WO 2010/039719PCT/US2009/058803 5CRYSTALLINE FORM OF AN
ALKOXYIMIDAZOL-1-YLMETHYL BIPHENYL CARBOXYLIC ACID BACKGROUND OF THE
INVENTION FIELD OF THE INVENTION The present invention relates to_a novel crystalline form of
an aIkoxylmlﬁé%'flfmfdlﬁlmethyl biphenyl carboxylic acid, which has angro(fgﬂgi?‘l ?Pt & receptor
antagonist activity and neprilysin-inhibition activity. This invention also relates to pharmaceutical
compositions comprising the crystalline compound or prepared from such compound, processes and
intermediates for preparing the crystalline compound, and methods of using such compound to treat
diseases such as hypertension. 15STATE OF THE ART Commonly-assigned U.S. Publication
Nos. 2008/0269305 and 2009/0023228, both to Allegretti et al. filed on April 23, 2008, disclose novel
compounds that possess ATI receptor antagonist activity and neprilysin (NEP) enzyme inhibition
activity, the disclosures of which are incorporated herein by reference. In particular, the compound, 4'-
20 {2-ethoxy-4-ethyl-5-[((S)-2- mercato 4-methylpentanoylamino)meth Illmldazol 1-
yimethy #1-3'-fluordeiehahs} b SR SHAL MR IMIIALQ L MM D L tions. The

chemical structure of 4'- {2 ethoxy 4ﬁﬁﬁkﬁﬂ@pﬁz@@m@m%cm

methylpentanoylamlno)methyl]lmldazol T-yimethyll-3" -fluoroblhen 1-2-carboxylic acid 25 is _
represented by formula 1: WIS b S dhb G term storage and when preparing

pharmaceutical compositions and formulatiens oit t&@ﬁ@@ﬁg@mble to have a crystalline form of the

therapeutic agent that is neither hygrosc ic nor deliguescent. It is also antage have a
crystalline form that RRT& FBIARVER MgHR ?‘E?élfﬁ]@nﬁg eta Pé%fg}%(f i\% Iﬂgg‘él &/hlch allows

the mategial {onbatRtoosiResd chasaxaingial, mlammzeﬂ;g&dtbmﬁ signicarcdeoompasitich.  No
crystalline forms of thﬁ com ound far.formu al ha¥ﬁ1s een il(;]‘)or g(grpfeV| usIX Accorglnagly, a need

exists for a s?g%ﬁ’étyr? Eﬁ%lscé% o Ot t (-,y compoun ormula HAgan ac acceptable level

of hygroscomsﬁ;pmdoasrejmpmdmgngh m@nﬁglpoummﬂmmﬁm fromT&wkpces@nnnﬂsclosu re relates
to acrystalllne form of 4 )ad- 0-4- Ip pylarning)methyl]im
azol ) it SR RS S o e ame Sa ARl BRI I

such compound to tredt diseases such as hypertenszon_

15 STATE OF THE ART
Commonly-assigned U.S. Publication Nos. 2008/0269305 and 2009/0023228, both
1o Allegretti et al. filed on April 23, 2008, disclose novel compounds that possess AT

' receptor antagonist activity and neprilysin (NEP) enzyme inhibition activity, the
disclosures of which are incorporated herein by reference. In particular, the compound, 4'-
20 {2-ethoxy-4-ethyl-5-{({S)-2-mercapto-4-methylpentanoylamino methyl fimidazol-1-
yimethyl}-3'-flucrobiphenyl-2-carboxylic acid is specifically disclosed in these
applications. | _
The chemical structure of 4'-{2-ethoxy-4-ethyi-5-{((S)-2-mercapto-4-
methylpentanoylamino)methyllimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid
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25 isrepresented by formula I
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In an aspect, there is provided a crystalline freebase of 4'-}2-ethoxy-4-ethyl-5-R(S)- 15
2-mercapto-4-methylpentanoylamino)methyllimidazol-1-ylmethyl} -3'-fluorobipheny1-2- carboxylic acid,
characterized by a powder x-ray diffraction pattern comprising diffraction peaks at 20 values of
6.660.20, 9.80.20, and 18.120.20. One embodiment of the present disclosure relates to processes
for preparing a crystalline form of the compound of formula I. In one embodiment, a process for
preparing a crystiifee forprgogofothpounds for long term storage and when preparing
{2-ethoxy-4-ethy1-5-[(($S)-2-mercapto-4-methyl yiamin imi |-1- :

