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CRYSTALLI NE FORMS OF A BI PHENYL COMPOUND BACKGROUND OF
THE | NVENTI ON FI ELD OF THE | NVENTI ON The present
wonvwbdwh rel ates to novel crystalline fornms BETAS2006/008644
bi phenyl conpound and sol vates thereof, which are
expected to be useful for treating pul nonary
di sorders. The invention als el a
pharnwwgﬁégwiﬁhm g‘?@%‘é’—‘—)ﬂ% alline
conmpounds or prepared from such conpounds, processes
and internedi ates for preparing such crystalline
conpounds an®BAGKGROIND QB THYE BROMENEEMpounds to treat
a pul nonary di sorder. STAT THE ART
Comonl y- assi gned EE%Qiﬁﬂﬁéiﬁ§§$¥Q§ cation No.
Zﬂm%gfrgs%lggiﬁg’%ﬁﬁ)ﬁ DA n&lel BlystalirR GbRSEST A WMRdnyDEdHARAINt
conpounds that are expected'to be useful for .treating
and soRdlestvadof, wihish aberxpectead to esuseful 6ovi treating puliompyedisorders. The
) pul ronary di sease (COPg) and.asthna..lniﬁartigﬂlar,
inventiop@lse spiatsE HP ST HACFLEOMPOSIFRNS AR IS te poystatune
comp {JLés' érjjrfp%} lsﬂ&ipfcﬁh Lﬂds,_]p'ré(deﬁ@fs B¥d intermediates for preparing
enzo nmet hyl am no}ethyl ) piperidin-4-yl ester is
such c8gallinkicoalpbyndiend mdsiatisiof using suchpinipranioie tzegt a pulmonary
) possessi ng nmuscarini c receptor antagoni st or
disordgfint i chol i ner gic activity. The chem cal structure of
bi phenyl - 2-yl car bam gragd & tud 2=t [ 4- (4- car bani oyl
pi peridin-1-yl nmet hyl ybenzoyl | met hyl am no} et hyl ) pi peri d
| Qoimphlyestigned U.S. Pateat Bubtledtioy Npo2¢A5/(20B133 fo Magmen et al.
~_ compound of fornula,l_ has been d_usi he.
disclogss e CHPY-aROPa% BtAe SRHIEOdy Pratrdt| Rpiroatigg puimonary
disord%n%%ﬂ%[ & chfa'*ié EdiRicae pUliRhaRRdase @ISHY PardSethitla. fiaparticular,
reating pul nonary or respiratory disorders are
the congvant EghaysDyyladbannic stidrle@- {Hr@ertbpnioytpsparidin-1-ylmethyl)

NIRRT R ——
as posﬁ%éﬁg?%%@arﬁﬁ%%c@@spaﬂt%on?ﬁ g} Ritkhehhdigictabeviapeut i

y inhalation including dry powder inhalers
( DR Phentiedl atrecturtosfbiphengl-2viatemiy acid d-(Relhéi(4-gabamoyl

L s L R R LY
form: irable to have a crystalline formof the :

érapeutic agent that is neither hygroscopic nor
del i quescent and which has ja &gt invehy high nelting

poi nt (typi |y greatgrthap~ab
allowing th tg(iﬁpo be dn
signi ficant declnp®sition.

I

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

| software (MDL, San Leandro, California).

Therapeutic agents useful for treating pulmonary or respiratory disorders are
advantageously administered directly into the respiratory tract by inhalation. In this regard,
several types of pharmaceutical inhalation devices have been developed for administering
therapeutic agents by inhalation including dry powder inhalers (DPI), metered-dose

inhalers (MDI) and nebulizer inhalers. When preparing pharmaceutical compositions and
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No crystalline fornms of the conpound of formula | have
been reported previously. Accordingly, a need exists
wobanoewsiteabl e, non-del i quescent crystalline foPas/US£006/008644
t he compound of formula I which have acceptable |evels
of hygroscopicity and relatively high nelting points.
SUMVARY OF THE | NVENTI. The present, i nventi Qn
formulgsions iferaise & s éPYlP?ﬁeltﬂ%?ﬁlx%Eﬂfo#e%g@ﬁ ErRAve f-%séﬁﬁ%ea%f% of the
agc| i is nei i i ich has a relativel
therapetl ﬁ? ? %eilt Ehﬂ car g}éerrrgly fgr&s%o rlcl: g?rnqelh-q glesr?gtltha;/lld)wt];lénzo '] met h ?’
high mélihg pdt (typipallyneedteinthdn ghove s 5@ PCY therehy hBowing ﬂ}rlﬁhl@atel’la to be
~crystalline formcan be a freebase, a pharmaceutically
micronigeg apthapt Berifsant derOPESIONG; phosphat e, nmonosul fate or

Q. oég%tgﬁiﬁ? 8k of He BnAALTBE R EA Ha¥e BEGERP &I reviously.
sol vate of such salt. “Surprisingly, crystalline forns
Accordgly,hended egistsiforn ftable, tomedelitjoescentronystalineforms of the compound
del 1 quescent, even whepn exposed ta, at eri¢. .
of formpgh EHich heRACE N IS QSRR FHGSR B oS Sgh rpeline
pointsi nventi on have acceptable |evels of hygroscopicity and

‘acceptable nelting points, greater than about 70 OC.
For exanpl e, tSEMNMARGSOHAIKRE SSVENTAONa nel ti ng poi nt
around 150 OC, Annn&ﬁpther

: | i f
t Hhe reesepbaRention proidss v Jalipe s o) %lsflﬁi%l}ﬂ%?@ﬁagﬁér% Rla 1-
(2'{[4{?%%% r eat‘8 ?lhgj%ggllnﬁggar yﬁ}g?t%g‘?o ers. ,’}\?ggfrogletg I)%I,)é%dr#elzm W ester
(formusTe The ofystalimeifore ndr lona frectasé, rephrumarepticaliracesptablesalt such

.conposition conprising a pharnmaceutical.l y. acceptabl
a5 @ diphqoph e, TS AR GF APETEECHIN G TP R aRr GRS sivate of
such saLYst alline formof the conpound of formula | . Yet

anot her aspect of the invention pertains to
courpasihglypagstalting farsis og the iovesioalhavnbeshdpmdofotipbe
. conpound of fornula | in conbination,w.t.h one.aor L€
deliqueseReh S{HeNBETPIE S e iREeBp Ayl 9o e o crfiRifine
forms SFRRIATERAbn #J}%bé&%@dié le@@ls'o?h?%ib%&)ﬁﬁitytaﬁd AcdepiBRShElLAY
conprising (a) a pharmaceutically acceptable carrier,
pointspggatar thae slaque 40 PCaFbyexehide tthe/diphospbaie saif has 2 melting point
cr%/sgal line formof the conmpound of forrmula I; and (b)
arouny13thér-apeuti cal |y effective anount of an agent
S?&lﬁfﬁg%ﬂ}e} WO QyShighe ksials Ahd e duRABRERAYIACEE hseFCr
as 'a corticosteroid, a b2 adrenergic receptor agonist;
prepaingdftesnbediied tempssatidns expedied trhaveutilitydo fishiveg pwmonary
. thereof; wherein the stalline formand the ent
disordgFe FASCRAIRE @0 GTREF e i PG Bty 1o GBRT g MG e
compé)s?tictnoé'urr% B0 SRRAsRLAEMly RcHIEBEALE dfddl th¥rapeutically
acceptable carrier may be included. Another aspect of
effectivb @nionwiesfta aystalbhafoes dfshacqhpoumd of feringdd L conposi ti on

conpri sin : : . " .
Yré?another%spect of the invention pertains to compositions comprising a

crystalline form of the compound of formula I in combination with one or more other
therapeutic agents. Accordingly, in one embodiment, the invention is directed to a
composition comprising (a) 2 pharmaceutically acceptable carrier and a therapeutically
effective amount of a crystalline form of the compound of formula I; and (b) a
therapeutically effective amount of an agent selected from a steroidal anti-inflammatory
agent such as a corticosteroid; a B adrenergic receptor agonist; a phosphodiesterase-4

inhibitor; or a combination thereof; wherein the crystalline form and the agent are
-
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an aqueous isotonic saline solution conprising a
crystalline formof the conpound of formula |, wherein
woheoeodesi on has a pH in the range of from abear/us206/008644
6. In a particular enbodi nent, an aqueous nebuli zer
formulation is buffered with citrate buffer to a pH of

about 5. In another_particul ar. enbodi e_aqueous

formulaiedsiogpther orfssparaicl | Whe bR @S g)ﬁlaﬂfat S%P?Fﬂ'}e % ree
t yl carbam c acid

thalce"?‘”z“aﬁ%é‘%ﬁ{a% cApfiy “%?;?S@‘??%ﬁ | -yl met hyl )

benzey hipret dfthaimnvaaieihiatdspo p@hamiaceutiop] ccmspcgmonmonm@mg

enmbodi nent, this . invention provides a dr del i very e
o aquee iR 5 RoRCa e PR ohfe SPRPHGY
formulgﬂ n'?qu e Softit o@%ﬁPQ éHﬁh%’% g@Bf $6A9b8ut 4 to 6. In a particular

rmceu Ica accepta rrier and a crystalline
embodfn®@dn®) @faqubseebilien tbrofildtion ivbwfdred wilfh eltm@ﬂpuffﬁlido apH of

ormula | has nmuscarj ni ¢ receptor oni s CtIV% Ve
o carah e ST $SARE-St P e B URRC it
about Js §J P fleed, é@ﬁf&i@ J cﬁfblﬁﬂeﬁ {9 R RIWIDRAA Y -(dL Faualer s

chr as ast r onic structive puI nmonary

carbanf@yeRsRlin- THlsethgl) béﬂm@wl]aﬁ:ﬂgldﬂmmb} ett]hué)plpnmlm -f-yhester.
pertains to a nethod for treati Iy dlsorggr
do9pe p@bﬁ@ll%]&nﬂﬁﬁ g}vgptpq{bprpgldgs E,a.ﬁ.}geq,gﬁllvgry evice comprising a dry

powdel’ Pﬁ%%p EMehiGiflo! oY Oph%%%%{rﬂ%a]@ g&ﬁﬁgﬁﬁo@éorﬁ'pﬂﬁ %&i Phdrinaeeutiosly

e conmpoun till ‘another aspect of
acceptitl@carfivesid aerystelliat &snt of the ownpoudaf fmrodl?ubu ng

bronchodil ation in tient t
CHha e igaed b TR AOKI S BREEPoH ot of

Y I uh@ BP0 aré ﬁ§e‘fﬂﬁ~1|f@r treatink N
Acaﬁan 5>%%&gh#gﬁﬁﬁg e compound i S adn1ﬁ¥stered by E
pulmohﬁ?ﬂhs@tde@mucﬂilae asthive nhd ciroaicsdsipnaivie qbggn@amdm@@e ofhus,

anothes STIGREOIB PR PR 4 SEIAERRGF o PPy Ysorder
comprEs:ﬁ'fg %ﬁ%ﬂfs{egﬁg hya %tﬁef%g? %&a&%ﬁﬁéﬂ% ofecﬁv&&rﬁm bf b BSsfatifn®

conpo ther aspect of the
form dffvectinhund &f ﬁommmecsmkamthceamdt dfghe mvertiprielafesdo a
nmuscarinic receptor.in a manmmal

methogd @ifi DEPSHCHS W@nql@d;(lﬁé)nﬂﬁ rRgfent GO, nﬁ;@@{rﬁ gf‘rﬁ/mg to the patient a

‘bronoﬁc}dﬁlﬁﬁélérﬁfbdﬂﬁﬁg H{faﬁ&ﬁt & a s‘éélﬁhé fofﬂﬁl JrandRdRhpdul@ of iR In

e |nve ion is also directed to
one erﬁlb(QﬁmSﬁtemefo@mppm&ba raidmipistesesittyl inhadationo ris imfentipe also provides
npound of forggla I.. The in ﬁntlon al.so $rOVL es a

ameﬂmdd?fé%ﬂ%? PRiF PSSV e RRMASARGTRES O P FEPRRTART
admm? e lal %Flglgr rfh éfi‘m%ﬁll/}%f?écltﬂvé‘ SmdahilofAlcrgtdtivstoahdf He:

ase 0 | carbam c acid

compdurdDf{fprml41. cAndsmermﬁpqmt péthednmnltmym dirdeiad)th eneaihed fogt h
yl.am no} et hyl)) piperidin- 4 ter. e. 1 nvent

antagAPB SRS BACR ]ﬂrao‘& ﬁ?ﬂé%%%% a‘gg}mfsﬁeém&rt% W ahfmal

a ther%%ﬁﬁ élgpé}fegﬁ{?eeérﬂoﬁ of h BMRRIIR ok oPJch%Qoﬁ'ipbﬁﬁkI &ftfotrAula L.

[The Tormo e “‘conmpound of formula | in a

nThe divieatoh fsailsol dmntédtt@pmaassnafm prapeting enysplivi fosiscof the
compoun%p rfI fg1|~rrr1] qa L %plg {nggr?t?o% altlgo pro¥1des a process for purifying the compound
of formula I comprising forming a crystalline salt or a crystalline freebase of biphenyl-2-
ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)b enzoyl]methylamino} ethyl)
piperidin-4-yl ester. The invention is further directed to products prepared by the processes
described herein.
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acceptable carrier and a mcronized crystalline form

of the conpound of fornmula | . The invention is also
wdizomovedst o a crystalline form of the conpoun#Cofus2006/008644

formula | for use in therapy or as a nedi canent.

Additionally, the invention relates to the use of a

ﬁ;r%lﬁ]tgr%fel 1(5]1613f sonalrec’gqugnngﬁn?aﬂu e 8lgnf'1 é)lffﬁlr rrulg}%olyﬁ(i% fotn%l?lalin

a micfomivet a6 raﬁd @es plaarﬁﬁdw@m&mnp‘o@ﬁmh@@orhpxesaﬁgsﬁmarﬁﬂ‘ac@ucany
uInDnary dlsorder or for antagoni zing a muscarinic

acceptablecgsrianr ang aanigepmived crsrllar oEsoRiFRomorrd giformula I
i US&E SR éésdl 2455 % ?}Ista{llhe BLESE e dolY H%A gf‘fo%nﬁla I for

rat ed by erenc e accowpanl

use mFthéiap}loﬁd%Cd/\rﬁecﬁcﬁﬁme A itioRyI1¥ithd mﬁéﬁtidh&e(afé\émheﬁﬁé besn
of a cr yst alline di phosphat e salt of
crystalinsferny of theypopwopadpefosaplg I for the manufacture of a medicament;

especl%lgg%li/tild'nnéaﬁﬁ él?nea(g%%/ m?{iﬁ%gﬂ:ﬁ;rr tlh ltr%?t&{]e%t 2)f a }i)ulmoF%rH disorder

or forGAMRehiRtgQf mhafticaede torlﬁl Smagmsdlons a di ffer enti al
scanni ng cal orlrretr @ race for this crystalline
I

salt. FIG @PQEE\%E OR B IPBAWNGhal ys:qs
I
g%ué 5%%&5 o?{he p%s%nfpg%}tl%ﬂﬁgﬁltu?tg%éd Pg%e%rﬁﬁcses‘to% a

SOor

accorﬁp’ayl§i&1§|d|ravﬂﬁg§a| t. FIG 5 is a mcrographic inage of
thls crystalline salt. FIG 6_and FIG 7 show a PXRD
el phoxvich ROV XAy diffragtioadBER D diajternras e caystalline

f l 8
dlph%%o@%&g B e Lo D S O
ylmethil)bhgo v prghidachiaf} efhg)pipkadih-4-Fndster ¢thy ebmbbunala)ﬁalhﬁula 9.

further characterized bythe TGA trace in FIG t he
FIG. erovesrapdidferantip scanning calprameiup (P algadedorthi crxqalll%%ﬁlt FIG.

A | I
3 shopf PR e WIRIES (Dl Reg o R MG 4 shows a
dynarfii@msi stk smiptfd:mr(ﬂDMS) ﬂrace'ﬂj\ﬂ l‘hlsti‘y@tlﬁhé sdlie F@al § id $micrographic
further characterized % the TGA trace in FIG 14, the

imagefdhiscavsialiing sltGFIE50 apdBIGhiishopadeXRR attem ang, a R trace,
respe{{;%hmf&r aolg§sasf?emflé: ﬁé#ﬁfn&?‘ ér?kté{lL& dlg) lfl FhEsarl8 S hows a

attern o |ne freebase of

t h?&Gc@ Shous WP XRDf sttetd of d crys'ﬂilhﬁe ﬁfo)d&ﬁtﬁfatd dag offlthbe&mq;e)und of
is_further characterlzed by the DSC trace in

formylp b A cryetatline salt i rthonchaiagierippiby theckCa drapy m FI§1 9 “ihe

I
DSC g ih Mo ERIDRR htcd ifTR4S. { R akd e siroeiinfe Ahgleras
t TRGCc ghowsth PXRDGraneofla crysTdflhﬁe @1bxﬂhtalsblt BEth%rceﬁJpaﬁlﬁi of
is_further characterized by the DSC trace in FIG

24,
formylp b Figda crpiabline salt iy @rthzlschaéa@&mz%bm TG Adwos i HGG14, the
DSC ?rgceqlé%l‘ﬁ? SR Al FHE. iré:"a::nél W@M{o%ﬂaphlc image in FIG. 17.

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

FIG. 23 shows a PXRD pattern of Form II of the crystalline freebase of the
compound of formula I. This crystalline freebase is further characterized by the DSC trace

in FIG. 24, the TGA trace in FIG. 25, and the DMS trace in FIG. 26.
-
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The inventionprovid.es crystalline forns of
bi phenyl - 2-yl carbam c acid I -(2-{[4-(4-
woaodsaawigh pi peri di n-1 -yl met hyl ) benzoyl | net hyl araojustdegloosc44
)pi peridin-4-yl ester. The crystalline formcan be a
freebase, a pharmaceutically acceptable salt such as a
di phosphat e, nonosul fate I 0X3 or a
phar mace REAILEP Q@é@&%ﬁ@g}cﬁ H Mﬁiﬁ}@ﬁ salt. In a
Lt ; inel - amit 8cid 1-(2-{[4-(4-
i li3% R gl ng Qg R R 2 1R SR 1[4
carbanf@@psidtls 1 -yinethyihenzoylimethglbingdy ctptipipendiosspesist. The
invention, the follown ter.rTEl have  t.he flol I%vvi ng
crystallsaiorAGan bif E5EbasP PR ERCSTHER lYACER OHR AL PP 2 «
diphoséﬁa‘i’é \ﬁff‘&n%émfﬁ‘?é‘ diéxéigt%hl%r%fphaﬂﬂdc%ﬂ@éaﬁyfa@éeﬂwldosm@f@of
i fore nolecules of a solute, i.e. a crystalline
such sdlQMpayaticofar embodingent, thacystelliae fornmmispaliphsispleai¢ ealt. of a
sol vent. Such sol vates tégi cally have a substantially
fixed nmolar ratio of s solvent. This term

hOEhS oG lisl ARiedabid plotssswd dthth

3‘2’?‘ gl} h&%é%gg?éeﬁétﬁﬁlgaggﬁ?gﬁ%g%ﬁcl ude, by%y Sc_)f _ ©

inventiox AP el lowing &irms hetdthn ddljoven awehings wdpsseplzaraise indeated
acid and the like. Wien_ the solvent. is

& i ter , t he
sHia/igee “yarate grds 4 RV ¥ agﬁ?gatfé?ﬁ??ed%'r(melm M&fers
molec{rlrlg% {%&Sso%cé,fﬂe@g Livagifdea8RAR8nd BAforiflall AfedRbr Bord molecules

uses water as part of a solvent mxture as
of a solvet.i iehtsotiates eypicallFmve eswhstaatinhy fiked metag ragiorqd sphye and

solverys L5t SRR BOSN GRr B g Sits THOP Feh Rpenative
solvenlgls r}%ﬁlﬁ?& bﬁg% of eXMpleShller, QL ARE Willagdl, id6pRiphRslf dottic acid and

s an anount sufficient to effect treatnent
the likehWhetheisnivehteis echtdrptha splatiedotmddris adgdratsf t r eat ment .

For exanple, .a therapeutically effective anount f
b G, Brih T TelRis s AP e 1o i s EP R s Hethod
that u§g§' %Fér \% {/)ért @sz%}cﬁ%%t tgnees the theati RgeN I BHeRgmeff REL I refers
rmlarly, a therapeutically effective amount for ]
to the tryemtlinedreabssa ithv ieprgpatid by deretlics! thitasessroenganie saly extimixture
achi eve the desired therapeutic result, which may be
as the dpegielilgniy WY #BN, anel i oration, suppression or

alr}, £33t 41 B oIS SRl PRORRI P Mn e did@inladidiint Suffiaiehig effect

of "treatnent” as used herein neans the treating or
treatriehewherenitmindsteredosgmsientan needipLiagatweridiFor erpr(ed@h as

T R
Whichtr(?fgl;at%ﬁ'ievg %%e&iﬁcé&"ar{ti@ﬁlz%ggf%ﬁé’ch ngingiagl?,- a thefpiidafe kffective

nment of a patient Il eved t e at risk of
amountobt treatingagubmonary disorder is that amount that will achieve the desired

therapeutic result, which may be disease prevention, amelioration, suppression or
alleviation, as described below. ’
The term “treating” or “treatment” as used herein means the treating or treatment of
a disease or medical condition (such as COPD) in a patient such as a mammal (particularly
a human) that includes:
(a) preventing the disease or medical condition from occurring, i.e.,
prophylactic treatment of a patient believed to be at risk of contracting or

being pre-disposed to such disease or medical condition;
-5-
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bei ng pre-di sposed to such disease or nedica

condition; (b) aneliorating the disease or nedical
woan@iovdien, i.e., elimnating or causing regreBeTms2mb6/008644

t he di sease or nedical condition in a patient having

such di sease or nedical condition; (c) suppressing the

di sease or nedical, conditign, i.e,., slow.n r .

) esemsorafing H@\ﬂéﬁeaiﬁw%rﬁilecg?al PPﬂé‘ﬁB% &fz& ”6’?“%’%8% CE&usne

condi tion. il V08l GRS S RO haviBL bl

condi %%’%%;Siogroﬁ%adlg%?ée?/ﬁgtdlhng t he gyn’pt grrs nof t he

di seasisede dreakidiml canliiii;i on i n a patient having such

di sease or nedjcal conditipon, The.term . .

(Phar FRREHITEN? (issse epinedicel an&té’@nsl'?'os'%‘”}?&toé prggting the

t hat 'd%vag]%]mpﬂt%lf% cﬁﬁéalsé' ot e@ENLOWIiSSn Hﬂ&j?z&iehﬁbi\@ng fiRh

exanple, e term "pharnmaceutically acceptable

carri efiseasedranalidad candiddrgroral t hat can be incorporated

into a_conposition and admni stered to a t.i ent .

B hoHlogianEs i SUMBES IR d5rest Boredee RePaupf Typ patien

I nter %‘v%n%%u#ﬁ‘di%eéé‘@b?ﬁl%ﬁﬂcgl%nﬁﬁi%ﬂ.ef wi th other

componen of the conposition. Such pharnaceutically,

aneaping bplanmadeatitAlysctepibiel teferhimematetialithat is vefiiplegically

or othejz%%g %gégsgra&fet tﬁg)g(%gaoﬁlﬁﬁ% hﬁ%ﬁleggﬁglé%'ﬁ%% 1%51 ;‘!“’gg?t%‘g%fcig%r"
refers ‘!é’ 2‘1 %ﬁ%ﬂeé?lrthﬁ%ﬁ% -?—ﬁtgispop Med o HosmpbaQsh alichdiXisBtered to a

ation. term"unit dosage fornt refers to
patientaw iliys causidgyumdiesimbit ological effiictsadylintefaghinginst ¢rjetgrious manner

) atient, i.e., each unit contajinin edet er.(i .
with ol dpeni S oot SPR SRR Bt
typical%aﬁg}égﬁetttﬂ@regﬁﬁé(f &hdaRRIARGHL 1618411288 ImBlFReiinglesiag ind

i conbinatidn with one or nore additional units. For
include ¥aRpheterhisctentifiet! ad esitalpbe octive inggdiets bl & Food and
tablets, pills, and the |like. SYNTHESI S The
Drug adnyigisgpti9he conpounds of the invention can be
S in | ik abh18 &bt uhl siibdbes forkissing a
azﬂ%%g%ir ?@ggg%g%%&gg%&?égaéﬁgbaagpl es. It \?VI [l be ‘1g
patienB Y, esdhaingictontrtingvh ptedetspeiiefl iquargity 0 £s coraperaidiaf ghesinvention
(i.e. reaction tenperatures,. tines, nole.rati .
caloulfigi 4 ppdace (o ot Sher el e Bl g f 4% Birp@Rarin wigh one

or mo%tr agi?ggﬁaﬁﬂﬁgi ﬁsbfg),&nﬁﬁ@, IS OniP8oddE & FhrkhB B DeRbpRiles Bblets,

Gener al the reactions are conducted in a
pills, sdithabike i nert diluent, exanples of which include, but

are not limted to, net Eanol E et hanol , isopropanol,
i sobutanol, ethyl aceta N onitrile,

d 'l‘gg LREQTRER 3RS outR dthe mbetittn &h B syntRéeti Honk tds@ily
and m°xtures thereof, typically containing water. Upon
availablngpdreihg onateviblsan ylestibedbelborangon thy Examples. It will be appreciated

that while specifi¢ process conditions (i.e. reaction temperatures, times, mole ratios of

reactants, solvents, pressures, etc.) are given, other process conditions can also be used
unless otherwise stated. Generally, the reactions are conducted in a suitable inert diluent,
examples of which include, but are not 1imi‘ted to, methanol, ethanol, isopropanol,
isobutanol, ethyl acetate, acetonitrile, dichloromethane, methyl t-butyl ether, and the like,
and mixtures thereof, typically containing water. Upon completion of any of the foregoing
reactions, the crystalline compounds can be isolated from the reaction mixture by any

conventional means such as precipitation, concentration, centrifugation and the like.
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reactions, the crystalline conpounds can be isol ated
fromthe reaction m xture by any conventional neans

weuals/asiepr eci pitati on, concentration, centrif BQaMISLV6/008644
and the Iike.O The biphenyl-2-yl carbamc acid

l-(2-{[4-(4- carbarmyl p| peri di n- I-yI rrethyl)

o By A e o - Ban e et HEEAPEY) o

benzoﬁgﬂaﬁ\ylﬁfnﬁ{ g&h%ﬁipbﬁ&ahm §1te@fe§‘ bﬁhgldj@& af ihdlisveaneh ERAGERALY

the procedures described in the Exanples, or
prepareds fmgl dohempraty duaibbledtating m@tﬁrﬁab agd Seagents aising the procedures

i on No. 2005/,0203 t.0
descrilgh i e g Bt L TP A BRR Ly St R Ribfieston
No. mﬁgﬂnbgngﬁnggMngﬁ%gmn1ned by various nethods avail able
to those skilled in the art. For exanple, such nolar

r Bhe welac zatios eierﬁcmzbdd inythd eesiradis 9é &led;l\’qmomw be readily

t | | | HPL
s BB e B o RO SR B O ol hEE
molar &3 0&h bérAu asenfhed Wlﬂ NMR! boﬁtehmﬁesltyl fBmbiytpl alysis and

cont ai ns between about 8 and 2.2 nol ar equivalents
H@LCaﬁdthsphébewgbkuhtt@mméh@nm@néﬁm>of t he conpound of

formula I; includi et wee ut 1.9 and 2.1 nolar
equi val ents of phoz)g?ffftg i Eﬁg%éyf lequi val ent of the
CAmAUEhAt sdiesmmb %Vbntloﬂypﬁﬁﬂﬁ&ﬂitamﬁbélw&i aldut NS and 2.2
di phosphate salt of the conpound of fornula | or a

molar phauvaﬂanf@ lsmfph@aphyte avct@ptaa bindvalentyditles eomarasiad of Enmyia L

