STATE OF THE ART U. S.
Pat ent Publication No. 2005/0203133 to Mammen et al . discl oses novel

bi phenyl conpounds that are expected to be useful for treating pul nonary

di sorders such _15 as_chronic aastructlve pulnonar

asthma. In pafBxIaLL NE&FRE PO QRMS OF

1- (2-{{ 4- (4- car banoyl pi peg Cﬂhﬁg ME gﬁqﬁy{ 'thylanlno}
ethylfélperldln 4-y1 esterpggagpeC| |caIT gescrl in this application as

possessi ng nuscarinic receptor]HBM@QDnthﬂmNmetlchollnerglc act|V|ty The
chem cal structure of biphenyl -2 carpam c _acid 1-( (4-carba
pi peri di n- | -y TRSPESEYHBY gﬁvpm@ﬁe ;%4 E&t?/étﬁﬂw)f o el e@yyclor%g%
repr esent,ag ipye eQ?é&l%dato boe usg ful for treatTrﬂgﬁ%ﬁﬁ’iBHQ‘g@‘ijso?&erg Ofﬂgjlln%ﬂtlolﬂaﬁsobeen named
usi ng the comrerc y-aval ab e Aut m 25 tware (MDL, San Leandr o,
Cal i for nirei)ltes to pharmitmlazpi@umposmngpmﬁfgjhe f:mstailmajonmgupxisl cmpmalayedor
respi ry disorders are advant geousl ni stered direct |nto t he

& dfn 4 daip
r espi FY HALTBY R halioa?%se%an TRICTRE a‘F% PECPAERG &Y Y8 _
phar mace% Inplinds MR RKARR oIGYhE ST MNBRAEENGIRYEL Bﬁ%naﬁrd@&aarm Ster ng
t herapeutic agents by inhalation including dry powder i1nhalers (DPl), WO
2011/ 008809PCT/ US2010/ 041903 net eYRGEdOSEE ARTal er s (NDI) and nebul i zer

i nhal ers. arln |t|ons ormul ati ons for
use in such dg{/g Pﬂlgllgaﬁﬁflg% ;8@%@3&3?&@ RGeS éi‘ quﬁsf P9%Fe f or m of
the ther mﬁféhylcco%%uhdst t'HQttaré §xﬂb%tehh§ be nyaﬁl%paeatﬁlgwm&%y ARERRANucRNd

whi ch has a relatively high nelting point thereby allowng the material to
be mni & onb zedn okistrhowe psirgonary danetsedéé)ﬁﬁpasd astma. m phbaghr, dreyst al |i ne

f b f f. d. of. f t U. S.
Pt ont._ POBTPESRS BRNRG SD0G7 OLE 2687 15 At oy TS o mafta Deor m 1 1
the cr ys%@hidyﬂ%eﬁﬁﬁzﬁﬁﬁ%%tﬁﬁﬁﬁﬁerﬁmh@ﬂ e@t’éﬁﬁ%ﬁ@mﬁéﬁﬂ%ﬁe’s&%eﬁ@ﬂ thidhffiRE &M and

particularly useful properties, including higher felting points.
as possessing muscarinic receptor antagonist or anticholinergic activity.

The chemical structure of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoyl
20 piperidin-1-ylmethyl)benzoyl|methylamino} ethyl)piperidin-4-yl ester is represented by

| N
Soasadhe

H

formula I;

I
The compound of formula I has been named using the commercially-available AutoNom
25 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),
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SUMVARY OF THE | NVENTI ON 100ne aspect of the invention relates to
crystalline freebase forns of biphenyl-2- ylcarbamc acid

1- (2-{[ 4-Wo-20nrwvdosswoy| pi peri di n- 1-yl nmet hyl ) benzoyl ] net hylpariusediewinh)

pi peridin-4-yl ester characterized by a powder x-ray diffraction pattern
conprising diffraction peaks at 20 values of 6.60.1, 13.10.1, 18.60.1,

19.70.1, and 20.20.1. Another aspect of the invention relates to
cryst al | iMRCTEd-daaignalgys (M%'ﬁéﬂ@mbzﬁlzi@nmlerér BRRROPTERATE pharmaceutica

1- (2-{[ 4-.(4~6ak I i di VAR I - AT 1)
piperidiﬁ§§?§%ﬁ§%¥g¥Fgg§§?gﬁgggﬁwééﬂ$%?%%%?%g%3%#%%ﬁ%g&%%g%ggkg%?%ed by a
powder x-<crayallind formof tlenhgapéweicragetpatiis neithed hfdroswobicator pdeladissant 201 val ues
of 6.60.1, .13.10.1, 18.60.1, 19.70,1, and 20.20.1; and.further )

char act er"YlEéHhW fﬁ%\t}ivﬂé(?‘ﬂgwe]&fﬂg @B%tf%%m%a%ng Pttty fObr mesaRuzet 20

val uess seliapled ﬁiﬁ@éﬂt%eg&nﬂositgo%: Wby ﬂ&g@gllﬂre F2bdseGOrnls ofifle §(Qn%0un%l5' 20. 1,
16.10. 1, 16.40. % 16.90.1, 17.50.1, 1%. 20.1, 19.30.1, 19.90.1, 20.80.1,
21.10. 1, oZfor#ldl] haarde@PrepOrtdd in U.S. PatSuti Rubliastatnhee. 200p@4d 1 2@X7 to Hextiehalent i on

relates to_a crystallipe freebase of biphenyl-2- ylcarbanmc acid

1-(2-{[ 4% Fow saiﬁmﬂp@ficm%ﬁneyﬁg?@@%%méﬂﬁ% wf%_s@tr}w%oa Z‘F“é‘? hyl)
p'per'd'@ﬂ%ﬁ%&xﬁﬁ&ﬁﬁmuﬁ%§h@&ﬁl?ﬂm@§w&9ﬁ&h&ﬂghﬂﬂkfﬂmhﬁg%ﬁﬁﬁéCter'Zed by a
powder x-ray 25 diffraction pattern conprising diffraction peaks at 20

val ues of 6.60.1, 13.10.1, JGVBOARY @BTHE IYVENAIQN. 20. 1; and further
charagcterized havi ng fi.ve ar re additiana iffractiaon. peaks at 20
vai uold sel ect eSB! 2begTEntysiayes  chistfna e of BiBER2-50. 00 1,
21.40. 1, 32ri0bhid acid4-@0([d.(428bamb ﬁ;@p&idiﬁm%rﬁgﬂhy9§&ﬁ8§l]ﬁ%th%rﬂ&ihd}‘éﬁ{ﬁ)‘ on

rel ates to pharmaceuti cal conp05|?|on conprising a 30 Crystalline freebase
of the i menidiretyhpsicrachphratenmackby i paivllyr xatcyaehffstien pattarh epmprv@ng anot her

st al | IR o (R DD DRSO doRb Tt SR Ul LR SAD 250 Tnbr e of her
therapeutic WRo2QR: b4 RIBSRPHUMRADLRAQAS A3y RIBRY FrechASCHN SlpRGLY2- 1 N One

enbodi nent, the invention relates to a pharnmaceutical conposition
conpriXsi rydpaftamia apddr@ad ét(#Hcedlampy et blyémcthy h b@vzoglimicthy lehenapthyl) cal |y

ffective, f talline f .of the i tion, and (b
Eher apeu VAt el rudh ot ieomt I EREGE i et Boe BT BRN 4o ST B0 1 rar
anti - i nf | At p(at@ﬁﬁwm&g@% @iffradtion 9@%&!@1@ o8 eed 8k 6.6:0L B2 3adiener gi ¢

P

receptor agonist, a phosphodi esterase-4 inhibitor; or a conbination
t her eof ; I&ifedi, h9 {#8.1candsir2+0. henfl fethisa sharaetdrizdde ydmgeg favceorfraeraul at ed

RS T RS SONERE G T
crysta | ineoreeasss. 0flsphe. 1 ny.ee0.10m. 40011 His-aaeny.swolil 1900 eBRRE. 1,0
therapeutically effective anpbunts. 10Anot her aspect of the invention
relates t18.9:07hapfu@aud}. b1 Wnpdst,endA236fpr i si ng
Still another aspect of the invention relates to a crystalline freebase of biphenyl-2-
ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl|methylamino } ethyl)
piperidin-4-yl ester, designated as form IV, which is characterized by a powder x-ray
25  diffraction pattern comprising diffraction peaks at 20 values of 6.6+0.1, 13.1+0.1,
18.6+0.1, 19.7+0.1, and 20.2+0.1; and further characterized by having five or more
additional diffraction peaks at 20 values selected from 10.6+0.1, 15.0=0.1, 16.0+0.1,
17.3£0.1, 17.7+0.1, 20.94£0.1, 21.4+0.1, 22.6+0.1, 24.6+0.1, and 27.8+0.1.
Another aspect of the invention relates to pharmaceutical composition comprising a
30 crystalline freebase of the invention and a pharmaceutically acceptable carrier. Yet

another aspect of the invention relates to pharmaceutical compositions comprising a

crystalline freebase of the invention in combination with one or more other therapeutic
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an aqueous isotonic saline solution conprising a crystalline freebase of
the invention, wherein the solution has a pHin the range of from about 4
to 6. | n wopartdosgebar enbodi nent, an aqueous nebul i zer PoTMsk@vIOOIOF S
buffered with citrate buffer to a pH of about 5. 15In one enbodinent, this
invention relates to a drug delivery device conprising a dry powder inhaler
contai ning a pharmaceutical caonposition conprising a pharmaceutically
accept ablR&Har AP diRgly. 1 Qe cebodimeny, H%F é%gg%n lateye & mhgERisesical The
conpound g, 6,68 bSnbri 42k Gtida A6 SPERlab AR Y (RGhbLY

Accor di ngcﬁy,p a or ystgﬁl%gwibegﬁase of ?he e?oarrpouaﬁg 0'1#. fornufl)a | lil}’s

expect ed cffoctivavaendune o290 cryatatinadtachase yf tlendvdnios; dndnd) aithcdrapeyticahlyt r eat i ng
pul monary di sorders such as a?th and chr.(f)ini c .obstructive é)ul n;ﬁ](r;%ry

di sease. Eféve aminh et anyagsaticlested fremp it gt aflampeiory agenisy % or
treat N0 BrRULERARYS, AUROLAR! e QDY ddhfld AMARIRIRITAGA BhdiBALE ENt 3
therapeutci cal %y ef'fective amopunt of g?a) cr’ya ta Ile ne freebase (1)? 't he

i nvent i omomSBinatibn drotdfiewhasipabt cryftatiine ficabasatand theragkntt @s faroudateretogeticrof
produci ng bronchodilation in a patient 25 conprising admnisteri to the
pati ent 3 B?m%aadmmtg%@%ﬁ% ETRY A SHSERTT 68 %lpﬁifv_gfamcmacr%@ﬁ se of the
I nventi 0'&aﬂe?nfé?%e%@ﬁ’d%dﬁﬁ%icall?,ech@Qﬁﬁf&ﬁﬂfé ftpadr 'ﬁﬁéih%xﬁ%n%d'ﬂfbh%eﬁtt Ion.
The invention alfso provides a nethod of treating chronic obstructive

pul nonar witibs@assentan tlasaeoticdyngfacsvagmadits.ni stering to a patient a

t her apeuti cal | ffecti ve. nmount . of crgst | 1ine f.%]iebase.of the ..

i nvent on. Andt R8T 45p56LRT 1BF TPRBNETHFLYIES 1B PR RACUEEE COBPRItRA S5prishie

ant agoni zj Rgu&udieesié Mike SEGEH 85mprikifg Q@Mﬁlliﬂé%&s’%‘&%@iﬂ%ﬂioﬁ ering to
the mammal a therapeutically effective anmount of a crystalline freebase of
t he i nventliconn thaaohRohHa9 0 §BI0S FCT/abS201 0610 420@3! to 6. In aTheidutarent i on al so

rel ates to . processes for prepari crystalline freebase fo of

Conpound B0t GeHn 2 apcop e Fln fitelaibng: ebird il AR RaET% BPHAL yi ng

t he compquygg ©f fornmula | conprising formng a crystalline freebase of

bi phenyl - 2-yl carbam ¢ acid 1-(2-

{[ 4- (5 car bandy bpé¢ pebodingat, thy$ metinydn) dekiesdy lajdmeg dofivary deyiastdoyipyising a

pi peri di ?1 4- 5 %I.I&%iter. The inyventi on. further.relates to products prepared
by the prBtRLYLY PRl CoplE gy phgjmaccutical cAMposHPR SPIBASAESo rel ates to a

crystal I iphgmidce@RANG abdcpldd® GeNRAMAE PYstdfIBAOHbDabe bithd idVesticNi zed form and
to pharmaceuti cal conpositions conprising a pharnmaceutically acceptable

carrier and a Thccponpuabioidioyatlall hpnmuscasiaivasecptdr antrgonistantivitpn. 10The
invention alspo relates t.o ¢crystalline freebase. forns.of the conmpound of
formil a PEBRMAE 1o lPe B54EH2 ot b Sl ER TP ATt Parar I IR R

I nvent( oRamehatas, b hee findl uBliG M Sleafind ﬁlﬁm%ﬁﬂﬁhﬁ%@dé?ﬁ siches agveatah@n for the
manuf acture of a medi canent; especially for the manufacture of a medi canent

for the tchemnestrugiveepububrndispasdi dbrsanoter fpectadtgyonentiongclatomieear i ni ¢

receptor in a | . 15BRI EF DESCRI PTI ON .OF THE .DRAW NGS .. Vari ous

pect s et Op FeBisa s Fbo ey AR P yE el gy MR aien 4 o ¢ he

acconpanyhdigpcdtioayndroctifd &movdnt i Wy stal RIVEIbase dfale FivEATAC ttONanbfsRD)

pattern of FormIll of the crystalline freebase of bi -E)t:enyl -2-yl carbam c
11a

aci d 1- ( 2speef af tha invgpberntplates toarmethed of ppglucing bronchodilation in a patient

yl methyl ) benzoyl t hyl am nqgl et hyl ) piperjdi-n:.4-yl ester (th onpound of
Tormita 15 0es e P ORI T S DAL POREE R RO o B b Eantoblifoi & a,
whi ch shewstalifh fré®aeifithé inve@ivi. Mg oaakMbbamichy, t{d¥fapouhe ismaiaitteadttby- G

6, which shows a thermal gravinetric anal(%/si S (TGA) trace.
inhalation. The invention also provides a method of treating chronic obstructive
pulmonary disease or asthma comprising administering to a patient a therapeutically
effective amount of a crystalline freebase of the invention. Another aspect of the invention
30 relates to a method for antagonizing a muscarinic receptor in a mammal comprising

administering to the mammal a therapeutically effective amount of a crystalline freebase of

the invention.



FIG 2 shows a PXRD pattern of Form 1V of the crystalline freebase of the
25 conmpound of formula |I. FIG 3 shows an overlay of the PXRD patterns of
Form |11 woadoHxossopV. Ot her characteristics of Form |V ace/yscasontoesl in
FIG 5, which shows a DSC thernogram and FIG 7, which shows a TGA trace.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention provides

crystalline freebase fornms of biphenyl-2-ylcarbamc 30 agid 1-(2- {
i L Ry fﬁiﬂg} & aw iﬁ £ di
[ 4 (4- car banoylIiNSiHEntian Alse r¢/pte Py dest A8y PIERETIR AT HBE BeeRrsy frpef di n- 4-
I t i : 1] ; f th
yl ester tﬂiwgﬁd bk forﬁ‘fgﬂgﬁie{lglf%gohgﬁogﬁaﬁ&% d prBEesk T&%ﬁﬁ%ﬁné Hems O e

i nvention een fo uescent, even en exposed to
at nosphercompomdsde fUioemulAddotposiag fgrmindMDeRBthllidABBOECT biYH2 oI -QkadAR id he

crystalline freebase fornms of the invention have acceptabl e |evel s of
hygr oscopfi| k—?-gﬁdﬁef@&@ﬁoaml_%ﬂ}@m s Aoy aethelaatipe iy angy 8l i ne
freebase Jrofm :I*He ieStidn ‘ﬁﬁtﬁe‘r ?&at@?idﬁro@lcéﬁ%ﬁ?&re&%? tife 20GsEdl&cGibelal | T ne

freebase’Form IV has a nelting point o 119" C. 5Anpbng ot her uses, the
cryst al | iheeeif.r eebase fornms of the invention are useful for preparing

phar maceuti cal _ conposi tions expected to have utility in treating pul.nonary
di sor ders. ACJ&PaI?%W} a%%el%@g%@& C%?taﬁlﬁé%ie Rashof By compat 0&9 ufa Tin

phar maceyt,ealniAQTPRS! dnl 98 pkATRELR Aot JORRHBRESHb G b ¥rARaEQlRRIE carrier
and a therapeutically effective amount of a crystallinhe freebase of the

i nvent i onccepODERaN!idH aBNS micronizedWhgstal besredthingf thbeveotgpounds,

conposj tions, thods and processes af. the inventio the follow.n er s
ave The fol | e RESn HOLIEI BSS WEHET HESESF AT SF Ui ORI BTy s
used her qifgh gk fi'ﬁth%ka{f)@‘ﬂr%ﬁ a hRYIBmeft. "Ac'icﬁfiSnafi‘l'Sl?tﬁ'etiﬁ'\?‘e'htibﬁ' edistderot i of a

correspondi ng plural "forns unless the context of use clearly dictates
ot her wi serysillend feealgsclds the owvpntiai flogthe hanuddadt g mednenicha espeglallzifer

i ntended to be inclusive and n that there may be additjonal elenents

o her 1 Al PRREEEE adheRt TR he FDEr e Pl Be T R Uk OT o5 o

i ngr edi eRh@goRLRARAIhiRerisik¢&epor IPA Bfalind]. Wei ght, reaction conditions, and
so forth used herein are to be understood as being nodified in all

i nstalfces by the term " 8PIGF DESGRIPISONtGle T WESRRANIINGS ed. Accordi ngly, the
nunbers set fqQrth herein e 20 approxi matiqgnps, th var ependi ng upon
The desi red prapant ruetS shiRaTos hE Bhlck e ARy ERby FRbetR Bl ont on’ A

| east, a@gcd;@an?ﬁlgqga@ﬁlggrrpt tolimt the application of the doctrine of
equi valents to the scope of the clains, each nunber should at |east be

construed in IHght slafws dipowdgparieg dif§iagrminf (PERID) nittgint of Fomat Ibyofdhpl yi ng

ordi nary roundin echni.ques., Both Form I[.l.l. and . Form |V are anhydro

Fr eebast SRR bR ISR WrdleaRhE ptp dridel el 20V ne

freebmpe eth?l?}bén@&ﬂﬂ}hbtﬁgf'amiﬁﬁ ethth1)9%ﬁaﬁlmgﬂes&é}qthetcbﬁlpb@ﬁmﬂ faghiides Form
. use

Il and Form o erein, the phrase "having the fornula" or
"havi ng tQtberstharactetisiecs dfdonotllliane pisskaded o He. #i wiich slepvealdifisransield i n t he

same way that the term/ ising" is nly. used, The, term _ .

” phar e ctitig HorkRa s rRTAbd Pl g R oo R s a B BE Beic gi car 1
or ot her%glgsig(lp@p@ﬁﬁ@@l e when used in the invention. For exanple, the term
"pharmaceutically acceptable carrier” refers to a material that can be

i ncor por at ed @02 shans PRXRDomeRuoEdpruddoaichegryseline freebase of the
25 compound of formula I. FIG. 3 shows an overlay of the PXRD patterns of Form III and

Form IV. Other characteristics of Form IV are presented in FIG. 5, which shows a DSC
thermogram, and FIG. 7, which shows a TGA trace.
DETAILED DESCRIPTION OF THE INVENTION
The present invention provides crystalline freebase forms of biphenyl-2-ylcarbamic
30 acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoylJmethylamino } ethyl)piperidin-4-
yl ester (formula I). Surprisingly, the crystalline freebase forms of the invention have been

found not to be deliquescent, even when exposed to atmospheric moisture. Additionally,
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conposition and adm nistered to a patient w thout causing unacceptable

bi ol ogi cal effects or interacting in an unacceptable with other conponents
of the cowpasiaossyy Such pharnmaceuti cally accept abl e natreTitskaionypoal |y
have net the required standards of toxicological and manufacturing testing,
and include those materials identified as suitable 5 inactive ingredients

by the U S. Food and Drug Adm nistratjon. The term "therapeutically
ef fect NP E@al_??ée g«?ﬁfé@é (i Inyeton aé?]ECCFBtaEEfI%ﬁ?S Ry REORERHIC e

adm ni St qE&Shdv®: fﬁeﬁﬁg'pg s.'%r%@%pfeh re%%’stall'ineefreebtam as%fmgﬁﬁg needed
to obtain the desired therapeutic effect. For exanple, a therapeutTcally

ef f ect i veoanrofiatout 025 ¢ ead ithegrestgdliherrocnye Borsol\dess 4 sicking ot of alsfut conpound
needed ta, foér exanpl e, reduce, 10 suppress, elimnate or prevent the

synpt ons 149 sthma or chronic obstructive pul nonary disease ("COPD'), or to
treat 4 he undelhyjnahGaNSE il crashile REyCORRmsloR 1R GHBA KRR 16y
therapeutically effective anpbuht 1s that anpbunt needed to produce

br onchodipkratariog phdmatcheical ¢tvanposarods ctretctdaeo haveaitflay in reatmgpuhtdnangans an
amount sufficient to obtain a desired result, which may not. necessarily be
a ther _apéeﬁpr I+ eSEfordinglyy 0116‘5358?(0_&:?5F@,lnwlélﬁné?lﬁﬁ§/f%ﬁphaa%‘9%?‘@ﬁ?qcorrpri sing a
TusCar | NicGmpGARAL Bimpdling £bhARTLMRICAIPHAL ptaBRYaRfr LRE « AEARMLOAEded to

ant agoni ze the recepltjor. The term"It)reatl ng" or "treatnent" as used
her ei n neékstiverrnduneaf a onysteline feabave of thefineentiosease or nedi cal condition
(such, as COPD) in a patient such as_a manmmal (particularly a human) that

i ncludes: (a) preventing the di seam cal condition from occurring,
20 that is, erH&VJle%GﬁBi_ﬁ% EHe%hiﬁ%ﬁﬁds?Eorﬁp&@tﬁdrﬁ%éth()@s) arﬁi%b&é%_ﬁe%tdf g the

di sease or nedical condition such as by elimnating or causing regression
of the diiseasen,dhe frdldivaad tcoonbidvei tba fdllovwangpacaengs unlesp otheppise sslicaged he

di sease or, nedi cal condjtion_ such as_by slqw ng or,arresting the
dever oprearidimefifasirabhatont st B ortisnar s Pty B ETHnRe or (q)
al | evi at icBﬁe§pFﬁcé§x%’i§RIr91%rrﬁ§ uh 1B tHE SGASE 0PlisdBEUrRAdiceRYDiHORe ] Thtcp@ki ent .