ylmethyl}-é) l-lﬁﬂngfflg %&%gn(iﬁlﬁpgg%@@ |c{g%(§5 %%%?%r%%% %%%glggf!r? éq sz%{lg %t%%i;g/%]cgﬁtﬁlll e
5-R(S)-2-nieroapftthe theethwipentzmo ylamimoditethylamistazot- toydebinydpa@at. 1t is also
fluorobiphenyl-2-carboxylic acid with an inert di t to form.a mixture; heating the mixtur between
about 25&%’%‘%&%‘%@6% if}larllV 30%?%93 e mix u?lge%o ?Sv%/lrﬁq%ﬁé’%%g%a ﬁ%}“ﬂ% O.m? @élﬁr gﬁtg%spect,
there is previdedaprooesy fohipheparingthoencnysislllin e freebased Sdefined Bhoveraomprising: a)(i)
treating 4'-(2-ethoxy-4-ethy1-5-R S§-2-.mercapto-4-

methylpen‘fﬁ%ﬁ}i&ﬁﬁﬁ&fﬁ@fm $81°f-yImethyl}-3-fluorobipheny1-2-carboxylic acid 5 with acetone

to complete dissQligigRs@ri{i} keatiner 4 @eihugtdcetvyibid (5dv2-been reported previously.
mercapto-4-methylpentanoylamino)methyllimidazol-1-ylmethy11-3'-fluorobiphenyl-2- carboxylic acid
with acetoAitifE 4B &Bnfbised Gistivioh ?@P{ﬁi)“ﬁ@ﬁé@&ﬁ?ﬁj’%}? ! §-§90g’p°u}éd of formuly

acetylsulfanyhrdimathylpesdsaem avinermethyddopietant4-riahielidazol Hotmehybi:3'-
fluorobiphenyl-2-carboxylic acid in methanol, and adding water to complete dissolution; 10b)cooling to
effecti@rystallization; and c)isolating the resulti%&%% yield the crystalline freebase as defined

above.  AnothepepbhedimentQfthapresent disslipsurarelates 1@ daracess for jpuifying
4'-{2-ethoxy-4- ethy1-5-R(S)-2-mercapto-4-methylpentanoylaming)methyllimidazol-1-yimethyl}-3'-
fluorobiph&R§ACBREH B BERPIAYHBIRABSHIA SRt 18 e E{]’é’%hé” T ‘é@‘?gﬁﬁﬁﬂaé 5 crystalline
form of 4'-(2:8thR¢-4cathy1-5-M-2-mercapto-4-methylpentanoylamino)-
methyllimidazol-1-ylmethyl}-31-fluorobiphenyl-2-carboxylic acid. In an aspect, there is provided a
process for purifym@m%@%ﬁé%%%’%ﬁ%&@ﬁﬂ?ﬂéﬁ%@e of 4-{2-cthoxy-4-ethyl->-[{(5)-

methylpentapaylaminelmatiyJinidazek-hinst i idueroninhrmyi2-sehoxylisRGHH 0omprising

forming the crystalline freebase as defined above. In aspects, there are also 20 provided products
prepared bytbrexphiscsideeh srasteiived hEfepewder x-ray diffraction pattern comprising diffraction

peaks at 26 values of 6.66:0.20, 9.8::0.20, and 18.120.20.
One embodiment of the present disclosure relates to processes for preparing a crystaliine form of the
compound of formula I. In one embodiment, a process for preparing a crystalline form
20 of 4'-{2-ethoxy-4-ethyl-5-[ (¢(§)-2-mercapto-4-methylpentanoylamino)methylJimidazol-1-
yimethyl}-3"-fluorobiphenyl-2-carboxylic acid comprises contacting 4'- {2-ethoxy-4-ethyl-
5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]imidazol-1-ylmethyl }-3'-
fluorobiphenyl-2-carboxylic acid with an inert diluent to form a mixture; heating the