BB 5 RInEEOSEES B PRSI 25 LSRR B B e

oftheyébﬁgbmoﬁgﬂﬁﬁmml peridin-4-yl ester with phosphoric
acid. For exanple, the ester can be contacted with
ditl ganerahcpapsiallip dipbhepbite skt o theomporndaf fanveisdons

hosph h
pharmiap B ey FEERED e g H i PR aror e b 2
ylcarb%ﬁ‘ﬁé acid hg234- ﬂ-cé&aﬁﬁﬁbg}@hﬂﬁ‘l— ﬂyﬁﬁ&lﬁylﬁféntdirl]@wﬂl@@aiﬁmo}

phosphoric acid, dil wat er and isol ated by
ethyl)piperdint4-ylatsten Wltl@neplmrﬂcwndt Hios cxasaplei the ester Q@Brbé@e@féﬁted

era re. ran | from ab
with it SR e ROk PG s Gpbfiplts Gyt Wiich Anen
contaé{b&{'zv?chlah@?ﬁé‘rt@ifluelnM phosphoric acid is about 1:3 to
about 1:4, including about 1:3.5. The resulting

aﬁomymtmuapm@maﬁ@hg@phatq S§1tt uhe stes/asityrieally cleﬁﬁmémed
aqueoEs BE?SQFP?C a(flﬁnc‘g{ulteéla%ft&il clgﬂ rg{bé’ 3y%é}pﬁ‘£a{tloﬁj er a%}ﬁﬂ% this

reactib@HoRGudtEPEN ABRYEraRPe f&gl f@;m sb&ih 0as 3@b@y§uc_ﬁQs @esutha °C.
a particular enbodi nent, m% of the ester is taken
The ratjp ofrm#Bligrhme of ihtesier b;rm1qolgers 1M phosphoric acid is about 1:3 to

about 1:4, including about 1:3.5. The resulting amorphous diphosphate salt is then

typically contacted with about 15mg/ml to about 25mg/ml of inert diluent. Generally, this
reaction is conducted at a temperature ranging from about 50 to 70 °C, such as about 60 °C.
In a particular embodiment, 500 mg of the ester is taken up in 5 ml of water and 1.5
ml of 1M phosphoric acid. The pH is adjusted to approximately pH 5.3 with additional 1M
phosphoric acid (equaling 2.1 molar equivalents). The clear solution is ﬁltéred, frozen and
lyophilized to dryness to provide an amorphous diphosphate salt. The resulting amorphous

diphosphate salt is added to an isopropanol:acetonitrile (1:1) solution, followed by the
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m of | M phosphoric acid. The pHis adjusted to
approximately pH 5.3 with additional | M phosphoric
weachw/odeigaal i ng 2. 1 nol ar equi val ents). The cl ear/usS2006/008644
solution is filtered, frozen and lyopliilized to
dryness to provi de an anorphous di phosphate salt. The
__resulting anorphous _di phosphate salt .is added to.an
addltlongéwﬁ@paﬁbqh!sar&%qt@ﬁi theirate ?f%.@‘}g%‘ﬁ 8% fhgpogrplqus R opRpate

i i. . i I i . i .
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MitdridtiveB1 & coktailieplighapledte satetanrbietprépaeed by comtngting thg ogter
_to about_ 2:2, including about 2:%. . Al t(gréativl |¥hi & tion
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i | D9ritd; e druARQHEIng Qoo & 9C,HakiRs
15 Con(feﬁg%?\?/rg%ﬂeﬁ%g dg]?ep oglrg?]ﬁgfr)%rgmaci déméeﬁ%reﬂr%loﬁg, tohi S ) S
about S0EAE t InGyparticutarehioidéderitytha rstemie ridad tb wensopeepagol:acetonitrile
t enperature rangi-ng from about .40 ta 60.C .such
(1:1) selBon, folovesd 08 asitien ShParTeABSHRTRIAE, PRORRCEE AR ip gdded.
i i -RG2b AN sphorfPddid is@Bout 5:14
tn s P0G A Bilo oF BRERRTAG G0 AT B posborkucht sabou
to abow IO hwliding@abaht 5si6added hi this reaction, the ratio

of grams of the ester to m lliliters of ~pbho or |
a]%cptg of thepbengmentiqnedEocasify tf?rg?ri}%a’nnigﬁasﬁfdﬁmegégg%sabgte salts can
lead tothd BsrmBAbH of4 s%gﬂﬁtéfléys gfﬁﬁfét, H%ﬁ@éﬂ)hﬁfe%?ﬁsﬁﬁ@&rﬁ. OF1G. 6 and FIG. 7
préeparing crystalline di phosphate salts can |lead to
show 4 PERDosatetn ad :0DSE tmeparatetivelg dor thisdedsstablh fohos Jhamore
crystal form FIG 6 and_FI 7 show a PXRD pa .
stable GiRjosPPPISETYH do thePBSHUEE ek JOVFET. Vs op 08 Sapepiaposphate
form i ?fegé £ 5P gan?&g Radilh PG et PRIRPRBEStAUY Sityalal bpinch@sing the
prevalent form However, when the |ess stable
water corpéin spthatselvienr mixtsrepareisrelxtating thecwspapsiondadpaug 50 °C to about

o B R B O v
by cocg@g 1§ %Zygi?%é{p%&tﬁl% AR 3RmGI6w s@pigt 70 OC, typically

or about™2 to about 6 hours, typically
about 2 hours, fol Mueduliye S0loCryseplt o room t enper at ure

ight with slow sti.rring. M ul fate Salt t.al
ARSI a s SEine Toventf LR PR DR EST PO T O
molar%gﬁrli%nlgﬁts APt O g%i‘ B8r dndvA1GHt BF 1R VLN SfophukUl fndfuding

ar equi val ent of "the conpound of formula I;
betwebmabdnd D19pnddt Wewier ajuiveledis 9f aurlthid par melraequiplens af Bist s

of sul fat er nol ar equivalent of the conpound of
Comp?lé}drﬁflf‘émlu‘?‘EA crystalline nonosul fate salt of the

c %{@g&iﬁlﬂni’ fno§18§1ﬁfékeasa'1t SHihPeRRRIB S Hiriedl 1 of AfReRiRbliclly
SOl Vv

te thereof can be prepared by contacting o
acceptableivenyte tRergbf embisprepamed oly ¢on(dting biphenyl-2-ylcarbamic acid 1-(2-

4- (4- b | pi i.din-1 -yl hy.l | |.am
(4P ot B g iasi S it B Dpb i Yier
with lelgt{mg 3a4P h?lgllg %)Ir léstﬁ§§stt%%?n Be condtactvat 1W dduedbi sulfuric acid

aqueous su IC acid orma nonosul fate salt,
to foritd mbnéssl fateasalt,colithct then varttdvtedwith en tneg dilvent: .

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

sulfuric acid in water is about 325 mg/ml to about 285 mg/ml, including about 305 mg/ml.
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To prepare the nonosulfate salt, the ester is
typically dissolved in 1:1 acetonitrile:water, diluted
woizvds/ageeous sul furic acid, diluted with wat ePCamng2006/008644
i sol ated by Iyophilization. Generally, this reaction
is conducted at a tenperature ranging fromabout 0 to

30 0C, such as about 24 0OC. The ratio. og 'hkjlgr ans of
In one _Pﬁélc\é]é{ erbediment, {44 MBt dhe,gstqrp @[i?rf Wi Q’g]lo in water
aceton%%]g%pw%%ﬁnﬁlzl%m{ 5t 10 Quisb i 282088 m)wly‘, il ﬂidi*ﬂoﬁﬁ%téﬂe

n one particul ar enbodi nent, 442 ng of t

pH. ThesERTs then ddidstd toppproxinattlygi] 3.31 The eteansalwtiangs filigredy frozen
and. 1.45

and lyqahifized _rt<p ﬂlr@’nnﬁq%go ialr’N_qV? | f%hﬁqm&%{%@hs gg? gég]é%[ggl\égr%ml\fgie lsaﬁt is
then t}?{r:bgleg Eérg%g% With 'élo??lil,tg g éf%}’gﬂ ¢ S5ut 30 i P8 insrt dithér @done

yophi dryness to provide a
embodiansthis reacionds tondibted mes fitst tengpenswoesnt tlzmet 8dower sscond

cmpe P e B S R %0 10 BT e 809
70 °c.;@a£ﬁ4:g&1&%n%ﬁﬁg&{t%e HMomBsilbAStantisiRidabene and then

wer second tenperature, both tenperatures
isopropafeithemgorfitrider( b sblubont dn Bk @actpug theastindbuilligome of the
70 C. ln a particular enmbodinent., th osul fat e, salt
monosulfatgalbp 1 Rier SpTSpRAGHAGETUHA piepallpof fyenonl1 s,
includiy #blers.1.In this reaction, the ratio of mlligrans of
e nonosul fate salt to milliliters of isopropanol:

akednottiet smbediinent usiteatBorBistcondusind at 2a5iret temperatireend-gen at
about 15:1. hi

anot her enbodiment, this react/] '
two lopysh reEiug cygles. i g f?RSEWH@F&'PHP éa%ﬁ%jﬁt’we%m&& §4 e Tagpen
a ' t &s3¢ Y@NTh
s ERURESIH BBl ol ipatalans e ome
second Bivee tabparaueyoytle wises Femfabowt 4bElito B le a pgicoldr The

econd | ower enperatur.e cle varies fraom about
embod s s TR Ry S S AT AT B A fon
In thisSI%lfLJtioh,Sth@ dARb fRi1 A aing OPIRAANRIyAGRI ARitS filliitd:d Of 1)

solution. In this Teaction, the'ratio of mlligrans of
isoproiphsol roetohiyile &t #bosal §1:7 ¢o abiduk i 61:1 briscloding gbpitdpaidel :

acetonitrile is aboyt, 161: 7 about 161:11, i ncluding
about 161:9. Di oxal _%“ggFéu%¥§¥§ | A dioxalate salt
° % d&ig%zlhtrergg%fﬁe iveRtisRtypicaf§ BbhinS bBcss 8hodh @ ind2 Bmolar

ar equi val ent’s of " oxal ate per nol ar_ )
equivalgnis wAbxaiite pér hbler eqripdeanrtd die doomeuhd of forimpla ktrichyling
bet ween about. 1.9 and 2 1 | ar. equi valents. of 0 te
betwegR AbGI| 44 Tl VI A AT e SHEE AEpI Fapvarar g thes
i di oxal ate salt of biphenyl-2-ylcarbam c
conm§%¥§5ﬁ¥%%?§ﬁ4-(4- car banoyl pi peridin-
1-Ay tryetb i Yifvanlateda]trod bipheayl rplcabaimid goid pé2i{itA-t-4- yI

v i ST S PR B o o

pharmaceutically acceptable solvate thereof, can be prepared by contacting biphenyl-2-

ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl]methylamino}
ethyl)piperidin-4-yl ester with oxalic acid. For example, the ester can be contacted with
1M aqueous oxalic acid to form a dioxalate salt, which is then contacted with an inert
diluent.
To prepare the dioxalate salt, the ester is typically dissolved in 1:1
acetonitrile:water, diluted with aqueous oxalic acid, diluted with water and isolated by
-9-
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yl carbam c acid 1-(2- {[4-(4-carbanoyl pi peridin-
1-yl met hyl ) benzoyl | net hyl am no } ethyi)piperidm 4-yl
webwroonics h oxal i ¢ aci d. For exanple, the estePCTAIS206/008644
contacted with I M aqueous oxalic acid to forma
dioxalate salt, which is then contacted with an inert
| uent, To_prepare the d| te salt, the es IS
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react1cm’;ltHel ratid af méhpodisréie dibkedatd isalk ol milbliterd af 1$Qprw@ehlwaf@r 18
i sopropano] .water (94:6) solution. In this
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S%l cgy :911 okiﬂ'a‘@e%ﬁlf% & alk@@epf')l%ﬁﬁ’t@@ |by‘f@hﬁﬁg h §eeﬂb:@y’§tal ofa

: 3, I ncluding about :
crystalting ﬂimdalatmwltcbfcb]xad:saﬂréswd‘l%‘mc‘é As éﬁtssnb@ea’qgﬁ@p ﬁmgmnm@dloxalate
st al al a .8 sal 19"

d
sat ot pie adonfoctus ot v8h SetARt Frd BERLBBE R e Gp R
dlluen@tdj{(])%aa! s%iﬁloﬁaéﬁd RltidehBe GSHREyEY 1S BRIBRELAY t he est er
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dirl erendmbaglithenta diosalkigtselyis typivallpoutitenged Wish geay 5 mg/ml to

I h I i nbodi
o 5 A bR ok s G ST B8 e mpastr

ranglr@{'cgﬂl abSit 3By 26, gﬂlﬁ% afuticnett Thelki®tre isERALERNdMo a

I's reaction Is conducted at a first tenperature
second aamgnangmferramglag o @out Dto7P UE, sughughabeyt 4BouiTheseedgrystal of

|
e b eSS R TR
dioxaBEEANGE ¥&ledlto 3 1s@pﬁ9b¥1§51@bdtéﬂ(94@) QB‘iﬁdléﬁ em ik redefioh, ke ratio of

ester Is then ad . I'n a particul ar enbodi nent, t he
mllhgdams(ezﬂ the dioxalate satt tadﬂlémtetr@ ofaropropprobpateslis ateub i SQ: B togbout

1,on, reaction, the ratio of mlligrans of
150'13 Fh(?)%zillbﬁ‘t“elgéallt tomililiters of i sopr opanol : wat er

i s about 150:10 to abowteplsDerdqr i Ncl uding about
150: 13.

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

To prepare one form of a crystalline freebase (Form I), the ester is typically
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Freehase crystal A crystalline freebase
bi phenyl - 2-yl carbam ¢ aci d
wWO-20/009185 ( 4- car banoyl pi peri dinl - PCT/US2006/008644
yhnet hyl ) benzoyl 3net hyl anmo} et hyl ) pi peri di n-4-yl ester
or a pharmaceutically acceptable sol vate thereof, can
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from at%%ﬁte%O 1%070“ @ Théh ésoib%ﬂ GsC. ok AfdnRds tHRe co618d ted ¥bad
e solution. hi one enbodi nent, the ester is
tempetawrle calging fromtahotietitovl & I, abduds $on’g4 M. The sgsdtystad of a

f t dil | | this t
erysta{ i disebisa oathecesir FUph @ﬁ?ﬁnﬁ el by bFREHR 2 shfing,
cyclesC O&%Q’ég’f he§§1‘f§; eﬁ% QU 80imiple, Hfn Aot B0 8o UE °C g then to about

to cond tenperature ranging from about 3 to
50 °C10116weé big hoaingab sotm denperdthe. Shedecmyls thitd apfl ferth heating
crystalline freebase of the ester.is.the
cycles BT ISRBERTY EOTERRIF (b SEPAE AR CEURs o7y 2 5%}‘?‘%@% g such as
aboutf6b r°§of Wg%@ cSXﬁlll 09'981% tethPdra@¥ MRl aSartidu@PeaPOme), the

then about 50 C, fol 'owed by cooling
ester 1ts @daiemamwmemnmnb (1 Theolsean ﬁdllowetﬁ bythg pdditipn phHiwater and

furthelgj g%(lg}-q {e, éx tfl%ﬁla o O|n,\f/ 8 Fﬁt}}&f@?ﬂl%gqlg agglle%stteg‘fj)crﬁﬂléhters of
aceto@ﬁ*ﬁé' Encﬁgfa&f’ls dvold .@3’@5@1 RY 26RO 3010.5¢ PcTARIB ARIPEIR0.2r €

a particular enbodi nent, the ester is added to
wioaepane ataimrtfoin ef £ trystplline fieehase (Forot Wb flecestsy i typically

conof b S LU o 3 S DDA L, el s

oD th 30 AB0Ich 43Ut 25 °C.
reacuml Slalg)hﬂﬁ&ééa@;t? ﬁ?@xfaﬁi@é %J%lfkg{r% tgdggﬁ?g@gsg t032. To prepare

A paraamm suifablenmert dduent yssd edrhbingidnrafabetoritiieandngthyl ¢-hatyl
ether. eISnt z? ;gar{lgulaly é’ nbogclflment, biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-
carbamoylpiperidin-1-ylmethyl)benzoylmethylamino} ethyl)piperidin-4-yl ester is added to
acetonitrile, followed by the addition of methyl #-butyl ether and additional acetonitrile. In
this reaction, the ratio of milligrams of the ester to milliliters of acetonitrile:methyl z-butyl
ether (1:2 solution) is about 200 mg/ml to about 100 mg/ml, including about 70:0.45.
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contacted wth about 200 ng/m to about 100 ng/m of
inert diluent. Generally, this reaction is conducted

watow/wewsper at ure rangi ng from about 20 to 30 BCI/USR®E/008644
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22.9+(5% ratna'Z 7&@ ak C}H%ﬁé Ehl@i@ﬁlar th&ﬁiﬁleﬁﬂ’&ﬁ@bﬁﬁtﬁﬂme zforrn is

cry sta ['i ne phate salt of the conpound of
characfe@fzmll baa PXRD phlmra(:i)mprls:lagi dﬁﬁraﬁloﬁ)ﬁﬁkﬂpﬂtwé@lﬂeh afing=0.2,

19.4+4. ;O%oqr;to% ragd 95{7%@ 30 gn%t eergaﬁl 1117%1 7 cri/ a](%le ﬁh ogpqiate salt is

pharacl'%z%@ b ?a@@m %wﬁﬁ‘h%he Ysitiondd sdBstAftially i N

one patlcu ar enbodinent, this crystalline formis
accordahed with éoisz slebvinyindf IBXIRDI\M the differonngs betiniegn ﬂiefRX]%\E PRk in

K 2Qval f 15. 9.40.2...21.60.2
FIG. 12%%7?96 ﬁhﬂ%lagﬁgf%é% &gﬁ%%ﬁpﬁosghgwglg a5 ii?pﬁcted PR 6.
OPURSPAIBENSR! 4 o S BRRRAGHANTASAIE (o ENER BT Bl i

|t| ons are substantially in
charaaatsed hgadXRbD tphttd:rhd]semg traover imorddliffraction metles at B8 values

s S RS EE B E AT R PR b LIV 80 o

1970 992(9819(22 i3 @03, 2fd 2his10ne 18 6ROFITBIb: erfbddishiaitid dgstalline
nmohosul fate salt of the conpound of formula | is

form s hhsractterddigth BYRE fXRD @atrrising diffsctign peaks 6t 26palaes of
o (L AP, S A5 LSO L i
monoglﬁfa%)sa% ris I%IIZchri?zed % 3-8 RD paiterdQn Hihid e ﬁéaléﬁbsﬁlonb lare:

e partic enmbodi nment, 'this crystalline
substantlally in accordance with those shown in FIG. 8.

In one embodiment, a crystalline dioxalate salt of the compound of formula I is
characterized ‘by a PXRD pattern having two or more diffraction peaks at 26 values
selected from7.7+0.2, 8.7+0.2, 13.5+0.2, 14.0+0.2, 14.8+0.2, 15.4+0.2, 15.8+0.2, 19.4+0.2,
22.940.2, 23.3+0.2, and 24.6+0.2. In one particular embodiment, this crystalline form is

characterized by a PXRD pattern comprising diffraction peaks at 26 values of 8.7+0.2,
-12-
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formis characterized by a PXRD pattern conpri sing
diffraction peaks at 2Qual ues of 12.60.2, 19.70.2,

wa20@092esand 24.40.2. hi anot her enbodi ment, &CT/US2006/008644
crystalline nonosulfate salt is characterized by a
PXRD pattern in which the peak positions are

subst ant | ahlt;(ygﬁé n accor d@gce vvi(i_h those shown.in ElG., .
14.0£08, 19fkothe: wdtgef et I 0 ey SRBRqiRe’ 8 bRE Hice S 1 31 1
cha;ract%lgfetdgo XK ﬁ%@teﬁﬂﬁ%@h fhe pealCHeNi iR @Fd #B&taRi¥alB if?

two or nore diffraction peaks at
accord 2y alithethoseasheeh &dFIG.ddv. 70. 2, 8.70.2, 13.50. 2,
14. 00.

0.2, 14.80.2, 15,40,2, 15 80.2, 19.40. 2 2,90 .
Amompermbodiinips chuisdineeobie Ear DLl Cosaf RETnta s
charac‘%g%%d 15 YBLRD Jlierd }Paglﬁ%éft%vocd??i‘ﬁ&@ Wfthdiesh f¥k@atP¥RAlues

ern conpri sing raction peaks at" 2Qual ues of
selected foth 2.716.20062).2.119. 7.2, 13818.2226 9802, 17.A:4A0thxr0.2,

LI T P TIE RO TR T
orystal iREHhn 0 RicferbAR By ATAUED pserd cBOANAG TRl o om0

values bf ¢gka2e1§.500.2) 7). 8-ef 2, tahé 26 Gerp Gu il andthérampheidiment; scrystalline
characterized by PX ttern .haying,two,or r
frecbasgi (F PRGN SRS ARY 23R RALeBdh Sidns Po BpsTpng e
: 60, : ] 18, 17.40.2, 18.50. 2,
substadfigi i gockisiptife it sl fhdun MEIGE, & 058 60 2 in

dn@np anibodiment, aenytadlimefresbasiForrol) of #he domwopnd af fogmula Tis

characterized by a PXRD pattern ising diffr i on
charac@ggg@bgg Pé@]},g@téggh%\fm&_ . (_)rzr,norféﬁ%gigé?n %&éa{ %é, Vagl%—%
selecte%l&(r)orq%&?giO!Zn9.@@9351?1.9@@‘9,0@.6@1?1,’14@)%@{3&@%!2@ g6 br@ebase

i$"characterized by a PXRD pattern in which
18.6:0. el opledl2, RO S0 20 2% 1:50.2, 28} 2rnid 25150127 Tncseparsineler

with those sho in FJG 18. [I.n nbodi ment . .
oy B3SOk s g ORI e
diffrac{ti&fé %gé}lé o 2b %%Lﬁggﬁéf&%ﬁm}ﬁ%im, a2 RXBD, pat 2B700 Daw A@ther

nor e raction peaks at 2Qual ues_sel ect ed i
embodiment, 4 cHBtaBinedredbasg (Fa2n OPiszharbgtedoedhy a RXBH pattern in which

14.60.2, 16.50.2, 18.60.2, 19, 10. 20.90.2 10. 2,
the pedppergions S bRBTSRIY A SpoprmES SAIRR AP BARET it
Lg’l i GhHEL AR SN (R bS/s@l Ak R6ERbIFRG I RImIPKR

ern conprising diffraction peaks at 2Qval ues of
characferB@d By thdfr GffeRntidZcdting caoringy @R O) traca. hv, Berystalline

oo S 3 SR SSRGS e

bk tRBE A lay aiit 254£9PAaRGEuNEA ThiTISE2.
Showa?hoazl\&/\ln%h?ﬁ&ﬁa{g%ﬂ%%gﬁl n yet gn%t her enbodi ne%t, t he

Note the fiffatrdehetveemioub8e tate iofltuRani tm RS ea iy dhs eagstable
b a5 G R BTt o
salt (Ft‘i?ac eéﬁ\%}]is %&yﬂi@aﬂ M4 fenhpdrstuftAmaR foESFdDY d fefati& sharp peak
at about 154.5 °C. On the other hand, the DSC trace for the unstable crystalline
diphosphate salt (FIG. 7) shows a distinct shoulder prior to a much smaller melting
transition at about 150.3 °C.

Similarly, a crystalline monosulfate salt of the compound of formula I is

characterized by its DSC trace which showed a maximum endothermic heat flow at about

76.5 °C, as illustrated in FIG. 10; a crystalline dioxalate salt is characterized by its DSC
-13-
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showed a nmaxi num endot herm ¢ heat fl ow at about 154.5

OC, as illustrated in FIG 2. Note the difference
woetwmenics he DSC trace in FIG 2 and the DSC t pata@Stms/008644

the | ess stabl e di phosphate salt depicted in FIG 7.

The DSC trace for the stable crystalline di phosphate

salt (FIG 2) .shows a typl al dowt%

trace WA FPDEIC A TRPRRIOoRNE BP DT oG Ha ! Hede ipstrated in
FIG. 1$’h L Crysia ?ﬁ% ?rgg%ars%li g-:ltﬁﬁ? ﬁtéﬂgfacﬁﬁ%h by ﬂ?D@@qreI(cE et s;?bwed a

osphate salt
mﬂlnﬁhDMOmeﬁhﬁiheﬁtﬂoxs IaDaHodetOZJT PQy astibusiratedcin Féﬁ‘al 9; elnd a

ting transition at abo | arl
crystalbwﬁf@%haﬁ«’r Gommdnds e se el by T3PS B soREh AP a eimum
endothe ﬂﬁl%g@t flow St SJoaf @gge’@ 2l atkd ﬁlﬁ%pZW ace which
a maxi num endotherm c heat flow at about 76.5

(Theagysthiline tompachds nfﬁ'ab(ﬁwehﬁon ha\csrmn dbinpnsiratidir dipeg @

salt is characteri its DS ra vvhllc sl}%\/\eda.. .
rovers bl omRARAGOPHER HISCInERh 2 5D raegleyel ot hygroscopicity:

R | Hean(® gh

B
gain witeix exposed gt foe0fd mldmzamufmduw, atcr;astaith momosulfae, salasxhlblts

s g g ereed iy B et i B ine
dmxa@%ng Fﬂ?féké”%m §ogQLhek gauﬁ WiRRlexpd QWG ﬁ,amm r88R

ustrated in FI'G The crystalline
humlditg;r‘mcrlystdﬁme firetbeze (Forenk lemhllbhsalbes thee 6% dwenghisgaimwben exposed

to up QATIEKII 6 B AFGe PRI R G SLomprEpryjbiigfess 4o
Welghf %&ﬁ? Gitleh RSosdl g{\?psﬂ%tr&aﬁ@é fungiity.he conpound of

mul'a | "exhi ess than 2% wei ght gain when
eAddisiedallyy thepcryssalBfdcorapainily ef e mmintign havedregs 1f<a1n|d|t¢q be

monosul fate salt exhibits |e th % wei ght tn
BT CR E CUIERE L Ot LS
1 mont{ théﬁ)aJd ey 5% %ﬁth%tlﬁnﬁéﬁlt}; aBX14i64 bi’ﬁl 1%)%§fo¥rﬁﬁﬂze3lq%d
gal n when exposed to up to Yorel ati ve.
chroniatﬂgrajjhlyjﬂPECQ slgmzveall doi da@ctab@@@sreca(l Idogrﬁdélfione(xm lsisg an 0.5%

| ess th 60/ sed to up to
degra@é“%l}é 3{1‘% ‘i}’@gt &)m’gﬁa 'i‘e&? 8 i ne ffeebase

(frgedy égra—l%erﬁégﬁf{?hé ér[yit Sifife b E(nfhd’s Weihhva@®on avh@fther illustrated
expos 0 up 90% ative dity. Additionally, the
in the Exysmiphds lbelvev. conpounds of the inventi on have been found

to be st abI e upon ex%sure t% el ev rature and

9 ed tenp
huni di t y LHASMAL RGP A I Snt h at 40

ooy ?gprzéﬁ'ﬁr{e%oﬂg)uylgd B‘M;Shﬁhlfall is @Bﬁla}{)s hémBst&tedt a patlent in the

nce i chromat ogr aphy (HPLC) showed no
form et gerabtenticdl eninpasitice gr fadatiatinon.( Su@l pharmeesutieal so@pesisions

may h%e rgﬁ%?%}fﬁ%nt)?ﬂ%g@r@tlts{;@ﬁ' Satgcgelplgib etli%l e dll%lstl?%gn micluding, but

not hﬁﬁg&){%u ﬂﬂl% eﬁf %f' QadalMEREL QrhcRiddhd thsh@inal) dnd PareRteesl mdtles of
administration. However it wﬂl e understood by those skilled in the art that, once the

crystalline salt of the invention has been formulated, it may no longer be in crystalline
form, i.e., the salt may be dissolved in a suitable carrier.