For exanple, th erm25 "treating COPD' would i'nclude preventing COPD from
occur¥i ndeorapmdingly ancldingORDd "bappg'els imgndedRDbe aetiisaic] apd inzeai tlgpt these

t f COPD.. The term "patient” is jntended,to include th I's,
Sueh e Hitdrdaion oo oRBL R the s ARTEr Al PublhEn SRsRRE  on o1t hat
are preseRhhiticRor MErddiQas, BfofcPticsdLaLASRREEYENELAN rQLibK HAINRHs, Al

speci fic disease or nedical condition. The tern1"rat|ent" al so 1 ncludes
test subjferth gscadrheBan aisite e codgstand es bfing medifiedantil onstances byethaderaval uat ed or
test subj,ects,bejn sed in.,a assay, f.or.exanple an i mal nodel. SYNTHESI S
The cryst Sfqnankr ceEsis Bty Athudishadt Bn Dot R RBA S ed 1 rom
readidy %ﬁ@{'ﬁ!xﬁﬁelt%ﬁ bk hafFaRBdPEh@hS upsn Qe AesitdagioReti@oapit tb Be bbBRined

Exanpl es. ile there may be several nethods that can be used to produce
each crydyahe¢ prigscnt invebaee Ablemt, dnd rios anot &tems thbmetvbe apnlisation ¢lgthe

crystal line content. as |l as the hahit of the crysta Si and, shape)
- var y OREEEaT F AR e Sl eRoa b e Grgey Sl G Fe B8R he
sol vent GRIPRSIfithORpottéd Whikiche dapRMRae batpslytrpairdinhhl Busdeg tdchgighésocess
conditions (i.e. crystallization tenperatures, tinmes, nole ratios of
reactants, solBathFerm Pi andhems!V arcaanhiydions fighape crystabpolymomphsc 8den

condijd ons. can_ al so, he ,used unl ess, ot herw se stated. 1In so i nst ances,
encttond Bt Banfitf s PR SrMea R e Gl e B TR b bl SR A B RE o

act ual tenpedl’irdera ITRagd Fogiewt was taken. It is understood that room
temperature can be taken to mean a tenperature within the range comonly

associ at ed wi t/¥ Wshéheieisi, intphrasepbrargithe foimua eiodedns e sivgturonreat, and
W || typ'i&t@r&&@ét %elliﬁliﬁrtiI Eal SRS ifn R é)a%e v%g ’Eia% %ea[lg u'tco risin 1?5 I'n other
5 \ e P
i nstances, ‘reactions or°crystallizations re conducted'at PoOm tenperature
and the tcenp®naf e was actual ly neasured and recorded. Al weights,
vol unmes and e&ui valents are relative to the bi phenyl -2-yl carbam c acid

1- ( 2-39 4- (4- cahwsderynbrpasceniicrlly cerptable \refsentegymteaeithatannetdyologically

et hy!) Pl RELhAlDed i cSLAL Widh oS8l b thOL Tl Rh A 0% AL EFL Ay 20Ceneral |y,
the crystallrzations are conduc ed in 4 <uitabl® Th I'uent or sol vent
system eprdarplaesutiohllyddceptabloChtite’ relfdit td Manrdil thanddned ih@rporatcdamnsola,

et hanol , i sopropanol, isobutanol, ethyl acetate, acetonitrile,

di chl oronet hane, nethyl t-butyl ether,_sqand the Iike,



and m xtures thereof Upon conpletion of any of the foregoing
crystallizations, the crystalline conpounds can be isolated fromthe

reacti on woxpur®sgsy any conventional 25 nmeans such as pPETIUSRe1aHIING
concentration, centrifugation and the |ike. The bi phenyl - 2-yl car bam ¢
acid 1-(2-{[4-(4-carbanoyl pi peridi n-1-yl methyl) benzoyl ] met hyl am no}
ethyl)piperidin-4-yl ester, as wel| as jts salts such as the diphgsphate
salt, emSPBpeytipnag @imlﬁvmcia O Wélﬁmb\élﬂ?%aﬂsyl%o‘:“@ﬁ%?é@if biglagt3hfidst al |y
avai | abl ¢ @ Lt Tt &héAbSb RN SREEHSIAShOS IS RIBERAH! Ssciiescr i bed in
t he Exarrplres, * Oﬂéglgl uélﬁng Fﬁe pr ocg@ur es étjscri lgek% ion pU. S. 'Patcent

Publ i cat ipharnidecut2Q0$A02HBbE3mbtoriAlnyecallgthagat meathd reysred Baindmids Bfibl i cat i on
No. 2007/0112027 to Axt et al. The nolar ratios descrjhbed in the. hods of
the i verRgogEH B W@&&CWIW%’@&?@GB@B _ FUBB 5Bl OIS AR ed by
vari ous HRIdog Rty melios! FaRfudit b otidiliklifo L. For example, such
nol ar ratios ca e readily determned by 1H NVMR Alternatively, elenental
anal ysi s and HBe@metthodscutianlbeffacsied amoud® treans mearhbient soff@rent tit ¢ftect For m

11 S5Form 11l crystalline freebase of biphenyl-2-ylcarbamc acid
1-(2-{[ 4_tr(eat_n&e§§ Bégr%%irp{mstered toa pa?tleent In nele rt]helr of, 12.6.,y tLe amount o dlrugI needed to

pi per i di Ry IiERiydd henpautclomREMIATNANE! Ml pL ARGN Jeedrthnfihefor can be

prepared fromthe ester or the di phosp e salt of the ester. I n one
enbodi nenteatinghe pHoromatyl disardgss ah hinnentfaf eelnasend iepedpafedxbypleortiact, i ng
bi phepyl - 2-yl carbam ¢ acid 1-

2- . .
([ 4- (& cat ﬁ%?lgplﬁlé‘iﬁiocfipﬁeﬂep t&uﬁ.éj(rﬁmoyﬁéﬁ z"Bt}l}T]a_OT fhronic obstructive pulmonary

met hyl amgnal ety bpppet kirfn fhRal Rk Whdeh rashh@d (COPE- miyi cal ly, the
ratio of mlligrans of the ester to"total mlliliters of acetonitrile is

about 10@mbodinndnity a therapawicalhy effédtioc bmionyt iadte dmonnttngedst tepsoduGener al | vy,
this reaction i.s conducted whjle repeateg .cycling,through a tenperature
Fange. of dgerpodTuipRe Cigh? et FERERL S ut? o G Hem I Hrut on and
dried. 13|10t \60taif ERRG EREult, W HTRBIhdt decds¥Shy el d tRSrapERRIBRML. IFdr
prepared using a seed crystal of the FormlIll cryStalline freebase and the

di phokphakemplal whof sthdpanges spstem Toingriseg houiscarvnd wespton anf'offedtivg amoseéd
crystal of the. cr sta,[l I i@e freebase form I %r' b) dissolving the di phosphate

salt of BIHEAPE SBOUNIgPEEP ENREP S EFEEPIR( 4-

car bamoyl pi peryhditdind “tdafRE Mot Hognzay! ds iRE -8 RS it daBh P 8F trétithiefrofl
ester in 20 isopropyl acetate and water to forma solution; c) and addi ng
t he seed aclisegscadr mesliedh gordition (suph abOBDS pree pétians buah, astatmeardinph@sisisatadysal t

f th t ) i | ied.in.i | tate (17.5 vol d wat
(10 vor y idbmsebndt heheS o Gaing shee R RSP RY RETuipd R FebaBie ana 1om
NaGH £(0. Fhat @, rdpﬁg/%dﬂfe&eatfﬁiaﬁt &R XY (1 a%{eilibfa@i‘ﬁﬁ@ﬁe dibake bempgicat ure for a

e

short tinme, then ayers are separated and the basic aqueous |ayer is
removed. coBditign sych(as by slininajingdd eausing repeesyiogahihe disagssror negddcad condiea  The

| ayers are _separated and th ter layer. IS r ved, |sopropyl acetate
(175 vol)  PReahds B R she fhe' St e pbEL e o bR P MR pECT ca by
at mospherai@stitigstht Héaldpaiont $hihS dsdeBR drind @RS B6RBHM tnhh Ridht bp(tglaueﬁ@rm%i py!
acetate (10 vol). After the second distillation, the tenperature of the
cl ear solthg $yorptomss pedlgdesgatcrr3a3lia] coniiirnsiaeduticn ther axauplpehs fam of
cr yStfg | I"{}gat}cntg ew%ﬁfdniqnclude preventing COPD from occurring, ameliorating COPD,

suppressing COPD, and alleviating the symptoms of COPD. The term “patient” is

intended to include those mammals, such as humans, that are in need of treatment or

disease prevention or that are presently being treated for disease prevention or treatment of

a specific disease or medical condition. The term "patient" also includes test subjects in

30 which compounds of the invention are being evaluated or test subjects being used in a

assay, for example an animal model.



30 I'l'l (0.005 wt; 0.5 wm% in isopropyl acetate (0.08 vol). The resulting
suspension is stirred at 533 C for at |least 2 hours, then cooled to 103 C
at an appwoxpnmwssogool i ng rate of 0.19 C mn. The suspemsirars2019/08t903 r ed at
103 C for at least 2 hours and then is collected WO

2011/ 008809PCT/ US2010/ 041903 by filtration. The resulting filter cake is
washed with isopropyl acetate (2 x 3 volunes) and the product is then dried
to yield the Forml1Il crystalline f SENBHEYS Form IV In one enbodi ment, the
Form |V cryst If; ' t he Form
1] crystalllﬁg’fggé %figé%ﬁ$§§ﬁg§ﬁp%E?ﬁ?gﬁeg%?ﬂ§§sﬁgfgfﬁgﬁghggggfcrysta

of the craya;ﬂaaﬂld stmamg neméjmwsﬁtesmﬂeﬂlb,eldw) ardi iagind Ekargplbhewmrlyﬁtaaé hiapbe

freebase Forq1 n acet n|tr for a sol.uti.o c% and addlng t he
seed crysSPyralmet ﬂ%ﬁlcﬁ{l BHSGJI*Q CF yac ‘H&St Ing fechast fBMoft I5BYENL 0 est er

is ing h%o%?&ethgf th@leg%all%lezé)(ﬂten%-xwgﬂihé the hrapﬁ? of ﬁlte'c?ys%(ls g‘iz%rﬁﬁdgflape)

crystal line freebase to total ml ters of tonitril

withint hmyr\amgeba&@l eifrtlaieart th2 nibﬂlddmf@r@ﬁratmntis \QeIBas:lsﬁl theisolyene range. The
acetonitrile i.s usually added in several aliquots. Generally, this reaction
i s conduCPBROUHPT-e repeatedly cycling through a tenperature range of 0-40

C. e SOl i S 18k SOGrHAL Al REW Ao YREHIUBrbLAL batidiRths A ik ffzatGRYSTALLI NE
PROPERTIES As is well" known in the f powder x-ray diffraction,

relative tq:mpd(aﬂumsgﬁmhss axiolel&tlp@mﬂmacmnts,asplxchnfst p@sturom ctiCPX¥RD)ivepetitara ar e
dependent on nber of fa tor Iat|n sa aration and
ot r e ESSGuiRIKPS g 1S b e ot PURGvisy uaraT bt 1t PoreRssrriions «o

exper i ment alysB@tAlibss waERBh AR Lt Psorh @émﬁe?aufera)ﬁatnalalctu'aﬁteh{p%alaﬁée Form | Il
and Form IV were obtained as set forth in Exanple 5. Thus, in one

enbodi mnemcaseacmcyswad thikane It ompdenstbodfthat meormn mrmmltom das be ekeade ez ed by a
PXRD pattern haV|n tain 20 Kk p03|t| ach crystalline

{1 cebase FBPSHGR VHan i @HE SAMBRAD SRR i b ieS pIVE 8 but i t h
certain GHRRBryR}HSnmdMUsnd Wil QPRaBITBOM B Ringe b gbdur ¥ S NI 19ALERISHES tO
crystalline fréebase forms of biphenyl-2-ylcarbamc acid 1-(2-

{[ 4- (& canbthepinspinpe: idttndnsyor wetstlizabemyegiclcreduryddeatirooh tanpryityre and

[ i di 1 h t - . di ff ti

Pt tern QBiSTPERREC oeF Praars B ped el gy Seidly siiel rpdi 6. 60. 1
13.10. 1, c&8ivBRni.arcdRlafle o th%flﬁbl%gylz@-yﬂearbamlc acilin- @%4—?@%%hﬂi@9fpip@hﬁﬁl—

crystalline freebase FormIll is charfacterized by a powder x-ray

di f f r act ileylmsthyl)erenzexd ipethglamenod ethiy hpipeiidin-Jpeladster for s20 formp)eastiog 6. 60. 1,
13.10.1, 1 qg.l, 19.70.1, and 20.20.1; and further characterized by having
five or MY¥'™0 additional diffraction peaks at 20 val ues sel ected from

8.80.40 10. 10.dencilly4@e LrystlliAbods ard dofhicled id 2-sdflable inkh- dBedt or 56ARE 1,
16.90.1, 17.50.1, 13. 20. I_ID.I 19.30.1, 19.90.1, 20.80.1, 21.10.1, 21.70.1, and

22.30. 1. sysicmnexahwlesertivdu¢hmmakude.ttie atg@op darited 08 308 RO/, 98RO 00 isontopasol,
crystallln e char.acteri zed X-r .

i T act 19 ebibRAST Pl vt Rer TSR AS ooty G BRI er wlf ¥ i co. 1
11.40.1, a8 nﬁQtuiles tA&edf0-Uponkd u’bn o¥%n Of the féh% %¥?Isﬂaﬁlzaﬁoﬂs th9. 70. 1,
19.90.1, 20.20.1, 20.80.1, 21. 0.1, an I n yet anot her

enbodi memstystallne compouads ¢amé>efls(é@tbé§r@n%¢ sgactipn mixture by any converitional

25 means such as precipitation, concentration, centrifugation and the like.

The biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)
benzoyl]methylamino } ethyl)piperidin-4-yl ester, as well as its salts such as the
diphosphate salt, employed in the invention can be readily prepared from commercially
available starting materials and reagents using the procedures described in the Examples,

30 orusing the procedures described in U.S. Patent Publication No. 2005/0203133 to
Mammen et al. and U.S. Patent Publication No. 2007/0112027 to Axt et al.

The molar ratios described in the methods of the invention can be readily

-7-



5 characterized by a PXRD pattern in which the peak positions are
substantially in accordance with those shown in FIG 1. In one
enbodi merwg 20tieo8soyst al | i ne freebase Form 1V i s charact ecrasdoiop4@opowder
x-ray diffraction pattern conprising diffraction peaks at 20 val ues of
6.60.1, 13.10.1, 18.60.1, 19.70.1, and 20.20.1; and further characterized

by having five or nore 10 additignal diffraction peaks at 20 val ues

sel ect ed deicamined bm@@?u%.efgegﬁa}va%ﬁe@ thosey sxikigsl iy t 61%-76@16}&@@1/699@6%
21.40. 1, 23, 60idk caAdbciadh 27489 e NMR 2RALASE PRAd IR tanal

crystall inﬁ%af rtéae%%séyng?d}n’ylc\%% ceﬁg)slactlgjr\dlkzezg %y a po’\/\d@égllrlerﬁgd-]rgilgﬂ???(} action
pattern dHBOE inethods darf ba @etl ito detpeaks thatm@er saibues sel ected from 6. 60. 1,
13.10.1, 15.00.1, 17.30.1, 17.70.1, 18.60,.1, 19.70.1, 20.20.1, 20.90.1,
21.40.1, 15 and 22.60.1. In yet anot #@rrm tbodi ment , the crystalline
freebase For mpMyith SH\RIARG ﬁéébégéﬂom%@ng?s 01 Qe aciuq-@%[qlmclafoa%gk

positions are substantially I n accordance th those sh in Fl G

I n yet ampatchidn-éybocthpiinzowd |oethglaalina jethyt)ppebidmet-gf cstdrean hverepaed i s
characteri zed by a differential scanning calorinetry (DSC) thernogram DSC
t her rmgréw%gﬁéteéer@s@a%hﬁéwwa%%it&aft OFH i n Exanple 6. Melting points

reported hereif Rk EmBSditdeRE B IYIniIMEPasliRe BbcBNSisTrEfarQBRlodtfGingt er ed
during DSC anal ysis. Thus, in one enbodi nent, a crystalline conpound of the

i nvent i obiptenyliaywetbeniiz edd by(2i {{4-(DSGbameyipggridiphl -ylmetbylgbeantadtti nent , t he
crystalline freebas orm.l.Il is characterize a PSC t her r.aph whi ch
st e 0 S Rt - Hes T N e S e Vo 3R Tat s S (s o1

of 25 abythcldRr fo tof nABRRAcr Bf Kdd®nittilc IshbaMOLODeEr, waladhé@Minilé B&ing
crystalline freebase Form IV is characterized by a DSC thernogr ap% whi ch

shows oneddetsiattwofstepndOicherally,chik ecactibn pwoaduadttbwhilegpSitedy sedoedhmugbt of
endot herm.c heat flow a Qut 119 C, and a.nelti oi nt .of .about 119 C
Se o eon mnémpehug rafe SHa ARt Theotas A8 e TR ViU ARt on Lo

crystalligpedfreebase 30 forns of the invention as described in Exanple 6.

Thus, in one enbodinment, a crystalline freebase is characterized by its TGA
traceld I n one lephabé¢mmeniodiméns, e Fotmllll icrystal linsefvzedescHs praphited usgg a seed

characteriz the trace depicted, in FIG .6, | ot her odi nent ,
Char 80 sorE obtsodper castabroiTaus: St b diOitic wlRlE 85 TE°rs

char act emhggst Yol BE af PAMIKAE Socl @By sedl 88 tHetrisdBind frecbase Forfh OI;avVi metric
vapor sorption (GVS) assessnment was perfornmed on the crystalline freebase

;
f or ms ofbgﬁé&ﬂﬁv@ﬁh¢@mhgwhd@§ehDﬁb@h@nﬁgxdﬁﬁb@ﬂmﬁwtthbﬁV%@blIine freebase

forms of the invention,have, been d nstrate o.have .a reversi.ble

Cor et onfHtggP R B D S B R P DB B R S R ot ci 1.
For  expanpdopropyl 8cctdty shdivhich & foiRebdafionofnklaidmBanested chy@ietcsihbl e wat er
upt ake of <2% wt/w between 0 and 90% relative humdity at 25 C

Addi t i onaplujiont Neore spesifishlly.ribe flipbesphgts splhofrihicicasten Alswhde plufrindrid isoprdpel st abl e
upon expQsur.e el gvated. t er.at and hum dity. . These

oF oper t G2 (1 Pa SRl iRl S TP PO EAbAE S ROv R hok, Thmsensiondt S35 per
10 i || ust as£3°q@ BAnd PEVEXAOMWI(@S vBB!io¥ddeWT IThE M¥xture is stirrdd &t tEATRRPOESE

formula | possesses nuscarinic receptor antagoni st activity and therefore,
a cryst alfei hzhortrtenp dhen the fayeestare prpataserpendritic basiq etuenpslayeriisrengysdt ed to be

usef f treati di.cal conditions a nuscarini c ,re tors,
e 2oy b CADR a6 Tee GRAPC HBR IR AR o By Y RS R AR AR,
nuscar i NivatérdSRPINIenRNEAIRBpDDy] SBuake (T8 i) is a0Mdi didabsuti Iclalgaes &y way of

exanpl e, d‘i)sl:[lilllgt%na?er golgcfe%rbgleaiglosci)rhegé filesgisla?t?onI I’llghllsu gclegl ?s rtege%?e% with additional
isopropyl acetate (10 vol). After the second distillation, the temperature of the clear
solution is reduced to 53+3 °C, then seeded with a suspension of crystalline freebase Form
30 III (0.005 wt; 0.5 wt%) in isopropyl acetate (0.08 vol). The resulting suspension is stirred
at 5343 °C for at least 2 hours, then cooled to 10+3 °C at an approximate cooling rate of

0.19 °C/min. The suspension is stirred at 103 °C for at least 2 hours and then is collected

-8-



associated wth reversible airway obstruction such as chronic obstructive
pul monary di sease (e.g., chronic and wheezy bronchitis and enphysems),

ast hma, pubreonizoogsobi brosis, allergic rhinitis, rhinorrheal/tsadooh®osi ke.