mixture to between about 25°C to about 50°C; and cooling the mixture to form the

25  crystalline form.
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One embodiment of the present disclosure relates to a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a crystalline form of 4'-{2-ethoxy-4-
ethy1-5-R(S)-2-mercapto-4-methylpentanoylamino)m ethyl] imidazol-1-ylmethy11-3'-
fluorobiphenyl-2-carboxyli i t i i @iiﬂ% i omposition
comprising a phaﬁ‘nﬁ%ﬁ.é’%ﬁﬁ%@é%ﬁgb éecggmé?%r% %pﬁ¥%?%€r§ggcompo%%%qgi%§e%n§d above.
Another enitfdithgmivelatestsz@npositions comprising a crystalline form of the compound of
formula Tin combigation Vfth (%t
I

ne qr more other therapeutic ggents. Accordingly, in one embodiment,
the present discldture ré &1 %cb[{r’%'&%s(fﬁgnicegnygrgsfﬁés(aqgeéﬁﬁt%;&geutically acceptable carrier

and a therapshiipaiy.efidathiemedtint|ohalargsthlimectbyh -6f-thesdnphenyle2ef fdrmule kawnd (b) a
therapeutically effective 5 amount of an agent selected.from diuretics, Pi adr. ic receptor blockers,
calciu chﬁﬁ%@cﬁf%ﬁé?s(fo Bt gfﬁygggee?ﬁrﬁd?&?y%%ﬁ#ﬁﬁ%&%}ﬁ%@&ggﬁﬁgﬁégoniss,
neprilysin inRikitprs neRtEiaseital @niinflameiesdinadenis] piostaglamdifisparttidipid/hgents,

anti-diabetic agents, anti-thrombotic agents, renjn inhibitors, endothelin receptor gntaggnists,
Cdothelin CARVEIR G BBy R ARIEIETS 1 RCRLFsT SR ROt PSR HEE 8 v

enzyme/neRuysin Bhiitoss S RATASSIIeERMERsRIITagRAsS-ands timbiaations tnereaf-wherein the
crystalline form and the agent are formulated together or seE arately. When the agent is formulated

separately I8REPhEETEAROss s SEBIR AaFERlagrg e BFC i SHTORMEF SHSOHiNENt of the

preseng disclosurg)reIat%é@i@q@émgtf%gqgg{mm%ﬁension or 15heart failure, comprising
administering to a patient in need of treatment a therapeutically effective amount of a crystalline form

of 4'42-ethoxy-4-éthy1-5i{p{gioz Hereapiéna sphiskhippasith s rarimbne dirsmatiandsiiged above.

-yimethylt-3'-fluorohiphenysdscantic feidn: discbigPraseitaissasweslseirgiales tadheyse of a
crystalline form of 4'-{2-ethoxy-4-ethyl5-R(S)-2-mercapto-4-methyl entanoglamino nnethyl]

imidazol-I- a3 mstr aRIoTE R E RG-S BA B it et A IRARGHRLHIrs of a medicament. In
an aspect, theelispeayided:ne:usk atihelarystading fieehastapeinecoaoieddsthenmanufacture
stalline form of 4'-

f di . Additionally, th discl I h f
e ke SR

-3'-fluorobighemylidrcarRexylicagid fastmnepipaaiyre ehametdicament dbeppaciatiefar the
manufacture of a medicament for the treatment of hypertension or heart failure. BRIEF DESCRIPTION

OF THE DRRYMKEprocesy IR ALpeds ot prasstitihvdfir dnsiitideated by reference to the
accom panﬂ%?fﬁ&@ﬂ@éﬁﬂ%&ﬁ@mﬁmw@%nﬁé@mLﬁrmemmga)m&&%@gﬁm@ia,rystalIlne
form of the compound of formula I.
comprising forming the crystalline freebase as defined above. In aspects, there are also
20 provided products prepared by the processes described herein.