Accordingly, in one embodiment, the invention is directed to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier or excipient and a crystalline
biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-carbamoy1piperidin—1-y1methy1)benzoyl]
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PHARMACEUTI CAL COVPCSI TI ONS AND FORMULATI ONS The
crystalline conpound of fornmula | is typically
wadnicrwsteer ed to a patient in the formof a PCT/US2006/008644
phar maceuti cal conposition or fornulation. Such
phar maceut i cal conpositions nmay be admi nistered to the
atient by él accept abl e {lout e of admnis

methyRenalaitGIPBOdin oy 5451t S@ntgiscr Al saecebpale Sohdbsereot

[ r
mhe LR L0 058 L BB EBL T B I s
desired.hose skilled in the art that, once the crystalli ne

salt of the |Egvent|on has een fornul ated, |t may
brgeirpaceufic P9’§1P8$1F191i1§e0 fitag mvention typicplly ¢optgin ﬁay be

therapgd ng:ﬁg%r ¥ﬁ%ctt1'vgt ol § r?stﬁﬁflé b?henﬁ@oﬁéé}bﬁﬁic)ﬁmd QMR- (4-

e Invention is directed

carbarﬁm&pnpmmﬂydﬁieﬂqb)bmwt]mmymmo}eﬁ;hyiu)gnpendm— -yl ester or a
phar maceut i C%ql accept abl e Ear rier or hent hand a
Phamlé?%ﬁ%lm achePtihlp FINe taersntcastBa ATty e 48Py Typichlly, suc
bout 0.01 to about 95% b ht of th
pham%%e&laailkéfn&’éflﬁaﬁfép?%dggdz%g e toﬁy [ am on% Oélt hyl ) &"5‘2?. dol n °
active-adent] inelsitigg, fromaabphial. 6 meaboit30% )byawmgm sich es omvabost 0.01

thereof. The armaceutical conposition may contain
to aboB‘H{%WW@F%QE%G@CE%?%?P ‘fornul ating agents if

rc&gvenﬁ&@al QB‘?{ ferC 1&@ Iy &d {4 @8 %hﬁ{nakaﬁlcal
|nv ntlontyplc tain a therapeutically
compasitions oif the iavantioh. (The ah@ceysﬁ aapdriiqydar carrier or excipient, or

blph 2-ylcarbamc acid .

combiggf %%m%@rmmems yﬂﬁélmiﬂd)%’eth Eigﬂd]gﬁé?m%ﬁam 2eing

used th )trgétpaeﬂ lflar rahbnt®R ke I FimQidADBS GRS didtlabd/state. In this
accepta vate thereof, as the active agent.

regard] Yl prqialrz}non&lf(ah;unhiﬂe p‘hammbﬂ:u:tmhl mgm@ﬁlonlfmpmltular mode of

t 0.01 to a

t f t of th
 adminggb U SORGT R A LR (0 PV PGB 305%

Addltﬁal‘éﬁ 'tl%ﬁ?igreﬁfé‘ﬁré isg chﬁQ%%QﬁHanoarQ SoththeBRANS avhO3618 Yrom, for

active age y conventional carrier
examysle, Sixmi . OnBord¥508 Stdaubis, M@ ﬁéliﬂanW@E of fugther illustration,

com SO B bl LR T R B 1 Seyeogpd rocce
ofph&%[ ), 8108 165 & iR SwWillarnk &IRRSRIBARNI0AS MERIRN@{2000); and

mhistrati ol being used to treat a particul ar "
H.C. Amdl etretl :Bha;tm/mumfal Bedagallorowrmailtiirog Leliveiysyatens.st aEdition,

o Waons e BB SRR B Pebl o o o
%f&%‘hé’t%l Rmbfes W ﬂatéﬁalsh[hﬁ‘t dafger96 %’ﬁha&fnaééiﬁi%ﬁly acceptable

I'n the armaceutical arts. Additionally, the
carrietsrigeleds, dot srefot lisited ta; drqibﬁomngn sn@rsesucb mbaptgsalghgcose and

avai | abl e rom for ex
sucrogs) SaTsHER SchoBBIHCh BRI BTl EHBHOT PR ST O es such a
sodmﬁlodm %ﬂ@l cél&'iéEH' &hﬁ%ﬂﬁl@gémid%ﬁﬁlo@é SocfRS Gohaertdi

em ngton: " The Science and Practice of Phar macy, 20th

tragacﬁdtht; hoit; geblaqup |tadc,oaxt:11cWﬂtS suehes €ooMaibutier Bl uppasitery waxes; oils

Mar yl and1 £2f([)00% {1
such as peanut onséed o1l, safflower oil, sesame oil, olive oil, corn oil and soybean
oil; glycols such as propylene glycol; polyols such as glycerin, sorbitol, mannitol and
polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents
such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water;
isotonic saline; Ringer’s solution; ethyl alcohol; phosphate buffer solutions; compressed
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H. C. Ansel et al., Pharmaceutical Dosage Forns and

Drug Delivery Systens, 7th Edition, Lippincott
wo2bdeicasss & White, Baltinore, Maryland (1999). PCT/US2006/008644

Representati ve exanples of materials that can serve as

phar maceutically acceptable carriers include, but are

not limted to, the follow ng: sugars such as.|actose, .
propefjn sk Saehds ShBRILE o rR e oot B B Mhgoxic
; bt ik ives such as
com L P e A SV, W ose and
cThé phaomecatiedlabmpogtnnesitte invaytiavart hypicalytprengedddiyi n;
tal c; excipients,.such as,.cocoa butter. and s osi.tory
thoronghiina TefmBloG ehrmor RERIAE S r b ASOBUEHRR i &

pharm%@&{t)ilcﬁ’l a{c_cfgtilble SEFRIENPdile or@hdr¥ 8pRbial irpREdRers. | 1f@BEkssary or
soybeart oi |5 glycols such as propyl ene glycol; polyols
desired thb rasltigk poifoinmly bémdbd troktprenaniiendie shapedoer lgadedymteriablets,

lycol ; esters such as ethyl qleate and ethyl..|laurate,
capsulbg RS, SR e 760 LGB PSR 380 el U N PSR OSses
um . num hydr oxi de; al ginic acid; pyrogen-free water;
ande@é%?%% c saline; R nger's solution; ethyl alcohol;
p boephm®dbnérftethe phimtacertsal conprstpse dpthepevdantinn argesyisble
. suc s, chl orof | uorocarbons and hydr of | uqr ocarbons;
for gl HPNBIETAGTL (SR E AP B ) SRt doeREhBT oq i n

admitRRHBR Gt Bﬁ)@&lﬂy GO AR thir? BB an d6sdP BAL PBH AL ISudh compositions
conpositidons of the invention are typically prepared

are gehyratlh edroinggtérgd as;i_dg mtl+l<_r11av\/el Qtlimrxidngiccﬁr sughen @I inglgpliger inhaler, a
et B 3, L S B RO R S Yovice

| gL Sl AR Snbddim AR O BRALYerRfond@S phSehackitfal Eshbdsitita
uniformy blended m xture can thén be shaped or | oaded

comprisihg theadotiet sgentmpdulimsteredityl ishalatéomi usingr anebulirerrinidess Such
di spensers.and the |i ke usinpg conventional procedures

nebuligapiigiis HYRHLY POfSRE SErBoa Meht oLy PR Sstical

phamgag%ﬁzﬁl édngﬂai'éi(‘;%ﬁl cohB kMY IR AR A&t SlraPhea it thad Radagfed

m ni strat . Suitabl'e pharnmaceutical” conpositions
into theopatientsakspdratotyrimits tAabidomglyi whentfopindatefl yorse iima nefalizer

IRETERSE T e e
Suital?iﬁ Elgl‘lﬁ.gr&els&’é%’ﬁbe@ SrefcoRfRetiaRf hvdiRBR] &rex@mpR! By PARIGRH

(MDI), a dry powder inhaler (DPl) or a sim]ar
(Starbetd, Geryam)e Oibe nebulizer dpecésfinetudaBemi ogliringse Ingelheim)

I nventi.on, the phar i cal,.co LiJon.co I.Si.n
and eSO S AP TR RGN EPED LAY b
97/1288P pbikE& et AINhAeRHiscloatfed of GMithl #EncHBbtREShdrYiRIbyatieyence in

produce a stream of high velocity air that causes the
their ghiaetyaceut i cal conposition conprising the active agent

to spray as a.mst that is carried into the.pat.ient's

- ARG AT aeHBE COTRGTYOn FERE 1oh PR AERd
comp¥isés dn%q?gd’i%_@&ﬂu‘tiéﬁ tompPh&hg Frond ;ﬂﬁ)luﬁgbs \i@/A0 €8hbdu® 10 mg/mL of a

typi ca issolved in a suitable carrier to forma
crystaimatanground of formula I or a pharmaceutically acceptable solvate thereof. In one

embodiment, the aqueous formulation is isotonic. In one embodiment, the aqueous
formulation has a pH in the range of from about 4 to 6. In a particular embodiment, the
aqueous formulation is buffered with citrate buffer to a pH of about 5. In another particular
embodiment, the aqueous formulation contains from about 0.1 mg/mL to about 1.0 mg/mL
free base equivalents of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
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Sui t abl e nebul i zer devices are commercially avail abl e,
for exanple, by PARI GtbH (Starnberg, German). O her
waemslwzies devi ces i ncl ude Respi mat (Boehri ngePCT/US2006/008644
I ngel hei M and those described, for exanple, in US.
Pat ent No. 6, 123 068 to Lloyd et al. and WD 97/ 12687
(Eicher et al.), the dlsclﬁsures of which are

Yhﬂeﬂ}}@@é?@dﬂm %Fl%}eﬁhﬂbplp@? PEEESIR their entirety . A
SRRP LA f}q ARG O ileGReARRPRS Ehér‘ﬂi‘ﬂc&&{capéﬁnﬁd%ﬂﬁm
n o Zer i nhal er conprises an aqueous sol ution
comprisivpthee sitctige dgenins abhainistéedby Ilrgial“dtlotlmsmg(alDPIl Guely DFIY typically
stal line compound of formula | oqr

. a cr
admingse L %@a%féw? agent pya ﬁf@% lotang povedsr fhat & lﬁ&r%aéfm 2 pptighys air-
h t
srcanf JR06 Gatioh 1 FAUIG UL AHEE b Bhe POl B0 PACEVD pg
typicallpfigenuddted withaabivatlie dxciiet. sutinaslap@sd omsméra}n M1cron1zat10n isa

enbodi nent, the aqueous fornulatiopn is buffe
commenmeém@ Qfdﬁ‘i‘@ingt%yséalﬁﬁeé? ﬂ%a&f% %r RUIBER éeivery "tpically,

the acR& %é;l ns 1c1eom%g s Q%ﬂiﬁlg@ Y\ﬁtﬂlﬁ Qﬁﬁff& ﬁ)t foﬂﬁ a suspens1on of

con rom about out 1. free
mlcroblas@pzﬁquliey af espismbie sitd, Mherqffmlzroylhzedlplaﬂmias” ani‘tdlcromzed form”

4- car banmoyl pi peri di | e benz
meang a&&%ﬁéa}bogé Broyof H}%@Wgﬁhaﬁ?l laé%%/t%fr 3 1?% %ﬂ%'o%bﬁai/ R Ofner
t
method BPtcohn E PPt il %%‘%P%%ﬁ%ﬂ%‘ﬂ{éh%%ﬂl°%m%%em
crushlhg, grthdding, stiBingoscheninghaitartition pusienigatzonDehd scSocth, BAbsg as the
pi callly adm ni ster, the active agent as a
deS“efiE’é@lch B 74 B SReRRe dt hat is di spersed in a patient's

aIAI'I%b# F&H&t%rﬂh&g%dcgﬁtﬁ)daL BdrhP8kitidd foP LSEH, J]?Pla&tﬂhﬁié@s &y lactose

free flow ng po e active agent is typicall
having apattiche szt buitwéenaabsut 1 pinl aad edkaontpli0Snim amttmuaemlzai:pam’sdes ofa

or starch. ronization is a co od . of
crystaflgg senpgUed %‘fggmlgiz% NSRRI syttt Such
2 dlyg&baéf% w1 &bk Ynadk N@r gﬁﬁcar@%@{ 11')1ﬁ MahQBieAHEh the

|ne wth a suita orma

act1ve31gsmmsh then drfy biandingrthe aﬂnmmehtsc Iﬁdtenm‘hvr:]@rsﬁ |dasmldeths iagigye
whey e fronlzed parti.cl e ‘m croni

agent Gk S FosTo{ ROV LA o CuRBisBt TR IBERESeER S idon s then
typlca(ijlé/guCI d 8%int8 cﬂrf@f\g&és??lgsgémytorkgo alzgolﬂ%ﬁrt %@%@Ea&ﬁles for

g part may al so be used suc fi ne
use with laldry gowddralpliverg dedcaishi ng, grlndlng, mlling,
screeni ng, pulv r

adXPERLS &S Dl @515@ %1%2065 Aty 52%”@% ylmwfﬁ@earch
Trian§ gg{i{ RRENLAL! eg\éeU @h?:ftgﬂ%éﬂﬂ 3| zﬁqmwenle@m)f Piskise i n

conpri’s dry lactose’ having a particlé size
(GlaxbsthEhineseeite.gl, hi Racntadaf,3 78001 oninZavibs et gl o Hutbatialer

(rseffeapean bl § %yg%gélgia bf's 0 e +3per BB 0 Wayepind °
Rota}g[e)f Gﬁ%&rmt fl 58l i 16 3NPHEnITRESL 39309658% mkx%rth@l al.) and

|n ng t actdse Wi th the active agent and then
Handﬂlaw B eshdlingey Ihgtéhmm&pﬁmelnﬁmxamplee phatifablel PP defrices are

descrbed i 8% Paer RSE 'sV8 5,162 to Casper et al,, 5,239,993 to Bvans, and 5,715,810
to Armstrong et al., and references cited therein. The disclosures of the aforementioned
patents are incorporated herein by reference in their entirety.

In yet another specific embodiment of the invention, the pharmaceutical

composition comprising the active agent is administered by inhalation using an MDI,
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agent can be fornul ated w thout an excipient. The
phar maceuti cal conposition is then typically | oaded
wonvw/odsy powder di spenser, or into inhal ati 8aT/US2006/008644
cartridges or capsules for use with a dry powder
delivery device. Exanples of DPlI delivery devices

i ncl ude Di skhal er (A axoSmthKline, Research Tri ang i
which typicrlly fischasggs argeaéured@rrgun‘p%ﬁtgﬁgctm aggntﬁg grmacgutically

B

Accord_ﬁ*rgl? Whahedce(s cadporiiians a\MhﬂIistB@tlmsmgBE MDé e_/plcallg comprise a
U'S. Patent No. 4,524,769 to %/\ftterll &W a%
solutiop gr suspSrfieThed the, @ctlv§@gentén 8. liqu ieg prepgl t Eélqggged

e
et R e ot
hydrofRibfoaieses (HIeak)istich bsS,, 1 ﬂ’ﬁtmmhﬂ&hseth&eéﬂﬂ?ﬂﬁ%ab endCasper

et al., 5,239,993 to Ev and 5, 715, 810t(%Armstrong
1,1,1,26%,3, 3theptafleror=prapang; §4° 2@321 PHe I meersf aboiits el osur es
o 6 RO RE Bérldrall
chloroforb QBN RSPt DR P Bk SRR KETAAC Bty
preferrs@eaifiitionsiropoidhateompohertihef EIEAefmtmdmtJortsthlude co -solvents such
phar maceuti cal conposition conprising the active.a
as ethaingl rnPRinS B surpg At Bh 26 SERPIIAR FRJean o 2 wﬁ 18ﬂth119
bt dihepagt 108 A2
glycemél g %afl& an%ﬁ%lﬁf‘ngglg% ?i/%2 ggggmb gvagatt or solvate
(Minn&otSVetiee aﬁdamnufabmnﬁgatougxan@ mmﬁb/f@gyém&fr @pimhesate Mining

gas. Accordingly, pharnaceuti cal osi ti
and MaaiFofONE P ERDEY s HFFBY o o s P BNRPFE8 igrin by

uspension of the active agent in a
refererfc% 1#{}1‘6%518 rgpel lant. Any suitable Iiquefied

pAQQﬁ%ée&fﬁth@}&aﬂﬁ&oalmhbgcmbdsnmhlfdr urﬁg: 1n a metered-dose inhaler
chl orof | uor ocar bons

comprippe FreR ahepb@Lk he b(yp%(i‘glj oz' a&ﬁyséaghne compound of formulal, or a |
pharm%ceiméa@r %Q%ﬁgcg%lls F@l@&@%ﬁ@&ﬁ ﬁgfﬁﬁbgwﬁ)’lﬂ@@o ﬁ%‘b M;lei ht ethanol and

I Uoro-n - propane, to
from #HOHOBIOE Y Gutight Blndndddrtmitio dmrrbmamdalf lﬁmnzg am@FAhEopﬁi]@n‘@

P oS R P BSA DR oY Bt pEo e ppited
hydrofl&ﬁ‘??lﬂcﬁié 13 %uitﬁ‘rﬁ% UARaihEr RRtaY ﬁﬂgﬁiesééﬁbe dsen€ te'ﬂ?a!ﬂ@i (iOfresent)

surfactants such as sorbitan trioleate,
and thelseifscta (i prdsemt).t To preparech sybpensionnthe Seteve fgent @nagqgnyged and

VA C NG T TRCETE R
whlch%fm?‘rfé%moﬁ e, %t&@é agéEiﬁhaﬁ%f TR0 atplts Y n@&%d dose inhaler

uring npany, scl osures” of which are
devicdsnizoelppsdadpedificellefon ulywitk Hitepopellants dreidesceibed meUyS Pﬂtent

Mr esentative pharmaceut i &aﬁ cConposi B on.f Qr Juse [
Nos. FAstod¥aecking 063 2d e 65t B ABBAR YD £ FpeRsen
I
o RS0 lon a5 KO8 0 SOl il
of thealotvl addnt. dSe2) fr bxampllethO £9/6390 (GlawdGroup 1td.) and WO

00/61108 (Glaxo Group Ltd.). The disclosures of the aforementioned patents and

publications are incorporated herein by reference in their entirety.
For additional examples of processes of preparing respirable particles, and
formulations and devices suitable for inhalation dosing see U.S. Patent Nos. 6,268,533 to

Gao et al., 5,983,956 to Trofast; 5,874,063 to Briggner et al.; and 6,221,398 to Jakupovic et
-18-
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fromabout 0 to 5% by wei ght surfactant; with the

remai nder bei ng an HFA propel lant. Such conpositions
waneaoctogpicsal | y prepared by adding chilled or PCT/US2006/008644

pressurized hydrofl uoroal kane to a suitable container

contai ning the active agent, ethanol (if present) and

the surfactant (i.f present

o and HEO BS540 Gifern Orosrivids ad 76 OaPRePRLEs B8 bt
dlsclostggeres odg O\T%) lau%']{icorg&g Cd%hl:grlllll ﬁ%’se?&eﬁ& ih e ér?ﬁ‘&?d into an

cani's ortion o
NBtaf6®er dsRlimefate rphdﬂﬂac@ﬁucaExaﬁpd) sit$orsfof theet 1avmﬂ10d(ama
. _inhaler devices devel gged specifically for Wll th
suitableiay qrpladatinistsationa raitghls phameageniical canDEsI st 5

admml’ﬂrfttg g’)? bd % t?@%oq‘ﬁl%f g,llgs‘ ga#) ﬁ_g)?lat sz@ﬁé&gré&hég d?igees

a suspe Si on fion can be
powdeRd, %Mﬁ%d ch)és apbAYiof by b B@spandemin agqptosurinentagneous hiquid; or

m croni zed particles of the active ent See,
as an c&kﬁlﬂﬁatér on e bl e e B 1K O sHERE bt fgeeach
contangjgg egllﬂﬂlegtaglolmt %i;he?gc dff gl{ljtﬁﬁ%tﬁﬁmoafs ah I&@tlve ingredient. The

I ohe paten ications are
phamhé@ﬁ&&@b@beﬁub@ﬁﬁym bycltagéeinenmdt dosaghform. entirety.

FATHEE T R Y
SR ' 1 PPN Bk e Srkatin Ity

comprise@ictyU£iBnd Conilidu@dRE thedfreseht invertibntis 224 2398 1Itgnedlent and one
Jakupovi c etal.; and WD 99/ 55319 &GI axo Grogg%
or momawc@@mmmce@ﬁ@éer GarEeTe suchues)sodiupLCIfpie é%mof

ILC
ool BRI B P DA e
or extERIRPABLH hDd1srchds, Iab&)se nvekd, @ghicases nmmntta]b hmi/bmh@c atid;
adm ni stration. Sujtable phar rraceutl cia Sl i ons
binders suchygsgarboapmgthyicedploss a}%;}ateﬁe gelatin, e W&}yipngtp'o one, Sucrose
S
Q) BT B o GRS o SARIEUS e i
carbo@a[’ﬂe @@wﬁoma@bcmamchgalgmmachd @emtaﬂn siticatas, aad/or sodium carbonate;
oi | -in-water or_ water-jin-oil qui d enul si gn;

soluties) fefering pS&ys Hiish aaﬁaraf% abﬁ%@tlorb%f&ﬁle%?ﬁ* 9k dfrgiogrethary
ammo%h?g %lﬁ g,%@tﬂ?é’ Q%fh h ﬁ?l:étypaﬁcciﬂa? an PYEALELH BSnRRarate;
ngred en

arnaceutlca CO”pOSltlon may
absorlﬁ&htmek agletblinrand/ou beﬁtoﬁh@sdgya lﬁlmomts\éhén ag tatce caleidmf sigarate,

oral adm nistration . in l'i d, dosage m(i.e.,.as
magnesigs gleakate, solil palyethylpng glygﬁ% spqigmy 1@& faﬁee (cmd/ of mixtires

of the |nvent|on wi ||
ﬂkxaﬁhégﬁﬁﬁggéé& an&ggﬂgﬁ%%§£§§lllne compound of the _
pRefasd ademsewtitiap agants, veathry dgents) svgaemﬂmrg] ﬂam‘rdlgcamé p@rfummg
nore pharnmaceutically acceptable carr such a

Agents, GERSEHTABY 521 &G P AR BISTRLGS BRETBRAIIS! or
comp %lﬁﬁ{srbqttl'le\/]?lb?l}tmﬁu %}aﬁlghés%f gﬁﬁﬂﬁi@eﬁtﬁzﬁﬂ"f alBRYtaBleSAtioxidants

xtenders such as starches,
mcludeafxﬁatweoluBIMaﬁlﬁSﬁdalgb s, asevabiciatiol, ¢ysanak hydr@a]fﬂcpruiecsodmm
aci d; binders such as car?oxy th | cel.lu

b1su1fgﬁeg$qqlg;fr@ getahaguifpterod ke 0 &ﬁb%?ei%ﬁ#og%d@nts such as
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
lecithin, propyl gallate, alpha-tocopherol, and the like; and metal-chelating agents such as
citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric

acid, and the like. Coating agents for tablets, capsules, pills and like, include those used for
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and/ or acaci a; humectants such as gl ycerol;

di sintegrating agents such as agar-agar, cal cium
woanlsongitce, potato or tapioca starch, al ginic BCTAS2006/008644

certain silicates, and/or sodium carbonate; solution

retardi ng agents such as paraffin; absorpti on

accel erators such as quaternar | um_co
entemcwea@mg@@u@gw&u@a% peetple plthglate| &Y%Hﬁ@&n{;é Elglﬂ te

Alﬂ%%ﬁ?fo%&ﬁmeﬁﬁ?ﬁg B ShtAMGHR, ]ﬁéthga?af Qcﬂ'?ﬁjétﬁ’e[cryhc acid ester

rlcats suc cal ci um
copolyﬁie@ea bahaosermgatesnmmmate (CAT}, cagokiyiethy] stbylvplleiose (CMEC),

gl ycols, sodiumlauryl sulfate res
hydroxgriapabmeihg eGP oRg SeRm e RN P A s
Reli& {i\seﬂ i Sﬂ# acitichi % r%ﬁﬁf?)‘h? of ﬁl@%\yeﬂaoﬁﬁﬁs}tafso be formulated
sweét eni ng, avoring and perfum ng agents,
to proxﬁﬂ@ﬁew\bahbMﬁﬂled éledsa toif the attine mgratierd hxsmg,kia/ wayxskaxamipre,
he pharmaceutical conpositions of t vent i an
hydrommml wsthy} colly st BIYVIRg RFIRPTESe B O ?fé” FTORTHER s

Iuble anti oxi dants such as ascorbic
hposo{ngg%&{g%ynsﬁtws er ydrochl ori de, sodium bisul fate, sodium

it aalditiou) ﬂlaiphamdemmalsmdnﬁpdsmoaﬂ df theenvenkien nwiyloptiohallyl e

contaip Bk AESTP 8 BRApS LIUIEL SUTHY UF I SF st Siggedient
only, 4rl‘i)§éeﬂall%gﬂ%llyp {rng%’érta%?}%)clr%ﬁ of ﬁll %Qﬁr&ﬁ’t%&ﬁﬁ?fr@ét ; opftfodlafly)en a

ating agénts such as citric acid,
delaye€itnytiner effiaaiplssefeatbeddiog bbmpamilms(vﬂﬁm;can msbd irsilyde
tartaric acid, pho ,Phorlc acid,, and the

polyma@% pbstanegs and pyages | Theastiye eredipyt can alsy bF Pk%w? ﬁB?allfa‘ga"ed

| ose
form, S L b (IR B b e b at o

( S liduid dosagp farpng Ifonm’ahgdrmaistrah@smcmdb Hel wiayeof illustration,

nmet hacrylic acid thacrylic acid ester co
pharmggiug bLase s PRI Gy SR ip T BOGHET Ty frups and

elixirsS 1SW¥h 1i ﬁﬂdldég %ﬁrg\%k a]l hé’&ﬁﬁﬁél%ﬁ@@&f Ve'ﬁ?érglﬁlsntcaﬂmaﬁ Rse

acet at Succl ate and the ik I f desired,
diluent h&hrﬂsafoﬁax}aemple Mtemrqdmmollvemm smubulltmng mmmmmﬁers

e AT b AL i 2 S
benzy%éﬁmlt@ prﬁgﬁé&@fﬁ{o piyé-b di¥lo1eBl, loph AsiBedifllyVddttshadd,

proportio or ot ier” pol’ynmer ‘mat'rices, |iposomes
grounamdj @, heanospleecator ahd S@sdnmetoule)w glychel, aﬂmhwéméuwl gdeghol,

polyelGpieby Pl o By S5 R EPtDy T BPEUeL G SEgegpions
in addifERRe Mﬁ@e ?rgéééd{&it' Iﬂ Qitﬁﬁtsuéiﬁh&m Qberité chﬁra@ ol 8tan¥ple,

In a certain portion of t egastr0|ntest|na tract,
ethoxvipted dsvatebny] alicohdds qbel}@ywthyﬁamwmrbltﬁﬁadp@réﬁam estambeddi n g

microg RN A e AT DG AR e DO P G CRE T ragaeanth

andnf?ﬁufégtﬁe gJ0- encapsul ated form |f appropriate, with
one or nore of the above-described excipi ents.

SIS a@lsmllineqnnqbodmk;ag ghd mlvmmo‘rman alsalbeadmimiststed dtansdermally
using Ik?lgxlwg %%ns£ma¥¥a d%hvery Isilslteun% A a& exc1p1ents For example, a compound of
the invention can be admixed with permeation enhancers such as propylene glycol,
polyethylene glycol monolaurate, azacycloalkan-2-ones and the like, and incorporated into
a patch or similar delivery system. Additional excipients including gelling agents,

emulsifiers and buffers, may be used in such transdermal compositions if desired.
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pharmaceutically acceptabl e enul si ons, m croenul si ons,
sol utions, suspensions, syrups and elixirs. Such

woRopsicdddosage fornms typically conprise the acPCVaS2006/008644
ingredient and an inert diluent such as, for exanple,
wat er or ot her solvents sol ubi l'i zi ng agents and

| si f h hyl hol ] . al cohol ,
GRS L T
therap‘%ﬁﬁzag@ﬁt? >I;irs QABMbEAR0Y g%é&g{y 1n\;ol3estﬂéhig| £ B8 8F the@hiention

C|al cottonsee oundnut, corn, germ olive,
combigaiswith oanok me&:ajfmhase ls«s:))ndq;y ytg@ﬁm Ielthcrdbrralhiy@d (Mg@ﬂwr (e. g -

al cohol , .pol ye d, fatt i d es
packeslipgRieh it 8 AUEIR RTGHEioR e fubp e el s, Fofhsded o8
separa%qﬂﬁttd d i%rﬁl%e MGhHT 'f&gﬁlﬁ%rﬁgqﬁulu@?e)’ag%ﬁt@ tt@’ge'fher in the same

suspen g agents such as, for ‘exanpl e,” et hoxyl at ed
formulation bemrwbaraieamhaﬂosage rfomys; sxeew ¢l kisyven wdhbattol  and

Tt ST MR P T AR
PDE; %%1%3( bHLSink IQS rn‘?&fulat&g %.n& BY SdréhdrbiR@e Pt AsSs)9 bnti-ne

I'nventr'on can also be adm nistered transdernal |y using
1nﬂmnhmmwpagmameﬂg;meuthﬁwnﬁynswﬁmEmgmaﬂaxéxawpﬁ@ﬂﬂ@bukonmr

d b
BT RS N
recept@P%%%g)gYsltse(E@ VR inERAOL RIH Bt FEARMGLORS k), GraD §s1t1ve

and i ncorporatéd into a patch or sim
and Grhel hegatiye sytitietins oAdulivtitads) pdntidistampines) psotease linkdbikeys; and

gel ling enuIS|f|er and ers, maybe used in
affere%&l%wlier%@gﬂ’dg?zﬁﬁméﬁﬁﬁ%&FW Hll’;lééoﬁ')ed The
COhe gallt LR e RBORRRRAS (RS irlvBRdr ¥ AREEBN tALbrAdERidd omprising

co-adm nistered wth other therapeutic agents. This
() a phamicraticatly atdeptahlpcaimarahd eghqxspamgcwymffﬁpbvm@m@mtpﬁ 8

ATETERE Ty S
carriet SRE] (AEfa Pélﬂlcallﬁ EA&®e faﬁ?l%ﬁh'ﬂ (ﬁtahch@nt%%leﬁﬁﬂ Ménh &eroidal anti-

separ at e packaged as separate unit dosage
inflanfroatony) ageMﬂuhb ds;a odrtitosteraidas Pn gdmmgrgicpbesptng egemnist; a

TR e S
Iand ﬁlg Eﬂt%?éafo ﬁfeﬁQ@é@ﬂhé{' oft gﬁiﬁe(t%ﬁﬁﬁho@l@er%ﬁibﬁai&%t AL

bronchodi | ators ) 3 inhibitors
pharnﬂldelrtm‘allyl ecc2ptahisdatriet ancta mmgtlwdlwaf@p@vqcamm pf® Bz

adren GRS Tepar ARRP I eniel SISy iegl; I6FHOnaaY agens
can b@ngatlﬁ g dah O?Bﬁdnnaégultléﬁ!ﬂsai&ép‘ta@lg ek Sor(sbieAtebSand ifdsbropriate,

DE4 I nhibitors); other rmuscarinic receptor
as opiamﬂlaqpum Sctrsmecomas antichlolinergic agent s)
iinfectiv

B BL S PaRBEReD irleT AR B ad Y P affbflgion wie
crysta@ﬁr%t c%ﬁﬁﬁuh&@%fﬁhé ﬁl'i/@mtlcﬁ‘ﬂﬁclﬁﬁé %@Elﬂe ot BEKied fo, 68ndterolD2

agoni st's and neur oki ni n nodul ators). One partl cul ar
salbu‘anhndzd'bnmtbrohfsamamdv&mmemi fesbutialimscalbuterod, isoetharine,

metaprote enoi Hntoperolo nPEuteroT Yevalbuterol and the like, or pharmaceutically

acceptable salts thereof, Other B, adrenergic receptor agonists that can be used include, but
are not limited to, 3-(4- {[6-({(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)-
phenyl]ethyl} amino)-hexyl]oxy} butyl)benzenesulfonamide and 3-(-3-{[7-({(2R)-2-
hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyl]ethyl} -amino)heptyl joxy} -
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(a) a pharmaceutically acceptable carrier and a
therapeutically effective anount of a crystalline form
wofhodshesssnpound of fornula |; and (b) a PCT/US2006/008644
pharmaceutically acceptable carrier and a
therapeutically effective anmount of an agent sel ected

I e
crou PREE LSRR A, B0 ot i SCnEROLBR iy i

ammo)ﬁlgﬁﬂ}r?x@l}@ggﬁgm;ﬂﬁ]lmdiazmghndq@ﬂ -donsaparchtel Opmplonnds described
t t

in WOGRUER o @ g LT BT STy Bminyrt v e
hydrox??ﬂ g]cf)ﬁy o%ye‘a%ﬂ %ﬁ%&ﬁﬁ%l&?)—%@%ﬂéﬁlﬁﬁ%ﬁie 3-(4-{[6~

The secondary

({(2S)&9[6£(E?mgfimmhe)l flQ@drolxypltdngl]%hy&miyem}"anun@hmﬁbb{yyoutyl)
apl e a I r

S TR R
hydro;%g{l}g gﬁ@{ ghéﬁ]t%g&}g%p ﬁ@{hlzéﬁe%uff&%&m@@ rNJ@z%rtUoiﬁﬁ) B4-{[6-

I ne conpounds of

({(ZR)ml[’ﬁ(ibiT@ﬁamﬁ@M@lﬁ'drMth] hhydrbxwthﬁmmp)wwlﬂmm}rb@m)
BGOSR E ORI
2 hydp#é@ ngg a&%noé‘ﬂ @'}‘&@@Bﬁt@'b%ﬁeén%l%%nl@enw (&&W-bhﬂylses (G-

bl e salts theréof.