O her nedical conditions that can be treated with 20 nuscarinic receptor
antagoni sts are genitourinary tract disorders such as overactive bl adder or
detrusor hyperactivity and their synpt ;.gastrointestinal tract disorders
such as ibe/rfﬁtr%mne Tﬁwewl%%ﬁlrtw@fe Hiwﬁ%? wﬁéﬁopmpéféa@é%te &chalvatings) and

gastroing&§%b ﬁ#gﬂ%@g?ﬂ?%?J$¢M'@k%QEHQHSWﬁﬁg“ﬁgﬁ&%Qﬁg; cardi ac arrhythm as

such as sinus ar ki nson' s di'sease; cognitive disorders such as
Al zhei mer' s di sease; disnenorrhea; ahdruliB |ike. 25Accordingly, in one

enbodi ment, the invepti.on rel ates a nethad for . treati .a pul nonary

di sorder, the PrBF‘hB‘E}Q%_ MsP gﬁ?ﬁd’%ﬁﬁ?’%@@?? g‘ﬁe'?aée & IHSE%r%‘ﬂgﬂ%g B5eed”

t her aneutc\?%?él bY tRIHRGUMGy RRHOFreQas@ B RlePldd! iRGoIl 6L PRGN 2 seed

bi phenyl -Z2-yl carbam c acid 1-(2-{[4-(4- carbanoyl

pi peri di mrystallofidchyystddbmz trydbasek dryd Hhibn dissolynig)the pestabding-fbehdsedotredll When
used to treat a pul nonary disorder, crystal line freebase.of the invention
Wi typit syl e am PR Syt AR O IiRE paReCtoLuaeBy day.
I'n a sl ngﬂl@w@ighi %tid B8 Soc@lto AstSH NG BreWaRIE of agw%;zﬁenﬁrf@éa!uy; tht hgiggse for
treating a pulnmonary disorder will range from about 10 jig/day to 200

1. . t g/ dayramdNg @@stdlliod 88GSRCTHiuSHD Dot 18 lBiters of accwivetmil@dnvithiis therrenzchy

inhal gtion,. a crystalline fyeebase of the inyention i cal i 1l have the
e T ocld ol BPBHaCIHY b AGHow 1 AOF R naEsPal i oIS RErEl whisen man
the i nveRtyoa Aighék e&chQaly, TRk ROR S ioAdMGENFnE RPENSEY | FEIY e a
patient, the nmethod conpri'sing adm nistering to a patient a '

br onchodit¢rapéramrequangiuet hd0 oo dht saidsare thes iwldt¢hey adunmeblgggomndnd dried.

bi phenyl - 2-yl carbam ¢ acid
1-(2-{[4-(4;carbanoylpiperidin£¥§§ﬁg%ﬁ¥ﬂ$§gﬁgg§§] methylamno |

et hyl) pi peri diAyiéwell K@shvalin tHean@d 8f poivddr Reral RETABRIA taalJoypcat B&ghﬂsw dose
for producing bronchodilation will range from about 10 jig/day to 200

t g/ dalp. Ipewdaex-eaybdifiravtinn (PXRP) specerataicodepeedeat es a nombenedtthadrsatlating it i ng

chronic 10 opstructive pul nonary di sease.qr asth t he .had conpri sing
admi ni st SRS R sl e AR AL e SogRer Saitr poBrmations &SHRUNEY of a

cryst al | ii@n{ifieeRASP et Pieasl PARD ¢aadTdr tacirdstdtiné frefbase Form 11

[ 4- (4- car banoyl pi peridi n-1-yl met hyl ) benzoyl [ nethylamno | ethyl)p ip

eri di n- 4-2pd Fegn &Y worhebtaseds sa fortlemt ExantPd dhusist omaembpdimyrit al | i ne

freebase of , the inventiop wW.ll typically, be m nj red by i.nhal ation in
it or 6 st SRR S ntientb RS Blatabi<RCe B BT, PHIS bt Y L B S0s
for treatengpdsdasor asthma will range from about 10 jig/day to 200

1..tg/day. As used herein, COPD includes chronic obstructive bronchitis and
enphysenma ( sedach erysielmegtasbaBdpmme of thehmention cubitue difigecnPBKiRdhpatienDi sease,

New Engl and Journal of Medicine.343:269-78 (.2000)) .. Wien us to treat a
pul ronar M LB EGERn Bmabidiedh T PR sEBo AP ieRRrdEs o
opti onal leyysedidiirédbase@rhoCOIpR AL rYArhid s0idne(2- | [Aeuaesin /I FFais-
Accordingly, in a particul ar enbodi ment, the pharmaceutical conpositions
and met hgdesln@fhyﬂ)lbenzwlﬂémhymmg}qﬂmé) Piperdinisel ester Kharagieiraddm 4 goveder &ct i ve
anou of _al-32- adrenorecept or. a i.st. a corticosterol non- roi da
At e SR B R o AR bt SR P el BE S Fent - o
crystal |l iing+0rieepase 1019 vhe1jandeotd+on.i s used to antagoni ze 25 a nuscarinic

receptor in biological system and a mammal in ﬁarticular_such as mce,
rats, guinea pPpgsc cmbeimest, theggestalgnefectysorbiorsn Hhip charartsrized by i pewier

enbodi nent - - tI.C . ef f | V- ClLy.S [ fireebase of
the 1 nvenrsitaChaRRhE Gt Gfkloty BERIY PPLuBerSPb R L AR S0
ant agoni 2Rmeg-0t1heo mue ¢ adddAc2F(ET.ept dirtisaBhiresrigt s iuvirgdiwsdriigoreonvent i onal
procedures and equi pnment. 30The properties and utility of a CQ%stalline

f r eeb¥k e agditiopd difiipsten peaks s{thvauestsplected diog § 8ite. 1r He &9 brl lahitlalyoni zi ng
activity, be nskr d i i i vt dq{ (Y ys
oL 1 DR SRR g MR A MBS B0 YR ST,
repr esentiatorgd, 20.8+0.1, 21.1+0.1, 21.7+0.1, and 22.3+0.1. In another embodiment, the

9.



WO 2011/ 008809PCT/ US2010/ 041903 assays are described in further detail in
the foll owi ng Exanpl es and include by way of illustration and not

limtati oNO 20619899t hat neasure hM, hM2, hM3, hM4, andPhVESxUSO&IORI C
receptor binding (for exanple, as described in Assay 1). Useful functional
assays to determ ne the nuscarinic receptor antagonizing activity of a
crystalline freepa e 5 of the invention include by of illustration and
not |i mi tESfdmne 5 é%FsFQrH‘aItH %i&?ﬁ?"é@q RIPPRECHT '@y ARYRSCanpprising

| nt racel LAty i o BHPARTLECRAGRA0E DAY &1 (£AVD)13. LiogandiTegiiat ed changes
in activity of the enzynme adenylyl cycl'ase {which 'synt hesizes CAWP),

| i gand- nddisedd 18 Babdess.6+0.1 nidad+or, dPi7eh. 101 9.§udnp30.2e0.1, 20.8+0.1, 21.1+0.1,

5'-0-(y-thio)tri hate_ ([ 35S S) j.nto isol ated ranes vj a. receptor
cat al yze&qe?ﬂ%r%aﬁgfggigiﬁsé} @Frﬁp&tﬁf@mﬁ%{l@@ﬁ; thl@iC@é%ﬁ%%ﬁ%@@ﬁMﬁlés in
free iqtr ( i i - ( 4 h: ;
fl uor esgcgﬁ%g'lft:e{i{%%eb ?gg%dt%ﬁgﬁne@g%g%%glﬁ {Ji@%ﬁl%é?ag?kﬁsgﬁdl I%cul ar
Devi ces, abtemddnceanth thowe shole.in Eenipl ary assays are described in Assay 2.

The crystalline freepase is expected to antagonjze qr decrease the
activation of Hﬂﬁ%%%g?fﬁ@e%&*?ﬁf%%‘ﬁ% SWS%?SJ%E@% §ﬁ§_telniZ§‘$ E}ﬂaasm}%f_, or
assays Ofx-l%%z%ﬁf‘f'ﬂal:t%n Pk @om&ﬁﬂlg’ﬂikﬂac%ﬁ'f%éslay 20QallSESk d.6¢. Nese sptudi es 15
at a concentration ranging fromabout 0.1-100 nanonol ar. Thus, the

af or ementl®drdd, 485493, ard2 L3 Uiland furtletr € haraetenzpdt byehaviveyr faweutmareut i i ty,

for exanple,. the.bronchodil ati activity,. of crys | i freebase of the
i nvenm _or’i‘.dgltloflan dl%aﬁté‘?n B‘i‘%ﬁ)@?éd] ucsryale tteﬁ o é@&B(FXalt%#fﬁsﬂgquiﬁeljf reebase
of the invenyion gap 108 JesPNsi4al £D2630NY 2¥ BLD QUshd Ty 40T OrdiditeR Vi VO
assays wel i-known to those skilled’in the 20 art. For exanple, the in vivo

pot ency embadongnstthé triystelline desbbase Foan I¥es nrasuerextdiby agrovaler ratky nodel such

as the Ei nt.hoven del. Briefl. he br.on dil ato ctivity of a

cryst al | IOHEFOBeE s ST PR PSHO A e L HUET St GO0 & nt hoven
nodel ), whigh 1U$89+yeN17 b-80.1 Oy PrEE Wl 0aS 197801 AEALE® ] MRASLY. £ 29141817 way
resi stance. See, for exanple, Einthoven (1892) Pfugers Arch. 51:367-445;

and Mhamnméd2ét-0dl In yo@0ihcPanhodieph drenapssdlliih &cctk8¢ Byrm@BVi02, as wel | as
Assay 3 ich describ rat Ei nthoven nodel ...Anot her, useful.in vivo assay
s the rstearereitanEIRD by rRY Beneak B R b BaE Phinas s ay 4)

PHARVACEW T deddn YRR B W n ANPIGEORMULATI ONS A crystal I ine freebase of the

invention is typically adnm nistered to a patient in the 30 formof a

phar maceut i calln getrnotict emhodimehio e erystal limmirecbasshofghamvaetean is chdragongsdsi t i ons
may be adm nj.stered to the patient accept able. rout e of

el i st PRCBRORHE st R SRRIRaY (O R AR b ™ Wl ¢ opi cal
(i nclzydi R@tabidANs der fakh in BREmPRIGENISKAL poREaSp&ted N8Rin are estimated on the

2011/ 008809PCT/ US2010/ 041903 admi ni strati on. However, it w |l be understood

by those beki bf the malt erset rggisterddaduringdd®C anadysjs t Hiusi Weonerosdiodyeensfa t he

i nvention_has,.been fornulated, i.t may, no |l onger . in.crystalline form
oo perbRPuRE e BE s Sienliby T ¥R BREE RSC b iRt Bierier
Accor di ngibodinien®Be eiybabdindeRkbast FRrh MMENERRAtdErBleabes HOC thephagApeeut i cal 5
conposition conprising a pharmaceutically acceptable carrier or excipient

and a cr yduel shome ahoasd o€ endsithasmphkesy flow-a pbeutddAi’e aadiadnelting point of

1- (2-4{d 4-(4- car-bamoyl pi peridi n-1yl| net hyl ) benzoy .
et vt anReTaeny ) B b rar iy éadRe ARk soei s rebgitimon nay
contai n qf fiRkadtdiRkapeUtDSC eRehesrap@ivilbhahbRg oAgEkcsof dndd@girhiRtheatf@y at
phar maceutical conpositions of the invention typically containa

about 66 °C, a second onset of endothermic heat flow at about 119 °C, and a melting point

of about 119 °C, as seen in FIG. 5.

Thermogravimetric analysis (TGA) was performed on the crystalline freebase
30 forms of the invention as described in Example 6. Thus, in one embodiment, a crystalline

freebase is characterized by its TGA trace. In one embodiment, the crystalline freebase

Form III is characterized by the TGA trace depicted in FIG. 6. In another embodiment, the

-10-



10 therapeutically effective anount of a crystalline freebase of

bi phenyl - 2-yl carbam ¢ acid 1-

(2-{[ 4- (4woantrznoesob pi peri di n-| -yl met hyl ) benzoyl ] met hyl amrCmaiS2010/041903

et hyl ) pi peridin-4-yl ester, as the active agent. Typically, such

phar maceuti cal conpositions will contain fromabout 0.01 to about 95% by
wei ght of the active agent; jncluding, fromabout 0.01 to about 30% by

wei ght ; w@rﬁ%@ %%ﬁ%ﬁ‘algmwolw afagteHEHLRY HokiHY s ‘&M-Ctﬁff e 4ctive agent .
15Any conventi ic@kik | eyl @t g&ﬁ% Y ' £t gguti cal
conposi tions 5f§?kéfﬁﬁég (FgﬁP ?ﬁgﬁgﬁgé%e oeggwﬁgﬁgﬁgﬁfg? Jg?r'g?'og

exci pi entfrecbase oy afabé mmefoncardesaibed i Erxaplpi7e fths crymtdllincdieqedask fonms he
node of admi nistration peing used KP treat a particular patient og type of
medi cal CbHUIPYGRoBhays Reecmonsirated fofay pp geyesyhlp §orrfine/ dtapiignpPBleS of a
sui taby e \AHAIBGEMIE IGRLs FATPRSLIAR. TRk QR hE UhafallfRURcBhecdVrm
admnistration s méf%svﬁtggﬁ t é ghopeeof @hbse éﬁﬁ]legﬁ?nffhenn

phar maceshowal a savesiblAddict uptaké biy/<2%ve/wilgteckindhirsl 086 rdatote lmompios at | ons

are co rcially.available from for e I Sigma, P.O  Box 14508, St.
Loui s, VBS661 7additgnafiyys 69%@1@5@%6@%&&%@%@%@ BHSROIF PR at i on
t echni queg, @k Be3GhLIRAtEMpS e RalRdityhe Science and Practice of

Phar nacy, %Oth Edition, Lippincott Wllians & Wite, Baltinore, Mryl and
(2000); and 2Fhkkapropersied ofghe atystallPledravheefoincad tho segetidroaraburéred Dr ug
Delivery. tens, 7th Edition, Lippincott Wllians & Wiite, Baltinore,
Nhrylﬁ%dlﬁg §§Qﬁnﬂwﬂ&mn%§ﬁQéhWnalive exanpl es of materials that can serve
as pharnmaceutical |y acceptabl e carri ¢fqgfpcl ude, but are not limted to,

the follow ng: sugars such as |actose, glucose and sucrose; starches such
as corn st ar cAhardmpoumt of fetravle i possebdes usearandrec¢gomtigoatst vevitywoh as 30

sodi um car boxynet hyl .cel lul ose, ethyl cellul ose.and, cell ul ose acet ate;
S Oier b kO il RS o o e eRpoln PEfER L ISP 2RI S BE LT ¢ er
and suppgsi ¢Qfine WXRS! cAditfons Wi AS] Reaariaid rec@%v%qres,%éhi@il bondi@édsl ower

oil, sesane oil, olive oil, corn oil "and soybean ' '
2011/ 308808 PCTYruSpadtod byt re@Bicof With glnyusodrsnis tashptas agaggmydte Ractgingdiok!, pol yol s

h | in i tol i tol d : hyl | L h
s ot hyt IGERb mARSE P ol ARl ny B ER Y g dbeRed el Eb T o gnest um
Py dr oxi dets@Rghicl Willh RIS O 8.8k B h S L onRISLRGEAN R YRE T

isotonic saline; R nger's solution; ethyl alcohol; phosphate buffer
sol ut i ongliscessripige shenthiGansrwinsizy ranchyisis esd smphysemag stbmet puloooerrffoesis.and

Dhar racediFel maniicBmpBite hd BTG D SRR R R dBHSRE B nEHEe ¥ e
i nvent| oRmaktidiy FE'CQI@CH AntBEARAL 849 JoNitdRIBLELY Yis3RRrd fiich BRE &rictiVic bl @O

bl ending the crystalline freebase with a pharmaceutically acceptable
carrier andctowser byparmtieitpgnd dreal symppresiigesitaintestinahwed slesardervsuch@s desi r ed,

the resul.ti ni formy bl ended m xture c t.hen pbe. sh or loaded into
tabl ets. g PR EREREH B SIS, ERRaglcR- R oRaRRE PP ERE | ke
usi ng CcoryRRIdrON diRiRGE BMHRS aAfgthedsl RIGB B sinus brady dArdREP LIAQH "B Hase;t he
phar maceutical conpositions of the invention are suitable for inhaled

admi ni st rcaghitwe dispidersisueh phalzeiewan’s disaiscedivperertheenandtbe likphal ed 15
admnistration wll typically,be in the formof, an, aeraosol ©or, a powder.
Such Borposi ¢ rsngrinaga By shbgFimsht MiSpefllndeefl G MmRIRdaRh - GuRIEry

devi ces guiforsy disoRlbt! theZ@Ethbd BahBiisin@ adinedt Qoo 96 ativhtal BErapdddlchlly a dry
powder inhaler (DPI) or a simlar delivery device. In a_sPeC|fic enbodi nent
of the i sfeetivcomouat phaenysieBineiftegbase ofpbicrylohyleovpmicicdy 1 (Pd[4td-i ve agent
is adm ni d i | at i i ebul i i er. 1S ulizer
dovi ces (LFEE) Pbeidcabk bl B AR AT B IR n 4NN BER Y e
phar macewkédRl trea0IPRIBidnaBNdiSaITRr, b SiyRe lifdefr@bhicws tiRg@REntion Wilrteyicasy e m st
that is carried into the patient's respiratory tract. Accordingly, when

f or mAGat admingpteigd dyiiphadatiparn mutéple daspsipst day, Hea sipglstdaily dage draceiiiee acti ve

agent is ically~di | ved, i.n I I rrier f ion

Soi rabl & HoEBlRyeY CEhTTRLIRT AP (R RolisiRar Fos VALERPIHISRE: 25

( Boehr i ngerugldageab hed np/day.he AERX(r) Pul nonary Delivery System (Aradi gm
Corp.), and the PARI LC Plus Reusabl e Nebulizer (Pan i GrbH). A
representative pharmaceutical conpositien for use in a nebulizer inhaler
conprises an isotonic aqueous solution conprising fromabout 0.05 ilg/nL to
about



10 ng/ nL of a crystalline freebase of the invention. In one enbodi nent, the
aqueous 30 nebulizer fornulation is isotonic. In one enbodi nent, such a

sol uti on wWa0a/q8g0ef about 4- 6. In a particul ar enbodi remUS2elP4BOUEOUS
nebul i zer fornmulation is buffered with citrate buffer to a pH of about 5.

I n anot her particul ar enbodi nent, the aqueous fornulation WO

2011/ 008809PCT/ US2010/ 041903 contai ns from.about 0.1 ng/nmL to about 1.0

ng/ nL free baséh W&’IS@ﬁ?dsbBblﬁlﬁblﬁb% wsz@rﬂl @a?b@affﬁ%thaemnﬂon Sprealty

1- (2- {1 4-6if G ¢ BRIt e dudifl vhoddnBafidhon) DERERNAITER RXL AR Gddha¥l:)
piperidin}4-y1 ester. F% anofﬁ%rospecf$¥g"gﬁ%oﬁyﬁ%gﬁo¥ tﬁ%a?%ventébn, t he
phar macetid matntoorpasiste @ mcthadafproduicing Urbwechadilation iageatientsthadmitiidst er ed by
i nhal ation usin DPI. .Such DPIs typically.adm nister the active agent as
a free-f |08wpﬁ@m§aaﬂwst?%%& oy aspaaliegfpaeﬁ/lgeehqdﬁa OIbB‘iqgéﬁPg amappit aceaitelife ng

i nspi rat iggay, 'e'&fggfljx@ﬁ 110y REBEAYER § 188 4L LW DS PABEEFdint he crystal i ne
freebase act?be a entyisytypicaI?y férﬁglgteé mﬁ?ﬂﬂg édﬁtable exci pi ent
such as lyhottbgehenzddl ofethyhaminb} ahyl)mdpocidind gyl eptot. yGatally, gwitbigrapeutically
pol yl acti de- co-gl ycolide, .and conli nati ons 10 { her eof croni zation is a
P, mSt R S S %g?%ggg?% ol e i b 1 2YJAl monary
deIiverygogmﬁhﬁngy, a crystalline freebase active agent is mcronized and
conmbined wth a suitable carrier to forma suspension of mcronized
particles of desps embddnsng ghe inhartion 'tethtes ona methodaf trcatires¢hraric " m cr oni zed
fornt ans at. | east about 90% of theﬁgar igles have di.anmeter of |ess

t han YboQPSHFUSRPUEINALY dasasoasastims-d @F?t#‘@ SAMPTIENG ACNYRS e\ BAISH! pe

used such R§apduiigally Lrddide aMBORRIFAGry SIHSNBDasObt IPhRG-2 Widdbddbe acid
screening, trituration, pulverizationh, and so forth, as |ong as the desired

parti cl e 1s2z 4« dvatbemolpipanangeh- 1-ylmethy Bbenepyl¢wethy atiing chiypmeodunt-4-y Al
conposition f use in a I ri ses dry |l actose havi a particle size
bt oen 80t Sndfied bafeba TSR rifranh aRbeRS S af e SrBalics S

crystal I ipgcdifyarbagini@ferddsy inANeRs mnullﬁyrémo@esdgey dRPVERra iRdI8uhiRl Q8. can be

made, for 20 éxanple, by conbining the |actose with the crystalline
f r eebls e (aotially, thgdnse fanttcathmgrC@PY dplasthaiarvglltrivezedomp eb@antl § ughlay do A6k | vel v,

i f desired,, th 11 ti t he f lated without
b ovel preiy renihh i, PP GERARESHE tBREYE RERC DS AP REied | nto
a dry povelRr foilicRARMS SBarn&y, Chiic DBBRIENE PUINSGHaF DAGES, Sty GRREMIES AR USe

with a dry powder delivery device. 25Exanples of DPI delivery devices
i ncl ude o $edalier343EEXTEROPON | ne, Research Triangle Park, NC, see, e.g.

U S. Patent 5,035,237 t |l et al.); Disk €] it hKl.i ne; ,
e o, U s patkh KB g SR st v B ol EREREI R Renecn,
W I m 1igt optiokdHy ¥l@fnis€@rdd in cbinbinalteh &ith oNvr tbradtid @%&ffté? Nwo?diﬁ%lg,ni%ﬁa

(0]

Rot ahal er (d axoSm t hKline; see, e.g., U S. Patent . 4,353, 365
Hal | wor t paiculir cinbagicheBD théapldirmad caticdl BominesiHges andgethedsi afjthe Pyentivar

exanpl es of, suitable | devices.are described,in, U S Patent .Nos.