One embodiment of the present disclosure relates to a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a crystalline form of 4'-{2-ethoxy-4-
ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyljimidazol-1-ylmethyl }-3'-
fluorobiphenyl-2-carboxylic acid. In an aspect, there is provided a pharmaceutical

25  composition comprising a pharmaceutically acceptable carrier and the crystalline compound
as defined above.

Another embodiment relates to compositions comprising a crystailine



FIG. 2 shows a differential scanning calorimetry (DSC) thermograph for the crystalline foitn of the
compound of formula I. FIG. 3 shows a thermal gravimetric analysis (TGA) trace for the crystalline
form of -3- WO 2010/039719PCT/US2009/058803 the compound of formula 1. FIG. 4 shows a

dynamic mgjstuiesomtipn AR MRRiafiefenthacisialine fot ebiberampesagefirmula I.

FIG. 5 shows an infrared (IR) absorption spectra for the crystalline form of the 5 compound of formula

|. FIG. 6 isA¢FATErsg aBries sal BriHe s PEtsih 8569 e SR HURRI 8- 8rmula 1. DETAILED

DESCRIP TN {fr J HiFal PMEREERNaTiiscuemienpryides ateysellinaligrafredtile amount
(2-ethoxy-4-ethy1-5-[((S)-2- 10 mercapto-4-methylpentanoylamino)methyllimidazgl-1-ylmethyl}
-3"fluorobipie Astal daera RS AesEomeEr) SRR Y 18 G0 s tisErardti oty SHG<E0Enterions and is

referred to herein 5.3 faehasR SLUSIIINGIRLRLs, p; IheRslNeagpnl bRIBR, camraynd of fonnula 1)

contains one chiral center having the (S) configuration. However, it will be understood by those skilled
in the art tishemnRidhagkenn oo aieleiiac IR GtEre SROMS AMYIE pfeS e e B EigRibsitons of the

invention ynigse aihenise indicater-arayided thatheriiliy hthe compesition ana.uhale is not

eliminated by the presence of such an isomer. In addition, since th_e.compound of foimula | contains
both a basigentietyt{idinhariolejcaisdeati-Huieiehefitatyetdarboyliakibiensit sndgtslisrrascatoivitterion.
20The preset INCRGNRIRHISS,A CYSIRINS IRIMANASIZ AIRNEHE ISR Zrpiotensin
mercapto- gr%é’ﬂ%}?psér%%dr%%\%?}nﬁ(%,me}%% imi azél-l-;}l?ne’thyll :S'fﬁuorobip%ﬁh)enyi-z-gé%reélgglylic acid.
Surpriginglyonhistorystedine: forpm byam belshifoumn o asopteshie duligtasudagopish sden exposed to
atmospheric moisture. Additignally, the crystalline ¢ ounéj ftr]?re ' b%@ﬁ? gn gﬁ%pt&ble level
of hygroscg%ﬁ%hl)}g%ﬁo E Fgr mel |nrgeigot§16t.0%@eﬁ%egr??§égﬁ tc%ef% ?ﬁigga?nﬁas ATIereggptor antagonist
activity anddyRtéibiinen abtiuigyniTadeerysialtid sdparuedy, theltompaundadiyferneplabl éscexpacted to
have the same activ#%q? d thus the same utility in treating diseases such as hypertension and heart
failure. ThaP&IoPS ! ép'other uses, the crystalline form of the compound of
' Yet another embodiment of the present disclosure relates to a method for treating hypertension or

15  heart failure, comprising administering to a patient in need of treatment a therapeuticaily
effective amount of a crystalline form of 4'-{2-ethoxy-4-ethyl-3-[((S)-2-mercapto-4-
methylpentanoylamino)methylJimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid.