({(ZWWP-E{qumlmﬁﬁ@)p‘mydmgmheﬁﬂi ZEHydtowathyBermméuexyHcl ude,
but are not lim.ted.t

oy} bR ToF B3 TR phESRABAS s R PO R 052
(Glax&&%%)uﬁghy l % R)- Q}L( t%% -[(2,6- dlchlorobenzyl)oxy]ethoxy}hexgyl)ammo] -1-

Benzenesul f onani de dn
hydroxXsfethyl}{- E-Zﬁi)draxymethyl)phenol and related compounds described in WO

e o e e T

-(R)- 2%9&”2;@3 %%?iﬁﬂﬁcﬁeg 11&&0%@3{49&%%%1&@11@%&21@‘1 Qufpounds
describ§dbin(U.6 2R)tet-Niy. @ 06y793 - fodM bspd red sly;- /G- L -3 -ohgmd tihpethpke
Phenyaﬂmﬁ’é’}’h@%i]le]h&}y@& Dydroprg Sy i HD- SRR ) one
ethyla@ e p @%ﬁ;& &g&ﬁ?ﬁﬂ%@% %féeg%l l@;@' Pareen\“gogg{égrin @%%%b 124@@9@ al.;
and phnysiaceayipdiBradcdptablb yaltsakgreoth )lh}aalmm)an erpbfliovept.Bbe o+ ) - b

enzenesul fonam de

adrenquppeply 2gopisLig amﬁaﬂgmmyé%ymapm sHfe HVV] £2i4r£§,%?r%}wdgf>xy
oSO i rtessbissamtonpir)

ethylazhindyWihen yeploykd, the B,-adrenoreceptor agonist will be present in the
pharmaalgmg?t;?a goén;{o&?c%ﬁlg gttgergpe?lggaﬁﬁf e%fecjmffé) g}%(r)nun Tyiol\({alﬁy, the Be-

adren t%@%)@ n%%o&“léf MIPIF IIGQE!H ﬁPQn fndid soeaeRheYirbeide k‘ﬂoMﬁdH@ﬁV@ 05

I ex oxJ butyl) benzenesul fonam de,

-(.r
ng to 50Uy bir Brsé 4'-1’{1@ Gis¢1p62S) eﬂth@ 3fofdnoeniiphedipasynty am@/mtd)@yt,ym@ are

yl
mcorpozat]ﬁ%?rswrﬁ%r%ﬁ%Bselfﬁé‘%ﬁw oxy}but yl ) - benzenesul f ona
nﬁégﬁf%t&t&v%r s%er?#dﬁyant n@lﬂmﬁ{a&&% aéents that can be used in combination

or ny roxyphenyl | - 2- hydr oxye
with drigthlliaecomapdandy bT the Ol)mj,e}lt](m ydc)lhbnlz@ meesmtﬂmmmﬁh td.amethyil

redngsillo%te,e gregnlgﬁgrlilen %2xadn?§cﬁz{slor?ee u|t1gas\c/>\¥1)e 8f20p1o7na e3 goc 9a-difluoro-17a-

[(2-furanyl carbonyl)oxy]-11p-hydroxy-160-methyl-3-oxoandrosta-1,4-diene-17p-
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(d axo Goup Ltd.);
4-{(IR)-2-[(6-{2-[ (2, 6-di chl orobenzyl ) oxy] et hoxy} hexyl
wdanmieredtek hydr oxyet hyl } - 2- (hydr oxymet hyl ) phenaCTas2006/008644

rel ated conmpounds described in WO 03/024439 (@ axo
G oup Ltd.);

carbotgli%izc_ .':Eci4d_ ‘.g‘-gliugr)ohlze}:}{]y){ Celgtgr)f %OL,%OLP(ES{I] rlo-e 1t1%yﬂy%rrgxr}]r9l)é?xbnelgl¥1lyﬂ—§ -togg-l 170~
propiolh 1@52%{;@99 éét?—rl %%i’egé—ﬁ %—E%Hﬁﬁglg Qeif s dsQxrhs/ayd thhmg Iigm

at ed conpounds described in U S Patent
ester, BechoibstIRB8nd extdv (cam, tht 18ipropionate ester or the 17,21-dipropionate ester),

JV-{2-[4-(3-ph | -4-neth . .
buudes gyl dan S FORAASEERGTLSS (5.5, 15 HipatediFDs TAgnigRlF ey - 2
iGN . S :
e AL Py el i somoinss
like, oapharmacehtiphizy-meegable caltd themof ephab bmpiatd.dhe steroidsd anti-n

o a particul ar enbodi nent, the b2- adrenoregcepior.. ..
il BT 1 DE PSR A RO D¢ AR GR AL Sregiive

- { - 117, - X . .
N O CIu N B QO R TR
sufficieninapralddetfrbiydiboxtypbepg 1o SE ypardose. When enpl oyed,

R g erececpl o auom e AL e geenall 1R o
solvatggl%ﬁﬁf,'t c%%ac‘%f[ﬂfbéf&ed VR ReteYol dshEe §, ARRARE REQRbOLgonist, and

e present in an anount sufticient to
fluticgsomvprdpiofuto oy thestaroidalimting flamnBOOyY agente Anddsecxempdary

comb gy 1 2 5Ha 9L GHETIHOUC AL R EL e B dhTEh o
admirif&ed Fﬁ?}aécﬁ%ﬂlinﬁ%@ﬁﬁ%%&ﬁdﬁ& saf 8F Al da}4-((R)-2-hydroxy-2-

anti - tory agerits that can be used in
phenytathydamib)denyi ctliy! (352 -Alyiomg-2eGrfoouard slogt-hydrexyphenyl)

cthylagR G 6 FoHEnFEat s oG ik et i (PT hHY e lsagnay)
oxy]-glmﬁé)}ﬁ;- f50-BRthIR3 DxbhtiRsQa-1 fadiehd- 27(-baBoMloic acid S-

oxy]| - 11b- hydr oxy- 16a- net hyl - 3- oxoandr ost a-
fluoroethydiestareas b stemided tuhi-oi ftanzw atdrySgehiy chomsedhghovesthege, agents

6a, 9a-di fluoro-11 b-hydroxy-16a-nethyl -3-o0x0-17 a-
Canb?)?%’iﬁ’ium%@ﬁeér?a?@?f%éyl, 4-di ene- 17b-carbothioic acid

e%tﬁérsu@@cﬁ%%ﬁiﬁm §n@8dEL S dk8mPlo, ofhBLankil mPlaRIM ARFlaBents,
ester or the 17,21-dipropionate ester), budesoni de,

e.g., NS Afdsgelgi, dediummmreaglyoate. astletremileodium, ahé phespbediesterase

DR bt 2 Bbrbedts PO ar 550 eBRRL B PR mtors)
lelﬂco?r%‘i{e taﬂt%géﬂ.\}éﬁ %e. O mBRRIARER ) bifiBikdrY oARGRGFBR $miRbiESINOS
thereof . When ehpl |

oyed, t’he steroidal anti _ _
inhibite$) moteatednlyibiops wuchwid trypbase pné skastiase inhibiferss betpadshitcEon
in a tgeqqapeuti_callg eff.sgctiv ‘ano rk% T Qi cal |y, thet)_
antagQRIgis GPAIeTaRIRS FCRPIPPRRRS §F SRSt (eGPl e Pt
s ES CRdBAtind ShiREAYdtSfuch a9 MndhRHEuIEn BRIy Y(QIL
Cyto@%oﬁ%kf’%‘grsig s’,gr.%é An exen%% ary conbination is a A
antibadyysipadificaily, fweth-therdny, enofielihtherpyf @rangnzbination thereof); or

... solvate thereof,.co-admnistered with sal neterol as
inhibteyg Oggytﬁlﬁpéﬁélrﬂaﬁs@ receptor agonist, and fluticasone

%Ige?hég%ﬁﬁv og@%d%%ged@dpm intipitdrs BPRLQP TR PDE4

er exenpl
inhibitors that can be used in combination with the crystalline compounds of the invention
include, but are not limited to cis 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)
cyclohexan-1-carboxylic acid, 2-carbomethoxy-4-cyano-4-(3-cyclopropylmethoxy-4-
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conbination is a crystalline formof the conpound of

formula | or solvate thereof, co admnistered with a
wonrystiadies ne nonohydr ochl ori de salt of PCT/US2006/008644

-{2-14-((i?)-2-hydroxy-2-

phenylethylannn)phenyl]ethyl} (i ?)-2-hydroxy-2-(3-fora

i.am hen et h am ne
aiftuqg SR A RAEE b R ERaRE 43 b ommspaimephony—+-
d1ﬂu@oﬁ16@10ﬁ%ﬂﬁb®@!oﬁ%ﬁ) oHXchl Alcyano-4- [3 (cyclopentylox‘}f) -4-
dr oxy- 16a- net hyl - 3- oxoandrosta-1,4-d
meth@iY@é@Ib@lcmlehqziamMm@Dmm e e thedike eor phermdreutically acceptable

s BESP1 S0 A S EL B 4y 88 SR S g0

12- 28®t(emmﬁwcsmls (MBERM&UDDIB&S (@R R %@ﬂi@é@lough), CI-
other anti-inflammtory agents NSA (

g
1018 itk SIS BEry s dearodimabtembdund disibetindV 099/15766 (Kyowa

BRSSP LA T LT B8 S BB pntinon

compbitidsieb@fbefl in WeOHOPATIO8 TBYRITHAGN) BirSafb@irife (Byk—Gulden now
mont e] eukast) ; |nh|b|tors of letkotriene synthesis;

Altanp e {yiiRe Hhlngrall-Prodesfermnd; YMESBIUMPES Errhalisy; T-A¢H(Easebe
sm_da$ 254 35 Q@ﬁbhﬁpgp ag f beta-2 integrin antagonists
Y d "adenosi

agoni sts or antagonlsts (e.q.

adepesEieti A agaithis taﬁﬁagoﬁ}#tts QK. n@t@ﬁélﬁ&@%i ént) €ad can be used
chenoki ne ant agoni sts such as, an inter in‘antib

in compmptiemwith &mysteﬂb@wqmmnﬁy of the tmyentian tIWé}dSp‘yMt amaot hmlted

a CO i nat
o, afBplre g e, Rhaehe U AROLP R i P plbatppine
hydroprasiabatloesheiase; 4 hiBobbmids Nchhd1ahie WydiBoxasid t
d PDE3/PD%2 |nhﬁg§io?39that gan ggbusede?ﬁ’conblngﬁ?gwnpnun

bfom%et PxitrpRivErbyemite) tl@t@m‘@nﬁmmub wthenibeling, proppatheline bromide,

L R TN N p—

1od1dé;mép@hﬁ9lﬁ6 biongidé bﬂélﬂﬁbk&hﬁ@hﬂ)nde (PathlloneP , hexocyclium
ar bomet hoxy- 4- cyano- 4- ( 3-cycl opr opyl met hoxy-4-di flu

methylsul s, RESLgRENGEE PEGODnEs AT Emase, Ohexyphanidyl hydrochloride,

pnﬁm%%ﬁ}gé%%%ggﬁdxypﬁeny cyéﬁaﬁex§%98§%gﬁrehkecwa

pharneestichtlq yeseptable]salt (Y& fope mr}th@é)ébmﬁbounds listed as 3 salt, alternate
nmet hoxyphenyl yclohexane | -carboxylic acid and t he

pharmacgyfically agebiahlecalitheseat y acceptabl e salts ther eof .

Ot s ed PDE4/
ARt AR Bt B 5 e Pl eie SNl g pe wsea i
comb(riahl&ERMh thder¢4dBiné ChinpOELls @R AR iBNREhtiSR Ehﬁihhdé?blﬁ' a‘i’é‘%’t)hmlted to,
- 1018 or PD- 168787 (Pfizer); benzodio e conpounds

ethan%l‘é@élmﬁé@l IrathipRIdTEEalcRiFoNampRitedymaria dinh amine
hydrogl?légiﬁé and"QitEAR %ng{gagbﬂ%rtgn&ﬂgﬁq rga |s1iac N @&‘h@%}%%& ga?te

azl none oun escri

mpemﬁmknm}zdmmoﬂau rad eftrtenérm@m(&ydﬁr@él AefamieYsiihtagna) ;
arofylline (Almrall-Prodesfarm); VMb54/ UVB65
chlorghgairgminegyd aqriveating PinsasEnessIgia ilydramm%@mc@kmdab e

scak.i ni i St
SN o AR S B BOL RN o
and cetirizine hydrochloride; piperidines such as astemizole, levocabastine hydrochloride,
loratadine or its descarboethoxy analogue, terfenadine and fexofenadine hydrochloride;
azelastine hydrochloride; and the like, or a pharmaceutically acceptable salt thereof; or, for

those compounds listed as a salt, alternate pharmaceutically acceptable salt thereof.
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in conbination with the crystalline conpounds of the
i nvention include, but are not limted to, atropine,
wabnowpoyiessul f ate, atropi ne oxi de, met hyl at r opPA&/US2006/008644

nitrate, homatropi ne hydrobrom de, hyoscyam ne (d, I)

hydr obr om de, scopol am ne hydrobrom de, ipratropium

b 1 de., oxitropi br om.de, ti.qQtropi um brom de, .

e Ol i56 PR, AE RN sl s YRS St rmmponti
agent§RIrnlstdE@H hnbifdtiof ivitatRE@NInd @ompeVd §@h&l®ention are in the

(Roblnz)lx(gE I sopropam de i odi de, nepenzol ate brom de,
rangetof abou we/dayctal 100 imiédgyPat hi | one), hexocyclium

?ﬁ%lg?ﬂ%lz(ﬁ%’lfag ffoerlh}ul(f%](éz)l%g gﬁjgh%g%%p%ﬁ h Eagiglgg %nldig?edtical compositions of
the inPéMtRAZ AP EILas @I Rididds OF preParkiibn. a0de BRIBRCIEHBaREagents
and the like, or a pharmaceutically acceptable salt

can optimaly be fgmulstet with duecrpsatboe petspounstad thesigventioa| (primary

i g 3L T A L nRES B0y B s o

admirB §tbRE WitHSths brifbias ackiad aBet Us@er dimuGanddufigor Sauehiidyt FRr
crystalline conpounds of the invention include, but
exampleeinpae epibefmeshtiasinge Aarmsiveder fumudalion cag be manufactured to

- | poxam | eat e emast i.ne fumarate

ety Yol B R R0 oL HETPToHbOE B ety agents.
In an@hé\enedathedt] iR Sombiahticsis Pydnluf-R 0780 RdoRfithe crystalline
trhfelennanine hydrochl ori de and tri pel ennam ne

compeyid ¢ftthe inyeriernandrreraratedbrmataticn(oraphmanyfaghived ta aentain the

o TSP R A L RB3e HL BYERg i st i

packshindlageiniseted GvitlCy Sihile IDFE detice.at €, necli zi ne
hydrochl oride and cetirizine hydrochloride, .
pi p&rerdpiaesDyuRewdes Fasmuletion Fer Adevisglsasiost Bynlehalation

h leQri .l oratadji ne.or .its .descarboet hox
i BB LR P iR SRR BN shonplonced
with 2Z@ka$ ldctgeh THE BlRhd € hii@ure adheh MRadbd kfte a @Elafn inhalation
harmaceutically acceptable salt thereof; or, for

cartriggeo slheconisaisred 09 qaritidae are adminipteredaisingrapomeder inhaler.

Lcall ; L.t. th f I
B

. otAery pohelcpReuédagedgn oS RARTRhRl IR atidoCRTERbMALd @fkstalline
with a crystalline conpound of the invention are in
comppyid pifhe Bventie@aiveangesh) iylagwye 061:200 g prayder Tipacked into a
1.hg: £0 Lations 44| f [ epr ativ
ey plyphor e e St st RO SRETL L g of

activedzepiqesidbéd. y nmet hods of preparation. One or nore

secondary agents can optionally be fornulated with the
cr yeespidarh Eovspaend astddmisisiradendy diMetsradiesy Tefetlen e
age ter . S S ent.s can .be e
7o msp ety SRRRhEE ¥ ol FARRRARL Xo BRR M HOPER Gacive
agentpaind®t wiBclesiten agetaredEby diepersinfubd igTeishive 8fent as micronized
.sequentially. For exanple, 1n_one enbodinent, a single

particlgsyvilpepenn $ig? lest tan op Henin olwionfPraredifien 0:os Phisritlia
dissolg'r% ﬁlo ird@)emErOBf ﬁ%@#ﬂfﬁ@%gﬁ gfgg?.u@ﬂe gispéllib?or{ {1 ‘é&% '4f8d ' mene

e secon
resulting material is micronized to particles having a mean diameter less than 1.5 um. The

particles are loaded into cartridges with pressurized 1,1,1,2-tetrafluoroethane.
Alternately, a suspension containing 5 wt% of the active agent, 0.5 wt% lecithin,

and 0.5 wt% trehalose is prepared by dispersing 5 g of the active agent as micronized
’ -25-
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I n anot her enbodi nent, one formulation is manufactured

to contain the crystalline conpound of the invention
wandoegepias at e formnul ati on(s) are manufactured POT/US2006/008644

contain the secondary agent(s). Such dry powder

formul ati ons can then be packaged in separate blister

packs and adm nistered wth sin DPl. deyi.ce.
parud@o@ﬁmm%n o7 Less farl Opsm 2 sl %4?@@?“%#&%%@}%{?8& Ay
f SaRRARGatef TtHae
trehalosggl?d (?B %‘I’}%ﬂ%ﬂé&?g@ke ﬁ~allﬁglhﬂh{)afncwgnﬂcif\nded vn\ﬁth 25 ny of
suspenh@ﬁﬁﬁ@@ay diival daldeheledulting tmaterial & mhivemiteddd @dl’tl(:lﬂs daaang a
elatin inhal ation_cartr.i dge. contents of
meancg @d%g

atneter legrethan & Soby Eh%?@?lélﬁs &% 1Agied THG Rawt efﬁq‘ﬁlélil B?Ssunzed

e Powder Fornul ati on For Adm ni stration By

1’1’1’25?& H‘!logs%\%ﬁ I nhaler A dry powder is prepared having a
bﬂk&nﬁl@@%z&bu@ﬂem@&[ | Rorofilation (RoniAdednistrysaraBY Nelpdizer

A PDTAPREc biaro T o RO o S OHTE (o Ryt CrSATting
compoilga ar Akl ‘g‘%fggﬂ h%c gagéé‘ﬂ i 19hr dehiower, 's&ﬂuﬁ%@h%ﬁﬁ soheibh

ve agent per dose. Exenplary
acldlﬁE@writulcahc acid Fahe Adriuné Ststintd amd Synicatddamsil §u fobveagent is
I nhal er A suspension contaginin % of a S i ne
dissolysghmaBaiREl Withe KOOSR BACIBIT (aE T I G EEeiar 1 bos
(typlcehfg%%) @b%%h@glswdgﬁlo%f%ﬁﬂff sing 10 9 of the active

croni zed particles wwth a nmean size | ess
t ha@relarpHurd Gekoh (ldpswle Formeldiibn Gor Oradl Afnghistregen hi n
di ssolved in 200 nL of de he
< G Wer e ereaisniyr Fog SHRCPPHie S Og i it genare
! £ 5 QryR@IieCo DoAY ble Snv¥RAGH, 200 B S ladiBSS
gelat14 ﬁag@&l?[ %Um‘rggﬂ%e part |ecl g@oare I ogded into cg?ét ridges
(sprayvdried), pné 46 mig afadagnesinin st@xrstes foah taiali g6 amgof composition per
Al ternately, a suspension containing 5 wt% of the
capsulgct j ve agent, 0.5 w%lecithin, and 0.5 wt % trehal ose
is pr GE%@% 8)/ éB?JnSF&gmg’atﬁbano;t@%Z aghiMaragant as
m croni ze es Wwth a nean size less than 10 nm
i n?hafcﬂkmlwlmg d]gkeds;emltswtre anxédiorfern rsuspedsisn gomhiningdiffires ef
and 0.5 g of I:;%thln di ssolved in 100 nL of
activedR@reMEntacr 38 anlnak Yspenpipy- suspension is spray dried and

t he rﬁ%}gdﬁén@ material is mcr oni zeg{lﬁdgmparti cles

Rl e T e A
1,1,1 ‘fn't‘fé‘i? %

| uor oet hane. Exenpl alNé &queous Aer osol
For mubedir@ehigideadni ni st rat i on By Wizer A

phar rrM?@mlp@Taberorrpo& tion is pr epa goy di ssol vi ng
0.5 nBropfl pargrepst al | i ne conpound of 00A& i nventi on
(act i Geammfpged Jugan 1nl of a 0. 9% sodRonghl ori de

sol ut S@ﬂﬂ,lt@pqm%xj,&@hdﬁ)t h citric aci dlZEﬁg m xture is
stirredeandkgoahdabigdcamti|l the actiiveg agent is

Flavoring 0.035 mL
Colorings 0.5mg
Distilled water g.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.
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di ssol ved. The pH of the solution is adjusted to a

value in the range of from3 to 8 (typically about 5)
woyodshesss ow addi ti on of NaOH Exenplary Hard €eraiSzen6/008644

Capsul e Formul ati on For Oral Adm nistration The

followi ng ingredients are thoroughly bl ended and t hen

| oaded into a hard gelatin capsule: 250 ng of a

cr ystrgrediens conpound of the i nvent ASROYH00 ng of

| act @&est{lipe eompinind f thedndert®ny of0-Z@gnesi um

st eaiSatimim fd@tatebuffdrablutibn 460 My of 2dbmposi ti on per

cap.sqi(g.(o_lgwmlwm{msp@n_si on For myl.satd ghi 4For O al

Adm Rk @ididBa, tgubo! [ owi ng | naredens 3o aite mixed to

forma suspension containing 100 ng of active

i ngredient per 10 nL of suspension. |ngredients Anount

Crystal I i ne conpound of WimETknvention 1.0 g Fumaric

id 0. [ i
PspspPingi BENTBU RSP sH ARURCHNIS (s s BA G
therefq&%,q}% él&%tgﬁlbg g%gﬂéﬂffﬁ%gﬁgy&ﬁﬁwﬁ Bk {20 ijsee5( :éélt%d %%e)us@ﬁl@ f&

avor Ings 0.5 ng Distilled water
treating n‘l;‘eldida_Dcdkﬁ_mdmk niexieteal ey wmusaapieictratdpborforenuetidabporpiigons that
0 .
o e b 18 s s R SHEh bbaia
. redi en j .
conti Y B ELEPP AR BN 21 o BpuBsel gt
associze®with retersigie .abrwhly obstriNaiGh s@ch & diyonge sbstiuotiyeHpUmPRaTET

distilled, steril .S, ‘ .
diseasé (e.g., chronic and W%eezy%)rogch%ls gn(c)i e%nc%)h%ema ,I aleth-Irr\l(a, pulmonary fibrosis,

allergic rhinitis, rhinorrhea, and the like. Other medical conditions that can be treated with
muscarinic receptor antagonists are genitourinary tract disorders such as overactive bladder
or detrusor hyperactivity and their symptoms; gastrointestinal tract disorders such as
irritable bowel syndrome, diverticular disease, aéhalasia, gastrointestinal hypermotility
disorders and diarrhea; cardiac arthythmias such as sinus bradycardia; Parkinson's disease;
cognitive disorders such as Alzheimer's disease; dismenorrhea; and the like.

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

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

amount of a crystalline biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
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The conpound of fornula | possesses nuscarinic,

receptor antagoni st activity and therefore, the
wonrystiadies ne form of the conpound of formul a | PC$/US2006/008644

expected to be useful for treating nmedical conditions

medi at ed by nuscarinic receptors i.e., medica

yhnetﬁglggjear : n ﬁle{ gc ep?@rethg%?ggﬁﬂ% %rthorreaﬁiaﬁxga:ceu 1caﬂy acceptable

solvate @it i @Eﬁetalll9| tde ﬁlerd@éuﬂ@&ly(éﬁ’fe@%@'ﬂﬁsg fori SRR Bronchodilation
di sorders or diseases including those associated with

will rgnggdiosm ppaut A0 paidpy @fb%@%u&’ﬂﬁ)()n such as chronic
SO RS S PRy

obstrifctibé pﬁlh&ma@l dlﬁiagé 6r dsthiniM, &lieﬁmeﬂhbﬂ Behphang acﬁﬁﬁ‘nstt&ﬁlgl tbKSatient
O her nedical conditions that can be treated w

a ther@ﬁfélélﬁ&ﬂ%ﬁ@%ﬂ&@p@l@ﬁ of A cagtsHins hiplana]-Feivarhonie asad;l ~(2-{[4-(4-

0 adde Qr det r usor

carbapL B e S b T SRR G Y S PR o 5 04
phamtabafttcaﬂy S@Teﬁﬁbl% sdliate theredf, I Wil BedRVWRIat 8 VONTPBEasthma, the

di verticul ar_di sease, achal asia, gastrointestinal
salt of g épviention will tyaically be pdmminierad Ay itra?@batlonm aiulfiple doses per day
orin GHEAUUI 89, R AR 0SS EPEYEL Orp GRS 38i i om
aboutd()i},@&&@ to QOG peidey.r Aeasedtitdeih @OPDKeludGBE i O@bsyructive

one enbodi ment, the invention is directed to a nethod
bronchigis apd eaphyrgma (s Foe wEryPlgi Benew Chrertie Ofreirngiye Pulmonary
Dlsea%]e] WJE)Z 'Jrl\gedaﬂg ? 206@; 0 a patient a

erapeut| ca anmount of a crystalline

biviplnsked & tyat alpbhmmrﬁ@ﬂs&dbr - drjydallide eahpamay bf the
&Q peridin-1 -yl methyl)benzoy| ] met hyl am no} et hyl ) pi perid
invenjypryarg opgepadly Bé]fm%lStﬁWérlﬂﬁ@ itaten Wha’é]%% preagreitie @genéﬁ e

Acs AL ABED380h ck. ARpAgBALIRIR AL A0 s o

the 1nb¢:ntﬁ’d iuttihes teeim@tlsdoy thieripahidtal 19 Bffedtivlinidunt 6f IPSRFeRéceptor
in a single dall%ﬁdose or a single weekly dose.

agom%!?e% %QIHPW@rOldh@:n%éiﬁ@mﬂ apfidaflagaterprgcnb ea eymblingiiedereof.
/ Wh
R R R T

antag@fizd Himubdaviaid recsptdryip bivaddiyal Rastem} el ae&lﬁlﬁﬁial ﬁlfpartlcular such as
. produci ng, bronchodi |l ati on. Accordi ng@)[/, i n anot her

mice, &b SR RSS, 12RBILS, §08h Pigsnhymangiand se derth. dndhigembedingmt, a

therap%ﬁf?gﬂl? Se?l%ctk?\?e d;{ﬁfcﬂ]?lg %)1; ;??fxgtg Hng c&n@?ﬁﬁcﬁ{@ fbna'ﬁl'ﬂg Iis aalfmmstered to

the ménmnab hid deshaﬂ; the effeqas uﬁam@o@wme@ﬁusaarﬁﬁy sdcaptot £ then
phenyl - 2-yl carbam c_aci d

deteﬂmn(v‘@m{l{l& CQUyCREIIIAPIAS I BPDEIS iiRRSAt et hyl ) benzoy! |

TESDH A RO DB B e M 1P venioncn

demommdaisimg vatibes ztnh@ni apelitr aed hsgaRfth@ckd Well-tasen tdhose skilled
produci ng hronchodilation wll range from about 10

in the ﬁﬁ/ &8y X aeRFeatfive prrah e datssbrdinturtherdetaihinghe i on

low d to a nethod of treating chronic
follo é@%E?%§§%€e pul nonary di sease or asthma, the nethod

conpri sing adm ni st eri MXAMPAESat i ent

The following Preparations and Examples are provided to illustrate specific
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
.28-
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a therapeutically effective anount of a crystalline
bi phenyl - 2-yl carbam c acid I -(2-{[4-(4-

woantsaawgk pi peri dm | -yl net hyl ) benzoyl | net hyl anPaojustdegloosc44

)pi peridin-4-yl ester or a pharmaceutically acceptable
sol vate t hereof . When used to treat a COPD or asthnm,
e invention

h [ Ly b :
sbbretifims tat e OBy Rs o s iainedandany oty
abbrofAbtié 18ecP Gt ol oifRA Gy CrBR kBl shfiose for

treating COPD or asthma w |l range from about 10

ng/ dayAb 200 nghdwlyl,éggclmed herei n, COPD i ncl udes
chronié structlv (inChItIS and errphyserra (see, for
exanpl €,-"Bar nes, BlFﬂEleOostructlve Pul monary