5215, 1050 ChuRh s Mo e SaRGs PNl AREs- Rt Bocrr 3R v st r ong
et al., aBfichRtRIENGRN-EdrbRE] dlteinBlammaldt§ adém CorapuibRsatioh thdreo O _
2011/ 008809PCT/ US2010/ 041903 af orenenti oned patents are incorporated herein

by reference ilhanoth¢rrenehodimentya crystalline figelase of Histinemtiop écuseil ¢o antbediizient  of
the iqwenth oy POALAREEHDICAL SOOI O SOMRLIkNgIR CAVRLALLI NS
freebase "active 3geﬁP (S aﬁgnls@'redaﬁy inharat'’ & |n5uan Y5 &1 ch
typi cal | yufcs ohar @8bita OB Pk eklradmuAl s6forth anakit icMBoa@@t, ausi ng conpr essed
5 propellant gas. Accordingly, pharmaceutical conpositions adm ni stered

usi ng an thamepeuipdlivatffogtivompeinerf g cg@rahlﬂli%ﬁﬁeqbﬁsesqu&emm;prm agdmenigergdt al | i ne

fr eebase aghl g, AGNF Ak bl QHELL S6l RLOREhAM m i AU RbF el g 1 e
propel | ant “may be enployed i ncladi ng
determined using conventional procedures and equipment.
30 The properties and utility of a crystalline freebase of the invention, such as the
muscarinic receptor antagonizing activity, can be demonstrated using various iz vitro and

in vivo assays that are well-known to those skilled in the art. For example, representative

-12-



chl or of | uorocar bons such as CC13F, and hydrof | uoroal kanes (HFAs) such as
1,1,1,2- tetrafl uoroethane (HFA 134a) and

1,1, 1, 2, 3we,28timegsoaf | uor o- n- propane, (HFA 227). Due to POTASa@eOmIRbOUt

chl orof | uorocarbons affecting the ozone | ayer, formulations containing HFAs
are generally preferred. Additional optional conponents of HFA formul ati ons
i ncl ude co-sol vent ¢h _as et hanol ent ane, d surf nts such as
sorbi t an %W%P@é{éécﬂb@ﬁ @@@r getail éb‘th ﬁ@l Wl&&&%@p@éﬁn mcgzéié YPGY Hxanpl e,
US.  Pat affiyMon SnPaARRbR. RUERIAL ok gk i EEVITRIORA fnd Mpnesot o

M ni ng anéS 0]%acturlng Cbnpanﬁg 35 WD 92/ 228% nnesofa M ning and
Nhnufactmmmngmﬁbnmamprbmhmgdﬁﬁ@kmmpke&uﬁkmmmmohAamgrDndﬁwﬁmﬁakmdnhereln by

reference in thglr entlret A r%ﬁresentatlv garnac U
conposi t!aésﬁly?B)r lamingth, SHH@P%’PE%I“‘&S@@T? PN MY ob 8 Cﬂfséfref% %%%F‘tba%? 0l to
5% by ei g i ﬁoﬁr#&ﬁ@é@ ﬁéy §f 1@1h£t!ra[%{%n(‘aﬁma8{11%u9ﬁo& géé‘sags”t‘ﬁ%bééﬂre from

about 0 to 20/6 anol ; and from about 5% by wer ght 20

sur f act arhltgand/wnekilatdalechlaegmmm dEracéimlm@yahc Hl%hopne) p@lnbptmsphate (cAMBydigand-
conpositions are typi.cal] ared by ad | hilled or ressur' d
hydr of | udh%sia A RLAENES 1 A IPRBIBS SRR HeRY X b Sﬁﬁ%@ctlﬁ%m TSP &
freebasel@%_dMﬁdﬁﬂﬁmﬂmng%hﬁn&bqkk&uﬂkﬁﬁﬁa&%néﬁﬂcﬁn@mﬁﬂﬁﬁﬁ5&ﬁﬁ& (if ,
present) 0 prepare a suspension, the-crystalline freebase active agent is
m croni zéd si6d Pwﬁ)amtqtmaliateldenbmbminestvherqoepipewt@imcd ¢Klakar2 of p SIYERYSdor i s

t hen ] oa into,an a cani_st er i.ch farns a portion of a

ot or i G082 TRa Tl Peae B b bt el o BN 45T crluinties
devel Ope%ﬁpﬁﬂh&%&%héeyhﬁl&'a iHaEinWipldic kf&elmr%qbk@%ﬁl ﬁfo?ecﬁh%% %Ivi%@éi 1hé),U. S.
Pat ent Nos. 6,006, 7 to Marecki and 6, 143,277 to Ashurst et al

Al t er nat ianethe, likg. sExsp@tm'y asvay ormdbatibon it Assapé. ;Tﬂlepmrs@dlntwfr@}bawsm ying a

coating of surfactant on mcron articles of .the active agept. See, for
50" exanpRaPSli SenBEo S o G el st S U Dt BToDET o AkBeer oup
Ltd.). Thsadi asb@avsRso ssdiorakenermatironad Wﬁmﬁp?éaﬂyadadlswm theRIshRAS are

i ncorporated herein by reféerence in their entirety.
2011/UDS@O@QﬂﬁkmSaﬁioﬁmgmgﬁsnldxmt0EdwOa@dmmobnaTh@Mdnpﬁ@snnﬁmpmdcesses of

preparing respirab rticl.es d formul ns and, devi.ces,syi.table for
ot at 1 dseds SR rgoeEish BhehngE e hipatig bl 4% AP SleuisiotiifeS, oo6
tO Tr of asa%blwgﬁ 8fdc t?alﬁﬂ% Bcbe@nEhEhvaltion. and 6, 221, 398 to Jakupovi c et

.; and WO 99/55319 (G axo Group Ltd.) and WO 00/ 30614 (AstraZeneca AB);
the 5 di scl osurtbhe m@pqmwﬂndaméltlcmfﬁ wstaﬂma figebasi of i inefngipr erbé n their
entirety er enb. t he phar ceutlc c ons of
the | nvertemsnsssl uiii unicas FORPgeRn it Avefy Sesho st Past SBRER i eut | cal
COMPOR) t ia@NFok BXar@FIa th@Pi péteddyl Fa dFpMtallife fr@eﬂa@@cafrpdefﬂl@isufe@ﬁﬁ dhes,
tablets, pills, Iozenges cachets, dragees, wders, granules; or as a

sol ut i on apmmal nmﬁ@b@whla@ﬁlq mnﬁlnqumled@ls B@reﬂmoﬁheém@bg@ ¢rqa9t1&11ty ofa 10 as an
oi |l -in-wa qui d emul.si.on el iXxi rup; and
Phe 11 keerBlafle H8Ee i Ay iied it Seed i B Ralpbida P cbbace
of the i ny@onanitias p?e@sﬁ@hé y@uﬂr@t@ﬂb@me of HEy R8I SBERUISe6 For &QMNST ti 0N
may be packaged in unit dosa orm Wen intended for oral

At ni st Hanioren (8% gHigas amgé 36614#(4ndé\40hmm@<épts%1 @800)Bpiabl et's, pills
and the Like), 3 BhALIReRubeal ATROSLE o0 io0f ANeloenti oRow ! Loaypl cal 1y

conprise a cr &*act edi ent
and one Q{nofl @s@hazm%mgayclakﬂeyramgmaagbg@e SREY (fBF SxaPipld) a@&e@ﬁ@bd)fﬂ citrate
or dlcaIC|un1phosphate Optionally or alternatively, such solid dosage
forms may\sadsd)- conmprise: fillers or extenders such as starches, |actose,

sucrose, gl ucose. gL bglrANAPCRIIAAIG AR Fofldaiasuch as 20

car boxynet hyl cel | ul ose,~ar gt mates M, potryvinyt_—pyrrolidone, sucrose

and/ or acaci a;A biysRiindHebay off t@angényf@ﬁ olypicdilp bdhBgt@tl fga paMt f thbich as
agar-agar, calciumcarbonate, potato or tapioca starch, alginic acid,
certalth dpim eba Biarmaerutiop! coptmobitos aF Fumatasions Shgh phaimpequae mglpaglélﬁtl% such
as par af cel I, oppounds;
vetting A RERhRL A BB EREPLT ARENAR s b PP SRR UL
absor bentngt BMitsdieh) nﬂﬁldda@ﬂal Ma il dbplrcalt(ammg eardedyral) dldrjaeaindrsl rBodds oS
talc, calcium stearate, magnesium stearate, solid polyethyl ene glycols,
sodium lauryl sulfate, and/or m xtures;thereof; coloring agents; and

buffering agents.




Rel ease agents, wetting agents, coating agents, sweetening, flavoring and
perfum ng agents, preservatives and antioxidants can al so be present in the
phar macewpcal/@880eonposi ti ons of the invention. Exanpl @€TafS2010/041903
pharmaceutical ly acceptabl e anti oxi dants include: water-sol uble

anti oxi dants such as ascorbic acid, cysteine hydrochl oride, sodium

bi sul fate, sodi um netabisulfate sodiumsulfjte and the |like; oil-soluble
ant i oxi d&f mgtt?éwnaéiqw%flw%gswgﬁ@qﬂp@@zdh@ﬁéﬁli@é3n @6trt§§rtla ORR14ni t at e,
but y1 at ed iRy ainh 804 fGhd R tor i vkal REmMAIONYAR) MERALRITTN orys@ifieni n,
propyl gaplt%té, a?égha-tocop eréﬁ, anlg tﬁ)gm] ?ﬁke;’ and net a%-rche%gﬁsng agents
such as dotm,iie.,dled cdystelihy frecede aniyrbe dissdlvadoed sudtablel drrfdEDTA) , sor bitol
tartaric acid, phosphoric acid, .and the |iKke. atin gents for tablets,
capsul es, pi | 14caRingly g ong ﬁl@g%@%&gﬂénﬁ%@nsggm Qe hpkiTRCSE] ngs such as

cel I ulps %oﬁl‘ﬁlgéiﬁ&? C&P%%%% gha(rgéﬁ’éﬁigl&g}'{ ééé’cieﬁtéble%%ﬁ{e%? e%i@ﬁtj A& (PVAP),

hydr oxypr opyl net hy se pht thacrylic acid-nmethacrylic acid
est er coposyatincstreabesd ofl oglengc2iyataebanric aatl|1-@af]¢-(¢-CADpmog hpimoxdynyiet hyl et hyl

L A R I B NSt o o

i nventi 0'&oﬂﬁ){siﬁl)ﬁHla?%o&@inf&ﬁéflihé}ﬁﬁéﬁt&%n@/bPYdrHl%Ia%ihg‘é’ Qfis FoRtirQl | ed rel ease
of the active ingredient using, by way of exanple, %ydroxypropyl met hyl

cel | ul ose i n Videyhmgngseopal tompmsjtians obtheanvenoloy tgricaliytoontesy | i posones
and/ oy, m crospheres...In addition, the ph ceutical c sitians .qof the

[ nventd ofSrRFIBEH GHTERCTYS WBRMLIOR = SPAGRBH e AgetLPeRd Rl R oSl at e so
that theyar _-@ﬁ@ﬁb&rﬁ@ylﬁ%&ﬁéﬁﬁ-I-QEﬁﬁlﬁlﬁiéhzéﬁ]n%ﬂnMamH{o}&hﬁ{)ﬁb&ﬁﬁihﬁﬂ-ﬁ%stehn

a
certain portion of the gastrointestinal tract,” optionally, in a delayed
manner . Bxé&npicase afgenenberidillyy sedmbeshadconsal whinposicens vod cosrah froml abdet

pol ymer i ubst ances, and waxes. The crystalline freebas tive ingredient
ban”at so 00 PrioRfCRg: BReAPEhPbbedorer et it Sirapant ik Ho it aP or e of
the aboveyqesedti AR a8¥ehPisRAt 6.01 20MHuk 36yl WaYhh IRS AR hgedts for oral

adm ni stration include, by way of illustration, pharmaceutically acceptable

emul sidons, n dyermnieitons] casudrior icveipicnsmgy ba gsains theghaopsccaticklel i xi rs. Such

| i qui d dosage .f.or i call onprise.the active .ingredient and an inert
di ent - SoeHoR LSy B he R or RTBPIeE e b PR o FUERE S SCBITbi ) 21 ng agent s
and enmul gombfafios UESurAss @ BYdipiRhGORAI depbR@Bf BRYho®! STRRtnist@dtinlbehgr bonat e,
et hyl acetate, benzyl al cohol, 25 benzyl benzoate, propylene glycol,

1, 3- but ylusgrktogreptabartionles pgtissperctypd diymedicalmesdididn ogdiseasdsiate. lodhin, germ

olive, casto nd sesane 0ils lLycerol . tetrahydrofuryl alcohol

ol yet hy rebetgfy RisPaaaREo Py fblsding BicRupest SomBENENTIah b barufir RRge o€

ther enf . 1SSMSRFIANS well Rvitdilihtisedhet oF thdie sRitleld Viethic paR@SH BN cal ARy cont ain

suspendi ng agents such as, for exanple, ethoxylated |sostearrl al cohol s,
v

pol yoxyetAiditemells.aghdinestdienislios sneh commposiions sre c@mrdreipdy pyaitaklel frana, for

cel lul ose, al um.num rexs de, . bentoni agar - agar. and.tragacanth, and
i xt ur o5 SEREPOY % P ERTARE gt aiost s BRuaR R ow Pl il PEESEe
adm ni st ebeekntibAd Fe@RUTREdnytettiiqes W RQdri¥AAR KA/ ST K0/ NALIBPKRAOWN
transdermal deli v% %St ens and exci pients. For exanple, the cr(égt all'ine

X

f r eebase of Bhanyeacy tign.tlHppacqte Biiiliems &h Nanise Bsltisnpedy Marypnd §90@heang| ycol |

pol y yl.epe.al ycol nol aur at e, azacycl oal kan- 2- ones d t he.d pke, and
P corior AEG oA SO DALl R LR R G LR b e o o ent o
i ncl udi ngigthédtNwilkigee 8s WisRLBSltiioes, Maghnbuidons, 5 may be used in such

transdermal conpositions if desired. A crystalline freebase of the
i nventi on can Rebsesciyativeoexammasiod matastplsghatcaptspiee as pharmaceutically acceptable

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
30 sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered

tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils

such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean
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t herapeutic agents. This conbination therapy involves using the crystalline
freebase conbined with one or nore of these secondary agents, either

f or mul at ewlot2ogembs®p (e. g., packaged together in a singl eCrarseubasioon) or
formul ated separately (e.g., packaged as 10 separate unit dosage fornmns).
Met hods of forrmulating nultiple agents together in the same fornulation or

in separate unit dgsage forns, are well known in the art. The term"unit
dosage f Qtlnelyrelp sy %Sd)rgpﬁwsglwhl RPlyple pychias elysetinggrtt |r@arfne>tpfms£} ng a
patient, | i L0} i : o S AVAN) onpound
b the | AR ARl SeEq U RO e AeR RRPLELMOGK, BATbitrE ePrsc:

ei t her also¢teasanagnesicontidnatid©ondrlodimnehyiroxide;el@datiacido patogdid-fign mtaser; For
exampl e, .such unjt dosage forns be capsules, tablets, pills, and the
ke, isotongpaaliagaR iiegia o N HRK gg@ﬁﬁhcehégﬁhﬂs?%ateé CT50 P SEPBI BN of her
br onchpdi i b i ayl ngd.:132
r one g e B B o e
ant i - i nf lcampatilde yulztpmatsersployedas phemidcentsdat camnpssitionon- st er oi dal
anti-inflammatory agents. Al Ds), and PDE4 inhibitors); other nuscarinic
20 recept or aﬁﬁlﬁgamgwsutﬁwg@p%mqnéﬁ?meﬂ WHPR AEgRceY PRRET RV ect i ve
agents (@nGougHf 3 ROBatdlY Bri&ng o%ﬁﬁhiﬂg%ér}éﬁaﬁ’iﬁ& FREOLE GSther antivirals);
anti hi stam nes;” protease 1nhibirtors; and afferent bl ockers (e.g., D2

agoni st s phagnaveutrcaKi nceeptabtiudaatioragyl one or morcGneiopal ingiedicats. éhbwdssapnér of t he

inventjon relates to.a copposition conprisin a phar eptica

cooptth o Rev Gt Tears it S EREPAEHRIRNTye 1T Bet Pb o el ghioagrd Bicogblct
crystall 'cQﬁsuiés?ﬁﬂé‘,Sc%anerst, Q%ﬁd@é@,ﬁié&ﬂéer@ﬁ'ﬁh he)ike u@iﬂé%ﬁﬁ&e%%h&%%c)édures
acceptabl e carrier and a therapeutically effective amount of an agent

sel ect ed ahd equipmstter oi dal anti-i nfl ammat ory agent such as a corticosteroid;

a 132 adrenergic recept.or agoni,st: a phosphodi.esterase-4 inhibitor:;. or a
ombi nat | on t NEPROFTOGHEIRE AtarhsGufchl CoHBoT FabHH AR ENEM R aYaP s o

formul at g8 R84 Q&ﬁm@gtraﬁsﬂasﬂma/phqma@éﬁﬁ&él%nﬁfmﬁgﬁmptnha(ela) is a
pharmaceutically 30 acceptable carrier and a therapeutically effective
amount5 ofadairnigpatmd vaHdypjcadlyr tecie ghoformgdan gerospidra wwwsleni Siedh compositions
anti-infl ammat or ent. The. secgongdar ents,can be used in.the form of
phar mmcedtd BR Y 8 BER R eSS B LR Seboas s Tt Rty
optical | y iRiERd-dH& ARl BB ARG HMRES IH D4 YPPP) GrlaeifNhSRIRES- device.
Representative 132 adrener(?l Cc receptor agonists that can be used in

combi nat i on wiln h speatfigembodimget dfitkeinasetiant a pharmagewivel empasgionde, but are

t limted t.o | net | . .sal but f t I | nef [, f t |,
Ot Tt S LG €Ll SRRl ERUTBELOL 5L L AMRL ngtere
pi r butcer ekbullRY adietseSibalBNstodhte al dtdeem PhidhaldBRG Qi the@dalijesageept abl e sal t's

thereof. Qther 132 adrenergic receptor agonists that can be used incl ude,
but are mbarngcaiticaticqraposition comprising the active agent to spray as a mist that is carried

ot | ool R S i RSk s B o U diein 4 nebugize 7. ¢

(2R) - 2-  hiyigh @ Xte A4ty Bedbast acliby @ faylly @leMdd in@tshithble carrier to

- am no) hept yI | oxy} - 10 Er oegll-) benzeneﬁf??onam’ de and rel at ed conpounds
descri bedoinna yeuor.obeuple ebhbise deyiserpineluds jhe Respimat” Soft Mist™ Inhaler

am no) eSS L e B B R AR DRSNS REM B S b Bisbunas
descri be® ART IMOPAR/RREAQARON £ 120 PariaGabis.d. ) ;

3-(4-{[6-({(2R) -243-(fornyl am no) - 4- hydr oxyphenyl] - 2-hydroxyet hyl }
am no) hexyl ] o@}emmsymyumimmtw@ﬁampa@pors?qrme {o 4 Bebu 156r(mﬁ/al@12 S)-2- [3

Cror ! Ao SILR YRISIY Hiua VS ASE R 169 NS Kb Put v
(2R/'S) - 2-1p3nd/hfd] 64 @P3taNBhe AobbidE OB AN EbN. 2 diednbonghint] the aquegus

am no) hexyl ] oxy} butyl) - benzenesul f onam de, N-(t-butyl)-3-(4- { (2R) -
2- [ 330 ( fngbwhzcn rmu)ation hy/idetoricp e ayp¢ mbadimgat; swahet soutiondas ahebapot 4-oxy}
butyl) benzenesuyl fonamde, N-(tert-but - 3- (4- . o

(6 (1 (28 TN B ol g OH s iy ions Rytfrsd pargige

am no) - heyyied @I 8F Xdout BEMZ 8B pafttAEr diboMNndn thDatfukdils Brdralib®- ({
(2R/'S) - 243- (f or myl ami no) - 4- hydr oxypheny1] - 2-

hydr oxyet hyl | am no) hexyl ] - oxy} butyl ) bepzenesul f onan de and rel at ed
conmpounds described in WO 02/076933 (G axo G oup Ltd.); 4- {(JR-2-[(6-
{2-1(2, 6- dichlorobenzyl)oxy]ethoxy} hexyl)am no]-1-hydroxyethyl}

- 2- (hydr oxymet hyl ) phenol and 25 rel at ed conmpounds descri bed in WO 03/ 024439
(daxo Goup Ltd.); N{244-((R) -2- hydroxy-2-phenyl et hyl am no) phenyl | et hyl }
-(R) - 2- hydr oxy- 2- ( 3-f or mam do- 4- hydr oxyphenyl)ethyl am ne and rel ated

= — g oo o~ 4



f or mam do- 4- hydr oxyphenyl ) ethyl am ne. \Wen enpl oyed, the

132- adrenoreceptor agonist will be present in the pharnaceuti cal

conposi t iwo 20r/msg0ber apeutically effective anmount. Typi earius20mloe1903
132- adrenoreceptor agonist will be present in an amount sufficient to
provi de from about 0.05 [tg to 500 [tg per dose. The disclosures of the

af orenenti oned patents and publications are incorporated herein hy
r ef er enc &OPHINS HEm abayt Ol éflg/mL to abouiRe} medaht fige; Rpac %‘il’éYaé?IH%PP biphenyl-3*

antl-lnfljm@ t G4t i talline
freebase of t eElﬁ%@gn ﬁ(?%tgﬁb%ggyrbg%tﬁig?é ylr}&% ?Btr)n&?g %efﬁ&faﬁnﬁoyl%ﬁ&?)

predni solpmm,dupﬂqdjmtsrol one, dexanet hasone, fluticasone propionate,

6a, 9a-di f | uor 17a[1 2furan% . . . . ..

car bonyl )oxy] 1 §10i R NIPGRY crBadimenhtthe inyention thrskharmpacentipdl gemposigon 1o

car botii o ﬁgﬂngt a{cltl't}@ﬁ%é}ﬁrmhéﬁlmlﬁﬁ{e%d by, 1nhalat10n usmg a DPI. Fuch DPIs t plcal

6a, 9a-di fl ug 113 Xy-16a- met hy1-"3- oxo- 17apropi onyl oxy-and ostg 1,4-d
i ene- 1713dnmnhiemﬂhaect¢ve@agedt 8- a(f?eeeﬂmmgtpoardydﬂ]afmrdwpeﬁ&yﬂj)pa&néq gir-

becl onet hasong{Hesters (e.o. e 17-propion ester or the

17, 21- di pHEPN GHARS NSREHIOP. I‘E)B L ihaceeve s fgsi 1P&8°Wﬂ?¥nﬁ]Fé?§5bﬁt?éh%est ers