The present disclosure also relates to the use of a crystalline form of 4'-{2-ethoxy-4-ethyl-
5-[((S)-2-mercapto-4-methylpentanoylaminoymethyl]imidazol-1-yimethyl }-3'-

20 fluorobiphenyl-2-carboxylic acid for the manufacture of a medicament. In an aspect, there
is provided the use of the crystalline freebase as defined above for the manufacture of a
medicament. Additionally, the present disclosure relates to the use of a crystalline form of
4'- {2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl jimidazol-1-
ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid for the manufacture of a medicament;

25  especially for the manufacture of a medicament for the treatment of hypertension or heart

failure.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of the present invention are illustrated by reference to the
accompanying drawings.
30 FIG. 1 shows a powder x-ray diffraction (PXRD) pattern of the crystalline form of
the compound of formula L
FIG. 2 shows a differential scanning calorimetry (DSC) thermograph for the
crystalline form of the compound of formula L

FIG. 3 shows a thermal gravimetric analysis (TGA) trace for the crystalline form of
3.



foumula | is useful for preparing pharmaceutical compositions for treating hypertension or 30 heart
failure. The compound of foiiiiula | has been named using the commercially-available AutoNom
software (MDL, San Leandro, California). WO 2010/039719PCT/US2009/058803 DEFINITIONS
When descriB{RgtE¥ddhbounds, compositions, methods and processes Bf tHESHIRAIHS the following
terms have the following meanings unless otherwise indicated. Additionally, as used herein, the
singular forms "a," "an" and "the" include the 5 corresponding plural forms unless the context of use
clearly dictatés othemviséoTfentelnds "comprising”, "including,” and "having" are intended to be
inclusive and mearyjaat,iese.may b Addlional elepsRTHRIG AN e di'ed claments, /. numbers
expressing quantities of ingredients, properties such as molec far weight, reattion conditions, and so
forth used hékeigramrotsdbeldpderitdod as being modified in all instances by the term 10 "about,"
unless otherwise ingfeatethAGay gt i stibsie IO RAIRIB: AL ARPTBAIRRS thal may
vary depending upon the desired properties sought to be obtained by the present invention. At least,
and not &s a?PﬁtP@HﬁﬁitQBfFPﬁW{hé application of the doctrine of equivalents to the scope of the claims,
each number shoulgigt feast hr eersirueshinlightinf thedeneriedsianificantsigita anchby,applying
ordinary rounding techniques. 15As used herein, the phrase "having the formula” or "having the
structure” is hot intended to be limiting and is used in the same way that the term "comprising" is
commonly used. The terpETAgIED PEmtRaBTIsRd Oerelpmeamtheemperature at which the
maximum endothermic heat flow is Qbserved by differential nning calorimetry, for. the 20 theithal
transition that corre Bﬁa"ﬂ&?ﬂé’%i%%&-ﬁ‘a’afa}/ﬂ&%"a ﬁfﬁgs"gs"e%%ﬁ"éﬁ%&mhsﬁﬁ%ﬁ%fceuticalIy
acceptabile” redargto-a-matgtighihad ykhnotdiotabychihdarotherirsthvih Scdapiabiphsdrpused in the
invention. Focra %%%n]%eab }Qeﬁﬁg@ "Bthﬁlln%af%eutig%(lgl)){ ggcelgt{agleﬁ arrrlier" re{elfl's Itlo a t-crlnlateijal_ t(iiwat can be
incorporated nto a compaosition and administere oSaOBa ient withou %lélhglnog SUnacc,serﬁ Sore biological
effects 25 ortinberaioting iftcehagsn agceptabléowmnith other components of the composition. Such
phalinaceutically acgeptabl jals typically | et th i %s andards of toxicological and
manufacturing testiclr%?%%%’%p%%ﬁ%bg%&%ﬁ%gﬁar?g i%f(ra?ﬁtl |g§1 gz su%t% ég?ﬁ;g(%f\%gﬁﬁg%r% ient by the
U.S. Food afite Brueppickninistratiden Ties teinill repagersivodl iy difesstivialischimuht anébaisnarpamount

suffisientso effec A0 raRIReBLRbRRAdBINSIerad g aPateatiARRA e (RO Sritha.AmauNt of drug

needed to obtain the desired therapeutic effect. For example, a therapeutically effective amount for
treating hypetsigisn ks et srnidrdcbm Jeuvdiheetiby eormrsdiaing ke Misdeten%uppress,

eliminated by the presence of such an isomer. In addition, since the compound of formula