D seasg@cNEngl J Wedo343: 269- 78 (2000)). Wien used to
treat a pulnonary disorder, the crystalline conmpounds
of theBSdAventi onbavme@fp‘umcnﬂamngn adm ni stered in

conbi nat | with Eher th rapeutlc agen

Accor df Cin 3 a?3f°181?r HOSEHHEHO Elatfahe

phar magetd i cal C@Méhé&ﬂ&m met hods of the
i nvention further conprise a tHerapeutically effective

anmount cdks a b2- adlendelioppnzse Mjowestor a

cortic roid, n- st r0| aI ti-in a tory
agent , conbi &%ﬁ"ﬁ“ﬁ F}Pn]%?ﬂ odi nent ,
the crygpphl i ne gpmg@;ﬁ@p}qgth ﬁﬁnﬁenventl on are used to
antagoni ze a muscarinic receptor in biological system

and a dEBfial in pulbdceek ahosphets bafferedseling at s, gui nea
pi gs, d | umans and so forth hi

this em\gg rrent %ﬂn?th@ gf)fg’ﬂplacally ef fective anmount of
a crystggdine Coqp&hmd; otdife nbpﬂo?yl?&%d&lﬂl& ed to

the manmal . If desired, the effects of antagonizing
t he nuUEEEFA ni ¢ r@db’iﬁll@dlammtqmewtm@p@rm ned usi ng

conven nal pro res and equi pnment. The properties
and ut :F:B y of tt%%dllc{’rcﬂyg}aglme conpounds of the

i nvent ippppean be RN ﬁh@jn%l?llaf&ey@p ous in vitro
and in vivo assays that are known to those

ski |l | edIBSS t he aHankﬁdmf@Mrﬁplteoluﬁelpr esentative assays

Exarp! S el A hat PRy b B sl geia

Exanpl gsgare pr O\éldill@@hhﬁahll\/huﬁké;ﬁble specific
enbaodi ments of the invention. These specific

enbodi bt s, howslased hamen A8} repeptended to linit the
scope the invent way unl ess specifically
i ndi ca . The fSF &ﬁﬁﬁ%ﬁ§£%V?9¥Pons have t he
fol | owpng, nMeani ngfondd hessn MhecYhtse | ndi cated and any
ot her abbrevi ati ons used herein and not defined have

their &Mendard msiomedgumacMayesasitor cycl ase ACh
acetyl %Tne N-hydroxybenzotriazole

HPLC high-performance liquid chromatography
IPA isopropanol

MCh methylcholine

MTBE methyl z-butyl ether

TFA trifluoroacetic acid

[y

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

accepted meaning. Unless noted otherwise, reagents, starting materials and solvents were
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ACN acetonitril e BSA bovine serum al bumn cAWMP 3'-5'
cyclic adenosi ne nonophosphat e CHO Chi nese hanst er
wouencyeeils cl oned chi npanzee Mo receptor DCM  PCT/US2006/008644
di chl oronet hane (i.e., nethylene chloride) DI PEA
-di i sopropyl et hyl am ne dPBS Dul becco' s phosphate

buf fered sal i ne DMSO di met hyl sul f axi EDC 1- -
purchasedFrath permmprcagtisHRIicah(pryle ay 'arfﬁlﬂﬂéha%%% snd kY ad

et.hv..enedi ' .qacetic acid FBS fetal bovine serum
were uﬁgl‘%bo fggﬁlg}n%qﬁf?%ﬁsgﬁagi ng pl ate reader HBSS Hank's

gﬂ?gﬁ :c])ﬁidér@ﬁb lindﬁ@it%tt, :HPLO-EBIBSis was conducted using an Agilent (Palo

- (2- hydr oxyet - | - pi perazi th L f oni [

Alto, Cit)ierng 8L QA wiFuHreqe B RO AR E a0 i Colihn
. receptor . €l O n .

oGRS YR A M i,

The meditePrdsRxupenzatvdrazofotloWsI(sy volamep ey SsokERI2%). waje (@8%)

chr omat ogr aphy | PA | I [
o TR Bigpeaiomeric tKAL v (Yo ER TEA LT @ ARPLC To-70
0 r. abbr.eyv ' odef |
oo B8 ARL BH QIR PRI, B et
cradieMQivetl td Rafamdebeing Qe Siailarkyt, #IPTIChE3 frettarand [FPILh 40-90 data

sol vents werepurchased from comerci.al, supplie h
were ohtpirgdgirme A l@3oenB; o Lkie 90an 8 Ve PW&‘F%E%*?WET IreS u§,23°

it h L . , _

b A ok ey SRR Rttt i
AppliclidBibeRten(sRBbSer City, CA) Model API-150EX instrument. LCMS 10-90 data
was obtained using 10 to 90% Mobile Phase B over a 5'minute gradient.

PREPARATION 1

Binhenvl—Z-Vlcérbamic Acid Piperidin-4-yl Ester

Biphenyl-2-isocyanate (97.5 g, 521 mmol) and 4-hydroxy-N-benzylpiperidine (105
g, 549 mmol) were heated together at 70 °C for 12 hours. The reaction mixture was then
cooled to 50 °C and ethanol (1 L) was added and then 6M HCI (191 fnL) was added slowly.
The resulting mixture was then cooled to ambient temperature and ammonium formate
(98.5 g, 1.56 mol) was added and then nitrogen gas was bubbled through the solution
vigorously for 20 minutes. Palladium on activated carbon (20 g, 10 wt% dry basis) was
then added and the reaction mixture was heated at 40 °C for 12 hours, and then filtered
through a pad of Celite. The solvent was then removed under reduced pressure and 1M
HCI (40 mL) was added to the crude residue. The pH of the mixture was then adjusted
with 10 N NaOH to pH 12. The aqueous layer was extracted with ethyl acetate (2 x 150
mL) and the organic layer was dried (magnesium sulfate), filtered and the solvent removed
under reduced pressure to give 155 g of the title intermediate (100% yield). HPLC (10-70)
R¢=2.52; m/z: [M + H+] calc’d for C1sH20N20, 297.15; found 297.3‘1

PREPARATION 2

N—Benzvl-N—methvlaminoacetaldehvde

To a 3-necked 2-L flask was added N-benzyl-N-methylethanolamine (30.5 g,
0.182 mol), DCM (0.5 L), DIPEA (95 mL, 0.546 mol) and DMSO (41 mL, 0.728 mol).
-30-
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Alto, CA) Series 1100 instrunent equi pped with a

Zorbax Bonus RP 2.1 x 50 mm columm (Agilent) having a
wa@.2806rwe1en particle size. Detection was by UVPCT/US2006/008644

absorbance at 214 nm The nobil e phases enpl oyed were

as follows (by volume): Ais ACN (2%, water (98% and

TFA

Using aise brik, (19 mi5gire Rpt €01 HORRAA ol Gefe SEDA L B G -
complé)l @‘9’ éé@tﬁﬁ olpwgs éﬁcfe ﬁggrtR)fns %Qertsomﬁfﬁ% ﬁte‘ﬁ/ﬁi 'Eheﬁreac’uon

ent remai nder being A
was stibettiak am 3G fdﬂ@.lﬁuﬁ& %efdﬁmmamnhgl%ﬁ&_ﬁe ‘bothg thedreactionsvas quenched
obtained using 5 to 35% B; or 10t 900 Bove1 a b
by addigtipter G ahil- eHte 2a1Pofti 18 & 120 erebYP G ifggaee fayer was

t
e

filtered fosprovide e title@dmpbind O/hikdt wasvesd maumhmmﬂgiCQ@M 0
90% Mbbi | e Phase B ov%r a 5 mnute gradient.
PREPARATI ONL Bi phenyl —EE%QB&JES%# c Acid Pi perl di n- 4-yl

heatad ﬂagcebdslﬁamﬂtg tﬁ@pﬁﬁuétarf Pr@akmm inTHEM; @ck ) was added

the progygber SrREiRn B0 40 0 10D AIoNA S daieh Shtgipgyeotapifice
(45 g, b%ﬁlrﬁdly O7HE pEhMoR HBBurk RS sﬁﬁé’d @\‘;Erﬁlghtadfi@ tBéH %uenched by the

f énper ature and anmoni um f or nat e 5 g,
additiovbsf BNdgdraehtbricheid (ﬁlStID)OxglﬂmvgaB)m‘srrblgb B]he@ 1@Yﬁf®WgW

ol e o S A

ch RE shRiki
oo GAE R REEHH 51 U, M L i

of aqubbes NaCM@rft L);vdﬁed dneem nragmesied suligter filtesetlialdthp selgeiremoved

and | M HC was adde he crude residu . The
under geduged prgEsuRg- 10}&Frfé %%W%BWI@%%( ‘tVs iSRRIV 1 T 2 BRI AP Rt of

1sopro§§h&12and I?&l ‘%qHE%Hﬁltlbﬁ}(@ b °as &t § aatderhivh (s 8bidtted and

and the organic |ayer was dried
washddritinesil uﬂmpmplaﬁdtteprovﬁdd 426 gof theditterromponnd (5% gigkl) e YIS

e YRS oSG P g Al o

] calc'd for CL8H20N2Q2 297.15; found
re"“%’%‘ %%%Rm ON2
i V-Benzyl -i V- net hyI anPremcaraifavde To a 3-necked 2-L

£ askls1 ad ; gn_ Yl 5 t¥1| J%ll?f,?OLo aﬁ1 ne. (30, 5
ﬂ& Rlrkd b by ] SVBBAYI ARG Xt ur €
&@Qg@%%g to ‘&% -10 ?an sul f ur trlég’m de 5

ethanplygminh, m&mxcbmuisethel( Bctgd withddphenpl-3- -yigabagdelaeid piperidin-4-yl ester

porfi.ons over 5 mnute intervals. The reaction
in an alkylation reaction.

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

back to -10 °C. The reaction was held for at least 10 minutes to ensure full hydrolysis of
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was stirred at -10 OC for 2 hours. Before renoving the

i ce-bath, the reaction was quenched by addi ng wat er
wOQom/00Y165 The aqueous | ayer was separated and PO®/US2006/008644

organi c layer was washed with water (0.5 L) and brine

(0.5 L) and then dried over magnesi um sul fate and

filtered to provide the title conpound which was used
the exogbsttheayl cliloridher purificati on. PREPARATI ON3

a%ﬁé{ﬂ FXV&S%;&I% tl/i\%l&%e glLZ’Z yfcarbarm% etwécrl pl_Fel‘ldlIl-Ar Kl ester

(26 g; ;ﬁﬂeﬁﬁ&l a$ @dxbabeti 1ﬂ@r&ﬂa@tmq() uad DM letmamtsnmad fori Iy 1HidNtes at

5 L) was added the_ product of Prep ratl 30
room t@mnmtuma land thet iz chijled Baeilntor 19 &:T:?t 19 B‘é djsl?ecfé&y was

b8 D IR s
and thédWedishhBitine vas ivchrn8d fo 5.3C \Ml“hél miktyorwasstratsfarreil nga separatory

Three | ayers were observed and the aquequs, | ayer. was
fumnel; therbayers, allaped to opidn aRg thii adHequy gerpragyes. (Ljig osganic layer was

n t hen
wanstpRl RAee (h i R PBh Pk, g IR, B AREMONAR Rt 1ON
tempetature, diht €k R¥&fonTagiRsedly HRLCabes tdtallof 8riebuand t h e

sol vent renpved under reduced res ure. Theaaga

Bl Te06tp¥ st e chmese PTG (1 SaloR 140 ,and the
layers g@ﬁ%‘?}%%% \;‘i\glg 0 %ﬁ'}éelg eg@ Atgﬁlﬂéhéd)g@d@ shi@. §dMitB, its

WhHi'C cool
volumé g@ﬁﬁaﬂ paaidked @ndéf Oa/dudﬁl 412(1 ﬁlbj]eoméd tbhrepentetl [lBAcvaspimgnd The

solids Mggllleg{@g zaad 414Q1W@1 tORﬂf-%?/ 525 Ea Eltg% eP?’GW&G%d%G“Fqé@'\ﬁEQ were
ob'caun?clij ﬁ‘ﬁm( lg.rti‘g) yqrog)% QRﬁB { e %}ﬁ qgl ]‘Hgnyelgﬁf}{&%g% rcﬁ_?_lﬁlgg)

title conpound was pr Mﬂmsyl ation of
i V- benzyl - - rret hyI etdhanol am ne, )

e% %fP I }@FO %E?t}gnaﬁdsﬁ Wak 9@&: tﬁ@ er%ué&& Ff(’:paﬂtﬁ‘)%l@ (40 g,

(react was char ged
0.09 11%1 ﬁﬂizethaﬂo‘i/((lrﬁﬂ_blyTEé ﬂ@skoimrﬂlrshec( ®ith Hitrdgen gBOM gedlgdium on

;30 b
acivatloariond | SBIRE GEY PADSERed ori BALMASE e BB ASS

(20 mH: d%ﬁ#{n% rﬁ\%ﬁcﬁﬁﬂﬁl t%% g%gglg&% gtgha{t&otﬁld%f]ghﬁﬁ% Eén tﬁl@%here

(~50 ) fof 3 deurs 1 Th8 miktuje widthel fiteed add wczislthdomth/wthmm The ﬁltrate
constant rate over 30 nmi_nutfes. The additio

was cesnihaiche BRuS P AISHR] VL ABImAEEPIPt R Frgpigey!
s T BN 6020k kA1 O
22.0 d ot the Hylelcahysin (F0%hgeléx MdSsn/reidy H HHlcalcidifor CoiHa7N302 354.2;
found 354.3. R/=2.96 min (10-70 ACN:H,O, reverse phase HPLC).

PREPARATION 5

Biphenyl-2-ylcarbamic Acid 1-{2-[(4-Formylbenzoyl)

methylamino]ethyl}piperidin-4-y] Ester
To a three-necked 1-L flask was added 4-carboxybenzaldehyde (4.77 g,
31.8 mmol), EDC (6.64 g, 34.7 mmol), HOBT (1.91 g, 31.8 mmol), and DCM (200 mL).
When the mixture was homogenous, a solution of the product of Preparation 4 (10 g, 31.8

mmol) in DCM (100 mL) was added slowly. The reaction ixture was stirred at room
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A 250 nL flask was charged w th bi phenyl -2-yl carbam c
acid piperidin-4-yl ester (26 g; prepared as described

wonodroepias at i on 1) and DCM (125 nl), stirred f®cTA52006/008644
m nutes at roomtenperature, and the m xture chilled
briefly to 10 0OC to forma slurry. The slurry was then
charged into the reactor flask via Ee addi ti o

termperplawe B spREITeR 16 oBE A e Y asiBd BEaHACT (het T0apt). 4 HC!

oot NCOIOB % TPk i T, i prisstatntey e

and coﬁéﬁi’mﬁ%& t@ﬁfj&fgulsz 6 g)befhﬁrtﬁmmﬁqbouﬂ'??Z% yiakl; 85Yeayueity arsd on
transferre ack to the reactor ask, stirring .
HPLC) Guisch: (Ve Ehl st Adomis s m0n e Svisersbudy o033 min g10-
y HPLC for a total of 3.5 hours.
7OAC§ﬁﬁc¢er§c ge?malggs s charged with NaOH (I M sol uti on;

100 nL), stirred, and tEpetuth&Edrs allowed to settle.
The organlﬁ Iayer maslsepar )

and subj ec : ﬂg’ ' Ngs lEyge solids
were col | e% Hz n{ hiig -dry ]35 g, 98%
purity). Additional SO|IdS me ed fron1further

processing of _the no (v rigduct i on,
EPA, cooli n P% @ I 0\!4 BI phenyl - | carbam ¢ Acid
| - (2- Met hyl axfi ngetei plper|d|n4yl Ester To a Parr
hydr ogenati ga~fl ask was added the product of
Preparation (40 g, 0.09 nol) and ethanol (0.5 L).
The flask was flushed with nitrogen gas and pall adi um

01 AGhre¥-AbOGdCAL Bask wASgided SontpkodtamyddldDos), 4031%101) acetic
w/wt) was added al ong with acetic acid (20 nL

acid (hﬁ%trﬁﬂesodaml rRelfte 4 nﬂaa‘rqprwa%(égﬂ gtlor The a%aﬁtlan Afixture

was ¢ %c{ e ﬂO fa¢ Nl ger & bzg égd E%gﬂfu&? Ef gﬁpﬁ&%— -yl%%ﬁarfﬁ‘c)é&félrle {2~

[(4- foﬁhﬁbé@bﬂ)mﬁlymnﬂ@]e&@qpep@ﬁdtdneyr merc(tue gy@m dnmiopmpa:ked as
in a mniml anmount of DCM | soprop y ate
describes! inrRyepargiéen Dda ewpgqpewlﬁ%nﬁéw 8 0§‘6Y P f%&EOﬂ

letngﬁ \gflsas;ﬁrre%é 1{[90%1; Pun %ﬁaté%]fgr P&L‘s #@th%%%bﬁﬁé%—?ﬂ §'5 @Z)Ql(ﬁn

tnaceﬂcoﬁ ol%%d@(lﬂ(?g 6X5 Hinibl) 1As 20U cAPDItHAGYise mcbﬂlﬁempduas avas
C). PREPARATI ON5 Bi phenyl - 2-yl carbam ¢ Aci d

stited a0 (P EALORT. et g RorUSt et concentrald

din-4-
under 58%%8& H]'feg%ug%gyx VB oléﬁxt%qgloé Iﬁy@ eSb ?&f%ﬂfﬁﬁf%@%t%r e lwas! a)@ﬁﬁiéﬁa%th IN
HCl1 (Q@O 1@14;) & pl4. Thgredulting 0B Ture a8 btiged Atro8mrtembgratua fbr DT
nm.). Wen the m xture was honpbgenous,

sol o
and ttsh oot wHD I P ASGHL o catipas Sgaseaacgihen cooted 8D-5 °C
with an ice bath and 50% aqueous NaOH solution was added to adjust the pH of the

—

mixture to 10. This mixture was then extracted with isopropyl acetate (3 x 300 mL) and
the combined organic layers were washed with water (100 mL), brine (2 x 50 mL), dried
over sodium sulfate, filtered and concentrated to afford 10.8 g of the title compound
(80% yield. MS m/z: [M + H+] calc’d for C3sH43NsO4 598.3; found 598.6. R/=2.32 min
(10-70 ACN:H;O, reverse phase HPLC).
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mol) in DCM (100 nL) was added slowly. The reaction
m xture was stirred at roontenperature for
wapprieordsat el y 16 hours and then washed w t h WRCE®USE£008/008644
x 100 nmL), INHA (5 x 60 nmL), IN NaOH (1 x 100 ni)
brine (1 x 501L)3 dried over sodiumsulfate, filtered
and concentrated to afford 12.6 g of the title
conpound (92% vyi el d; 8E¥AMBEEZy based on HPLC). MB
nz; +. : . 1N 2:1_MHo )
sdectatinf pglosEE Sit LSRR Sl 2 L OS R

C{hl%lzﬁzozlv(ﬁ%éﬁgﬁi- Evlllrn&hﬂbiﬁglybvl&rlmh?zlamhﬁﬂbkhvll)niindridin{@vl Ester
- - r nano | peri.dln- - nmet hv . .
Sofmag o TiBRRY | A E R G e emoypinszidin 1 nefiyD

AREGK - hsgn | lftefidl; 99
e BRG0P0 AT ERDELe ik
preparéasits@ibea el Ek saplkeap ans taked 0f imf i of veteraad flisoml of 1M
m xture was_cooled to 0-10 OC with qj'ce batg.?.ndab 1
phosphegicggido ﬁl)@m}bw%@d%te(yt%pegqxggﬂtpér Bﬁi di qulf‘p additional 0.25m

4-f or myl. . t ] | ) [ K I d
A
througPa @Bmdro0A1t&) froved Suiyepialad t6 dfMesdtp yiddd ais howiphous

) added. The reaction m xture was stirred at room
diphospb#tpetlat ure for 2 hours and then cooled to 0-10 OC.
' i ' i i PRI ACMAS:1).
iy S e DL RIS O do oot elin ZRIIIIR ACKRE)
0.1 mlfo@&dr erp atdddund thomittGreimated to §0ACnadetstionngyi Almeseall of the
. was then concentrated under reduced pressure to a
solids gispalled. oFheceRASISD S LAY oF i 0o THPIETBEP gl ey
rind B il hixldHE® for 20
e e S R e
minut@Xb ghettReltite &dmpathd (33.§ n2H 0% yieldihe aachieougstghaseolidas
then cooled to 0-5 Cwth elm, [ Eiilgpat h an(g 50% .ﬁqudeous
When RE@pne® HdsT GALIRERSCRRFSIPE Ro IRl Jight e Gystas © ffyted some
birefri 'éltcgre to 10. This m xture was then extracted with
I'sopropyl acetate (3 x 300 nL) and the conbi ned

organi c | ayers were waskesvipurt3h water (100 i), brine
(2 x 5(1)_ dried over sodiu fate, fci. er eq d

o ey, G 3t T Do S« ot
yimetod SR e Ly Y Ry T sb e roE e PR s desRbed
in Exiih8 9§ b Qoo Rh 80 el 0. AENRAANCAYImPonky AP dRed
and theenizayé hemsdip|5arfiChaidet kjrkingj fosmingiarcledr yolutien.eto (los gasadded
dropimen 50 2o i AN e P it PR i 251 E S B sted a

50 °le48/1l 5 hours, then allowed to cool to ambient temperature, under slow stirring,

overnight. The resulting crystals were collected by filtration and air-dried for 1 hour, then
under vacuum for 18 hours, to give the title compound (5.8 g, 75% yield) as a white

crystalline solid (98.3% purity by HPLC).
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phosphoric acid. The pH was adjusted to approxi mtely

pH 5.3 with an additional 0.25m of |IM phosphoric acid
woleomsabdey 2. 1 nol ar equi val ents). The cl ear s8CUMISLNG6/008644

was filtered through a 0.2 mcron filter, frozen and

| yophilized to dryness to yield an anor phous

di phosphate salt. rr%of t he anor phous di phosphat e

salt was di ssol ved in ZFAMIEY pa- ACN (1:1). 0.1 n of

s t sttt ﬂ&% A atl lﬁ'n {- - Lecl?ﬁ LQ;\llcgp §
Cabaesdpiperidas —ﬁtﬂedw%emvﬂnmthvﬁammutnﬂesrl‘mmemdne#a/ﬂ bster

3”%%@%%'&%{@3 YRR AL A A CroRepy B ot S EneihyD
benzo%\]ﬁ neth %:r(&lyg aHyi)h@eﬁ@ii@@?ﬁ%&%@ 799 H‘Emol%?%% e}ﬁjrg}naﬁﬁ*laﬁ

exam ne
prepargil as sseaiped insHxagippol Yawaszteklen upgints mt 6EHgDPEIN(E1) and 1.45 ml

of IN SR QWA @S S St »E%ﬁnwmzormggg? i1 R e g4

o 3 ORI s by pion e g
lyophldlfzecbtophyli\@sls t&ylylldcaahbmmﬂfata(sald
4- carbanDy I per y
30598 e R PATITGS SIS HIBBFA & b 63 I OLIBACN (10:1). The
SllSpGl(Sfl &ﬁ%gélg&tedﬁf?ﬁg%(fllﬁéjth@%lﬁ %z& febﬁ%’iédrlboa@me?béthff% Iél}nutes
A visovas neatigtiadl was forivleé and #icireet inembseed to G080 @ Ihaigmtes. Since the

mate A é]egl \ggc%rgg t%gh%é%vlﬁ,g r S%Lm P 11(-501:&% Praxt Sea?e%c%gp an
additi I%ﬁ ‘ﬂt){nl el ﬁgleﬂto'fpaﬂld% wittufd wik Alow8 t&cdflfio Room

our's, en a to cool to anbient tenperature,
tempemtdl&r Asﬂtemw days, rt]ne mgterialvappaargdhta beTudidy asithe sagple mps tallpwed to
were collecte

st oo S it B S e e ol
&151‘@ &m t tall
for 1 B84 %éﬂé%}?pur |pt7o§}r{%§23ﬁ|%% ;@%I\%T_IE ?1 gﬁt gl I : 2:

Monosul fate Salt of Bi pk mLPZS yl carbam ¢ Acid
I-(2-{[4-(
allig

egrb%ﬁ%%d% V lvﬁﬁétﬂﬁfﬂeﬁz@sﬁ* n‘ijethvlammo} ethvl)p1per1d1n-4-v1 Ester

F-(2-114-(4- Carbanoyl pi peri di n-1 -yl met hyl )
bdnz g}df]thmﬂnblydsalﬁm o}t @j:rhgdrgqaaqocmscmbad if Eyhmpkrt% rwa(s @ispalged in

terial; [ des in
.77 e B RAGN W) s TREHenfsidn GhsHeal Iy AR (e Vi 1 & Brpgheated
70 °ClyAer B &r 1, :ir:h&ifé f@fl'd?o;ﬁ&h @'oﬁwca vaaged nﬁhﬁ’ﬁéé YThak as
moni toring t he ‘pH was adjusted to approx. pH
lowerdd & 607P@ and ﬂrermlxmrmheamed foagn hdditienad d. 5 touosy gdillcavedl 1y heating at

50 °Cn11019 2(()) ?nufnlltlest %{ 40 Ié ?ozreél% n%lrr]l(ljltes, then at 30 °C for 45 minutes. The heat was

turned off and the mixture was allowed to slowly cool to room temperature. The next day,
the material was viewed under a microscope and indicated needles and plates. The material
was then heated at 40 °C for 2 hours, at 35 °C for 30 minutes, and then at 30 °C for 30
minutes. The heat was turned off and the mixture was allowed to slowly cool to room
temperature. The solid was then filtered and dried using a vacuum pump for 1 hour to give

the title compound (117 mg, 73% yield).
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| yophilized to dryness to yield a nonosulfate salt.