(e.9., thRchaLABER HRhEKIypitdilyABRhNAANGIALSEABIARci fEe‘i’R LRAORIHfose,
ci cl esoni de, buti xocort propl onate, RPR-106541, ST- and the 15 |ike, or

phar rracetstalrdalrﬂaymmdcéqaﬁ@bda @obdidtis atfdep@l@factleem}ggnmplldw end cdn_hbmsm(msm dal

ant i fIa agent will ese n the co 05|t| i

ther alfbuthRUaT WIHREGEPYE SIRTHET MR BRI o e RaTsi B de: Sl for

anti -i nf L,3H& o b{el%%mT%ﬂlédllbecﬂfrsﬁﬁ%tfréeﬂas%rhcﬁ@%t SWhitidmiRAtanyo provide
from about 0.0 igto tg per dose. An exenplary conbination is a

cryst al | icnembined eithsaswtabletvarrian e frringnsuspansic2®f audnioni zs tl @riiclosiof hespahlbitet er ol
as thel32adrepergic rece oni,st., and I utl cason ! the

St er of dal At POF CPYErCPyiSget THTORRES RS ot EDtBrHLOPErP

crystal | ipagicddsaabag alaaietérfa)% lésﬁlﬂﬁﬂtabé?ﬁ't 10580 2BM P InRLIRIR G Y dubing paFiehd ﬁl:é I ne
nmonohydr ochl oride salt of {2-

[ 44( R)> ZJWChim(@e—@@@ hECﬁWSéiﬂWnlzhlmgﬁ ohqrpéry kfuskingygrindigRmiltingy shrevnyng2- ( 3-
T et O T Sy an S KM, B0 e 325 B eRar 2esRh QbufRl
oxy] - 11f 3- hydmoeaprek@ﬁa@%ﬂr}a\aﬁn@c&ﬁ@eﬁreaﬁ@s&laoéf&}us@ihﬁmpitz&ﬁpmgla hiic acid

S-fluoronethyl ester as the steroidal anti-inflamatory agent not ed
above, thesiagagenice m%b@wemabﬂyt atedandopeth 0 on agé pueranieky partcleepf a

2 AR RO P e BURTR) RouBl S ARk e R 2oem
phos pipdiceshleasecotbinMiEle 1ablokdivitatife Syahllias flobIRRP Btive 43ent MPEHen drfi bi tors

and m xed PDE3/ PDE4 i nhi bitors); |eukotriene antagonists (e.g.,
nmont el eulbdending theerbpensnts. diltarentivelys ifetgsiresly tircrpgitalling fneB)asmmttyﬁtaemﬁ

proteaseln ito s tr el ast |nh|btor

oot n el B et uiidin by BBr oot TnRRL AR cuPBo it kinsb S faty
recept or |ggeaingbs d@yﬁma@meﬁg& dréntd inhaARNQSHABg D 2GRN SE) useGitoKi ne
ant agoni sts (e.g. enoki ne antagoni sts such as, an interleukin anti body

(al L ant |dbbﬂwder§1|§b‘c¢ff/|dé‘éllc¢y, an al L-4 ther apy, an alL-13 therapy, or a

nbi nAi bi f SR
phospiodi oot eraeab i esBet e bR S dhg it PARRRR BB I REGRER, Doy

can be ugefinple mﬂm@asbecvgvm@wwmu&%ism%w@smm‘ Dikleisi nventi on
include, but are not limted to cis

4- cyano- 4G{ogmethKhaeitsge.o&- U-SratsatdypHehid.) | tpddayirsxaal ¥ Teerubalky| i ¢ aci d,
. bonﬁ}éhtgo ené a Wrﬁlnétq(ns (\Eygéeogrgoq}lbr?atgﬁ)f\yo ﬂ ,524,769 to Wetterlin);

di fluoro xyphé Xan
Ci s44- cy ®palthich BGLix6S MRRRANE;¥8E, RAX YU 4- Patent No. 4,353,365 to Hallworth et al.) and

30 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
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10 di f | uor onmet hoxyphenyl ) cycl ohexan-1-ol];

Ci s-4-cyano-443- (cycl opent yl oxy) - 4- net hoxyphenyl ] cycl ohexane-1 - car boxylic
aci d and wbeoli/desgooor pharmaceutically acceptabl e sal t sPCharseab/o@oher
representative PDE4 or m xed PDE4/PDE3 inhibitors include AWD 12-281

(el bion); NCS-613 (I NSERM; D-4418 (Chiroscience and Scheri ng- Pl ough);

Cl -1018 or, PD-168787 (Pfizer); benzodi oxol e conpounds, described in 15

W99/ 167@63rem918me€|§&11€65§ ;ar%nswpewr%%w;fﬁr@mamltgglmnfefﬂ%p) . roflunil ast

(Byk- Gul den); j : qgﬁﬁw- 1 AN ﬁgégy =l den) ;
Pumaf entri ne J%;%%égﬁﬁgﬁEQEOM/ tgﬂéT?gggﬁ?gfﬁPhéi nﬁriﬁggﬁ&gﬁég'a%na);
VIV654/ UNVB6mp(iMag aakyssillincirdeb@sq datinabgenBeéd adakinisterahioly ihRs8601{ Tange MER, yaku) .
Repr esent gt.i ve nuscarini c antagonists (i.e., anticholinergic agents) that
can be. USHHCIBPICATE GHBHGES CHCRITH aénoelgiygf U PN SRS HCOBDTERES | nvent | on
i ncl ude, 0 Lm i L, ne: | ne

oxi do. BT e e T Sne B A %, 1)
hydr obr ornydesllysmopoisamisolatiby dr sispamsiaeyf theegstalbpe direbaso mitifes, agent hraopi um
brom de, tiotropium brom de,. t hanf.hel i ne, propant hel i ne brom de,

ani sot r oéﬁqH%é??elﬁ“ﬁWm_aBF ot qlm%ﬁﬁﬁprﬁpslﬂﬁnag}ag SIS tl%ch(“gB%! nul ),

| sopr opanth feo ARrdAMHE sudBREEIF g h?ﬁfHﬁu@?oalﬁahbsddﬁ%tsﬂdﬂ asChi gnide
(Pat hil one), hexocyclium nethylsul fate, cyclopentolate hydrochl oride,

t r opi camtamflubrdetiexy GHEAI IG¢h) dndr, b 21303,8 deptafinoerzpmipaess, (HEAS2Z&pDnefo AF- DX

116 d nethoctﬁgni a@d the like, ar ﬁgphar ceu ic%%¥% accept abl e salt
t her et ; BROCIGIPORHGLRrOLBMoGRAR: Histing e ang lper, Fypitlytioqe gontaming
phar maceys calb ge@&%%@@r&ds alddittoRer §RonIORBBRRSANbAHFREARGIaRbRL am nes
(i.e., H -receptor antagonists) that can be used in conmbination with a
cryst al | iimBuda @edpdemtsofuch hecthane or portaimehdisefachuts sack angirbitinmtiriokedtet o,

Gt pheny! R e D S8 ERO0s 0 PET a0 fol b 130T Ay bt el
di menhydri pater 0 A7bYT anediiadspRMatehaRSMBYI hé@Thy EoRiphSAt £ad t 11 pel ennam ne

t
hydrochl oride and tripel'ennamne citrate; alkylanines such as '
chl or BheWOHi322 8a tMlimesdte Miningend pYlperatinresCempinyathehlysitasxyes iof evhich

hydr ochl ori de, hydraxyzi ne noat e, ,cycl i zi ne hydrochl oride, cyclizine
et at e, SHbORmPHIAREF BN rERREE & uRSRUEL 2 e hyar ochior i der
pi peridi nes suychpascsti®RMpaehScutied ReaPasHLM BrXEOLReREddgosc lifaddradi ne or

its descarboet hoxy anal ogue, terfenadine and fexof enadi ne hydrochl ori de;
azel ast i empyisigsdedih ebow@;01dnd % he wicigheof ofreebaphenystaimacomabind efdbept abl e

|t ther.eof ;. for t . i sted It alt t
phar macoubcoip Ty Tore Aapt AP G2 Ve REr bt o et sRePup S B8RS ca
exenpiar ¥ugkdtdbiveh desemalmatr bdige o Nen fbpdlrReut i ¢ 10 agents adm ni stered

in conbination with a crystalline freebase of the invention are in the
range of aboutSuoh oemposifiatsyre oypially mgpaeey by adding ciidkedfos Ipressvirirgd f or nul at i ons

illustrate .representative . rmaceutical. conpositjans of . the j.nventijon, as
wel | s YEIRRRRTGE ibd S PR PRAEI R S TR S hBPE onbash ¥ Sk can
opti onal leyhalél (iOre3hBtaad thd Suifadtafif as%@éént)n &of freeRa s BuPbndibie thOMeRhIlAB
(primary 15 active agent). Alternately, the secondary aﬁégtsgs) can be

f or nul at dcbasgactaredagntindniewnized ghd then spabingd vtith the pppichenty Thet i ve agent,
eith siJwul taneousl v or, sequential l.y. For d |l e, in_one enbodinent, a
Singl® oSS Pish oidef T o8 2RO enitlir alhER misg RondsiLele BEEI e
crystal | idage inhglebaseccOfExtahldsifemitérod dogdinRaler dvid¥ devasGdngadificagabi s. | n
anot her enbodi nent, one fornulation is manufactured to contain the

cryst al | iusewithd8haseopgtamparncrlesqrivgd it Don Pateat Nep £ 0e7450e Maregkiend s) are
fact in.t d h d
R B R e R AT

adm ni st gpeg dtyihB a@osinpdfBubdtakieni iRronkxamattalds ddile Rewdagerdtossa)lf@t i on For
Adm ni stration gy | nhal ation 0.2 of a ca¥stalline freebase of the
i nventd oxamplei WQRY/23W ldkdaxnerpupllddaapd WO 00/61108 (Glaxo Group Ltd.). The

disclosures of the aforementioned patents and publications are incorporated herein by

reference in their entirety.
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25 with 25 ng of |actose. The bl ended m xture is then | oaded into a gelatin
i nhal ation cartridge. The contents of the cartridge are adm ni stered using
a powder wohalienssokxenpl ary Dry Powder Formul ati on For ARdmiuseémnatddn By A
Dry Powder | nhal er A dry powder is prepared having a bulk fornulation
ratio of mcronized crystalline freebase of the invention (active agent) to
| act ose of 1:200. The powder is_ packed into a 30 dry powder inhalation

devi ce capabl &oppdqHen éﬁ%%%ﬁmeﬁswémepf@@grqsglrébiapi@@%s ¢ of active

agent per : t:] . LAt sd mpatd - ed Dose
9 P fo&ﬁﬁﬁlon%g%rg%\g% sﬁ%%% ]k_(% /1{6%}%60!;10&0&%%%@. PRI PRoBYs, ZsMsqh

I nhal er WO 2011 suspension containing 5
wt % of a Gaoystb) 3,988930 tedhafst; 65874063 toBeapgnwmrt {lachd 62aPORt) Jakndodc &t Wt %

i or oni 2eb pEr FREPESs I ratamndid 8o MER I Fatimea bR on T or med

from G 2 ok QfsuteS 6F Wity Q’g%z%g&ggtteﬂ ReBPoy e rGEn AGMHNGS 1Irgt9d wat er. The

suspensi on 1I's spray dri e e resulting material 1s"mcronized to
particl es havilmgnathersarbodiracres the phassictutanl dontposimond héthpantanobesrear e | oaded

into cartrjdges with pressurized. 1,1 1, 2-tetrafl uoroethane. Alternately, a
suspensi éw_tagﬁg%f%oml AgeAiEasont %alt%blefgﬁﬁmapﬁ&w?}@@wégwa? ?qrr?éali nvention, 0.5
W% | Ci tBinfhistBRfdn Mnay B ikorhd %‘&%pr&spﬁal RAT Fills 1828 DRAMRY dRiglesdf t he

crystalline freebase as mcronized particles’wth a mean size | €ss than 10
[t min apowvldbsi gahuld os et asolonorf or amedpénsam 10.a8 aquafus br etahqeeuahquid; & g of
lecithin di SSﬂLved in 109 L Olf : dg({n' nelral ized water. The suspﬁng on is

spr ay! Wr 228" QA" HET 08 ST R FrARISION: B SAGR BT ST RS 1B B havi ng a
mean di a%ﬁélﬁéon'teﬁﬁi%g%ﬁﬁ‘éhe@er&ir@@[‘ammﬁt oy &ﬂy%ﬁ‘ﬁe #Hchdseddad ihtn@osadhst ers

Wi th pressurized 1,11, 2-tetrafl uoroet hahe. Exenplary Aqueous Aerosol

For mul at iaotveFogreddni. nllst platineccuByal Netpbsizien mbs Ac phckagad et iwatlossgerposi ti on
is prepared by dissolving 0.5 ng of a crystalline freebase of the invention
(active a@&ht) in 1 mL of a 0.9% sodi um chloride solution acidified with

citric acid. WRerdWntehHEE o SratlaimiBrA08 18 QR EAIQHe il (1.E NG @pbilvg agent is
di ssol ved. The pH of the solution is adjusted to a value in the range of
from B t datdetf.tpylhs oul thy likbo aph&mabgutichecannmoai tmd dif theaonveftioNaGH. tyipodke npl ar y

Hard Gelatin .Cagsul e Fo%u{)ati gt For ng}al dm ni st ra?td'.on __The

fol | owi ng°TMREFEAPEREL MG ECPRS PE NEHPYHeB ALY AeHyC IeEs T 484 anS B8O har d
gel atin ARk cButicdH) ab&bpiblBcatidts bddh dsRBdiuieaRas @r afcalchen bRYPRALON, 200 ny
of lactose (spray-dried), and 10 ng of magnesium stearate, for a total of

460 ng ofOntionplhsot dlismapeelycsyshsbled desagenfirasynaSud peersnmise Follers batitenicror

02 SO aELain Fae ol Low s, Rt oA e rLItARILmE L

20 carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
humectants such as glycerol; disintegrating agents such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and/or sodium carbonate; solution
retarding agents such as paraffin; absorption accelerators such as quaternary ammonium
compounds; wetting agents such as cetyl alcohol and/or glycerol monostearate; absorbents

25 such as kaolin and/or bentonite clay; lubricants such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures thereof;
coloring agents; and buffering agents.

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

perfuming agents, preservatives and antioxidants can also be present in the pharmaceutical

30 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
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Amount (l)ec%thih, propyl gallate, alpha-tocopherol, and the like; and metal-chelating agents such as
citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric
acid, and the like. Coating agents for tablets, capsules, pills and like, include those used
5 for enteric coatings such as cellulose acetate phthalate (CAP), polyvinyl acetate phthalate
(PVAP), hydroxypropyl methylcellulose phthalate, methacrylic acid-methacrylic acid ester
copolymers, cellulose acetate trimellitate (CAT), carboxymethyl ethyl cellulose (CMEC),
hydroxypropyl methyl cellulose acetate succinate (HPMCAS), and the like.
If desired, the pharmaceutical compositions of the invention may also be

10 formulated to provide slow or controlled release of the active ingredient using, by way of
example, hydroxypropyl methyl cellulose in varying proportions; or other polymer
matrices, liposomes and/or microspheres.

In addition, the pharmaceutical compositions of the invention may optionally
contain opacifying agents and may be formulated so that they release the active ingredient

15 only, or preferentially, in a certain portion of the gastrointestinal tract, optionally, in a
delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes. The crystalline freebase active ingredient can also be in
micro-encapsulated form, if appropriate, with one or more of the above-described
excipients.

20 Suitable liquid dosage forms for oral administration include, by way of illustration,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups
and elixirs. Such liquid dosage forms typically comprise the active ingredient and an inert
diluent such as, for example, water or other solvents, solubilizing agents and emulsifiers
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,

25 benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (especially cottonseed,
groundnut, corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Suspensions,
in addition to the active ingredient, may contain suspending agents such as, for example,
cthoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,

30 microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.

A crystalline freebase of the invention can also be administered transdermally using
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5 may be used in such transdermal compositions if desired.

A crystalline freebase of the invention can also be co-administered with other
therapeutic agents. This combination therapy involves using the crystalline freebase
combined with one or more of these secondary agents, either formulated together (e.g.,
packaged together in a single formulation) or formulated separately (e.g., packaged as

10  separate unit dosage forms). Methods of formulating multiple agents together in the same
formulation or in separate unit dosage forms, are well known in the art. The term "unit
dosage form" refers to a physically discrete unit suitable for dosing a patient, i.e., each unit
containing a predetermined quantity of a compound of the invention calculated to produce
the desired therapeutic effect either alone or in combination with one or more additional

15 units. For example, such unit dosage forms may be capsules, tablets, pills, and the like.

The additional therapeutic agent(s) can be selected from other bronchodilators (e.g.,
PDE; inhibitors, adenosine 2b modulators and 3, adrenergic receptor agonists); anti-
inflammatory agents (e.g., steroidal anti-inflammatory agents such as corticosteroids; non-
steroidal anti-inflammatory agents (NSAIDs), and PDE4 inhibitors); other muscarinic

20 receptor antagonists (i.c., antichlolinergic agents); antiinfective agents (e.g., Gram positive
and Gram negative antibiotics or antivirals); antihistamines; protease inhibitors; and
afferent blockers (e.g., D, agonists and neurokinin modulators).

One particular embodiment of the invention relates to a composition comprising (a)
a pharmaceutically acceptable carrier and a therapeutically effective amount of a

25 crystalline freebase of the invention; and (b) a pharmaceutically acceptable carrier and a
therapeutically effective amount of an agent selected from a steroidal anti-inflammatory
agent such as a corticosteroid; a 3, adrenergic receptor agonist; a phosphodiesterase-4
inhibitor; or a combination thereof; wherein the crystalline freebase and the agent are
formulated together or separately. In another embodiment, (b) is a pharmaceutically

30 acceptable carrier and a therapeutically effective amount of a 3, adrenergic receptor agonist
and a steroidal anti-inflammatory agent. The secondary agents can be used in the form of

pharmaceutically acceptable salts or solvates, and if appropriate, as optically pure
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meani ng. Unl ess noted otherw se, gents, starting materials an ol vents
wer e pur alvagedlific frocbassofethe imdentsarpikiude,Huf sreatot Amist gersaldbakrobh, Fl uka, and

the like) and re used w t hout further rificatjon. Preparation 1
15Bi phenwlf%% \g'@afplgaqwr@l,éekrw%am?lzf@{npmufe& ﬂ%@%@@éﬂﬁ%ﬁﬂ?ﬁr&lﬁ,

yl net hyl )rl%élﬁrgﬂélréngﬁﬁoﬂ}ﬁt&m, 'ﬁﬁbﬁtrew,l L PUIRGE T bR ﬂi’eXi:ke,Etﬁtp%ﬁrmaceutically
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)-hexyl]oxy } butyl)benzenesulfonamide and 3-(-3-{[7-({(2R)-2-
hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyl]ethyl}-amino)heptylloxy} -

10 propyl)benzenesulfonamide and related compounds described in WO 02/066422 (Glaxo
Group Ltd.); 3-[3-(4-{[6-([(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyl]ethyl}
amino)hexyl]oxy} butyl)-phenyl]imidazolidine-2,4-dione and related compounds described
in WO 02/070490 (Glaxo Group Ltd.); 3-(4-{[6-({(2R)-2-[3-(formylamino)-4-
hydroxyphenyl]-2-hydroxyethyl } amino)hexyl]oxy} butyl)-benzenesulfonamide, 3-(4-{[6-

15 ({(25)-2-[3-(formylamino)-4-hydroxyphenyl]-2-hydroxyethyl } amino)hexyl]oxy } butyl)-
benzenesulfonamide, 3-(4-{[6-({(2R/S)-2-[3-(formylamino)-4-hydroxyphenyl]-2-
hydroxyethyl}amino)hexyl]oxy } butyl)-benzenesulfonamide, N-(z-butyl)-3-(4-{[6-({(2R)-
2-[3-(formylamino)-4-hydroxyphenyl]-2-hydroxyethyl} amino)hexyl]-oxy } butyl)
benzenesulfonamide, N-(fert-butyl)-3-(4-{[6-({(25)-2-[3-(formylamino)-4-

20  hydroxyphenyl] -2-hydroxyethyl}amino)-hexyl]oxy} butyl)-benzenesulfonamide, N-(zert-
butyl)-3-(4-{[6-({(2R/S)-2-[3-(formylamino)-4-hydroxyphenyl]-2-
hydroxyethyl}amino)hexyl]-oxy } butyl)benzenesulfonamide and related compounds
described in WO 02/076933 (Glaxo Group Ltd.); 4-{(1R)-2-[(6-{2-[(2,6-
dichlorobenzyl)oxy]ethoxy } hexyl)amino]-1-hydroxyethyl } -2-(hydroxymethyl)phenol and

25 related compounds described in WO 03/024439 (Glaxo Group Ltd.); N-{2-[4-((R)-2-
hydroxy-2-phenylethylamino)phenyl]ethyl} -(R)-2-hydroxy-2-(3-formamido-4-
hydroxyphenyl)ethylamine and related compounds described in U.S. Patent No. 6,576,793
to Moran et al.; N-{2-[4-(3-phenyl-4-methoxy phenyl)aminophenyl]ethyl}-(R)-2-hydroxy-
2-(8-hydroxy-2(1H)-quinolinon-5-yl) ethylamine and related compounds described in U.S.

30 Patent No. 6,653,323 to Moran et al.; and pharmaceutically acceptable salts thereof. In a
particular embodiment, the B,-adrenoreceptor agonist is a crystalline monohydrochloride

salt of N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-
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sufficient to provide from about 0.05 g to 500 ug per dose.
An exemplary combination is a crystalline freebase of the invention, co-

20  administered with salmeterol as the 3, adrenergic receptor agonist, and fluticasone
propionate as the steroidal anti-inflammatory agent. Another exemplary combination is a ¢
crystalline freebase of the invention, co-administered with a crystalline monohydrochloride
salt of N-{2-[4-((R)-2-hydroxy-2-phenylethylamino)phenyl]ethyl}-(R)-2-hydroxy-2-(3-
formamido-4-hydroxyphenyl) ethylamine as the B,-adrenoreceptor agonist, and 6a,90.-

25  difluoro-17a-[(2-furanylcarbonyl) oxy]-11B-hydroxy-16a-methyl-3-oxoandrosta-1,4-
diene-17p-carbothioic acid S-fluoromethyl ester as the steroidal anti-inflammatory agent.
As noted above, these agents can be formulated together or separately.