I contains both a basic moiety (imidazole), and an acidic moiety (carboxylic acid), it may
exist as a zwitterion,

20 The present invention provides a crystalline form of 4'-{2-ethoxy-4-ethyl-5-[((S)-2-
mercapto-4-methylpentanoylamineymethyllimidazol-1-ylmethyl }-3'-fluorobiphenyl-2-
carboxylic acid. Surprisingly, this crystalline form has been found not to be deliquescent,
even when exposed fo atmospheric moisture, Additionally, the crystalline compound of
the invention has an acceptable level of hygroscopicity and a high melting point.

25 The compound of formula I has AT; receptor antagonist activity and NEP
inhibition activity. The crystalline form of the compound of formula 1 is expected to have
the same activity, and thus the same utility in treating diseases such as hypertension and
heart failure. Therefore, among other uses, the crystalline form of the compound of
formula 1 is useful for preparing pharmaceutical compositions for treating hypertension or

30 heart failure.

The compound of formula I has been named using the commercially-available
AutoNom software (MDL, San Leandro, California).
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WO 2010/039719PCT/US2009/058803 eliminate or prevent the symptoms of hypertension, or to treat
the underlying cause of hypertension. In one embodiment, a therapeutically effective amount is that
amount needed to reduce blood pressure or the amount of drug needed to maintain normal blood
pressure. OMtREYHEPRYNd, the term "effective amount” means an amoulft SFFIERHFS obtain a
desired result, which may not necessarily be a therapeutic result. For example, when studying a
system comprising an ATI receptor, an "effective amount" may be the amount needed to antagonize
the receptor. The term "treating” or "treatment"rngedirerein means the treating or treatment of a
disease or medical¢ondition (such.as hypertension).in a.patient,.such as a mammal 10 (particularly a
Puman) that nclude e B R e R et
prophylactic ireathventisf alpativatietbls davelibeafintly thegdisrasgonnivedichtvonditidissath as by
eliminating of gty arssinAfiNe AlaeAse eamedicasondlion n apglisn: (0) suppressing the

disease or medical condition such as by slowing or arresting the development of the disease or

medical éondftistinaralipatiderelderay uBlemdbintindetiobysaptenls octhedideaséseor Fhedizalscondition in
a patient. Forgxampiethetermn dreatingvpgrtensiaen wawdinglude ey ptiag Mypgiiension from

occurring, ameliorating hypertension, suppressing hypertension, and alleviating the symptoms of
hypertensior 8 edM Pl sirarng BIBeuthe 85 el dreiententy. "HatEHRbRES AEBREW 0 include those

mammals, syghnashiwnapssdiataredp-negdhticainentariisgase 40 R eyeaiivnkipaL are
presently being treated for disease prevention or treatment of a specific disease or medical condition.

The term "pdBBRCSIEBTEIHE LR HEIRRIRN # R RIS AL SYRRFIRHHSHASHR® being evaluated
or test supjetisdeNgniised ti-AvassayidoEEXaroleiapanib aumbeekdehbMNMERAnYINTHETIC
PROCEDURES 25The cry talline comgoun .of the inveegtion an be@%sn:[hes%]ize%)go readily
available sta?ﬁﬂ@%féﬁgfs X WL AP dBE: W%W%Pfhtﬁ% ?ygﬁﬁ'@? SIEPL RV RPHIEthods that
can be usedip thegaiucatie enyistallivel esmpalnd af shetiouentiofintit iGoatetdchioweddic that the