30.3 ng of the nonosulfate salt was dissolved in 1.65
walowfoosied: ACN (10:1). The suspensi on was heat edThg2006/008644

placing the vial in a pre-heated 60 C water bath for

30 mnutes. A viscous material was forned and the heat

increased to 70 C for SO m nutes. Since the materi al

remai ned vi scous, the | onered to 60 OC and

Crystall :1{1% b ﬁe%aﬂ%@%eﬁw 0 kafdfhid el ( oyl 4-dhiBadie@biperidin-

furned off and the mxture was all owed to cool to
room t ¢nheethiyhbenzofmethylandayiethylpeerdived-yhEstappear ed

b lid, and th le f
TP NI R Ee e T i
ylmethg; 35&&0%&?%&%%&%%%@4 E&eAML{O 859 ngh¥& 198, pirk | €

I
materiMbpeparetl at desSaibed of ExBinpiie hywatakércgr j@mgg{i?@ AI(?I\? (1:1) and
L7 mleéﬁ%%w peticdpid-wasadied Howish Shils amring sk o Ths B was
adJust‘lld) Bl Egr (')e(dbﬁ KAl y’i‘he!-:é‘lgﬁ goﬂi@@n gvagfﬂlttaféﬁ tﬁfﬂéﬂgﬁ B bfzafhﬁ:ré?rﬁﬁlter

d~as descri Exanpl e was di ssolved in
frozen8nd Tyaphilized It@m:yﬂéﬂ’sl ¢ yﬁldta) dlo'ﬂdetessak p e nsi on was heat e d

3 St @J%@?a@ el s RSP P40 T O P4V Sl R he
mixtu:}%as@ﬁﬁjecé ‘é}?é pIc n‘gs‘l;afe‘?i%ot"@ FieoAR @ortzhf h&rst Wier e afifdes, all of

or an 1.5 hours, followed by heating at 50
the sa@pleavas4f solution.eThe bdat #@s @rhat ot gndhiha misbire whaeallaweddg cool to

room %{%&@gs\gge gg)%te e Q W gg%ilsjc{%%ggq,tg%{%was preser?t The vial
was re %ﬁ@@ﬁf’ﬁ ec. AiRr NQXYs, BRWischREmERHET Wwad stWBSreddn8 WEIEL vial was

r a mcroscope and indicated needl es and pl ates.
then p]laned aebemi talpwatire eholiveareé dnamonth laef ol homatsuipkappgered to

35 0C for, 30 tes, ndt en at 30 C f.ar S.
be soligpanthiua ObseS <R HE G S MISE LTI RR PRl U o
I BRE" Beneafild @W& (g,
ﬁltere? aﬁa\ﬂtei%i%cg&%% ggﬁr ed 1§3| ng é%oggﬁou%ﬁ;punp hour tog
63.5%gyivld).t he title conmpound ( 117 ng, 73%yi el d). EXAMPLE 6
Crystal line D oxal ate gg%l of ,Bi phenyl - 2-yl carbam c
Acid | -("2-{| 4-(4-Car eridin-
Crystdinidé Brb1vde B5P 5?31&19@311@4/1%5}9& ALigy P pesicdivantbyiiperidin-

ESter 510 nmg of Dbi phényl-2-ylcarbamc acid
| -(2-{ [nvrth)mm]@mmuyﬂmmdm%—vl Ester

o0 mirorgBe g e rak e B St a Eg B Sl deein

13.1 @@%@81;&6%@@0 t R e WBrelvhs BtifFkd &f 2 HROiCARN d0FCyat@nbhih for

| M aqueous oxalic acid was added sl ow vy,
2.5 homlm | Bheront tvas tumysdt dféaptihe ThrtupHvamalandidis ceel tp goom

tempetrqxﬂ,uaau g’l“rpe%tl@%éas&p = Cl e?@eﬁol&ﬁer%nda%sanfddytn%tercljal was observed

with what appeared to be a crystal on the side of the vial. The vial was then allowed to

reach room temperature, at which point seeds (crystalline material from Example 6) were
added and allowed to sit for 16 days. During this time, more crystals were observed to
come out of solution. The solid was then filtered and dried using a vacuum pump for 14

hours to give the title compound (105 mg, 70% yield).
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frozen and | yophilized to dryness to yield a dioxal ate

salt. 31.5 ng of the dioxalate salt was dissolved in
wa20@/09168f 949 PA/ 6% 20. The m xture was Sti PCEAS2006/208644

pre-heated 60 C water bath for 2.5 hours. After 25

m nutes, all of the sanple was in solution. The heat

was turned off and the_m xture was allowed to cool to

roomterrperature The ESAMPEES g smal | amount of

ays & V1 scous
rmt Gsﬂméﬂhvmzsﬂﬂxhbthmaﬁﬁﬁcb’}tethvlﬁbmemdmm -yiEstet@nrmDaced
room tenperature and gbserved one m)n%@ | ater, The

ma@ errg @ﬁb@mhzwafen%a@elr(a {{dnkdregkamgBonerdi-1o be
e SRR BRI AT R0 b repl durspitin
Exampgé %rﬁmtshﬁssblvfeﬂ en o eﬁmwfd{zcmcn@u B3 ’m@/csgspensigm weEXEHRnE vial

tall Di |late Salt of Biph rb
(cap 10A@q13dpl|sac ?izml[tgg) t@@%ég’r %’é?rél)??"ﬁif 5\2@}pp1éf{tlﬁn%1ye "12hey V1:(a:1awasapqglced

L

only fodl thﬁ@ﬁinbﬁt Bxpuepipitate)wasavdsille sathli & day,wiich Wasrbbsgfved to be
949 PA/ 6%1 20. The m xture was ﬁaﬁg{red l%?%a lgre he ted
crystalige @dgae ericigsgaRes dpe soll Waten plafed pRaigha@ctp Tiag %t 1
& LQvESOY.8% pure by HPLC.
removg glﬁ,ﬁol}{% éfvg eet\f@es%ﬂ%% d%l%%tlgéggflgtrec%valsfo 97.8% pure by HE
days altamaigrycedaies bftal dissalyinghindi e ACN (Ihl )\K@mroapp@@y 880

to b t al th d f.th .. Th
mg/mInR VA IR0 N BT FTEGPILS HES FBIDIe g e LS aP R oS
ﬁlteretg%glggﬁffl tte?loel»ﬂs :1§‘1 ?%ﬁlq{i%}?{aacﬁﬁﬁmvgﬁﬁéml ReBoverpivas sstdedith

ays. During this tine, nore
the soled M&/tidd 88 BrRriopser the tiqtid havmg 9R% phriyol uti on. The

solid was then filtered and dried using a vacuum punp
for 14 hours to give t HEKANBLEE conpound (105 ng, 70%

C¥,\I1 Sl Lﬁ%ﬁ’é—ﬁl&e&ﬂf {Rbhdob AR K&ﬁ? ?@5{ £4-(4-Carbamoylpiperidin-

D prenyt - Z-yrcarpbpamc Acrd T-{2Z2-(14-(
' 4- @aﬂbﬁﬂﬁ']hbmmﬂhﬂthvldm&hﬁtﬁimwﬂqvl Ester (Form I)

met hyI ani i no} et 2‘%) )@l&ggrl di qaé %4 (Ecar% Ep@n'l(ﬁn_ilog

Hinge
ribed in
e PR o
Examﬁlléﬂ? Waﬁ éfdsdlsedimart4d@biof HZGEMTﬁ)(blﬂ)Tlmspﬁrgmlvw@deﬁt in vial
0.5 of H2QO ACN ( %% The sus ens* \ﬁ% in a
(cap IQRSQID’ P(l%,cﬁé OP 4RI P ?ll‘b‘l"§ slopen YRR TR oL TG LG V1% W?F ower
b Al r Ita ween
e RRLALC AU ApEHIL wtseRhesad aadal mhe g o
filterefl @hd plagEDE®R4 hizh,vaominy liheto teheve ritisolyrmteantl give the title compound
precipitate was visible wwthin 1 day, which was

asa w(blﬂg é@lvb@7t80m5e55 2 % yield).

ExaMPLE 10

UJ

Crystalline Freebase Biphenvl-2-vlcarbamic Acid 1-(2-{[4-(4-Carbamoylpiperidin-

1-ylmethyl)benzoyllmethylamino}ethyl)piperidin-4-yl Ester (Form D

230 mg of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
ylmethyl)benzoylJmethylamino} ethyl)piperidin-4-yl ester (prepared as described in
Example 1) was dissolved in 0.2 ml of H,0:ACN (1:1), using slight heat. The mixture was

then heated in a 70 °C water bath for 2 hours. The heat was turned off and the mixture was
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crystalline under a m croscope. The solid was then
pl aced on a high vacuumline to renove all solvent to

waqizews/dest i t 1 e conpound. Quantitative recover pCTAR2®E008644
pure by HPLC. In an alternate procedure, after

di ssolving in H2O ACN (1:1) (approximtely 350 ng/niL),
the vial was stored at 5 0C, and the precipitate S
allowed/fosiopl o rapmdepparatuns, dhepgriripeqred #ti4 t%ﬁ)ég,iwﬁ{- ng(ssﬂl C\{}lf‘i’ et
wat.er nd dxi [ '
was thejrSa A of Bflaes Py Bt BRBrF) BEATN /e Bttt
back intd SBHitehn) Bl cBRiaBMentistetiyl. frdnKBiRinpleR) Greys tddediunder slow

~ Freebase Bi phenyl - 2-yl carbami ¢ Aci dL-( . llowed 1o sit
stirringZat fQom femeaatysmbyyssipaiarted f form ,and the mixture was allowe to si

_yhi aet hyl i neri dinedeys
overnigfibof i SSRGS TER Pl S GRIRl bl -k 20
minute, 402 foft 10 Arig@ed) aleyd (i ok 20 inninhigh)reHeyHept was turned off and the
benzoyl | met hyl am no} et hyl ) pi peri dhn- 4-y|l ester 1
mixtur¢ pHapatHodopkowan ekt KUk Sl HeHRBI & 9 yexfigay.di SERAAsa PP
cycle W%s éﬁé]cec a(88f°C|_flgr ASH év’}t'hﬁﬁsso xp‘%pﬁaléér&@@ 1i ATeNRSTHeGeht Wik

| cosel y place onl to allow f'or a sl ower
turned S¥RRA IR mdAurkialtewed tecool alermizht, veflr slgesttring. dtheqepiClay,

for 6 days. A precipitate was vi si.bl r days
crystalsrweresmpseét s irﬂthégté@%mlepW%@@hsﬁ @a{é gﬁ 3\2}%9&?%“16 heat
linecto.r | hve. it
v o TR O Bt B0 ok g i
a heat fgdl %&db kiaB epficagb@se (@i Phany,|stidv ydad athba 6 &C Aaii Jhours). The

“{[ 4- (4- Car banoyl pi peridinl - . -
heat wo NGRS M RBTAA IR D SRR Bt ik O, S After 3

o LT P 0 R A o ot s v

the tittbes@pylddret hyl am no}et hyl ) pi reridin-4-yl ester
(prepared as described_in ExanPI e 1) was dissolved in
0.2 m of H2O ACN (1:13%A slight heat. The

Qﬁn{é@u% V\é%iet ef 3L garb R A8d &

an
was alyieeed)b@zeAihetholardeshethytipieritine 4yl Edtenr(Form IT)
refrigerated at C for 1 haour

: 4 Cf , ?Ompof V\ateﬁﬁ. S
t Femead dinhepdid-geadamic aqid L1l (beaPHROURBERS SR of 40
my\.0f A ' i .
et e ol iy AR 17 Gy pfbrnRu s dat b Bee
ExamleQYwab Hgssdlﬂgl iato. 1 ﬁﬂnACN:rpflefltela‘taddﬁaion@sti ml M8k rtltrl]eewlut@n
orm,and the mixture was allo 0 Sit. avernight
appeaigglictously o insadditionalp 0 H*Hga%twaégﬁged{amﬁi%‘rfy gbeoﬁ"?‘l? 2 (&>
: i-ed 0 ' - 1 d
me/mf RENPIEIEL 1 27 e ity R o AR g chtid! Prystals appeare
by thetéknesy. aftle sald wiak eheprifitterdeand |l ee dn tadiighovicusmd meitg emove all

with slow stirring. The next day, a second heat/cool
solversyap(l givigdhe BilgpPararPUp80 0C for 1 hour, with dissol ving

observed at 70 C). The fegippas
Powder X-Ray Diffraction

Powder X-ray diffraction patterns were obtained with a Rigaku diffractometer using
Cu Ka (30.0 kV, 15.0 mA) radiation. The analysis was performed with the goniometer
running in continuous-scan mode of 3° per minute with a step size 0f 0.03° over a range of
2 to 45°. Samples were prepared on quartz specimen holders as a thin layer of powdered

material. The instrument was calibrated with a silicon metal standard.
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turned off and the m xture allowed to cool overnight,
Wth slow stirring. The next day, crystals were
wonres@aticand a third heat cool cycle was appl i edT(U82006/8644
for 3 hours). The heat was turned off and the m xture
allowed to cool overnight, with slow stirring. The

next day, a heat cool cycl e was applied. (60 or 3

hBle BXRE RARERGISF a Sarpilf 0 @eélhg%splsﬁg&}?%f)éxawge %éla%wvéa@e
i RESRLALRN A S PARE) O {9 acappis Qe
diphosbhatt esledf Bk ddeshoom ia FiGgh TheBNRID paternt for aspmyk of the

all solvent and give (% e tit |_91 conpound. E>X§I\/PLE ]tl'
monosGifyisialt F SRR RSB b HRH{AL50 §F BRPBAHCo AnbpEFsentative
- - - - r . .
P G R AR Sl st s o
FIG. 8ESthe P X0 fpatién Tor angngile of thb divylals salticdiBxamipte @gtioved the
s e PSSO B ORI e ot
o 5B BB SSERAER 10, MRl 0 it kit drm
freebase{FotindnotPpeapled’ andshowedrthadhdieriabteeie Ggstatlingf AACN

was added to clarify the lution (155 ny/ ACN: MT'B
representative) PXRRepafipy %S%}ge Pgﬁ?ﬁqﬁgﬁ%& mﬁgo;%aeﬁl}'p%s shown
i S q@agy b6 aﬂgﬁ g f2Bbdsd (MG f)6m
mFIGﬂl?'t %?Jggregﬁgag{eace gn a h%%wsv cigm 1 ne tso(r enove
Examplk !l 190ktwent indfiG. 23.ve the title conpound. EXAMPLE 12

Powder X-Ray Diffracti Powd X-ray diffraction

patterns were obt ai ned%n%%—gﬁli gaku diffractoneter

using Cu Ka (30.0 KV, 1lem@ AfIvéi@di ation. The anal ysis

was performed with the gonioneter running in

c Différantinl sesming catuatienafy (BSEH wasiperfoened usnga $Adpstyinzants

 Moaef3-ipapile e HERHoReRtr oGelior DALY Sy POl Botilapaaeed

ing TALGE i apl bt -2 s On
wing T b1 3 SOMTRR oo oh et - 14

accuralélp wasghedtistosal alunahupanith 1. sHowediplhrerasrenadyated using a
. be crystalline. A representative PXRD pattern fo o
linear hgpecrapp 9fHE G{Iygﬂt%ﬁjmi 1 Eﬁ%’fﬁ%&&eg" &BWPXW@X?R% G The
i bl B heinBXgD pattern for a sanple of
DSC %}%le@%iﬁg%q\?g}tle sa{F%gecr)lf E)?grrpl e 4 showed the materi al
t & fepresentstivl D@ eraceNor epamplentfdic agstEXROdiphosphaie shliof a

e D oSS g GRS e sl g, SeApl e,
DS . 258 87 82 00 R Mgt s o
stabilspmithehomelting pealy sitahblii Ifg.5 °C and no thermal decomposition below

150 °C. The DSC trace also showed an onset of endothermic heat flow at about 135 °C.

A representative DSC trace for a sample of the n;onosulfate salt of Example 4
éhowed two transitions at about 57 °C and 73.2 °C. A representative DSC trace for a
sample of the crystalline monosulfate salt of Example 5 showed a transition at 76 °C, as
seen in FIG. 10, demonstrating that this crystalline monosulfate salt has a melting peak at
about 76.5 °C.

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

6 showed two transitions at 69.2 °C and 122.8 °C. A representative DSC trace for a sample
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di oxal ate salt of Exanple 7 is shown in FIG 13. The

PXRD pattern for a sanple of the freebase (FormT) of
waxerspoess8 and 9 showed the naterial to be PCT/US2006/008644

crystalline. A representative PXRD pattern for a

sanple of the freebase (Form T) of Exanple 10 is shown

in FIG 18. A representative PXRD pattern_for a sarrplﬁ
of the eysteliise ioxelpissel( G drampl) 7 grovedarngition af 35 shqfeshin FIG.
El 3. Ther NS ' ' i
5. i e AP DB PR DA
about ¥hgecunments Mbdel Q 10 nodule wth a Thermal Anal yst

controller. Data were coll ected and anal yzed usji ng_T
| Agenreseairtize PREr Fege foot sampipef %ﬁﬁ(ﬁ&? 1 %eegwgwpq%gmg{) i
bguf 1- j i,.nt j .
el P, AEEER e WS IPES o apl P
freebafie@olng) sEFRnPle 3ChdH ¢ v of trBitianbitedt. 1 P@apei6d.are. to

approxi mately 300 C. The DSC cel | s purged with dr
represeritativedePC daes fog asamplent rﬂaﬁpﬂir@%‘ﬁ%ﬁﬁ\ﬂgw%&%%g@ 1P&$ otfp T

sov SR 15 AL 20 S Bipreieic 3ol b byl ©

ns*at a and 154.3 C,
102.5 88 5 &eBpdnpakl(fhe edrly Phiksis BSEtdt wateearmdidoroobients), s sémtin FIG. 19.

This g6 Hacereriaapirae Sk 10t GoMRHe GREbaHe hed sige e aLs gy
with t]%%éel?ipgggﬂg?trﬁ%oﬁ HRd focfmgﬁhep'd% A RBov-80 P0E The

al so showed an onset o enao ermc eat
DSC tfdcewlsatshakellin didbt 6F enfothegpiie heatt fidv wteabd®(0a tGice for a

sanpl e of the nonosulfate salt of Ex I sh d

t Adrriesgnipiye S G Bace for 2 sgaplg o t%fﬁtggge Eeé’f’ase (orn 1h o}
hER" b Bid5att f ifi 30! ting that thi

e SRLAL WA RIS 0o 200 2 Bepblfng ot

crystaflind Miskebase hagikxcéfer® thamabsabilitynwilh Be n€ltinglperdrs tbattiof@ °C

that this crystalline_nonosulf salt has a nmeltin
and n,thgrmalidegeap@sityan belew 7A ke ,;,ri@ gﬁ%{f EF?%SQ%G“FP 4B an§el gf a

alHl i ne dioxal ate salt of Exanple 6
endot 3R B oh I abut TS | C O nd 12, 8 A

r SpE@ERvaiere ANPsis (BGA) has parfaanylwifg 4 TA Instruments Model
crystalline dioxalate salt of Exanple 7 shqwed a

Q-50 mogwsicanipredwvith dugh resolutionesappbilify dpata syerergqliccigdand pnplyzed

. i . I i . - qﬁ ‘%
v AR BL by S oL ML) ASp Rl e e s
placed 66 @ pl@tnuén pargldecainet dthos igh adsbiutienfheetidmpste fdormbient

T) oft gxegg‘gl e 8 showed a transition at 90.4
p 0

0C.. The
tempepture; Thg balanen anddprmapechamhersyetepurgsdagfiyaigogen

of Exanple 9 showed two transitions at 86.1 C
ﬂowsgirﬁg‘ﬁ%% 6 0C. A

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

The TGA trace for a sample of the crystalline monosulfate salt of Example 4
showed a loss of solvents and/or water (12.6 %) at temperatures below 116 °C. A
representative TGA trace for a sample of the crystalline monosulfate salt of Example 5
showed a loss of solvents and/or water (13.7 %) at temperatures below 150 °C, as seen in
FIG. 9.

The TGA trace for a sample of the crystalline dioxalate salt of Example 6 showed a
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representative DSC trace for a sanple of the

crystalline freebase of Exanple 10 (Form T) showed two
wonrensaweicons in a cl osed pan (83.9 0C and 102. BCOMB2006/008644

but one transition at 102.5 OC in an open pan (the

early peak is due to water and/or solvents), as seen

in FIG 19. This Dsg: trace dermn trat trrg%at this
loss ofcspy@mmapd/ﬁéwmé@éa%@w&m&@qu% ¢l ow A tepsrsepipljve

TGA cg tPor ahs% ééf’ t@%r‘gﬁﬁgg‘@t 1@&%&4@@ IZ%‘(C)) hi: ac ﬂsﬁ&védrhelﬁg@d)f

econp 03| Iso showed an
solvenwaﬁlor @xfat@mtmv h’@raﬁemﬂswah?eﬁ IbehvwalZSa"@ @t s@D i0EIGAL4.

repr esent atl ve DSC tr

chﬂsT@AI trase farvacsep e Qatﬁg Pﬁﬁgfrﬁ*ff?l%ae @8 Q%f%wek? &
showeg LARRI ?S&Qeﬁg al?(ﬁ o, tQt%} 5%@%ﬂp@raﬂr@é bdfw 75 °C. The TGA

enonstratin “crystal I'ine freebase ha

trace fBX& éﬁnll;ﬂélt)f thi efymlllnmtf&tabhsetcﬁom DrofiExampid 9 shtqudeeallosmf

about and no ther mal C tion belo C.
solveryalssavas 463 T4 %tael@m@aesdw?% 28PE S P iR TOAdpe for
t
a sam}gvagﬂh@ {}%P&‘l’lﬂ %esr%b%s% (Fgﬁﬁ nst : u n%(ys éﬁl\?/)bw%gaa 1)5%500? s%@@ﬁ%u 8
and/o?gzlufm ?d’é)yvaﬁtgmbexg’lnuasM\mDB éq, asai{ealb ;ﬂ FIGy Zt()DaEI_ ﬁ wer Ie
ected and anal yz usi nst r.ume ma
SOITBRTF SR B L et AT %éﬂﬁl’]g O&ﬁl‘eg‘m’ﬁjiﬂﬂg%ﬁﬁ‘%bai‘?)&rﬁﬁmv@§f

Examg'e%gﬂ 0 £13s emwmﬁg& gﬁ{ﬂ (399 en?aqewp&at@esmm 98 °C,

§solut | on eating rate tenperature to
as seeB@QOF1G. 2Fhe bal ance and furnace chanbers vvere pur ged

th t fl d t TGA
¢ hie Hoh TR BTt e ety G PTG Bhise prese Sigrgon
lose a?& Wﬂeof%ve? \%30‘}“ ?odrlg%?n&i\%fat&%ltéf ii}ﬂ)tdr%ra?é’l‘?| él@(lat%fe?ffperatmes

t enper at ur es C, as seen in FIG
(e.g., ThesST®), hivhds tarsisters avithl the bfss bfi eesidupd tnmidtimer solvent.

nonosul fate salt of Ex le 4 showed a | oss of

sol vents and/ or water %@—%@at t enper at ures bel ow

116 C. A fep;%ﬁLﬂh YR8 olphieh A stQEmanisanpl e of the
crystalline osulfate sa 0 anpl e showed a

| dsdynaficmbisant sorpticl (PM&eessikdt (@lshknatvntasmpeeisiuy es

bel ow 150 0C,.. as seen in FIG The TGA trace,.for a
sorptiguIoEtion Hrﬁféle);w%?%r?qwé USE 2aY T mospheris pigsphplange, §GA-

100 s Mt u&g 2 I—EE 2Ry 1403 6 ANAl L Rhp AR of ﬂr&oﬁln@tel?tlo mg was

ow 125 C7 A repr esentative TGA trace
used afrﬂrthahmamny evaokettah dme:mycselalvlalueat mecsx'cat afttbe gudlysinfA typical

mple 7 sho d a | oss qf’ sol / ot
DMS gl5s Fase B e SHop GIbio R T, e 1o
90% l{ﬁ%dsp%ﬁ {oaf@éxﬁﬁ)ﬁ zf'sc%ﬂ iRk 8f 9f% Rklﬁst&f Y'Fﬁ@ilnhésr\ﬁasfrﬁ@a@gi?a @very

8 showed a [ oss of solvents an
two miatites ardAh8 RH) wat chaﬂgqabuoa‘hmnes vhlee ¢W- 3360RH) When fi@Anass of the

sample was stable to within 0.01 % for 5 consecutive points.

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

A representative DMS trace for a sample of the crystalline monosulfate salt of
Example 5 showed a reversible sorption/desorption profile with low hygroscopicity, with a
10% weight gain when exposed to 2-90% RH and a 1.8% weight gain in the humidity'
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trace for a sanple of the crystalline freebase (Form
T) of Exanple 9 showed a | oss of solvents and/or water
wO030@/016at t enperatures bel ow 70 C. A repr eseRCAMISADG6/008644
TGA trace for a sanple of the crystalline freebase
(Form T) of Exanpl e 10 showed a | oss of solvents

and/ or water % at_ tenperatures bel ow 98 0C, as
range of d@r/ 37p R, @S@G"nl}\ E@ptlksentative TGA trace for a

2 R CRARL AL ot LU BEICRR LTt of

Exampl8 7 @lﬁovbﬁmﬁ%mlmmﬁinﬂﬂs&@t@a pesfils enith low hl?g1@sc®5q1ty, x.mth a
These TGA traces | ndi cate_that the cryEt al.lj

5 3% veg g GaEhe g SSOs KRG | b VOB G e Bumisifg
N erature to noderately el evated
range (ﬁfeélr(r)pmgr/g?u{r esgkggwrpwﬁlg}ST?SO O, which is consistent

vy\tr&pl tdeatakios DMS traesfoda sdmypieios thereystallisofreehase (FEmWRME
Dynanmi ¢ Moi sture Sorption Asses

Examn%ﬂ@»ﬁmv@ds%ﬁeﬁrﬁ@}? SPHF@}V%%I@EIQ%EH \{ g'lléléow ?i‘gf%? sc‘ﬁncéty, with
a10% welé{t Y wgn%#hoﬁa 485 0Ps Q%e\)fm aH?irnftHé medidity

spheric mcro a ance, - 100 system
range ¢\JO- 75%@,@5[5’11@#1&&1“?1@:[2133016) A san‘pl e size of

appr oxi mat el was used and t he
a‘g TFMéSG&F?@Wéﬁ)ﬂVI@ fperefont S%IHBleé)? the szsf’rtal 1H% ﬂ’&g?/@%gﬁﬁ of

Examélx Q;g}fﬁ#\g@\? | e\?e b‘fesso t?d;ﬁ?é& ;ﬁg% %Igl—llg ?&%ﬁgl%@%&%ros@d(?i’é gn(mth
a 9% wél ghgaRHwaén a(pssei]rto 808, ®H nda RB/sweight e imths Sumadity

neasur ed everg two m nut es and the RH was changed to
range efrD-fieetRBcas fBo Yo 1K when the mass of the sanple

f MPthQ tdab-

ALesk PRt okt oy P%%teh@%%%ﬁgi%pwe s ¥uos

invent®migiva lalreveesiblie Bh@ﬁpﬂﬂdbs@rﬁﬁirt proﬁle&cﬂn@mh@rmomﬂy aThe
reversible sorpti on/desorptl on profile wt

crystawyn@ compewdsibaye angoerptabls weighfgpignth %Xﬁomgﬂgg’%@é‘widﬁy
range. ggég%o%%mgﬁrﬁiﬁpggﬁ@%o%;{fon%ﬁbf‘leé Herh@x?stﬁ’eé'ﬂlﬁ' thy crystalline

compduds ef thetpadsemanidBon passess aracacrgalitp hggroscoptcety and are not
crystalline nmonosul fate salt of Exanple 5 showed a

deliquegsgBt-si bl e sor ption/desorption profile with | ow
hygroscopicity, with aE]}%ﬁP yehght gain when exposed to
2-90% RH and a 1.8% wei g gain in the humdityrange
of 40-75% RH, asSdlhio¥mtei Stalilig AsbdssmEnt epr esent ati ve

Eggm%%?%ﬁﬁg%sﬁu%agﬁ%ﬁ@gﬂge ﬁé@g{ Satg? | le aﬁaou{ ?)éamg Eaz?ch were
storeds’iﬂr 1{1191%/.’%@@%5 ﬁQteRfﬁeﬁg b &owct lols&i’\édﬁfagﬁ EIQP&(WG‘/S/S%

gai n when exposed to O% RH and a
(openibnd Yosed gittaiga). nAt spetifie itterviath, the entire contents of a representative

vial was analyzed by the following HPLC method:
Column: Xterra Ms C18, 4.6 x 250 mm, 5 pm (Part No. 186000494); Mobile Phase
A: 0.1 M NH4Ac, pH 7.0; Mobile Phase B: 100% ACN; Flow rate: 1 mL/min; Injection
Volume: 10 pL; Detector: 240 nm; Gradient — Time in minutes (% Mobile Phase B): 0.0
(8); 5.00 (28); 22.00 (42); 30.00 (100); 35.00 (100); 35.10 (8); and 45.00 (8). Samples
were prepared as 0.5 mg/mL stock solutions in 10 mM citrate buffered normal saline, pH 5.
For crystalline diphosphate salt of Example 3, the initial purity of the samples was

98.3 % as determined by HPLC area percentage. After storage for six weeks, for the
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range of 40-75% RH, as shown in FIG 16. A

representative DVS trace for a sanple of the
wonystiadies ne freebase (Form ) of Exanple 10 sROWS2@6/008644

reversi bl e sorption/desorption profile with | ow

hygroscopicity, with a 10% wei ght gain when exposed to

2-90% RH and a 1.2% weight gain in the humdity range

samplegfkepioummsnglRponditions Hbows Was npidgicetsble chapgginsheni Rl Py
rac f c
ey NG T B ATR S el B c e bl Sscshstea
showe@ﬁﬁﬁ&ﬂe@tabld@s@érgﬁdegn profile with | ow" hygr oscopi city,
with a 9% wei ght gai n when exEosed to 2-90% RH and a
1.3%weight gain in th ' y range of 40-75% RH,
as shown in FIG 26. EIEEgﬁﬁl %Fglgaces denonstrate that
the crystalline co present invention
hEeefollotvansedl&hiiltel pefveptapefod esnplpd odihe prysfallirre coirtphuthdsvef

hygroscopi city. The crystalline conpou
the invghieipwats d@tw%tbygamuwné%%@algt@ Sfb‘?lgéglf Blemental
[ n versi bl e noi sture
Analyzer?%ﬁ él%}té%sgfgk “?—Ici}g 1gjra)of iles denonstrate that the
CFytsh@tilystaiine mqmsmﬁSe ot dftBxapipbs 2.8 hkeanttioon7 possess

an accept abl e hygroscopicity and are _not delig
hydrogeRaRBL b 1rogen 241G A 08 EaBA] 1 03 &%@@géﬁ@ﬁ?w@aﬁgﬁisﬁ of
carbo %‘390‘5/03@&%' L %4%49{‘19&%5?%9@@4 J»;%E ,Fam%eeo/o?suuﬁlb@é&ms)
N ﬁ ‘were s rnmulti’ple 3 borosilicate
VF@H the aﬁystaﬁﬂlemﬁawt@mdafmmilmér% St (‘Afboﬁl GB% RMydrogen,
pen and cl osed cont ai ner

speci fic val s,
8.15 %4 Pisrogpibiad 30gAce ﬁﬁégeaf(e@eﬁée} sk gﬁ?’(}’@nﬁ-g‘ﬁ %E@mgeﬂ, 8.22
0 g HPLC net hod: Columm: Xterra
/"mtrﬁgeq‘c%‘%‘g%gyé%%g ljﬁgnms mm (Part No. 186000494);
Mobil e Phase A: 0.1 M WAARIEDH 7. 0; Mbdbil e Phase B:
100% ACN; Flow rate: 1 mi/nmin; Injection Volunme: 10
nL; Detector: 240 nm MIGEMEHON Tine in ninutes (%

i : . .
Pt R By AR S st
a jet Vill1t€ give oA efla ﬁfee-(ﬂoﬁfl@s/vhﬂte pd\xzxdadr V\aﬂi bjtefnmgnpmobﬁfemﬁfﬂ/lupon
citrate buffered normal sal H or cr !
microgiopifE AR 4P| YOFC TR T micrp i #ieafrf-‘/%%/}ﬁ QIPE‘PSP hate
had arf Pftia} ﬁ{mjaﬁo?f 94150, 98 qaterthiSd ?g T .4 Q%elﬁgéec Ble§Arity of the
percentage. "After storage SI X we
microhized anpdrias whethe sndeThaivhtes ondetiofitiss pl'ehmlcmnmé nrederial was
det ect abl e change in_chem cal purit g ervabl e
6.54 vetffm e thewatpiee gt the sucigpized @W% P’Vaég 2 °anal ysi s