Other suitable combinations include, for example, other anti-inflammatory agents,
e.g., NSAIDs (e.g., sodium cromoglycate, nedocromil sodium, and phosphodiesterase

30 (PDE) inhibitors such as theophylline, PDE4 inhibitors and mixed PDE3/PDE4 inhibitors);

leukotriene antagonists (e.g., monteleukast); inhibitors of leukotriene synthesis; iNOS

inhibitors; protease inhibitors such as tryptase and elastase inhibitors; beta-2 integrin
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suspension was stirred at 203 C for at [east 1 hour, then the solids were
col | ect edVMy54/UM¥at(Vemalishd -44sUlanibegSdiydkuyrand JRE8 hekanabs Beisalwi)t h t ol uene
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bromide, oxitropium bromide, tiotropium bromide, methantheline, propantheline bromide,
anisotropine methyl bromide, clidinium bromide, copyrrolate (Robinul), isopropamide

25 iodide, mepenzolate bromide, tridihexethyl chloride (Pathilone), hexocyclium
methylsulfate, cyclopentolate hydrochloride, tropicamide, trihexyphenidyl hydrochloride,
pirenzepine, telenzepine, AF-DX 116 and methoctramine and the like, or a
pharmaceutically acceptable salt thereof; or, for those compounds listed as a salt, alternate
pharmaceutically acceptable salt thereof.

30 Representative antihistamines (i.c., H;-receptor antagonists) that can be used in

combination with a crystalline freebase of the invention include, but are not limited to,

ethanolamines such as carbinoxamine maleate, clemastine fumarate, diphenylhydramine
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20 Preparation 1; 2.5 g) was dissolved in MeCN (10 nL) to yield a viscous
oily pale yellow material. Additional MeCN (5 nL) was added to dilute the
mat eri al .wOle1130B3i on was seeded with crystalline freelpaTaSe@0/omyp3 For m
[1l prepared as described in Exanple 1) and stirred at roomtenperature for
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{1 ow RS BRSSO PR Dgiond) DL ASP R HEEdrFRS R BHURYSF B0 1 or
65 hours raf oflaBbfl 02052 Fd8f tol1d® hd/lidye crystalline conpound as a white
powder (99.6% purity). The majority of the Raman spectra of the
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However , h}%ee srt’uj ft s&%[ e noted: 10Form ||| Product 878 cm 1881 cm1 775
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Form I'V. aggr(l'iafll\l/ls?[le‘r%d%vith the primary active agent, either simultaneously or sequentially. For
example, in one embodiment, a single dry powder formulation can be manufactured to
include both the crystalline freebase of the invention and one or more secondary agents. In
another embodiment, one formulation is manufactured to contain the crystalline freebase of
20 the invention and separate formulation(s) are manufactured to contain the secondary
agent(s). Such dry powder formulations can then be packaged in separate blister packs and
administered with a single DPI device.
Exemplary Dry Powder Formulation For Administration By Inhalation
0.2 mg of a crystalline freebase of the invention is micronized and then blended
25 with 25 mg of lactose. The blended mixture is then loaded into a gelatin inhalation
cartridge. The contents of the cartridge are administered using a powder inhaler.
Exemplary Dry Powder Formulation For Administration By A Dry Powder Inhaler
A dry powder is prepared having a bulk formulation ratio of micronized crystalline
freebase of the invention (active agent) to lactose of 1:200. The powder is packed into a
30 dry powder inhalation device capable of delivering between about 10 pg and 100 pg of
active agent per dose.

Exemplary Formulations For Administration By A Metered Dose Inhaler
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Powder X-Ray Diffraction 20Powder X-ray diffraction (PXRD) patterns of the
crystalline freebase Forns IIl (fromExanple 1) and IV (from Exanpl e 4)
wer e acquwoediignsadPANal ytical X Pert Pro powder diffraeconseqlosgqeopped

wi th an XCel erator detector. The acquisition conditions were radiation: Cu
Ka; generator tension 40 kV; generator current: 45 mA; start angle 2.0 20;
end angle 40.0 20, step size: 0167_20. e tinme per. step was 31.750
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53. 8 8. 8 Th@ pirticdkesére loaded into cartrldges with pressurized 1,1,1,2- tetraﬂuoroethane
Alternately, a suspension containing 5 wt% of a crystalline freebase of the
invention, 0.5 wt% lecithin, and 0.5 wt% trehalose is prepared by dispersing 5 g of the
crystalline freebase as micronized particles with a mean size less than 10 um in a colloidal
10 solution formed from 0.5 g of trehalose and 0.5 g of lecithin dissolved in 100 mL of
demineralized water. The suspension is spray dried and the resulting material is
micronized to particles having a mean diameter less than 1.5 um. The particles are loaded
into canisters with pressurized 1,1,1,2-tetrafluoroethane.
Exemplary Aqueous Aerosol Formulation For Administration By Nebulizer
15 A pharmaceutical composition is prepared by dissolving 0.5 mg of a crystalline
freebase of the invention (active agent) in 1 mL of a 0.9% sodium chloride solution
acidified with citric acid. The mixture is stirred and sonicated until the active agent is
dissolved. The pH of the solution is adjusted to a value in the range of from 3 to §
(typically about 5) by the slow addition of NaOH.
20 Exemplary Hard Gelatin Capsule Formulation For Oral Administration
The following ingredients are thoroughly blended and then loaded into a hard
gelatin capsule: 250 mg of a crystalline freebase 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
25 The following ingredients are mixed to form a suspension containing 100 mg of

active ingredient per 10 mL of suspension.

Ingredients Amount
a crystalline freebase of the invention 10g
fumaric acid 05¢g
sodium chloride 20¢g
methyl paraben 0.15¢g
propyl paraben 005¢g
granulated sugar 255¢
sorbitol (70% solution) 1285 ¢
Veegum k (Vanderbilt Co.) 10g
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Ingredients Amount
flavoring 0.035 mL
colorings 0.5 mg
distilled water q.s. 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.
5
Ingredients Amount
a crystalline freebase of the invention 02¢g
sodium acetate buffer solution (0.4 M) 2.0 mL
HCI (0.5 N) or NaOH (0.5 N) q.s.topH 4
water (distilled, sterile) q.s. to 20 mL

EXAMPLES
The following Preparations and Examples are provided to illustrate specific
10 embodiments of the invention. These specific embodiments, however, are not intended to
limit the scope of the invention in any way unless specifically indicated. The following
abbreviations have the following meanings unless otherwise indicated and any other

abbreviations used herein and not defined have their standard meaning;:

AC adenylyl cyclase
15 BSA bovine serum albumin
cAMP 3’-5’ cyclic adenosine monophosphate
CHO Chinese hamster ovary
cM;s cloned chimpanzee M5 receptor
DCM dichloromethane
20 dPBS Dulbecco’s phosphate buffered saline
EDTA ethylenediaminetetraacetic acid
EtOAc cthyl acetate
FBS fetal bovine serum
FLIPR fluorometric imaging plate reader
25 HBSS Hank’s buffered salt solution
HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
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hM, cloned human M1 receptor
hM, cloned human M2 receptor
hM; cloned human M3 receptor
hM4 cloned human M4 receptor

5 hM;s cloned human M35 receptor
HOBT N-hydroxybenzotriazole
HPLC high-performance liquid chromatography
MCh methylcholine
MeCN acetonitrile

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

accepted meaning. Unless noted otherwise, reagents, starting materials and solvents were
purchased from commercial suppliers (such as Sigma-Aldrich, Fluka, and the like) and
were used without further purification.

Preparation 1
15 Biphenyl-2-vlcarbamic acid 1-(2-{[4-(4-carbamovlpiperidin-1-

ylmethyl)benzoyl]methylamino } ethyl)piperidin-4-yl Ester
The diphosphate salt of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-

carbamoylpiperidin-1-ylmethyl)benzoyl lmethylamino } ethyl)piperidin-4-yl ester (16 g)
was dissolved in a biphasic mixture of water (100 mL) and EtOAc (200 mL). NaOH (2 N,

20 75 mL) was added over a period of 5 minutes. The mixture was then stirred for 30
minutes. The phases were separated and the aqueous phase was extracted with EtOAc
(200 mL). The combined organic phases were concentrated. DCM (100 mL) was added,
and the mixture evaporated to dryness. The solids were dried in an oven for about 48
hours to yield the title compound (9.6 g).

25 EXAMPLE 1

Crystalline Freebase of Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-Carbamoyvlpiperidin-1-

vlmethyl)benzovl]methylamino } ethyl)piperidin-4-yl Ester (Form I11)

Biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
ylmethyl)benzoyl|methylamino } ethyl)piperidin-4-yl ester (102.4 mg) was dissolved in
30 MeCN (500 uL). The solution was stirred at room temperature for 80 minutes and a white
solid precipitate formed. The mixture was placed in the shaker block to thermocycle (0-40

°C in one hour blocks) for 48 hours. A white, dense, immobile solid was observed. MeCN
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(500 uL) was added to mobilize the slurry. The mixture was then placed back in the
shaker block for 2 hours. The solids were isolated by vacuum filtration using a sinter
funnel, then placed in the piston dryer at 40 °C under full vacuum for 15.5 hours, to yield
76.85 mg of the title crystalline compound.

5 EXAMPLE 2

Crystalline Freebase of Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-Carbamoyvlpiperidin-1-

vlmethyl)benzovl]methylamino } ethyl)piperidin-4-yl Ester (Form I11)

Diphosphate salt of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoyl-piperidin-1-

ylmethyl)benzoyl|methylamino } ethyl)piperidin-4-yl ester (C3sH43NsO42H3PO4; MW

10 793.75; 632.9 g) was slurried in isopropyl acetate (11.08 L) and water (6.33 L) at room
temperature under nitrogen. The suspension was warmed to 5343 °C and 10M NaOH
(317 mL) was added to the stirred mixture, while maintaining the temperature of the
mixture above 50 °C. The mixture was stirred for approximately 5 minutes at 5343 °C
before allowing the layers to settle. The layers were then separated and the aqueous layer

15 wasremoved. Water (3.16 L) was added to the organic layer while maintaining the
temperature of the mixture above 50 °C. The mixture was stirred for 5 minutes at 53+£3 °C
before allowing the layers to settle. The layers were separated and the water layer was
removed. Isopropyl acetate (6.33 L) was added and then about 10 volumes of distillate
were collected by atmospheric distillation. This step was repeated with additional

20 isopropyl acetate (3.2 L). After the second distillation, the temperature of the clear
solution was reduced to 53£3 °C, then seeded with a suspension of the biphenyl-2-
ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
ylmethyl)benzoyl|methylamino } ethyl)piperidin-4-yl ester crystalline freebase (Form III;
3.2 g) in isopropyl acetate (51 mL). The resulting suspension was stirred at 53+£3 °C for 2

25  hours, then cooled to 1043 °C over 4 hours. The suspension was stirred at 10+£3 °C for at
least 2 hours and then the solids were collected by filtration. The resulting filter cake was
washed with isopropyl acetate (2 x 1.9 L) and the product was dried in vacuo at 50 °C to
yield the title crystalline compound (C3sH43NsO4; MW 597.76; 382.5 g, 80.3% yield).

EXAMPLE 3

30 Recrystallization of Crystalline Freebase of Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-

Carbamovylpiperidin-1-ylmethyl)benzoyllmethylamino} ethyDpiperidin-4-yl Ester (Form
111
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Crystalline freebase of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-
I-ylmethyl)benzoyl|methylamino } ethyl)piperidin-4-yl ester (Form I1I; C3sH43NsO4; MW
597.76; 372.5 g) was slurried in toluene (5.6 L) at 20+3 °C under nitrogen. The suspension
was warmed to 82+3 °C, and held at this temperature until complete dissolution was

5 observed. The solution was then clarified into the crystallizer vessel, followed by rinsing
with toluene (373 uL). Solids were observed in the crystallizer vessel, and the vessel was
re-heated to 8243 °C to effect dissolution, then cooled to 58+3 °C and seeded with a pre-
sonicated (approximately 1 minute) of crystalline freebase (Form I1I; 1.9 g) in toluene
(8 uL). The resulting suspension was allowed to stand at 5843 °C for at least 4 hours, then

10 cooled to 2043 °C over 2 hours (approximate cooling rate of 0.33 °C/min). The
suspension was stirred at 20+3 °C for at least 1 hour, then the solids were collected by
filtration. The resulting filter cake was washed with toluene (2 x 1.2 L) and the product
was dried in vacuo at 52+3 °C to yield the title crystalline compound (345.3 g, 92.7%
yield).

15 EXAMPLE 4

Crystalline Freebase of Biphenyl-2-ylcarbamic Acid 1-(2-{[4-(4-Carbamoyvlpiperidin-1-

vlmethvyl)benzovyl]methylamino } ethyl)piperidin-4-vl Ester (Form IV)

Biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
ylmethyl)benzoyl|methylamino } ethyl)piperidin-4-yl ester (prepared as described in
20  Preparation 1; 2.5 g) was dissolved in MeCN (10 mL) to yield a viscous oily pale yellow
material. Additional MeCN (5 mL) was added to dilute the material. The solution was
seeded with crystalline freebase (20 mg; Form III prepared as described in Example 1) and
stirred at room temperature for 90 minutes. A large amount of white precipitate (small
crystals) was observed. The slurry was analyzed under a polarized light microscope and
25 found to be birefringent.

Additional MeCN (3 mL) was added and the slurry was placed in a Metz Syn10
block to thermocycle (0-40 °C in one hour blocks) at 800 rpm overnight. The Metz Syn10
is a 10 position parallel reaction station that is static. Agitation of the solution/slurry was
by a cross magnetic stirrer bar. The shaker block was a separate piece of equipment that

30 was heated and cooled by an external Julabo bath. The material was removed at 0 °C. It
was observed that the slurry had settled out, leaving a pale yellow solution above the white

precipitate. The slurry was stirred and placed back in the shaker block to thermocycle.
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The material was removed at 40 °C, and stirred at a high agitation rate at room temperature

for 80 minutes. The slurry was again analyzed and found to be birefringent. The filter

cake was isolated by vacuum filtration using a sinter funnel. MeCN (3 mL) was used to

wet the filter paper and the filter cake was washed with MeCN prior to filtration. The cake
5 was deliquored under vacuum for 40 minutes to yield 2.3 g of a flowing white powder.

The material was placed in a piston dryer at 40°C for 65 hours, to yield 2.2 g of the title

crystalline compound as a white powder (99.6% purity).

The majority of the Raman spectra of the product was consistent with that of the

Form III starting material. However, three shifts were noted:

10 Form II1 Product
878 cm’ 881 cm’™
775 ecm’ 772 cm™
485 cm’! 488 cm’!

The product was then analyzed by powder X-ray diffraction, differential scanning
15 calorimetry, and thermal gravimetric analysis. It was determined that the product was a

different freebase crystalline from than the Form III starting material, and was designated

Form IV.
EXAMPLE 5
Powder X-Ray Diffraction
20 Powder X-ray diffraction (PXRD) patterns of the crystalline freebase Forms II1

(from Example 1) and IV (from Example 4) were acquired on a PANalytical X'Pert Pro
powder diffractomer, equipped with an XCelerator detector. The acquisition conditions
were radiation: Cu Ka; generator tension: 40 kV; generator current: 45 mA; start angle 2.0°
20; end angle 40.0° 20, step size: 0.0167° 20. The time per step was 31.750 seconds. The
25 sample was prepared by mounting a few milligrams of sample on a Silicon wafer (zero
background) plate, resulting in a thin layer of powder.
Characteristic peak positions and calculated d-spacings are summarized below,
only reporting those peaks with greater than 14% relative intensity. These were calculated
from the raw data using Highscore software. The experimental error in the peak positions

30 is approximately £0.1° 28. Relative peak intensities will vary due to preferred orientation.

Form 111 Form IV
Pos. d-spacing | Rel. Int. Pos. d-spacing | Rel. Int.
[°2Th.] [A] [%] [°2Th.] [A] [Y]
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A representative PXRD pattern for the crystalline freebase Form III is shown in

FIG. 1. A representative PXRD pattern for the crystalline freebase Form IV is shown in

EXAMPLE 6

Thermal Analysis

Differential scanning calorimetry (DSC) thermograms of the crystalline freebase

Forms III (from Example 1) and IV (from Example 4) were obtained using a TA

Instruments calorimeter. The samples were weighed into an aluminum pan, a pan lid

conducted using a heating rate of 10 °C/min.

placed on top and lightly crimped without sealing the pan. The experiments were

A representative DSC thermograph for the crystalline freebase Form III is shown in

FIG. 4. The DSC thermograph demonstrates that Form III is characterized by a DSC

thermograph which shows an onset of endothermic heat flow at 123.1 °C (enthalpy

FIG. 2.
5
10
15 67.71/g).

A representative DSC thermograph for the crystalline freebase Form IV is shown in

31-



WO 2011/ 008809PCT/ US2010/ 041903 FIG 5. The DSC t her nograph denonstrates
that Form 1V is characterized by a DSC thernograph which shows a small
endot her rward1120088Pn endotherm i.e., a small first onseCTafS2endetdher m c
heat flow occurring at 65.6 C (enthalpy 0.8 J/g) and a nmain second onset of
endot herm ¢ heat flow occurring at 118.8 C (enthal py 66.8 J/g) . 5Thernal

gravinetric analysis éTGA) d% wer e obtained using a TA Instruments B00
i nst r umeddS- The&hs Dbl teempgraphfiemonstrates Bat Igen Vals sheiartsizgsaby abS8 heati ng

rate of ] : i f i ne
fr eebasejf%grq r?g}la?%lkx?g&g%g\%ﬁ aﬁrr{{ a@%r&%%g}ng%\%d/?g%%%dgg&t élger"ngeg ?lgﬁﬁféﬁé\%{ei ght
| oss was of bsdathvethiphdad flotvarcsarmippat d2Grradatthalpy 048 IVE) andprresiantatnidwasdGA

trace for the crystalline freebase Fo IVjs s in FIG 7, and

i ndi cat e®f R th%%ﬁ‘%@@@it %W&?uﬁng%é\g-%g{:(?Iﬁlé%lp}_i\gg-\ég@er ved prior to sanple
mel t. shi Ch | SrHenRgicph @bkt dill RETEAS Sl e SbAHRL u%g\aem InsEiMVRLE 7
Gravinmetric Vapor Sorption Asséssnent “15Gavinetric vapor sorption (GVS)

st udi es V&08 ipenmwnhethausinpgesaw Sahtace ileesnenaeninsinSpst #m HRYGad rataet r unent
for generﬁtoi ng of f8|o| sorption isothermusing water vapor perfusion at 25
C. A sanpleCénygogp aﬁproxi mately 7 ng was placed into a clean and dry
tared sanpl e neghran.MGTORI EREfortil BY stall i fl-BiRHorRa A0 SR WG TEAR get

relative humdity (RH) ranges were from30%to 90% then 90%to 0% and 0%
t o 30% 2@nuvirtdical3%hatrepbgiblEhecipltiloss vods abgenved pnoutmswaplealepadationc ah | y

determ ned using a, 0,,02dm dt  as tote.setting. : GVS jes . on a
sarpl B ofRRenBRySHLHA THE PF LEUEOG RN Fraonte EORDGBetioR BN heRbnst rat ed
that the fRERE] @ht HRtb:xEmhQW REARCAShLIYsshPastFbKEvEP H&ltétsa&&lglequ, viHié fsange 0
% RH to 90% RH. The sanpl e 'showed a reversible vva{)er upt ake of <2% w w

bet ween @osnisicitSvig0dis Ris af r@Bigal ohvet.GVS trace denonstrates that Form ||
has an accept abl e wei ght gai n when Exposed to a broad humdity range.
EXAMPLE 8 M croni zation S FfﬁMEIsE%f the crystalline freebase Form

1l were mcronized using @htidRiri@vamf K MndA ssBiselcani zer and the particle
size determ ned buy | aser Trght diffraction. Ant of crystalline materi al

Partild e si ze (@hvimetniovippesbrpioe(Géd) stadips warsuerfoghed/isshgla Syiface

Measurements System DVS-1 instrument for generation of full sorption isotherm using

water vapor perfusion at 25 °C. A sample size of approximately 7 mg was placed into a
clean and dry tared sample mesh pan and weighed using the internal balance. The target
relative humidity (RH) ranges were from 30% to 90%, then 90% to 0% and 0% to 30%
20  with 10% steps. The point of equilibrium was automatically determined using a 0.02dm/dt
asymptote setting.
GVS studies on a sample of the crystalline freebase Form 111 conducted at 25 °C
demonstrated that the material had a low propensity to take up moisture over the range 0 %
RH to 90% RH. The sample showed a reversible water uptake of <2% w/w between 0 and
25 90% RH at 25°C. This GVS trace demonstrates that Form III has an acceptable weight
gain when exposed to a broad humidity range.
EXAMPLE §
Micronization
Samples of the crystalline freebase Form III were micronized using either an

30 APTM 4" micronizer and the particle size determined buy laser light diffraction.

Amt of crystalline material | Particle size of micronized material (um)
input (g) yleld (g) X10 X50 Xgo
60.11 50.73 1.27 2.69 5.25
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was found tTo bé accepta
10 micronized material at 87 °C, likely due to crystallization. After storage for 3 months at 40

°C/20% RH, 40 °C/75% RH naked, and 50 °C/ambient humidity, the micronized material

showed a sharp melt at 125 °C with no evidence of amorphous content.
EXAMPLE 9

Lactose Compatibility

15 Two formulations of the crystalline freebase Form III were evaluated as to stability
for 3 months at 40 °C/20% relative humidity (RH), at 40 °C/75% RH (uncapped), and at
50 °C/ambient humidity. 0.08 wt/wt% (10 ug DPI dose) and 2 wt/wt% (250 ug DPI dose)
formulations were prepared as a blend with lactose alone, or with lactose and 1 wt/wt%
magnesium stearate. The stability of all formulations was found to be acceptable.

20 EXAMPLE 10

pH Solubility and Stability

The crystalline freebase Form III shows good solubility (greater than approximately
2 mg/mL) in media up to pH 7. Solubility in water is 0.66 mg/mL with a natural pH of 8.9.
Solubility in simulated lung fluid is 0.46 mg/mL with no change observed between 4 hour
25  and 24 hour solubility measurements.
The crystalline freebase Form I1I solutions are stable in pH 4 and pH 6 buffers for
up to 7 days at 50 °C or exposed to light. The solutions are stable in water and saline for 7
days at room temperature, protected from light.
ASSAY 1
30 Radioligand Binding Assay

Membrane Preparation from Cells Expressing
hM;, hM>, hM3 and hM 4 Muscarinic Receptor Subtypes

CHO cell lines stably expressing cloned human hM;, hM,, hM3 and hM4 muscarinic
-33-
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menbr anes re purchased direct fr Perkin El mer and stored.at -80 C
it ue TR TG A Bt ) TS b T b shof. T5AbEypes ML,
hM2, hMB, hMA and hMb Radiozggal?@@'n%%g@myDhmsegﬁﬁz@s@y%twere performed in

96-wel |l mcrotiter plates in a total assay volunme of 1000 uL. CHO cell
menbrknes stably expressi népbginteh & it e, W, Abvepd AM3, hM4 or hMb nuscarinic

oot b Concenit i EoR P ERRPS Meiopifprit il RS R 4t kR 1o. 20

[tg for assay volume of 1000 pL. CHO cell membranes stably expressing either the hM;, hM,,

and

hM3, hM4 or hMs muscarinic subtype were diluted in assay buffer to the following specific
target protein concentrations (pg/well): 10 pg for hM;, 10-15 pg for hM,, 10-20 pg for

20  hMs;, 10-20 pg for hMy, and 10-12 pg for hMs. The membranes were briefly homogenized
using a Polytron tissue disruptor (10 seconds) prior to assay plate addition. Saturation
binding studies for determining Ky values of the radioligand were performed using L-[ V-
methyl-"H]scopolamine methyl chloride ([*H]-NMS) (TRK 666, 84.0 Ci/mmol, Amersham
Pharmacia Biotech, Buckinghamshire, England) at concentrations ranging from 0.001 nM

25 to 20 nM. Displacement assays for determination of K; values of test compounds were
performed with [’H]-NMS at 1 nM and eleven different test compound concentrations.
The test compounds were initially dissolved to a concentration of 40 uM in dilution buffer
and then serially diluted 5x with dilution buffer to final concentrations ranging from
400 fM to 4 uM. The addition order and volumes to the assay plates were as follows: 825

30 uL assay buffer with 0.1% BSA, 25 pL radioligand, 100 uL diluted test compound, and 50
uL membranes. Assay plates were incubated for 6 hours at 37°C. Binding reactions were

terminated by rapid filtration over GF/B glass fiber filter plates (Perkin Elmer Inc.,
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20 hM3, 10-20 [tg for hM4, and 10-12 [tg for hMb. The nenbranes were
briefly honogeni zed using a Polytron tissue disruptor (10 seconds) prior to
assay pl ave 2addiossoon. Sat urati on bi ndi ng studi es for detremrseéng4DdB val ues
of the radioligand were perfornmed using L-[Nmethyl-3H]scopol am ne net hyl
chloride ([3f1]-NvS) (TRK666, 84.0 G /nmmol, Anmersham Pharnaci a Bi ot ech,

Bucki ngh hi re, Engl and) at trati : [ f 0.001 nM 25 to 20
Wi D Spi BRIt VI oK ooy KR Bina L i THCY S Eftbounds

f L ' 1est d
wer e per foLaRe i \La%h%hffgﬁ@ c())gltﬂél/ljﬂﬁ%w rSﬁngﬁ‘%’b%gﬁifl ‘Fa[cfc\f/htggh‘t?% 1;1%%@0“”

concentrations. The test c nds were 1niti I SSO
concent r atdrothcofairdldicfLdddi 50 (di Mitioesintb2(F fiqurid acidtifidien fhed (RdrkipEthdrdhed 5x

ith dilygion b final ' ing fror f .
The addi Wty aukSaris 9erdinessth B elind "S5 iy el 4k POMTIEST 826 30
uL assay Rg{;@ﬁ% (lji%i{d@cgltiﬂlg(ﬂcﬁ%ungé (PrkinERHEAhE .meeslé;@’,%d?., Bedit &fa t €St

conpound, nmenbr anes. Assay plates were I ncubated for 6 hours at
37C. Bi ndvenganaweetlibgmenlerae régeessionanelgsibywithape (réphPad Rtisorbodtwere piekBzgl ass

fib fil I Perkin E Ing.,. 2011/ 008809PCT/ US2010/ 041903
Wl T esl eft ?ﬁ?aﬁg&%r&ﬁn@bg% BE90 DG YA Sifel 7 REVERER MORRY for pi at os
wer e rinsafhel Q& bbBSunth WY@ i 184 FBFn SHACHEMEERERL: bt fHERVe rbound

radi oactivity. Plates were then air dried, and 501AL M croscint-20 liquid
sci nti | | ahd mdioligandusifiethkiGhghgPrusoffeqpatiel (GhsheY ; Pep N . Rideantiar/ each

wel |l . Th | at e in a PerkinEl nmer 5 Topcount |iquid
soi nt10 | PP pRDOR RETHER ) T bl afe e btoBy ey PREFHAFHS data ver e
anal yzed d@ﬁénﬂ%'th@%%ﬁe&ﬁ&ﬁﬁ% o4 %M@de%c@‘hﬁé’rv&l@.e Tﬁ%s%@ﬁ%%ﬁn? 5t‘a§§ﬂc§0f tware

package (G aphPad ware, Inc., San Diego, CA) using the onhe-site
conpet i t ivame thedebnvekicd batluesK fvelucs &stdatonpatings were cal cul ated from
observed 1 C50 val.ues and the KD val ye of the radioligand using the ..
Cheng. Prusof  1BAUSEER 4 e A prdEart oW fic &R somefibn fonesPhdin oy
22(23) : 3Q99mid 08 (kXS blor tésled al*Hé%n}f!%ﬁﬁd §ORYRL Ay dsFol CroMRVHEK; VBluc
determ ne the geonetric mean and 95% confidence intervals. These sumary
st at i 5 i ©f lasethantaheut ScwviVier the M bauscativicKicoptir selstypowhdatcated epthns dmray.

In this a}s{%?%, a lower Ki value indicates that the test conpound has a

hi gher biHETHRE¥¥finity for the receptor tested. The conpound of formula |
was found to have a Ki value 15 of | @ggsthan about 5 nMfor the M3

muscarini c receptor subtype when tested in this or a simlar assay. ASSAY 2
Muscari ni ¢ Receptor Fun¥useanaic Buscpior YungtionglPot@icydisseis of Agoni st - Medi at ed

I nhi bition of cAMR, Accumul) ation,20)l.n i.S,.assay, the functi.onal potency of
a test conpound igloa%f’%er?A“ﬁggﬁl%’{)}eﬁ}é‘gg%&hﬁbdg?'ﬁ%%ﬂ(?ﬁff/“'@fltafl% t est conpound
to blmrck oxot ngmms hygy,ithdfubktidma potendyos k@bt AnipBth @iseltceMiYRd g Ghéadh@td on i n

CHO KI cells expressing the hMreceptor. ~_ CAWP assays are perfornmed in
a radi oi rinustolaydyhe testreempasndity bleek ejosemeriac-enbabiding lof forgadinggediged i vat i on
Assay Syst w th 5l -.c EN, SMPOOAB, 25 rki nEl mer Life Sciences

I nc., BoS %{l}@”a ,“}%%’86?%%' ocetllﬁgx%ig‘iqﬁl}gd%l ll}rﬁgzrrecseploﬁ‘structi ons.

CelI's are ringadiPagaydrt heHbBRdANA rhdibingeluidabiny TodRa uBmEHAF Bt On
(0.05% trypsin/0.53 nK/I EDTA) as described i.n Assay 1. The detached cells

ar e washedlcnwivt€yglgsccaeitverioudasdvorystem 50 x1-gAMI (NEN SMRGMBes i n 50nLs
dPBS. 25Th%eﬁ<en|1]lilrrpe? ILlif%tScie%cés ng., E%éton, MA), according to the manufacturer's instructions.

Cells are rinsed once with dPBS and lifted with Trypsin-EDTA solution (0.05%
trypsin/0.53 mM EDTA) as described in Assay 1. The detached cells are washed twice by

centrifugation at 650 x g for five minutes in 50mLs dPBS. The cell pellet is then re-
suspended in 10 mL dPBS, and the cells are counted with a Coulter Z1 Dual Particle

30 Counter (Beckman Coulter, Fullerton, CA). The cells are centrifuged again at 650 x g for
five minutes and re-suspended in stimulation buffer to an assay concentration of 1.6 x 10° -

2.8 x 10° cells/mL.
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suspended in 10 nL dPBS, and the cells are counted with a Coulter Z1 Dual
Particle 30 Counter (Beckman Coulter, Fullerton, CA). The cells are

cent ri f ugeo 2agaiossoat 650 x g for five mnutes and re- suppEnsea0iom 903
stinmulation buffer to an assay concentration of 1.6 x 106 - 2.8 x 106
cells/nt. WD 2011/ 008809PCT/ US2010/ 041903 The test compound is initially

di ssolved to a_ concentrati on of 40‘86 in dilution buffer l\ﬁdng .
suppl ement ed WileRest cogpenndpsiniiigiyy SPlVeéﬁ%Iatcﬂ%“ﬁnEréﬁl‘?na‘P AP0t utign;
di l'ution b*aﬁfelf PBiSQy 5131'81%' t’églvﬁ{h Pfﬁg %S?I {@:ﬁ)g; é}ﬂﬂh&gsérfaﬂg‘dﬁg{%dl%v“ﬂﬁ 00.1

nM O(Otrermr ne is In a 5To neasure oxotrenorine

i nhibiti (allﬂuntbn Mfaab lf‘na]tmolaﬂaonbéth.traftmnsmgmg fta@b 1pLMM ton@ll ndncentrati on

di | uted dPBS) [Pée diluted oxotrenorine, and 501AL cells are added to
agoni st n\%‘PFéS dikpled B ANPEA ARSI 1 ity of a test conpound to bl ock

oxotr ejrmr I nei "I’E)' BEdsGt SRGtrmblMe hﬁ’ubﬂ@&&*—Aé%ﬁ%@ bR Eﬁgﬁ“%% E?S”M/I i (25 [LM

and 5 [iMfinal concentrations, respectively, PBS)" 251AL
di |l uted tcesctentrmmqnodlhded mnﬂ’lﬂi)lzlﬂ_uﬂﬁlluEdloxommomcbdemﬂ PO L ents ot pddaistoay

wel | s. . Reactl re incubat eg for 10 m nute (g ab(; %70 and st opped by
addi tion aS?nlitd’éﬁaﬂLW? e JNEESHEL BE #P1 tF%trcomiﬁPHIE © HPE COLICBR P ncubat ed

over ni 9htmlﬁ&técﬂ@ﬂ“a%ﬁ@i%eQ@HMi%rs%Bﬁn ﬁﬁ’&‘&icﬁf&ﬁdi‘ﬁe@@%hm{d@ ng @y a Per ki nEl mer
TopCount liquid scintillation counter (PerkinEl nmer Vel [ esl ey, M.

The anpurbnahtradiviB, pspatticeld, diprred vdABS) 251 lwed tcstl @h@dub@%d 50mlt he
count observed éf‘éi: t he sanpl es a?ri[Eg cAMP st andards, as described in the
rranuf Lt GF & 48 afdeg o femuame 45%a¥df%e anal yzed by nonlinear regression

analysi s with gdheiddanfiReshisd S SRfibIRL & PackagspR ARG B, | nc.

San Diego, CA) using the non-linear regression, one-site conpetition
equat i on.iccTéndd AbtectepnPrudieof Plagryaat soakedi mcuﬂm@ﬁ dz\@rmghmnlrmtetm[@ra(ul;e andi ng t he

EC50 of the ox rine conc i on-.r rve 20 and t he

oxot oo P DA BREGH Pt PO En SORG A Oy Ce MR US ROy, The K
val ues ar(Perﬁﬁ?ﬂE\fﬁéltﬁ@ IRk ey VRIAYE T hé @m@@ﬁtedfmAm@P beﬁuQ&P@%{dl/'\xfell an and 95%
confidence intervals. These summary statistics are then converted back to

Ki vallesalcolataddtascd @phecowmys obsertddifer ‘dnssaqaplea amcbV@MRGtandatdﬂeas dedfcrmnes
that the.t set cog% ureld lElas a_hi giﬁa\{ﬁaflemctl 0 |é/|t gt .Ot he @ecg#n
tested. ThECIBHYSHRY T LML C PRI “r? 8O TACRIOVAR ™ ess
t han aboyfe GraplPiPPrifth SeRALR RkQGrAPLY B@fﬂvﬁfé‘ Bict,isan Mégo, CA) using

f or skol i nmedi at ed cAMP accumul ation in CHO Kl cells expressing the
hM2r ecepttlor nonahiegar tegseseidni encthicompetion mlllaaon a}:ls.@(}heramm@ﬁﬂ equsion 1s

Agoni st - Medj at e 5,5 n a.second functional assay

fanct s ondr e Bdliulto R s g o B sP LB By PIRA g t he
abi | ity @hd theooaeReHAE 8sshP co RftfatOk HRORY, aRETIST, td¥péaiver. [13e X, AIRYS
binding in CHO-Kl cells expressing the hM2 receptor. At the time of use,

frozen nenbeanedediopk: Nalwesitoatsterminerihe geamestic meangrd S hispndence intervals.

These summary statistics are then converted back to K; values for data reporting.
In this assay, a lower K; value indicates that the test compound has a higher
functional activity at the receptor tested. The compound of formula I was found to have a
25 K, value of less than about 5 nM for blockade of oxotremorine-inhibition of forskolin-
mediated cAMP accumulation in CHO-K1 cells expressing the hM; receptor, when tested
in this or a similar assay.
Blockade of Agonist-Mediated [>S]GTPyS-Binding
In a second functional assay, the functional potency of test compounds can be
30 determined by measuring the ability of the compounds to block oxotremorine-stimulated
[*S]GTPyS binding in CHO-K1 cells expressing the hM, receptor.

At the time of use, frozen membranes are thawed and then diluted in assay buffer
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WO 2011/ 008809PCT/ US2010/ 041903 with a final target tissue concentration of
5-10 g protein per well. The nenbranes are briefly honobgeni zed using a

Pol yt r on WO-281008%0Wssue di srupter and then added to thePasd®sgolploatves. The
ECO0 val ue (effective concentration for 90% nmaxi mal response) for
stimulation 5 of [35S] GTPyS binding by the agoni st oxotrenorine is

determ ned .in_each experinent. To determne the ability of a test
conpound g ﬁm%ﬁﬁlrget&;éé% s HtFos of M%&HO{%@YGI% ahﬁ nes 45g

foll ow ng..i : € : I . er

w th [ 358 gL Db A RAB L B 108 Mk B e R e P05 05
of dil ut etht¢sest conpound and 25 L, CHO cell nenbranes expressing the hM
receptor. The _10 gssay plates are then incu ed at 37C for 60 mnutes. The
assay plates The Eon v anbt TRy Cl%cgé&tlﬁpg?rr@ Sy ERY ECTPON TR SsTuyion

per ki il e[ SR BK!bihY 65 U auolRPo R RNRFinB i Cadit AtiRch iWichth baRrifihd wash
buffer for "3 3 'secon and then air or vacuum dri ed. croscint-20

scintill ati on Toidptarohirf{csBe hilitysofadidetctonpoend to wkibit,oxatrdmeactistphelaedi s seal ed

d radi tivity counted 1t t Per Ki_nEl . Dat I d
by nonl | healS b ETBa b ENaNS SO Poehs closInpd M PSroot tare

package 5 ra, Cx 1 : 1,Rg e |~
regressi %ﬁf@gﬁgﬂﬁ ?g@ﬁ@p@ﬁn’%\@ b%s %ﬁﬁgt" %ﬁaﬂofhng%)éhdgo Sﬁ%r usonﬁgéggglﬁ“ gélf is
used t o diudltedt eompeund and @Si igCHecdlIChénbahesskpodssin éhe hM, receptor. The
concentration-response curve for_ the test conpgound and the oxotrenorine
concelft r 86523 plates qrpEncadacupated af A& Geior SR anipytes. Thegassey Rlatse arst filirsdpver
respect i vig] BsaZibRokdl &FAS At WinkAREGKEING WS AL ALES ThEBladNfc t st
conpound has a |g?1er unctional dctivity at the receptor te tec?. §‘I'he
conpound roked withideacdld wash Hufturdot Hx Baeeonds Knd theh uer cofvatesmsdtiétan about 5 nM

for bl ockade of gxotreporine-stinulated, [ 355] GJPySpi nding in CHO Kl cells
expr essi rln\élcf%élnﬁ%ﬁ S?léE]g%’coé‘r }q%ﬁim@:(ﬁt@é% @If[eﬁﬁo F‘%;swgf and gachinlaje 1%5§§§9.

25BI ocka : i St~ i i | I elﬁ@s :

Muscar i niqgd ?Jed(%@%? gfrtf E?J t%p%ég%ﬁn@%%%%ﬁ{%ﬁéﬁé?pa?%gﬂg)aﬁﬁ i c'ﬁy%"é%% e to (€Y
pr ot eins re@edsionatnelysizevighths ihapliPad Peis@ SPv@re patkhga(Graplofadadtpdtwase, Ihe.ndi ng
to the recept.or. a.result, activated PLC hydrol yzes phos.phalfgl i nosi t ol
di ph Osphglag%(lggqp t%ln@itg%wlﬁllmlr?ﬁreisﬁﬂ@n%ﬁ competition equation. e

phosphat iC@ﬁéﬂt'-_i’ru"Soﬁ‘ethEﬂ?(ﬁpﬁ RG& © c(aicﬁfa)ceeth@'*ﬁi, ingtht ¥ vaGEE6Ahes 30 cal cium

rel ease fronmintracellular stores, 1.e., endoplasm<c and sarcoplasmc
reti cul urpnckingatidn-RRp¢rivb lcena|far thBéast caspouBdany viad exotrEiprias sencen@gidnahi zes

on this increase in intr | ] ul ar cal ci um by usi a calciumsensitive dye
CF1 uo- 4Alhe fbreeua KopgBEE Neyors a0 obmery o010/ 041903 Eugene, OR)
that jJ uoresces hgflayd T A6wERAKCTMHR RURIRs thERHR tEdt YUOMBSHRNGR SNGRE 1S
nmeasured in real time by the FLIPR which detects the change Tn

f | uor escdmuetiohalawtirityrartbt egeptonfested] The corpachdwiftfrnhuabwadplovaddo Mdie aand

i 11ty O valie 25 Far e Sheit TPt DEERAF 6 SR B AP ea e P

i ntracel l@fe HATIGOUWRN cells expressing the hM, receptor, when tested in this or a similar

assay.
25 Blockade of Agonist-Mediated Calcium Release via FLIPR Assays
Muscarinic receptor subtypes (M1, Mz and M5 receptors), which couple to Gq

proteins, activate the phospholipase C (PLC) pathway upon agonist binding to the receptor.
As a result, activated PLC hydrolyzes phosphatyl inositol diphosphate (PIP;) to
diacylglycerol (DAG) and phosphatidyl-1,4,5-triphosphate (IP3), which in turn generates

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

intracellular calcium by using a calcium sensitive dye (Fluo-4AM, Molecular Probes,
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For FLIPR cal cium stinul ati on assays, CHO cells stably expressing the hM,
hMB and cMb receptors are seeded into 96-well FLIPR plates the night before
t he assaywD=0dd08809Seeded cells are washed twi ce by Cel Paadais2¢1MDX1903
Labsystens, Inc.) with FLIPR buffer (10 nM HEPES, pH 7.4, 2 nmM cal ci um
chloride, 2.5 nM probenecid in HBSS wi thout 10 cal ci um and rmagnesi un) to

renove growth nedi d leaving 50 4/well of ELIPR buffer. The cells are
then i ncUBgeed Qi hecdompig whegefrep qamm@@@wibﬁ *ﬁ’%%%%ﬂe&f’iﬂ&ds Wﬁ%,s%ﬁ e)
for 40 mip ?ﬁm@%yﬁﬁgﬁ%’gf@, %ﬁap&btgdtsofﬁ'e@ﬁ%lgé% YOGt D RroRYEmbAG toklon

period, cells are’wa wo tinmes wth PR bufter, leaving a Tina

vol unme ofceldcldhatelith hihdio Ml ehd i, ard alntgpgorve M s rotoacy Antdpendopaednpendent
stimulation of intracellular. Ca2 rel ease for. oxotrenorine is first

det er mi n&&" 8% d@ﬁ%@“ﬁ‘ﬁﬁ%&@rﬁ%&tw ﬁgﬁ@ﬁ%%}n%w lpélﬂo&@ga@sws@aﬁﬁéan%@?m

oxot r gyrorjne ghibruhation at an ECO0 concentration. Cells are first

i ncubated wth conpound dilution buffer for 20 m nutes, followed by agoni st
addi ti on, whi dlor FEIRRe cdloinmedinmyatidneasbkdyls FRHOArIES@Blyalxpees§iog thexdod r,éivbr i ne i s

generated according 20 to e t ho iled in the FLIPR neasurenent and
data readet £k rssBRroReperds P doot }ﬁﬁﬁ’?& Hﬁtewl}emlgﬁée P s aésaéerr_ﬁene-
((F/'100- Redddtdells afepRhed\vibx 8 CEMRLIMBIERNGENFRLS Al AlitBFKIFRhyfr&

prepared in stimulation plates such that an ECO0 concentration of

oxot r enoi(i M s ERHSe gHt o4,€anM ewtilimi ahldrive, 20 tnalggmolsinecid i BIRSSowitlass ay
pl ates. The parapeters. used for the FLIPR are: expaosure |length of 0.4
seconds, cplgiipa n@gneéw&tsﬁﬁo smey et media ged le&ﬂngr?%vuéx/wﬁﬁg%hﬂ’ 488 nm

ahange | B Thoftaeanat ) inffRu b3 I bEs AL FLODRPEMY A aid0 (1o

Fol | owi ngva3@audics for siVinfbi@s k03T °Ct 598 datboRRi®add. | FulRushy theris iic@batidke change
of fluorescence every 0.5 to 1 second for 1.5 mnutes to capture the

maxi mum friedesBeseavashethiye timestyidh EREMNY bulder, lrvise adeshrelums ofRBr essed as
maxi mnum f ILZOEI?scence m nus baseline fluorescence for each well. The raw
data is &n Yvyz'ed agai nst the logarithmof drug concentration by nonlinear