SRR S ORIV RN Qulqﬁ’g fetEetAMaBof bidcsEe PafiRle size

dlstnbutlon was as follows:

Pre-Micronization | Post- Micronization
D (v, 0.9) 38.6 um 5.2 ym
D (v, 0.5) 9.9 pm 2.2 pm
D (v,0.1) 1.7 pm 0.4 pm

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

representative DMS trace for a sample of the crystalline diphosphate salt of Example 3
-43-



10

15

20

25

30

EXAMPLE 16 El enental Analysis The follow ng el enent al
percent ages for sanples of the crystalline conpounds

wofodelesicavent i on were det erm ned by conbusti ORCT/US2006/008644
anal ysis using a Flash EA 1112 El enental Analyzer (CE
El ant ech, Lakewood, NJ). For the crystalline

rmnosulfate sal t of Exanpl e 5: 52. 88 9% car.bo 10 %
showemayaﬁ%g‘@rnlgh‘&mlm@ﬁ hpm@)(@‘gfrfangppffkﬁ) 04 /0% 1leat gn‘g{cr@tgzeﬁ

ect.e 6. 90 % hydr ogen,
matemg 13@”% an?? ?o‘ﬁ%lﬁﬁlggf éohoé%(ﬁ;glelzpdﬂgnd 4.06 % sul fur
(resul ts). For the CryEXMHEI’l@ di oxal ate salt of

Exanpl e 7: 54.54 %car bon 6057 % hydrogen, 8.15 %
ni trogen, and 30 phalafiongolation MABINEY ed) ;' 56. 33 %

R Pudlett ?”E%%ﬁ%@é@%%ﬁﬁ@gﬁ?%ﬁ W PeSdane

dlphosglmba@t epdr&Bascdey&iitaddlih mmpwag s]p h]&hﬁ\/l&&katte btﬁff&xquuirretl
was nmicronized with a

saline, pHe®- Tlllamlu’cghmfﬂ@ qmwane RIS ‘ihﬁ’@ S 4h B IS5 ehnse
n o] °o

cquiva R P2 EPEREN Bt B B e D REPKEI sorgge forone

monthiaﬂil(ﬁi’WSM{Iy of 98. 1% as determ ned by HPLC ar ea
percentage. The purity of the mcronized material was
the sanme. The water con?S88Ydf the pre-nicronized
material was 6.54 % i+ he content of the
m croni zed materi 0 I ssues were
encount er edy@mbidig Hrbﬁarmz@"( proinzedlisdxppassiegss. Particle
size distribution was as follows: No significant

changes Wdr diMhsbbyad h%MWéa’ﬁ’é’\ﬁd?éFeB@” XA fr acti on
] |
A

recept@rQﬂing@éj rés@edthz%lyl,l MeteCgrowh 1€ deambﬂﬂmemlcy 11leedmmmqmlslstmgsf
noted in Exanple 14, a represent t DI\/Btr or a

HAM §§n}ﬂ spplenenisdorife ot Reang 1 L Gergtirin. P
s IS, H AT I S s s,
collecteg |bg|5tmﬂ1aterbehf1‘rlﬂ1§dtﬁmfw 63 @k fgy arfdaeliepe] EXANARE Eithe8 stored frozen at

| nhal ati on Sol ution Stabil.i tiy A sol ution was &Rrepa 1e 1
-80 OvaI megbBmayVEIe grppa@@o%ge(gga A\ éﬁo&meglb(% Rigpagation cell pellets

were 18 sprpn[%le!i gglﬁ/sﬂ'bﬁlg@%ﬂ o}?hfzg@?@ﬂ 1{}9 fon P PT%%G) bedei N

disrupter (Kinematica AG; 20 seconds x 2 bursts). Crude membranes were centrifuged at

40,000 x g for 15 minutes at 4 °C. The membrane pellet was then resuspended with
resuspension buffer and homogenized again with the Polytron tissue disrupter. The protein
concentration of the membrane suspension was determined by the method described in
Lowry, O. et al., Journal of Biochemistry 193:265 (1951). All membranes were stored
frozen in aliquots at —80 °C or used immediately. Aliquots of prepared hMs receptor
membranes were purchased directly from Perkin Elmer and stored at —80 °C until use.
Radioligand Binding Assay on Muscarinic Receptor
Subtypes hMj, hM3, hMs, hM, and hMs
Radioligand binding assays were performed in 96-well microtiter plates in a total
assay volume of 100 pL. CHO cell membranes stably expressing either the hM;, hMy,

hMS;, hM4 or hM;s muscarinic subtype were diluted in assay buffer to the following specific
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saline, pHS5. The solubility of the crystalline salt
was greater than 40 ng/nL of freebase equivalent in
woheoslwastfeer . Less than 0. 5% degradati on was obBeTAS2006/008644
after storage for one nonth at 40 C/ 75% RH. ASSAY 1
Radi ol i gand Bi ndi ng Assay Menbrane Preparation from

e LA ke ey DL G O ARG
hMs, (;ilz%g%( OPM D) %’Eﬁ?@%’?vﬁﬁqmé}%aﬁ%%éé bALSy homogenized

or Su’b ypes, were grown to near
using aﬁlﬂﬂifqrdiﬁﬁiﬁsue déﬁru@&ﬁl([%@onés) prionty asfayHpide addEiion. Saturatlon
emented with 10% FBS 50 ng/ nL Ge et
binding SpAss fREAEFPBVE KA YA Cop radhob 850 PSR RO e L
t
o ) S8 18 s, v
Pharm¥é&s BikédhhBuclshgiraaghire, Greptand) at mcﬁﬁaapnmngmgrf@m OVQE)b,nM

o2 B o2 T B o
P
perfon?%rggcﬁg i ]?QI\/%C_%T §| Zlg\/l Sag!é %fneggﬁ‘ QEEEI&% ;césgp%(glhﬁﬁﬁiﬁ cehSentRiGs.
The testROhIpanes wee emmaim dissolrgedo atcoﬂ@nﬁ@@orxofgﬁlmorl\/l imdilution buffer
mnutes at 4 n'g Qem#et was
and th?fb%ea@]élé dided S {"Vﬁthrdé]é‘d% HEFgR et faaecd Ff’&‘oﬂ%%‘é@ﬁu gy 10 M
to 100 &J‘tlérh@rdgﬁrﬁl YoPiin n%é D IHEaLhPpURE Here ASTBIBWOLSI T

ncen ation o rane suspensi on was
radioligends fiphetiluled tedieompoinat] aod §¢ pLbeembmndsowrsgay Pategwezd |

Journal of Bioch 193:
incubah 7 60 BRBHT F o ch. NGBS SV e PR b BRY (aton
over & s?hﬁérﬁlte@bia%é%ﬁ&kﬁﬁl&%?ﬁﬁr &1y MR RS treated in 1%

nmentranes wer e purchased directly from Perkin El mer
BSA. &h]ﬁer@ﬂzﬂ)dﬁs&derahnsﬁﬂhﬁ@ tinmgsi Wltlluwash Refiir §1 0 opdvh HEBES) iqvgamove

on Miscarinic ecep tor t M
unbound paR oA VINE IRSESTS AR or i 3 s C’faﬁec.lfgl\%el}
£r O

eSS e
were thirecduhsddlin aPeEkinTbibRyr Tohkoumt LiphiE Snmgliamlmwn@l] ﬂi’eﬁggElmer

Ine., Wgleeiop: M Gurdips SR 8 ene BHOERL P PUIREaY HERPRPP foabits Wi
the Glff'lglEPalﬁl?\yl}jps %rgLT\Q'ari ?Hckfagé (I}MBhPékpSc?wi{fg he! siMBiegd Oc RPudiBg the

or hMb. The nenbranes were
one-siby ¢cmf11iey1t1hmnmgeln |I<Zerdlues fargesh cPmpyunds were s@,@dafdﬁ ﬁpnmlf@prved

o iR e i SRS Pt e R B

I
¥; Pris3ft W 1 DR RE] PIRY LTS yzg(z dgngs{ b% K; val
s\gopoﬁanil ne net h);/ﬁlZ chl %‘F [ 2% -N ) ()%'RK6V6a6ues were
conveBidd & £IK/vaives (o detenshatine geometric mean and 959 conﬁdence intervals.

These summary statistics were then converted back to K values for data reportlng.

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

similar assay.

-45-



10

15

20

25

30

Phar maci a Bi ot ech, Bucki nghanshire, England) at

concentrations ranging from0.001 nMto 20 nM
woieplagwsent assays for determ nation of K vaPQeasefo6/008644

test conmpounds were perfornmed with [3H -NV5S at 1 nM

and el even different test conpound concentrations. The

test conmpounds were initially dissolved to a
concentration of 400 m\/ﬁﬁwzl uti on buffer and then

serial l'y dMu%a?lglcsﬁec%ttoE F%étﬂﬁlbplsbt%f.@srsaﬁo final

concentrat mv The

addi tBledkadié dﬁﬂgoﬁzﬁbd—MéMzata@Qzlﬂlmzbm of etMBylcplatleoner e as

follows: 25 nlL radioligand, 25 nmiL dil uted,test.
do e asedy: tb%@lnsf@r}ﬂp%é%%’r%ﬂ?e@st CA%&’&WSW&% deterpiped by

measut we%(‘:glgt%éﬁﬂ%' {)]gl.{ne OFQBSB el gtt?t) ol ofotr@hOGHdIAnibaas dtQBﬁskohn-

tratl on over G-/ B gl ass
mediatbd BAVEH ;ixdctlmnlapbﬂineéH(}?Kﬂ lceliEbareessingahe hMékdceptosy,  MA)

pre-treated in 1% BSA. Filter plates re rins
tGANR agiayh WREIFTIBIMFEm { ! HE@%@}Y e

i L e 5 T s

oscin scinti (Per ki nEl ner
Life Sdiéices IﬂA&chSBinﬁMA)M\‘)Comh]sg adile chanofaetucds’ siestiuctiine

plates were then ed [ Perk nEl pcount o
[Gollsveers Eipped grea Y itedg KR iaiDT R shurion (0.05%
trypsm%e lj% SN BOTAP S de&frﬁ)gﬂ D¢ lﬂ‘é%é’ﬂ ke @ﬁ@Méﬁﬁﬁlaﬂ%YPre aration

nonli'near regression analysis with the GaphPad Prism
sectlorﬁﬂfde ﬂ“ﬁe ﬂaa&&gee]ﬂﬁvaqah%ﬂe@tyhb@\lay egntiifugationSu e S Dixemlor five

e T ST S R o
cells v&ya?lée r\gltl ?@oﬁtéﬁ%l‘!@u?@aﬁt@e Cathel QB%@EQ&\&/I\? Ebigkr! glerton,

ruso equation (Cheng Y; Prusoff
CA) Bh@eetnsrwe:ra berffifugadagingly6 52X g&)r ‘fiveasiguies o8l (emrs@gn)ied K

omiieep et S cenver S o oy vel st ot L1y
compo%%?%x?lﬁgﬂ 1S8dige t%rc%néé}l%tlsﬁ’ BY 260 @k iR @ﬂ{itlérpbxﬁ’fer édPBS

data reporting. In this assay, a |ower
supplenvekddewitindlingstine BI A &1. 1 Yole andethien smmmtddamtladlmt@méquffer to

s g ALt 25 o SEER 1 5 e STBRRE i

5 nMfor the M3 nuscarinic receptor subtype when
Slmﬂa?ﬁl%#ﬁ(f inthis or a simlar assay. ASSAY 2 Miscarinic
R&o emdasure buoedmairg] 1nJEibttEmc),f NG setipstyBP Hpk doskadin (25 uM final

concem ol CRESHAACH GHAFA BERHEREy 6T Yo “ABABded ©
agomé’é@@sag il ml«g gl‘l;go g%e ARADH rg,g atfe c@lbdiirddto @fock RRotr&Bbrine-

oxotrenori ne-i nhi bition of
1nh1b1fednéstk @bm\myeﬂis al dorskelivParsicauotneir@tine (23 pMEHDSHIM dikl s

conceRRIGER BBy O A oM 28 i Pl Sa R e S0 KL
cells ﬁé@%ﬁ@édatb%mammg assay wells.

Reactions were incubated for 10 minutes at 37 °C and stopped by addition of 100

uL ice-cold detection buffer. Plates were sealed, incubated overnight at room temperature
and counted the next morning on a PerkinElmer TopCount liquid scintillation counter
(PerkinElmer Inc., Wellesley, MA). The amount of cAMP produced (pmol/well) was
calculated based on the counts observed for the samples and cAMP standards, as described

in the manufacturer’s user manual. Data were analyzed by nonlinear regression analysis
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Adenyl yl Cycl ase Activation Assay Systemw th
1251 - cAMP ( NEN SMP004B, Perl dnEl nmer Life Sciences

woneee/098est on, MA), according to the manuf act uPET/US2006/008644
instructions. Cells were rinsed once with dPBS and
lifted with Trypsin- EDTA solution (0.05%trypsin/0.53

mM EDTA) as described_in the Cell | ture and nbrane
with thifemibad Pan SoR0TaN AR O A SO SRHER e 8 INERS L)
. _washed tw ce cent ki f i P
s R e AR Ahafl, machep fhuar
equatiohSyas4SeeRdRttulde He KijusitfRe Edhslof the oxettdnsoriverconcantmtient
with a Coulter Zl Dual Partlcle_CouS‘rI:%e (Bﬁiﬁmn el
respons€ouiteeand ﬂ:@px@fegfmne@@ay CORENH I as {8f &DAY ,Fﬁagﬁwe y.
again_at 650 for i i jo
The K; Jglugs wete: cgﬂveorz(uefd?c% P A8 ALRHLSS tﬁ‘%eoﬁ%’c%@ﬁpﬁ%@g/g

0O an assay conce [

tration of 1.
confidek@8 irterals. TOEseGRhnsdryhtatistive weesthen oopauted bagksto K; values for
initially dissolved to a concentration of 400 nmMin

data repiértingi on buffer (dPBS suppl emented with 1 ng/niL BSA
(0.,19 a . i ' i ' i or
g e

functiodM dcBviRly &t thbhecelstot teetes The cuapoutid aftfednila I was fovnti e have a
manner. To nmeasure oxotrenorine inhibifi %t&o

f AC .
K; valugcafiless tlyan abguid nhofos Riopkasleof SXaiFmpiRA 10 E) ‘Eh‘%fﬁ%i’is}‘%lﬁ“'
mediat%ﬁli lczgjéfflﬂ aécﬁm%ﬁt%g%a%éﬁd[klddeily LR he HP{ZE%%IOEW1&%SJ[6(1

STwer e 0 agoni st™ assay we 0 neasure
in thisbh g sidkidraépyof a test conpound to bl ock

oxotrenori nei nhi bited AC acti yj 5 .orskolin and
oxot r enor Peskedef, Fﬁﬂoﬂﬁﬁﬂ@df?ﬁﬁ‘%%3a§p@%ﬁﬁ'?é’?él’?%t i ons,
respectivel v, di i i b
CARSEN i M Bt dy Tt o
deternAS&RYy Medsufing Reanilitp 08 theepmpbmedstia béwtkfoaptrdi@omma siirawlated

ss..at 37 C and stopped by addition of 100 nmi ice-cold
[°SIGdeyedindive BUFHErKT pplig expreieipg ﬂ?e‘g\’léﬁﬁceﬁ’tﬂ%ubat ed

oy erni. ght r &%ﬁl}& filnedeXdsay buff
n%fﬂﬁeﬁ%neo%ﬁ{gel’ﬁé%}in ne?ﬁ#(%%%ﬁdr%gf eﬁ%gﬂ?%ﬁsdci ntill asta ?I olrl1 er
with a@Ridaset ((RRE kbadEnteiion 6fS-10 ¢ Iptasinger wii) Thamendrangnvere

e il piciuceq (Breiluel ) vas caTeu 8t 66 SRR e
plates frtaf ﬁg gﬁ%@@&ﬂ@% éoﬁ?&tﬂaﬁox&))&}%ﬂﬂfﬁﬁﬁﬂ F&bosse} ff? ktimulation

a were anal yze | hear regreSS|on_
of [35?(;@511)3,? [gmgmgn?% ihe a@hﬁsﬂﬂ%al d'elgbi‘iﬁﬂWSS)D ﬂd:twglpi\eecbmgﬂaalg e}j{}penment.
aphPad Software, Inc., San ega, . usi ng the
néa deteraie thegubyaf ghest sompinddo dlglﬂblé P?‘%‘F%W ckPTigped
i 5 B ol | ‘ : f
s TR AR YRR MR i s i
assay Bfieanitl BE S0Py S o AsRD) c2fr Ne ofxbiteneormeiCoeand GleP 4% 4d).

concentration as the KD a ([)L%J{l respectivel Téf?f Tﬂeh@
25 plyvef|dijfated st sompermsk and g2 bLgﬂf gell meabygney SYRIPSHNSE AR™
cOpEL £ ? ' fR60mYiARs. THReSAy plat
BTG TR P JEASPIE ot il Mg s
were HRérI@6vdra, BSA-pretreated GF/B filters using a PerkinElmer 96-well harvester.

The plates were rinsed with ice-cold wash buffer for 3 x 3 seconds and then air or vacuum
dried. Microscint-20 scintillation liquid (50 pL) was added to each well, and each plate
was sealed and radioactivity counted on a topcounter (PerkinElmer). Data were analyzed by
nonlinear regression analysis with the GraphPad Prism Software package (GraphPad

Software, Inc., San Diego, CA) using the non-linear regression, one-site competition
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data reporting. In this assay, a |lower Ki value
i ndi cates that the test conpound has a hi gher
woumtovoweal activity at the receptor tested. TRET/US2006/008644
compound of formula I was found to have a Ki val ue of
| ess than about 5 nM for bl ockade of

_oxotrenorine-inhibition of fors%ol i nedj_at ed %@I\f I
equatione ihmiThengBRISOR agriesion Wavsed i calplaleithp e Hainp fe 1Cso values

[ ba-r ! [ i HdThé BfotABSAM:
of the @%%%E{g?gn 6%%55#@6- ;[I g%%aé?gg GIPy' S “Bi ndi ng In a
concer®@fomth the ashy ante asaal{l ] ligand vatehatain, pspenticylyof
t est conmpounds can be determ ned bg/ rreasurd' n% theh
t compound has a higher

dhithis essapia lpwer Bovaletindicates tat dhade
ot Lot ne. st d S
o QPN BETRH DY LA ATEOLETER 5 B 00 R e
K, valdd 67268 thmndboanesMier blockaised oantlerhtrre-stivhultted [ 18] GERySy

~ buffer with a final] target tissue conc n({l\’réﬁjon of .
binding i 6FGK poekorwraseine ot Vs 105eD RS ELca B BIST P EFT
assay honogeni zed using a Polytron PT-2100 tissue disrupter
"and then added to the assay plates. The EC90 val ue
( ef f Bedckude arotzort-Maddiced Colci@dRelmaseivimF LIRS gosage) f or

RIS COPEETIT e or
ST 55 LY O T OB o e
As a résalt] oivirgd PAS Iaydedgzds phespbhtyhirlokitafdig®spielié (FiPates: 25
e T oS i (e £ e
calciu.{lﬁ‘éfeﬁ%gimﬂ ﬂﬁ&caﬂﬂa@of&; i CHO GG 1AsnTB TR SRESHIRXAE BHRUReh.

receptor. e assay plates were then incubated
The FRIPR3(M&ledudir IB&icdsnSureyvald @A pssay capitatizs ondhig ifdréase med

1% BSA- pr.et ted G-FTB filt i
intracqllagicAIENEPY SEB8 AR sestigp O Tngr AN MGlspdar Piobesy
Eugena\é'; (tr)ﬁz){h%?ﬂﬁajegceg‘??lglé BUE EakiukPhinds. XTHs PBR6REGRcABENE ReAeasured |

fvacuum d . Mcroscint-20 scintillation
in real tiffie/byl theFULIPR ) whieh dattdedhd chapgein fveiréscernedrasa e mqsotayer of

was seal ed and %g(?i opactjvity counfed on a topcounter
cells qiqmee Ry g M, MW\@?‘JeChé‘ﬁéM‘é 55)906(1?69{?1 onist potency
' iRy GF i SR QDI NASER i
cn oL SLSTAAL IOMIE T S, Qo riamgfionse
intractlngaralidrh.near regression, one-site

s R b T s R T A
and c@% g&gﬁ%fsaa{ré OLLAEPRRE 95—%{6@1LFMPR&9£‘LG§ {18 nt % befoRNRAL sy @dbne.

otrenorine concentration in the assay as the KD
Seededngll§ arb washagiatmdceclnnCeliwasht(MIFX Lelesyptenisi Inel) yithl FLIPRibyffer

(0SRN35 witons
calciu{ng &ﬁd;ﬁ\}génaegi%ﬁ{) €9 rend IR ONROHAHa Qhd featime!so WL/ Weis of PUIPR buffer.
The cells are then incubated with 50 pL/well of 4 pM FLUO-4AM (a 2X solution was
made) for 40 minutes at 37 °C, 5% carbon dioxide. Following the dye incubation period,
cells are washed two times with FLIPR buffer, leaving a final volume of 50 uL/well.

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

measured against oxotremorine stimulation at an ECyo concentration. Cells are first
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Ki value of |ess than about 5 nMfor blockade of

oxotrenorine-stinulated [35S] GTPgSbi ndi ng i n CHO K
woebdeogrspr essi ng the hM2 receptor, when test ed#CTUSLIN6B08644

or a simlar assay. Bl ockade of Agoni st-Medi ated
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cMreceptors are seeded intp 96-well FLIPR I at es %hel.
riFlisrehapgst florgreenss SRgX I SSEb A A SERL fUETceacepiius baseline

T

concertfikion bel ﬁonlﬂleEr féqumoﬂD miﬁ}ﬂph]PadHB%l (GrapldRad Ssdiveire dnc., San
and magnesi nmedi a an

u eavi
Dicgo G AWSHIE 6 DRI BHOBIA A0 TETHGALSF Spast, AAHTORSh Rt Qaes ore
ahd teWkowam
detem%%ﬁn%g%ﬁénhﬁ %%8@612%}%%8 %ﬁ /eg %aﬂfg%%% di oxi dg orine
ECyo f50ihletabuticdnbentehyien iadaudiag it thefeengPrusmél douataore((es s &d
two tines with FLI PR buffer, leaving a final volunme of
Pﬂmo@b“ﬁ@)mell To deternine antagonist potency, the

gl da@ NARNer K VAL idiQfesFhat the fe@ﬁ%‘n&ﬁ&uﬁ(ﬂ héPLHigher

ease br Oxoﬁ’1 enorine IS irst determ ned so that
ﬁmcu@{m agouitysit tmoé@pmy testenl. Iﬁtemonnmune aﬁfmmdladgfaaﬁrfg‘@nd to have a

ivalu%gitlésegogg%ﬂlzt I t? geEcggﬁ igteg; 0

K hen honce PRE i IR ik PR BB G P G0 FE P £ CHO
Liap s sthiQi as h

cells sfta%'i¥g)$p é%lﬂgtﬂ?eslﬁ\/h FLII%R WE dyin t@&&ﬂhstﬁl dedistnhi®n assahi ch is

An EC O val ue for oxotrenorine
i s gener at ed accor di ng tAssed net hod detailed in the

ECSO . AN Oé?k(:&%&ﬁblﬂ?e Induced Bronchoconstriction

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

Test compounds are administered via inhalation over 10 minutes in a whole-body
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concentration of 3 x ECF is prepared in stinulation

pl ates such that an EC90 concentration of oxotrenorine
wo0mtdeidst o each well in the antagoni st i nhi bPCTMIS2006/008644

assay plates. The paranmeters used for the FLIPR are:
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s SRS PRI Bl s i

used d&%ﬁﬂgsme ek ngy bh&ersetizéLsabiticie. mg\ﬂaé 1emastd inaé)ul{thwmd
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approxamatelydi. & gl of aohélomm@mﬂ:z% of s isqueasiese AiBRgc oy
Prusoff,. 1973 val ue
compafipg PR U R kiSRS Rt e
fHcirbadRbrAsdivy effyctabf felitcohgoand adntiasteeetl vid rthalation are
conpound of formula | was found to have Ki val ye of

evaluajedsisingtvelrolabeditPlshywnImPI 2 d Kadd: BF andlggriiosts phskfeice
l (5]
e

anesth&R0 Yvith &einebiusaldrafjecionaf@tandne (3. ’Brmg/ﬂzg)gpr ot ecti on
in Quinea Pig Mddel of Acetyl chqline-I1ndu

xylazigy Gridhoelkes end asepiomaried 1 0 Mg/ke- Ll hs %‘fg}gaéc‘f“? {5 shaved
ass nghopt f t

L R T e

was mifl& UPl@entheﬁh%{l;ﬁFdeﬁl @lﬂatdgﬂed @mcgeaxlﬁﬁlatbdmtli-lasa:lineﬁlled
rian, Madi son,

wei h ef we 250
polyethyianea%hqjera(PE -50h Bedtpa @a@wsqnd%h@zrk% gé? B’gﬁﬂaﬁmus

mfusu?n&og%@gp ?\13 Lfﬂdgbit %fak@eﬁp%%%#p gj{}% Sa%g%g§ $hednQissected

free artfiéAnRhiBtcdrveith a/wG itaFioal talbe GINE 024, SfalirPantd, 8diaind Lakes, FL). If
whol e- bodyexposure d03|n chanber (R&S Mol.ds, Sﬁn
requlrezéram@hesmy manyaingd By adflibenatHrrEusrdanes RS PIIBe  hat
an . aer I | ted if
o GRS AADLT IHRSEUBL f By ot o
the anBh8lSe@oRdewRAtEEhd 6f iGrpanesds die rodpiative stie Sempoertbamnr

100 breaths/minute.

Once the cannulations are complete, the animal is placed into a plethysmograph
(#PLY3114, Buxco Electronics, Inc., Sharon, CT) and an esophageal pressure cannula (PE-
160, Becton Dickinson, Sparks, MD) is inserted to measure pulmonary driving pressure
(pressure). The teflon tracheal tube is attached to the opening of the plethysmograph to
allow the guinea pig to breathe room air from outside the chamber. The chamber is then
sealed. A heating lamp is used to maintain body temperature and the guinea pig’s lungs are

inflated 3 times with 4 mL of air using a 10 mL calibration syringe (#5520 Series, Hans
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vehicle (Wl ). These aerosols are generated from
aqueous solutions using an LC Star Nebulizer Set

wOba@ooB2F5 1, PARI Respiratory Equi pnment, | neCT/US2006/008644
M dl ot hian, VA) driven by a m xture of gases (CO2 =
5% 2= 21%and N2 = 74% at a pressure of 22 psi. The
gas flow through the nebulizer at th| s operating
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The data are evaluated in one or both of the following ways:

(2) Pulmonary resistance (R, cm HoO/mL per second) is calculated from the ratio
of “change in pressure” to “the change in flow.” The Ry, response to ACh (60 ug/min, IH)

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

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

inhibition of ACh response, at the corresponding pre-treatment time, at each test compound
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Once it is determ ned that baseline values are within

the range 0.3 - 0.9 nL/cm H20 for conpliance and
weoizbdsiootche range 0.1 - 0.199 cm H20/ nL per seeonaSEms/008644

resi stance, the pul nonary evaluation is initiated. A
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% i nh| of ACh response, at the corresponding
mthlsp?ra%u%m{&g%{ time, at each test conpounddose.
I nhi bition dose- responseAsMWes for '"RL' are fitted

with a four paraneter |ogisti
Inhalation Guinea Plg Sahvatlon Assay

Guinea pigs (Charles River, Wilmington, MA) weighing 200-350 g are acclimated
to the in-house guinea pig colony for at least 3 days following arrival. Test compound or
vehicle are dosed via inhalation (TH) over a 10 minute time period in a pie shaped dosing

chamber (R&S Molds, San Carlos, CA). Test solutions are dissolved in sterile water and
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equation using G aphPad Prism version 3.00 for
Wndows (GraphPad Software, San Diego, California) to
wesbicrmewes br onchopr ot ective | D50 (dose requir eBCTW/S2006/008644
inhibit the ACh (60 ng/m n) bronchoconstrictor
response by 50% . The equation used is as follows: Y =
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by a nd¥v pre-weighdl ©ize pak cirdivady edlegicd o ainwies i pgjnt the

test co un havi ng a. PD2(.5q) | t

gauze Hﬁfﬁﬂ"’?g@aﬂf’g ﬁ?ﬁfgﬁjﬁrggcebﬁno‘ﬁ%g}g% o(‘f%?r i C t%%%gh??qﬁé %%%rog
accum?fﬁ%éd’ HRSE(ih hhgh hirhe AREAUMBLR dTTslies dodigcted g anamgle taeeivafg the

~Tor mula |1 is expected to have a PD2(50) |ess than,
vehlclelx bmSIUdlf]acE fl@salgg"/stitadi chopowchis iCﬁ]t&u]@Eqé- ghevehstEHeR MEY 5n at

1. - dose nte I Nt hi !
comsii ) BEABBIAT RS Bt e ALl Bl Rman P o
greateICHRRAR A InteFARI(DSR) BevRloulaWd fot Bghaivse MASachwiing oy using
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two-wap ANV Ao Thit mbéelds a Bodified viersiona the procedurs Fl?sciﬂégé ih

conppound, or .vehicl.e are, dosgd. vi a j l.ati : r
oo Bt RSB L g e
pilocarpine-induced salivation” 4fa Pharmacol Tt oxicol 24:243-254 (1996).