regregsi on wi tThy detapiMachtddonfipétehdp iRatbsSatpnats stihfifation SR ihtradSiulat\O
2011/ 008809PCT/ US2010/ 041903 D1 ego, CA) using the built-in nodel for

si gnoi dalCadorsteapefop onetecmayinedy Sint deterningd st antagaiétt @etenaeerrlptePbE sm usi ng
e O R S R S RS RS HdR ER D TRGh R s R o L1

| i gand concé%?gagl on °a8¢or ingS]tou%he engprUsst é)qUa 1O (5I%eng &
Prusof f, id@Baikd wilh'confPosin@@Rason Buffe@ @ 20khinveds UR11bREd 6akesnisthalitbhe t est
conmpound has a higher functional activity at the receptor tested. The

conpound vdfick gmeifpamad bathe F&UMNRY. Ao Havwalye [ oxairerpoine Is@srerplisd aceasdiog 5 nM
Lor Dugehaie SLyasealilo o AR SIS HERE AR R MBI oy
3 10Rat Ebhjuherusnwiis ﬂl@)forrnul;l ECr = ((F/100-F)*1/H) * ECso. An oxotremorine -
concentration of 3 x ECy is prepared in stimulation plates such that an ECyy concentration
of oxotremorine is added to each well in the antagonist inhibition assay plates.
The parameters used for the FLIPR are: exposure length of 0.4 seconds, laser
25  strength of 0.5 watts, excitation wavelength of 488 nm, and emission wavelength of
550 nm. Baseline is determined by measuring the change in fluorescence for 10 seconds
prior to addition of agonist. Following agonist stimulation, the FLIPR continuously
measures the change of fluorescence every 0.5 to 1 second for 1.5 minutes to capture the
maximum fluorescence change.
30 The change of fluorescence is expressed as maximum fluorescence minus baseline

fluorescence for each well. The raw data is analyzed against the logarithm of drug

concentration by nonlinear regression with GraphPad Prism (GraphPad Software, Inc., San
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This in vivo assay is used to assess the bronchoprotective effects of test
conpounds exhi biting nuscarinic receptor antagonist activity. Al test
conmpoundsweaneitidiodseped i n sterile water and are dosed vi @Crhis2émaivas i on
route (IH). The rats (Sprague-Dawl ey, nale, 250- 350 g) are exposed to the
aerosol generated froman LC Star Nebulizer Set and driven by a 15 m xture

of gases (5% /95% at prospheric air). Each test conmpound solution is
nebul i zeélﬁgtobﬁ_ %elg?f?ﬁgﬁ@-lpim@eb&riswa _1§0§ﬁ'7§5%%’éﬁeén%§PlﬁbKtW_i%éFe _
capabl e Qlfeﬁﬁﬁ{n%g "B%P’%ftsﬁodsg{ he é&otpe{n“?&ﬁ{eq%@og efagr E{I% RPLMY e BkbBEméritaal ation

of conpoun verr assay 1s perfornmed. rty mnutes prior to the
start of Bl fornas ygaadabuamimation ddverdamd toeths Chcez-Phisaffegbdieni(ChchgMit h i nactin
(t hi obut %bargti %} 120 ng/ kg 1 P). The jugular vein is catheterized with
sal i ne fily&@ é} %)et hyl ene catheters (PE-50) and used to infuse Mch. The

trachep is thepqgl §s%§3f,taqgw@1“ﬁi HHRLRM i t@st%éﬁp&‘ﬁﬁ%a% adfighdised for rat

ventilation during pulnonary evaluation. Once surgery Is conplete, rats are
vent i | at ddnatishalgactvipy stitbaracestpr testedr Thetormpowmdsitf fodaily bivasrountl td hask/a100 g

o e, A0 Ry SRS IR Py B2 L SR By D
measur ed.coRaslll REprealittehe AR EQINGCHRL, feled A (i EASE sidil: AWt es then rats

are chal I enged non-cumul atively wth 2-fold incremental increases of the
bronchoconstrictor Mch (5, 10, 20, 4@ssayd 80i Lig/ m). The Mch is infused

for 2.5 mnutes froma syringe p af a rate of 2 nL/kg/mn. The 30
ani mﬂos are eut hani zed upon conpﬁg&—lmwstudi es. Changes in
ventilation prgssungd&8yHEAed t@_a&gﬁéﬂﬁ@r&}{&wﬁo&cﬁ{z@e% &Se8doRPotds
i nhibition of MCh response relative to control animals. In this assay, a

hi gher %ckhibithigthesrariMOr&@pbt 00BSAIRETIIUS20A DG4 @0 und e dilutiddatsesile hat
the test conpoynd has,a. byonchoprotect] fect,., The ound of, fornul a
| ahon cestaadne Fhrd adbEnaARRar iEetlT. ThofE orts TR RLTRIS AT e bi
greater $3a@)3%xbodkidhb tHeORrosBPSHRN B5:8ah8'C $ARNCKO% ! BRI RitdRBn bpAd even
nore possi bly greater than 90% inhibition. 51.5 hr | D50Det erm nati on

St and&r d nmysiecae ghases @t 660 %t amaspherieva) uBtddeitrompeundsolEiantinoven assay
1.5 hrs post,.-dose. The.order of .potenc: | DR0s). for the fi st.andar ds
Lest o wisoizednr el Pithe S Beube bEt Gitostaned dobing Sharis caraffs SHRliRE o

g/ ml) > des-mmt W préd@ih@RidUd dinG/afil) inkal@liye 8PN Rual 8hé Emthdtkh assa

LAS- 34237 (24 g/ nml). The potency of the test conmpound is 10 simlar P,y

det er mi nesipaformed. hrs post-dose. 6 and 24 hr | D50Det ermi nati on Standards

tiotropium and.ipratropi umwere al so. eval uated 24. hr .and/ or, 6 _hr post- dose
i the rat. & gy ISP U e Pk MiReBY Shu S e i Fsbout 3 f o

| ess ot @RgstR:tiEd ROHtinAOH FthichRdagstal, 20 hﬁgéll% )N IThE PigRING Yeinlil @atB B Araced

| oss of activity at this 15 time point (6 hr) is consistent with its

rel ati velwithstabine filed pelyethylshe eathétens (PR-S0hendhsedite infliedViCbpilhmtrshlesadsl a sl ow
onset of effect with peak, bronchopratection,bei achi eved 6: hr post-dose.
"rece e BingESheth b PRI OPILE TG o AR PR AL RIS dighe *t  om
each ot hgjlréithry\eyLualaU0nee Elﬂ?gryﬂ@&@mﬁl@{e?’fﬁts ﬁ@%ﬁﬁl@@dh@in}ghﬁﬁs’ko@ hr

pot ency. The onset of action of the test conpound, as well as the 6 and 24

hr pot enésspuatonee at p stralionyalame of 0nld&P ertiwidsiepight but not exceeding 2.5 ml

25 volume, and at a rate of 90 strokes per minute.

The changes in pressure that occur with each breath are measured. Baseline values
are collected for at least 2.5 minutes then rats are challenged non-cumulatively with 2-fold
incremental increases of the bronchoconstrictor MCh (5, 10, 20, 40 and 80 pug/ml). The
MCh is infused for 2.5 minutes from a syringe pump at a rate of 2 mL/kg/min. The

30 animals are euthanized upon completion of the studies.
Changes in ventilation pressure (cm H0) in treated animals are expressed as %

inhibition of MCh response relative to control animals. In this assay, a higher % inhibition
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ASSAY 4 Rat Anti si al agogue Assay Rats (Sprague-Dawl ey, male, 250-350 g) are
dosed, anesthetized and cannul ated as descri bed for Assay 3. At

pr edet er mvoedittioss®9poi nt s and after surgery, ani mals ar @CTASphianedodn t heir
dorsal side at a 20 incline with their head in a dowward sl ope. A

pre-wei ghed gauze pad is inserted in the animal's nmouth and the nuscarinic
agoni st pilocarpine (PILO (3 ng/kg, iv.) is adm nistered. Saliva produced
duri ng 16%&%%&%@6%@%%@@(}@%?3@? %Erw%ﬂrﬂﬁfmvec%chy B wemovait Af ng t he
wei ght of, : r LA S : S are
expr esseéoglgﬁ%@g in ?ll;i&?%hol%%%l agsg?i%g%ta {)%)eﬁ({f?}gb:ﬂ g(n[altltb\lllﬁ%/éex%tb %Ie%g)(r)l%lrﬁo if Iffcl?t%rrgl s. 1,
6 and 24 tlen 3305 ibébigomipoadiblyryrdate that 7@atinlsbiabagnd wecas®aypmaiblydgeatkoped t o
assess syst eﬁg}i"/c' e[']ixlﬁosure and WD 2011/ 008809PCT/ US2010/ 041903 cal cul ate the
| ung sel & W% il (LSI) of test conpounds. The standard, tiotropium
was evpluated in this nodel at ;.65 apd..2d;hFi post - dose. Tiotropi um was
found to be nost potent at inhibiting pilocarpine-induced salivation 6 hrs
post dose. Thianfdardinnspaiisiceotrgbsise verabtdludttrbingbakat Eirftboten ashyervbd in t he

Ei nt hoven assay. .5Thi del is i fied versjon of the procedure
descr | bedosantes fheordor B pyivaey A=l ik YT HERGI e S N BHPERAS! P i ce
by, Nt 300! SAGAINEL 1 B APALBARLALH S UL ALIGNIo ARG FaGa) -Tox! col

24: 243- 254 e nean wei Saliva in véhicle-treated ani mal s, at
each pre-gycopymelnte (1 5 pe/ml) 5 Io's3-3423% @d rarml) used potengonfpbe estsdnmniupid s on of

salivgtion,. a he corfr ndi n re-treatnment tinme, at each dose.

10Exe Ié}nﬂ}ﬂadfé’n%é edcf’gslt Spﬂgéﬁ??'on that are tested in this assay are
expected to exhibit 1D50 val yegdess habeARRingfisi (nmeasured at 24 hours),
wi th some compounds expected to exhibit an 1 D50 value | ess than 30g/m,

sonme | ess t habt@@agsofropid auhpradtrepsint ware a gahdated 24 hr and/oThéir pasti o of

th ti-sial N Oto b tecti I 0. t te 15
the appari ™ gt Sal ERRMREY TRABRPBR GRen] L EBhsBARe e By, -
CO”poundﬁ)o’fé%’t/BJh\gAﬁéﬂ-cﬁB@é’Jrﬁﬁﬁred e ﬁ?hﬁ?étief{d'yt. YrHeWh84vEd RRS F adtiRap aplaaut 5
are preferred. ile the present invention has been described with

r ef er Bncéimeopantd6ibf) is campsientsvity iterehoiatlyshor dutaipr of action injthd clivec. under st ood
by those . of ordi nar kKilled int art. th vari ou hanges can be de or
onui var erverinBa e ipb st el Re bR e R0 PR RPR 958 o e
and scopgostddsberts B\heahd ONhr pstendyivaNRK here st sidhfi @xtle AlffdedtFidnt 8£hDY

appl i cable patent statues and regul ations, all publications, patents and

pat ent apgiar ead veresabeirt 2doldenast notgniecomeraedshioiitsdoY opaaenss. Bicoasetpénce in
e sane ext e%fasatﬁe %fang%tﬂr docunent had be.?nlyi ndi vi dual | y

f[ heir en%‘{;t‘i%} %f thg ée%sp ?Oélﬁ%oémﬂ sy poténcy values, 18 similar
i ncor por y e erel
20 determined.
ASSAY 4

Rat Antisialagogue Assay

Rats (Sprague-Dawley, male, 250-350 g) are dosed, anesthetized and cannulated

as described for Assay 3. At predetermined time points and after surgery, animals are

25 placed on their dorsal side at a 20° incline with their head in a downward slope. A pre-
weighed gauze pad is inserted in the animal's mouth and the muscarinic agonist
pilocarpine (PILO) (3 mg/kg, iv.) is administered. Saliva produced during 10 minutes
post-PILO is measured gravimetrically by determining the weight of the gauze pad before
and after PILO. Antisialagogue effects are expressed as % inhibition of salivation

30 relative to control animals.

1, 6 and 24 hr IDs, Determination

The rat antisialagogue assay was developed to assess systemic exposure and
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WO 2011/ 008809PCT/ US2010/ 041903 CLAIMS WHAT IS CLAIMED IS: 1. A
crystalline freebase of biphenyl-2-ylcarbamc acid 1-(2-{[4-(4-

car banoylwoperi/wssew 1- yl net hyl ) benzoyl | net hyl am nol et hyl ppirfseéidiontods y|
ester 5 characterized by a pomder x-ray diffraction conprising diffraction
peaks at 20 values of 6.60.1, 13. 10 1, 18.60.1, 19.70.1, and 20.20.1. 2.

The crystalljne freeba e.of Caim urther characterized hy having five
or nore &adrkiohalung SFfePté%lﬁi I@H%@aﬁ& %&estzf@nxpa}l Tsh@w &g HPERIETgHas |

10.10. 1, eqréiuégd%nt }sorﬁé%e@gti- 6, 1t §Qh11%osjf§8gco "1318 3@8&1%%  ford delmost6- 90. 1,

17.50.1, 18 1, 19 199 21.70.1, and 22.30.1.
3. The crppshabt m]nlbltm(grmlou:{rgmafln@md Ralatioharhacpet daed Thys @ndogvter x-r ay

diffraction . pattern co ng diffracti eaks at 20 values selected from
6. 60. 1, PRnSitiont Witiihs Ptk f%eci%o%ewi 111‘57‘ JonBovepeassy: 1, 18. 60.1, 19.30. 1.

19.70. 51 19. 965 m&e1 20a ﬁm?ﬁgd%rs}on @f]thépro%edlg% dngrlﬂJed ﬁlrlgecf?-u?er?’o 1. 4.

The crystalline conpound Caim?2, fur aracterized by a powder
x-ray dif Estanatmlmfmatltlmimergnc dxtmgcelﬁfettben peakbyposagonsnsagarest pulmrpam ially in

accordance, w t he 20 OSI ons, of th rn.shown in Fl 1. 5.
The corrpé%’&e‘iﬁal’(‘jaa?lgn‘yp 3’%%’? wa?la?c%‘f% 5%405%5) n%iefr?eeafﬂé’tﬁl%l& %%léVﬁni ng
cal ori metif yeiiReARGHAM ML %@e@éﬂ%-t&atﬁ?e‘n% {11@19 1@%hl@ﬁlaf&i AU t%%'én@utez% 6. The

conmpound of Claim?2, furt her characterized by a differential scanni ng

cal ori rretlmlyblltlbelofmfgrvam)mwbﬁteanorrleaiohglmgrpraucamﬁbanmeewttehlclt dmt. shown in FIG
4. 7.The crystalline freebase of Claim1l, further characterized by having
five B more daamplicnsPmBRHIs abthedhvpHaR ek esg b 1B A as Sperters

e e L e AT
by a pov\aepeote&ta;cxlﬁbitfamd&sd aatue less than 30 pg/ml, some less than 20 ug/ml, and some
less than 15 pg/ml.

The ratio of the anti-sialagogue IDsg to bronchoprotective IDsg is used to compute

15 the apparent lung selectivity index of the test compound. Generally, compounds having
an apparent lung selectivity index greater than about 5 are preferred.

While the present invention has been described with reference to specific aspects or
embodiments thereof, it will be understood by those of ordinary skilled in the art that
various changes can be made or equivalents can be substituted without departing from the

20 true spirit and scope of the invention. Additionally, to the extent permitted by applicable
patent statues and regulations, all publications, patents and patent applications cited herein

are hereby incorporated by reference in their entirety to the same extent as if each

document had been individually incorporated by reference herein.
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WO 2011/ 008809PCT/ US2010/ 041903 pattern conprising diffraction peaks at 20
val ues selected fromé6.60.1, 13.10.1, 15.00.1, 17.30.1, 17.70.1, 18.60.1,
19. 70. 1, wO0.2801/0088020. 90. 1, 21.40.1, and 22.60.1. 5 9. ThecCczrusstialokione
compound of Claim7, further 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 2. 10. The conpound of
Claim 7, further characterized by a G- f¥pent i al scanning 10 calorinetry
t her nogr Q@IM'S%AM. a melting point of about 119 C. 11. The conpound of
Claim?7, urtLer characterized by a differential scanning calorinetry
t her nogr dm sulfstgstallakfyecbase af dbphdayleyhabhmidatid $HidvMp-(4+ FIG 5. 15 12. A
phar maceutical conposition conpri si har eutically acceptable carrier
and the 6%6@%&’112%1‘1%;'3’8‘?1@ﬁﬁggﬁzaﬂﬁe@y@@l&oﬁ%ﬁwbﬁpeﬁ*ﬁ’él"&'éj i tion of
O ai msL2.cpiflehz ! FSw EA TG Wt ATbrAGRAisHR @fHRHof hOMR1P2) adrangr oi ©
receptor agonists, ‘steroidal anti-i1nflammtory agents, phosphodi esterase-4
20 i nhi bi6té0sl, 1and0dorbibh@d ) thatd hemd@0;2+@Herein the crystalline form and
the agent are fornul ated together or separately. 14. The conposition of
G aim 13, which conprises al32 adrenergic receptor agonist and a steroidal
anti -inf lzammtm’exerﬁ&mmﬁe fr@e%ase]o':f-cﬁfﬂ?lpﬂﬁﬁé}lﬁh@ra‘éferi%kl/b_@ﬁ@vif?% it 8 fBrel-11 i n
m croni zed form 16. A process for preparing the crystalTine freebase
Form I 1| additiGhdidnfif2cticropgaks 8i 2igvaleestsaletied dgrom phehy| 1R140.carlb®i . acid 1-(2-
{[4-(4:carbamyl piperidin-1-
y1 ot By 8Dy 1 Prieoy o Segtf pl et M2 128800 43 2H0Lobt St b 1 e
17. A proqessfiobo REgRasT Ny | 8 £ryShalbhneofir eebase Form IV of Caim7,
conprising a) WO 2011/ 008809PCT/ US2010/ 041903 forming a seed crystal of
the crystalline freebase FormIll; b) dissolving the crystalline freebase
Forml1lIl jin acetonitrile to for sol.utjon; c nd addj ng the. seed crystal
fo the sotut | die SBrialng sidhouBl OF Bt ehisg T TanPiecst §rrefistitonac, o
1-(2-{[ 4'p€11.46rn comprising diffraction peaks at 20 values selected from 6.6+0.1, 11.4+0.1,

15 13.1+0.1, 16.1£0.1, 17.5+0.1, 18.2+0.1, 18.6+0.1, 19.3+0.1, 19.7+0.1, 19.9+0.1, 20.2+0.1,

20.840.1, 21.1+0.1, 21.7+0.1, and 22.3+0.1.

4. The crystalline compound of Claim 2, further characterized by a powder x-ray
diffraction pattern in which the peak positions are substantially in accordance with the

20  peak positions of the pattern shown in FIG. 1.

5. The compound of Claim 2, further characterized by a differential scanning

calorimetry thermogram which shows a melting point of about 125 °C.

25 6. The compound of Claim 2, further characterized by a differential scanning

calorimetry thermogram substantially in accordance with that shown in FIG. 4.

7. The crystalline freebase of Claim 1, further characterized by having five or more
additional diffraction peaks at 20 values selected from 10.6+0.1, 15.0=0.1, 16.0+0.1,
30 17.3%0.1, 17.7+0.1, 20.9£0.1, 21.440.1, 22.6+0.1, 24.6+0.1, and 27.8+0.1.

8. The crystalline compound of Claim 7, characterized by a powder x-ray diffraction
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car banoyl pi peri di n-1-yl met hyl ) benzoyl ] net hyl am nol et hyl ) pi peri di n- 4-yl
ester, conprising formng the conpound of any one of Clains 1-11. 19. A
conmpound W 2011zi0888d i n any one of Clains 1 to 11, for u®eTius2atbesmpy. 10
20. A conpound as clainmed in Claim19, for use in the treatnment of chronic
obstructive pul nonary di sease or asthma, or for producing bronchodil ati on.

21. The use of a conpound as clained in any one of Cains 1 to 11, for the
15 manuf REHEREOBPTAN G asHarReekbR T s SHCHER FroBY 6 6H)-drl B14bbt r Uct i ve

pul monaryj 54,5823 306,128} AR, WeA00f, 1877AGUCHHZLB1 0HEHOS T | ALLQM and
22.6+0.1.

5 9. The crystalline compound of Claim 7, further 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. 2.

10.  The compound of Claim 7, further characterized by a differential scanning

10 calorimetry thermogram which shows a melting point of about 119 °C.

11.  The compound of Claim 7, further characterized by a differential scanning

calorimetry thermogram substantially in accordance with that shown in FIG. 5.

15 12. A pharmaceutical composition comprising a pharmaceutically acceptable carrier

and the compound of any one of Claims 1 to 11.

13.  The composition of Claim 12, which further comprises an agent selected from 3,
adrenergic receptor agonists, steroidal anti-inflammatory agents, phosphodiesterase-4
20 inhibitors, and combinations thereof; wherein the crystalline form and the agent are

formulated together or separately.

14.  The composition of Claim 13, which comprises a 3, adrenergic receptor agonist and
a steroidal anti-inflammatory agent.
25

15.  The compound of any one of Claims 1-11 in micronized form.

16. A process for preparing the crystalline freebase Form III of Claim 2, comprising
contacting biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
30  ylmethyl)benzoyl]methylamino } ethyl)piperidin-4-yl ester with acetonitrile.

17. A process for preparing the crystalline freebase Form IV of Claim 7, comprising a)
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forming a seed crystal of the crystalline freebase Form III; b) dissolving the crystalline
freebase Form III in acetonitrile to form a solution; ¢) and adding the seed crystal to the

solution.

18. A process for purifying biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-
carbamoylpiperidin-1-ylmethyl)benzoyl Jmethylamino} ethyl)piperidin-4-yl ester,
comprising forming the compound of any one of Claims 1-11.

19. A compound as claimed in any one of Claims 1 to 11, for use in therapy.

20. A compound as claimed in Claim 19, for use in the treatment of chronic obstructive

pulmonary disease or asthma, or for producing bronchodilation.
21.  The use of a compound as claimed in any one of Claims 1 to 11, for the

manufacture of a medicament for the treatment of chronic obstructive pulmonary disease

or asthma, or for producing bronchodilation.
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