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

Y = Min + (Max—Min)/(1 + 10 (g 50Ky Hillsiope) y
where X is the logarithm of dose, Y is the response (% inhibition of salivation). Y starts at
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chanber (R&S Mol ds, San Carlos, CA). Test solutions
are dissolved in sterile water anddelivered using a
waemslwzies filled with 5.0 nL of dosing sol uti 8aT/US2006/008644
Qui nea pigs are restrained in the inhalation chanber
for 30 mnutes. During this time, guinea pigs are
restricted to an area of approxinmately 110 sq. cm
Min and hpsrosqhas esyipiettbedy tot Mak gy h hdigmaidahsiareo turn freel Y,
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tested IE&ﬁsgfggﬁmtaggggyrent Qui nea pigs are anesthetized one
our before testing wwth an intranuscular (EVI)
injection of a mixture 6§§Kéﬁan1ne 43. 75 ng/kg,

Xyi\get,ﬁ%ﬁ’gm?,gﬁé%@%qi SofRE 08%% B5n (QE@E{I SI de up

q{baﬁh? eRALRAn4IR BpRighe Maanketuinda HgPHalkgy hdlanap:dllsnm)

‘heir head in a downward sl ope.

weighing bétwyew 2@0 paiﬁqomar@alaqﬂemdéwé shidiggs y@ﬁbﬁg@éﬁnﬁ %ﬂ?ﬁg‘ﬁﬁa (to
effect)pqullémél(s) Eg%?lﬁti’uré%{;l %{tﬁ c?ne%@l c F‘o’ud@?ﬁé’ &t g{l%.}llalll}?eélg Hith&ars
(PE- SOatﬂgﬁ‘l?ﬁ  ITHRIchMERF S Hrd BxteBordzodurifiging SCub i armdns mnﬂeldp dlake

e gauze pad is |nned|ately di scar.ded
subscapelpt a’@@dAﬁy‘u@lqﬂémcw@sm ﬂ.ﬁl@‘@ gglgco ?lf g the catheters

col | cted u
tockedgt a4l Qg ESh sﬁi%mnﬁ%é?%ﬁ%r S QRErsont e
end of‘gﬁ:tg%fﬂsrweﬂ fou ?fﬁﬂblﬂﬂmﬁf (0AsanEltE AMY Asdtnialsard alitowig)to recover
he rirean anoun saliva coll ected for animls
ona hcmmg ipad hefotdeeingietuzned torfbeieheldingdgemdf t est conpound

is cal cul
oBeEssaY 18 10 PO ot Reu e SR TR AplrR g A i Adnl Ahe
carotid ﬁ%é%/ tatHB8NGh €ddh Aniial & &@hedtdd toCondrisdasee doriratardmglagerial
(95% are calculated for each dose at each 1] poi nt . .
pressuus i Ageriakprasenre At ke ase FRsawdediuging aRjapas Mgnﬁ)g ragagisition
t he roc dur des of
st AP FRGTHES o AR TPRILEL g et At
agadHtimbl i @ﬁaareﬁgéuewim dce .3 ﬁig/l&gi[v))xdmmtsaarélh’élmr@hdhe

Toxi col 24: 243- 254 (1996). The nean wei ﬁi sallv
Jugulav briasis ding a@th@@a@mw@ar T8§POBSECIN nﬁ}ﬂé’wff‘%ef%l’f AP

anima, aa[rf: %Pub) gtto V\Lflk%ongs (?o%ggéﬁéhg el Wi & cQherfed to a

e cofrespon retreat ment tinme, at
nebuli%é‘icébn@d?ﬁﬁg thU’c@st icBibButd meﬁﬁﬁ@sdhﬁmo fRhe sdhitian as gebulized for

10 ml@ltﬁ;);fg’agt“lg B’gﬂ lfggf]%l@ g?gxaeg&faglregigoq%lgfst‘%ﬁg%gfo%(@g%ﬁp%gow rate of
3 htel‘g?ﬁl}ll\ﬂg] g,IhSSan B a}r%g‘ﬁ: ?%%bi/éﬁr i‘%lﬂ)thet {héie %bgﬁ&l’famber and returned

Se required to i i bit 50% of

to theﬁ'rés%@éﬁxfé’ dagesevghesi asbd4 Wk pb@t doding, the bhimallsge egdlzdlicoged
I's used

with MCh (0.3 mg/kg, IV) and the hemodynamic response is determined. Thereafter, the

animals are euthanized with sodium pentobarbital (150 mg/kg, IV).
MCh produces a decrease in mean arterial pressure (MAP) and decrease in heart
rate (bradycardia). The peak decrease, from baseline, in MAP (depressor responses) 1s

measured for each MCh challenge (before and after IH dosing). The effects of treatment on
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Y Mn + (Max-Mm /(I + 10 (0g IDSO X)* isiope) where X

is the logarithmof dose, Y is the response (%
wonmiclweicsn of salivation). Y starts atM n andPCT/US2006/008644

approaches asynptotically to Max with a si gnoi da

shape. The ratio of the anti-sial agogue ID5OQ o0

bronchoprotective |1D50 js.used to cq e.t he rent
the MGhyiegpanspseie PRRresped mé&@l&%@e@g T COngb e e Coftf1debidssor
respon$es" %-%Xy( AKRIPRYAGSHE ¢r€?ﬂ%@ pBRARKEE id 1B@ 1o test the effects

selectivity I ndex great an-about 5 are preferred.
of treaffifgit e Ppredrteinadnt tiatemTlhe depressoe xgponsed td MUheare expected to be

_apparent |ung-selectivity i. d?x. r ater.ﬁga .gbout 5,
relativelpienchangeddt li-handrhas A oRESg v SYNCE
MALAR0 BB G REUESS: BSRIE SRALNSIRSROMED ) [ BN ardomiisute
I nea Pigs a y, adult, male Sprague-Daw ey gui nea
apparept g stlactivaty,of thedistrampbinsd. Geferaliye cghpends deviegan 2pgrent
and. 30Q are used in these studies. Under. .isofl.urane
hung:sqlAGISHANr HrES Rt PP ARG SO B RO PG AL fetRpeted
L 0] . »! r‘ s '1
o BIRCALBR AR HaED AR KELDLERANELGS & simir
assay.utilizing a subcutaneous tunnel to the subscapul ar
area. AUsurgical [ncisions are sutured with 4-0.
EYViile dp mpseRt Wyentiopcrag F%@?P@b?%‘ﬁﬁ%ﬁgﬁﬂ?ﬁnﬂ P figyaspects or
i L rsit W | ' iniahysdialedn S drbiaf 3
emboéﬁl?&gg@%%ﬁé ng 2?1 wﬁgﬁg}% g%{rh)? ‘sig@(\%ﬁ nlab’;gls{ﬁb u p?e nor ph ian e
variou§ Oh@fpesrenke, maddar edmivatehts can be albistitvéell wishow depasting from the

e aiSEb a betre Bel0g Skt o ARt ek
patenttgglt%he@ %h&?ééﬁlaﬁ()ﬁ%‘ﬁgmgﬁg?&ti%ﬂg ﬂa&%ts%ﬁg)(a’ceﬂt ¥plliht¥ons cited herein

eter n eac IS connected to a transducer
are hefeby icegmratedby seftrendedh timiessiety to fetseniegktept assi§ aach and

heart rate are recorded usi.n Bi opac. MP- 100
docun;@@ab@dslpqepé?@ai‘gggqlg’r}pc%ﬁ?%@)%ﬁgf%% gﬁi—?ﬂq't o acclimate
and stabilize for a period of 20 m nutes. Each ani mal
is challenged with MCh (0.3 ng/kg, W adm ni stered
t hrough the jugul ar venous line and the cardi ovascul ar
response is nonitored for 10 mi nutes. The animals are
then placed into the whol e body dosi ng chanber, which
is connected to a nebulizer containing the test
compound or vehicle solution. The solution is
nebul i zed for 10 m nutes using a gas m xture of
breat habl e air and 5% carbon dioxide with a flow rate
of 3 liters/mnute. The animals are then renoved from
t he whol e body chanber and returned to their
respective cages. At 1.5 and 24 hours post-dosing, the
animals are re-challenged wwth Mch (0.3 ng/ kg, FV) and
t he henbdynam c response is determ ned. Thereafter,
the animals are euthani zed with sodi um pent obarbit al

(150 ng/kg, 1V).
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MCh produces a decrease in nmean arterial pressure
(MAP) and decrease in heart rate (bradycardia). The
woeele/deiss ease, from baseline, in MAP (depressBCT/US2006/008644
responses) is neasured for each Mch chal |l enge (before
and after I H dosing). The effects of treatnment onthe
MCh responses are expressed as % i nhibition (nean +/-
SEI\/p of the control degfe88¥? responses. Two- way ANOVA
i t he_appropriate post-hoc test is used to test the
VVHAT@F?@%@%’%T treatnent and pre-treatnent tinme. The
1. deRyaamiak foraspusiplRmyl-D-yMatbantie acid1e@t Hd-(tgatbemoylpiperidin-1-
relatively unchanged at 1.5 and 24 houys afte bl
ylmethylbﬂmkml]mﬁhyjmm@et}wk)mp%pﬁ estep gr ¢ gharpglaggyu 1€ﬁléy acceptable
epressor |1 D50 to bronchoprotective I1D50 is used
solvate?ﬁerg ute apparent lung-selectivity of the test
conmpound. Ceneral ly, conpounds having an apparent
| ung-sel ectivity index greate 5 ar rre
2. Tie comppouchef itn & Yhoraity b & é*ﬁb e {5 trﬁ@epﬁﬁe salt.
apparent |ung-selectivity index greater than 5, when
tested in this or a simlar assay. Wile the present
3. IThéRBhipetindasChasn, desardrzed byiatpowdef ergndiéiaction pattern

g s ycngent Ao PO H A1 S 6202,
13.7:l:05£§§t0|:t@ igﬁmﬁ?aﬁgﬂﬁﬁof% %i@ L) H@QX%@WS can be

departin ronrf e true spirit and
scope of the invention. Addltlonally, to the ext ent
perm tted by applicable patent statues_and
4. rBypuloatgound of @{) mpubhersin the pewdgmt-ent dffEacHon Rtissy comprises
) appl i atr cite [ [ps.ed by
cifiaolBF prh b2 NorRA SO} 405 EhEt A B o6 1)
each docunent had been i ndividually |ncorporated by

reference herein. CLAIMS WHAT IS CLAIMED I S; 1.
5. CTlystomipdund of Glaime, cbarpcﬁemﬁrl by-apayeden Xy dlé@iwdwiweéem in

4-ca bano
i et o BT RBBOAY Beboanis it sassisprsioor o
paﬁenpﬁ{o% iA'F18. phar maceutically acceptabl e sol vate
t

ereof. 2. The conpound of Claim1l, wherein the
crystalline formis a diphosphate salt. 3. The

d of {4
6. GRS Gh LA nEPIAEH R AR ey
trace @ﬁgﬁh&ts LIMAUES eriRlRSIRthdat ﬂmv@u 4151)112 154.560Q. 2,

.60.2, 13.70.2, 15.00.2, 19.40.2, 21.60.2, 22.U0.2,

22.90.2, and 23.70.2. 4. The corrpound of CI aim 3,

e Foumert PRS2, 8ol PSR! ahilnE Gy kES
trace s%%stgﬁ)ha:ﬂy 3R 2Bl with that sAb®n ORI UNd of Caim2,

characteérized by a powder x-ray diffraction pattern in
whi ch the peak positions are substantially in

a%%g rcgr?lgguend\l\gtl (J,:ia1 h? \ghee?é(m Oesclzrt}fétgl%%e 08 ind 3% monosulfate salt.

9. The compound of Claim 8, characterized by a powder x-ray diffraction pattern
having two or more diffraction peaks at 20 values selected from 7.7+0.2, 8.44+0.2, 8.8+0.2,
12.6+0.2, 13.7£0.2, 14.1+0.2, 15.3£0.2, 16.0£0.2, 19.7+0.2, 20.6+0.2, 23.0+0.2, and
24.4+0.2.
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pattern shown in FIG 1. 6. The conpound of C aim 2,
characterized by a differential scanning calorinetry

wonrem@®ntss ch shows a nmaxi num endot hermi ¢ heat PCOWS2106/008644
about 154.5 C. 7. The conpound of C aim 2,
characterized by a differential scanning calorinetry
trace substantially in accordance w th.that

¢ ﬁ i gﬂomn in .
10.  Abgcompownd aielan RpwhsFanghe BYNITh ey HEAEHR Al comprises
. crystalli f or.mel a t .
s ST AP AT S it latu e,
diffraction pattern having two or nore diffraction

peaks at 2Qval ues selected from 7. 70. 2, 8.%9.2, .
11.  gliggompoundt el im Bachpgacerized by @ pewderx-3@y difiracgopgatiern in
.. 19.70. 2 .20.60.2 .00, .2, ;
which g pEgk aop s it fiae B Ak B B piions ofthe
paﬁmmquQﬁQ@Fkgm_pattern conprises diffraction peaks at 20
val ues of 12.60.2, 19.70.2, 23.00.2, and 24.40.2. 11.
The conpound of Caim8, characterized by a powder

~ray diffraghi - i ¢ . it

12, (i iiopd B Gl o Bl AU ey Real pasdaney

trace vAAEH $HodR S dxiine @ribtlermicteaviiow at #oGt 785 °C2. The
conpound of Claim@8, characterized by a differentia
scanning calorinetry trace which shows a nmaxi mnum .

dot her mi . f 7 - . :

15, RS o P Him M Raln SAfRid bR S

trace sEb@#Nang i &dcofdafed with thiaasleovenins FEGt10al |y in accordance
with that shown in FIG 10. 14. The conpound of Caim
1, wherein the crystalline formis a dioxalate salt.

. BRI AL ATl el
diffraction peaks at 20 val ues selected from7.70. 2,
8.70.2, 13.50.2, 14.00.2, 14.80.2, 15.40.2,..15.80.2

15.  18haeprgpoupd of§laim b3 chgyacterized by APSe5 Xrig difgggion pittern

. C ound. of i ' a "

naing R Shh bR P00 Sleeatier po . o2

14.0:08] ues:o, 18.440. 215840001 24:0.9, Z0N92).2,43022. HAnd 24.6F0.2.
The conpound of C aim 14, characterized by a powder
x-ray diffraction pattern in which the peak positions

a subst ant iall.y i C i y .
6. 558 SHRRLABIS R LE BRI ABIAN & Lol BR%R potrycompries
diffraGRARRHIAGa1 0D VeliRb BY §4::0 01,060,/ I Z4E) yand 2didkDer ent i al

scanning calorinetry trace which shows a maxi num

endot herm c heat flow at about 73.7 0C. 19. The
d of i.m 14, .ch teri i ' .
17. gggggglﬂao%g cgr(ﬁlwrénq hl, chgragtreﬂgecfet;}} 58&1@& x@rag 'dif%‘%t?tﬂltﬂa%m n
which the peak positions are substantially in accordance with the peak positions of the

pattern shown in FIG. 13.

18.  The compound of Claim 14, characterized by a differential scanning calorimetry

trace which shows a maximum endothermic heat flow at about 73.7 °C.

19.  The compound of Claim 14, characterized by a differential scanning calorimetry

trace substantially in accordance with that shown in FIG. 15.
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trace substantially in accordance with that shown in
FIG 15.20. The conpound of Caim1, wherein the
wonystiadilesne formis a freebase. 2 1. The conpednasefo6/008644

Cl aim 20, characterized by a powder x-ray diffraction
pattern having two or nore diffraction peaks at
2Qval ues selected from4.70.2, 9.60.2, 1 .7%.2,

20.  TBezompounieftiaim 1, wheagin ghe grgstaliing forggis 4drosbassg gp. 2,
21.40.2, 24.20.2, and 25.60.2. 22. The conpound of
Caim 21, wherein the powder x-ray diffraction pattern

71.  GRREREmMS&MANTdIsiacL0, @hafaeeiisedly 2fpadarasray diffragiioropattern

18.50.2, 20.80.2, and 25.60.2. 23. The conmpound af
having Gvaionma, difftestior pealkis 2640 Bylues gedrptrel o AoVt g%ﬁggr 1302,

attern,i | £N gt b1 ' LARD, ahd Y
1372080 bl St Ok TS e el 2 e AT
25,&0,%?0\’\“ in FIG 18. 24. The conpound of C aim 20,

characterized by a differential scanning calorinetry
trace which shows a maxi num endot herm c heat flow at

out 102.7 25,..The co f ' t .
22. 3&5?&3’&’8}1’?‘1&#1@? %Ld‘?%r%lpgﬁgﬁé}?degg an ;a%fg)a%a Ko rer%ntcroyr/n plses
fhraclibR5&ks HOSS FMds@rlayrionn, a8 5e092D0.8+0R] dndid5adshown i n
mﬂMmﬁ§%§ 19. 26. Tﬁe conmpound of C aim 20, characterized
by a powder x-ray diffraction pattern having two or

nmore diffracgjion aks at 2 | u :
5. goode o 53R OlB) 450y RELERL AR gatemn
i - i4&s60e LibsthBtidB; R acetddeAviti2iBe pOalPpostms Of the
thhzgli%op%%é.a%s(l). 2.s 267. %he cgyrrpound of Claim26, wherein the
patternpshoclarin ¥I@.al8. di f fracti on pattern conprises diffraction
peaks at 2Qual ues of 4.60.2, 18.60.2, 22.10.2, and
22.70.2. 28. The conmpound of C aim 20, characterized

24. byhfe 88 oXclam 20 Efdragsdien bP&tcﬁﬁéfenﬂisﬂ sty daleimetry
peak positions are substantially in accordance with

trace Wiieh gmads aposiimuonendofhetnis heat flov ot Soih03-n°F G 23. 29.
The conpound of C aim 20, characterized by a
differential scanning calorinetry trace which shows a

25, TRKd Rk besim 1, BRahctbrhiRd bita diforhtif8cintg Glorimiey
conpound of O aim 20, characterized by a differentia

trace sibgiamtiafiy i atcordamet withthaiskownbs¥lantlPal Iy in accor dance
with that showmn in FIG 24. 31. A pharnaceuti cal
composition conprising a pharnmaceutically acceptable

26. © gvhé Eﬁﬁp&&q o CGARAPID) RHaréted s WnepsfdeCkatyrdiffradtion3Bitern
32. The conposition of Caim31, which further
having onpoi mes difftahBoapenlss ptf) Values setected\iona AdEAL, df+ad, 12.9£0.2,

13.6:095 T4 035 SO 1 188,02 34%KE0S! .56 5°ARELN2,38900%, 82.720.2,

and 25.7+0.2.

27.  The compound of Claim 26, wherein the powder x-ray diffraction pattern comprises

diffraction peaks at 20 values of 4.6+0.2, 18.6+0.2, 22.1%0.2, and 22.7+0.2.

28.  The compound of Claim 20, characterized by a powder x-ray diffraction pattern in
which the peak positions are substantially in accordance with the peak positions of the

pattern shown in FIG. 23.
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i nfl ammat ory agents, phosphodi esterase-4 inhibitors,
and conbi nati ons thereof; wherein the conpound and the
wageasstovsarce f or mul at ed toget her or separately. BBT/USE®6/008644
conmposition of Claim 32, which conprises a
therapeutically effective anount of a b2 adrenergic
receptor agoni st and a steroidal anti-infl armat(fr
29.  Ehepempamd of Kaimicih ekarestenzedbyd %Hfftgﬁeéﬁ?l SGRETRS ¢f ‘8%“8%32

trace wﬁigflts noevsr/sgé r%a)r(i?ﬁ:u%ﬁj Er?dot}?eg&m ﬁéat hﬁwaat iy W G@.hl oride

of i V-{2-[4-((i7?)-2-hydroxy-2-phenyl et hyl am no) phenyl ] e‘
thyl}-(i?)-

30.  Thhyempxyidnd Claimottshiaeionzeh R bUffsrrotigh scamins serwactsy
5. The .conposi tiQr L erein the steroidal

trace S“iﬁtla’flt-l%lﬁ'flpgg%ﬁ?%lrc %/g}zg%lg%%tglhs gaﬁgg%\(} i f 1 uor o-

17a-[ (2-furanyl carbonyl)oxy] -11b-hydroxy-

16a- et hyl - 3- oxoandrosta- 1, 4- diene-17 ﬁ car boﬁ#i ol C
31.  dephhngaduiior] saBPRSiHOR gQMEPLising 2 PRIEACEHHSALY pecgRtag catrier

Claim wher ej ound and the agent are
andaC?’@Pﬂ]ﬁfdz‘fzfea&ytogégglezérﬁgl%%&g@he conmposi tion of Caim 32,

wherei n the conmpound and the agent are fornmnul ated
separately. 38. The conposition of . ai

31, . in,.
32, {lhe covwpaispn Philaing 3 of Hsh dweheT CORRHHS tﬁ"?f?%%l}“gﬁﬁ%%f&ﬁve

| nhal ation £ Lt : @ i grein
ammoun| R o Gjecttd ok EAERAELHLRRCR be Gt it ™
inflam@orP Soeatspphdsphédiestdraseg inbibiforg mmd borabindtions thiyeel Wherein
40. The conpositigon of C aim 39, which conprises a
the corgpaundtaad st dzent arg formujeter} tpgether ¢158PF i ce conpri si ng
a dry powder inhaler containing the conposition of
Caim31l. 42. Acrystalline formof a conpound of any
33,  ON@ ®fnpokitioA®f Cldim 330 which cohgrrises z thdrapoutinally gffegtive amount

phar maceuti cal conposjtion, rising

of a Popideangeeieieerien depniscatin %;qu@%@ glrpt}-il@m%ﬁ%%‘”iyﬁ@e%tonpou nd
of Claim42. 44. The conposition of C aim43, wherein
the carrier is lactose. 45. A process for preparing

34, thge canmeitidd of 4 2ywérao therfl, siregengorieeeptorragonist 1s a
I phenyl - 2-yl car bam ¢

b [ .
monohydfazhldrige sajt @%N’d&rEéy(KfEﬁ'g“i‘%&r&?‘ﬁ'-zrplw}ﬁlﬁhﬁmlB@RQ%W]]EthyI}'(R)'
e PP f yereoy
2y g CREHRR L B PR AT nB®: 00 Compound of

Claim8, conprising contacting bi phenyl- 2-ylcarbamc
acid I-(2-

35. {[he qu]@(&itmmfﬁlfjpbg, iv@}.eﬁe._ip _tlyel s&gp)ﬁ]&q][ %iéiﬁléla%l‘r}atory agclent is
60,90 JEBH AT L AL IGOARIRGHB 411 -lar A1 o b S cbaditar 1 4-

diene-17p-carbothioic acid S-fluoromethyl ester.

36.  The composition of Claim 32, wherein the compound and the agent are formulated

together.

37. The composition of Claim 32, wherein the compound and the agent are formulated

separately.

38. The composition of Claim 31, wherein the composition is formulated for
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47. A process for preparing the conpound of C aim 14,
conprising: formng a seed crystal of a crystalline
wdizacabgtee salt of bi phenyl - 2-yl carbam ¢ aci d BE(/A2152006/008644
{[ 4- (4-carbanoyl pi peridi n-1-yl net hyl ) benzoyl ] net hyl am
no} ethyl)piperidin-4-yl ester by contacting
bi phenyl - 2-yl| carbam c acid
administrgtionfhysnhaiatésy banoy! pi peri di n-1yl met hyl )
benzoyl ] met hyl am no} ethyl)piperidin-4-yl ester with
oxalic acid; formng a dioxalate salt of .
39,  bih@mosifion b€ aldiar 1¢ wheieth the cRerfef #-dndequeous isotonic saline
_car banoyl_pi peri din-1-yhneth I)benzogl]nethylanino}ethy
solution)hayiverej nﬂ%mathy rangg o Frogy%b@H{ Aq 4oyt O
bi phenyl - 2-yl carbam ¢ aci d
| -(2-{[4-(4-carbanoyl pi peridin-1yl nethyl)
40. bERTehdostion v @RinC3% tniydh) @npeiseda pitrdtotiuflest er with
oxalic acid, and dissolving the salt in an inert
diluent to forma solution; and addi ng the seed
ChAYRLI &S : RQLHb i rdoBfposition
4. PRSI SR Ry parRLREEAs G Rh R
of Clagn gstal of a crystalline freebase by contacting
bi phenyl - 2-yl carbam ¢ acid 1-(2-
{[4- (4-carbanoyl pi peridm 1-yl net hyl ) benzoyl ] net hyl am n
OA& -l | Fanods ' ' iinl iR F¥nized form.
2. PARLRUR Rt bkl @Ol fly oo Rt Tap pg e
bi phenyl - 2-yl carbam c acid 1-(2- {[4-

T e R R S
andthgicﬁﬁ,ggeﬂdﬂ&él gnﬁfsul ting crystalline ester to forma
sol utron;

and addi ng the seed crystal to the sol ution.
49. The product prepared by the process of any one of
Clainms 45 to 48. 50. Use of a conpaupd of any one of
44.  CThe pempositepmef GIAIN, 43 Weaed hosarieh s fariasg
bi phenyl - 2-yl carbam ¢ aci d
| -(2-{[4-(4-carbanoylriperidin-|-ylmethyl)benzoyl]
45.  mat fipbasapespaying thepemnipiund 4f Claim, eompusing comacing biphenyl-

f talli l.t of talli freeb
2t b L el TR b3 T eebase

bl ifoil Ao GREDATR YLD PR b hyl)
meteslirp DRl RS TERATEY S RER pERBIDIG IR ester. 1. A

conmpound of any one of Clains 1 to 30 for use in

t herapy or as a nedi canent. .Use of compound of .a

oHePIgECseiien nigpating dheseprppgung r?z ﬁ%{ﬁﬁe SEPRRgng ponacting Bipeny!-

. t_ - L :I- 1 ..i L i l t he

2-3te R AR e e e BB, et or
methylimoyahyipdiperadn-4Tfiestes witbsulbinad anid2, wherein the

medi canent is for treating a pul nonary di sorder.55.
The use of Caim52, wherein the nmedicanent is for

47. PR 8%%13@%%@%%4% 83thPhnd of Claim 14, comprising;

forming a seed crystal of a crystalline dioxalate salt of biphenyl-2-ylcarbamic acid
1-(2- {[4-(4-carbamoylpiperidin-1-ylmethyl)benzoylJmethylamino} ethyl)piperidin-4-yl
ester by contacting biphenyl-2-ylcarbamic acid 1-(2- {[4-(4-carbamoylpiperidin-1-
ylmethyl)benzoylmethylamino} ethyl)piperidin-4-yl ester with oxalic acid;

forming a dioxalate salt of biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-
carbamoylpiperidin-1-ylmethyl)benzoyl[methylamino} ethyl)piperidin-4-yl ester by
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contacting biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-
ylmethyl)benzoyl]methylamino} ethyl)piperidin-4-yl ester with oxalic acid, and dissolving
the salt in an inert diluent to form a solution; and

adding the seed crystal to the solution.

48. A process for preparing the compound of Claim 20, comprising:

forming a seed crystal of a crystalline freebase by contacting biphenyl-2-ylcarbamic
acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl] methylamino} ethyl)piperidin-4-yl
ester with an inert diluent;

forming a crystalline freebase by contacting biphenyl-2-ylcarbamic acid 1-(2-{[4-
(4-carbamoylpiperidin-1-ylmethyl)benzoylJmethylamino} ethyl)piperidin-4-yl ester with an ‘
inert diluent, and dissolving the resulting crystalline ester to form a solution; and

adding the seed crystal to the solution.
49.  The product prepared by the process of any one of Claims 45 to 48.
50.  Use of a compound of any one of Claims 1 to 30 in a process for purifying
biphenyl-2-ylcarbamic acid 1-(2-{[4-(4-carbamoylpiperidin-1-ylmethyl)benzoyl]
methylamino} ethyl)piperidin-4-yl ester, comprising forming a crystalline salt or a
crystalline freebase of biphenyl-2-ylcarbamic acid 1-(2-{[4~(4-carbamoylpiperidin-1-
ylmethyl)benzoyllmethylamino} ethyl)piperidin-4-yl ester.

51. A compound of any one of Claims 1 to 30 for use in therapy or as a medicament.

52.  Use of compound of any one of Claims 1 to 30 for the manufacture of a

medicament.

53.  The use of Claim 52, wherein the medicament is for antagonizing a muscarinic

receptor in a mammal.

54. The use of Claim 52, wherein the medicament is for treating a pulmonary disorder.
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55.  The use of Claim 52, wherein the medicament is for producing bronchodilation.

56.  The use of Claim 52, wherein the medicament is for treating chronic obstructive

pulmonary disease or asthma.
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