crystalline coplant as:yel a5 e ARt ol e, pysials (size and. siapel may vany hased parfly upon the
method of preparaﬁon, 45 Well'as ‘on the SoIVent 3t corﬁposmon.bF e crystals fave been observed as
having a plaie hgd nEthdlecpootgshoipgicdtiiigtvecap precipigththatinhilerspetifictprioogsssconditions (i.e.
crystalizgtion tempeiaieRc AR HAIea10%0L (RARAN, QAR PIFSSHIER, i) afe diven, other
WO 2010/039719PCT/US2009/058803 process tonditions can also % used unless oI'EherW|se stated.
In some instéteed:denbtibryorecd iallisationdowereccondiietdbederoonviermpeagitiire and no actual
temperature measiiiemeRt was taken. Itis understood that room temperature can be taken to mean a
temperature within the range commonly associated with the ambient temperature in a 5 laboratory

environment, and Willtyfidal pbens et asgecsrssenmseshaksmessee g viHek etances, reactions

or crystallizafigRs ey e-eetdsietal Inamdempaial et thedempaIaiugNas@ctualymeasured
and recorded. Generally, the crystallizations are conducted in a suitable inert diluent or solvent

system, Exatipiae drmpian fat e HaPade (A Ssifotdd 40 g RIHG I C4Rghol, isopropanol,

The term "pharmaceutically acceptable" refers to a material that is not biologically
or otherwise unacceptable when used in the invention, For example, the term
"pharmaceutically acceptable carrier” refers to a material that can be incorporated info a
composition and adminmistered to a patient without causing unacceptable biological effects

25  or interacting in an unacceptable with other components of the composition. Such
pharmaceutically acceptable materials typically have met the required standards of
toxicological and manufacturing testing, and include those materials identified as suitable
inactive ingredients by the U.S. Food and Drug Administration.

The term "therapeutically effective amount" means an amount sufficient to effect

30 treatment when administered to a patient in need thereof, i.e., the amount of drug needed to
obtain the desired therapeutic effect. For example, a therapeutically effective amount for

treating hypertension is an amount of compound needed to, for example, reduce, suppress,

.5.



10 isobutanol, ethyl acetate, acetonitrile, dichloromethane, methyl t-butyl ether, and the like, and
mixtures thereof, optionally containing water. Upon completion of any of the foregoing crystallizations,
the crystalline compound can be isolated from the reaction mixture by any conventional means such
as precipitatidff ¢9fdéHthtion, centrifugation and the like. 15The PCT/US2009/058803
4'-{2-ethoxy-4-ethyl-54('$)-2-mercapto-4-methylpentanoylamino)methy1]-
imidazol-1-ylmethy11-3'-fluorobiphenyt-2-carboxylic acid employed in the invention can be readily
prepared fropiicomimerpiaiyravkd aplepsiatiobhyraterialorand teagents usied the: prosedfires described
in the Examples, or using,the procedures described in the commanly-assi U.S. applications
described in@tl e&%%ﬁggjiansgeeé?%cr’?% f féajgﬁff‘é’gﬁg%? hee%&{pr‘ﬁeo glroﬁlﬁtgsqg%s%%%uen in the methods
of the inventimedsdricoes decedipetbraemine drishovamiout ol dthgdesivditableitoainoserskibéebih the art. For

example, SUGRLIQIAr (A 58 (EARINAELORT I NMR, AGAEY SlemaNp! analysi

and HPLC methods can be used to determine the molar ratio. In general, the crystalline form of the
compound of¥érma st pelkbrapiie sy s nesatiagly be a therapeutic resuit. For example,

4'-{2-ethOXV-&t%WMhéyﬁ;gsa)@%ﬁi@ﬁ{féai@ﬁs}iﬁﬂE%H‘XFPF{&L%B@H?@[Hi"é@%é_@ﬁ%@ﬂﬂ%@l@‘%ﬂk}ﬁé‘%%thy|)_-3'-flU0r0b
iphenyt-2-carboxylic acid with an inert diluent to complete dissolution. Suitable inert diluents include by
way of illustratiSHeaAgeAeH ihditiarsmizsdbidsesriktonitrile, ethyl acetate, methyl ethyl ketone, methanol,

ethanol, isopropanainyvaieraadise fortiLihaisuitafle iserndiliani sminghsde by eyt dlstration and
not 30 limitation, combinatjons of inert diluents such as acetone with water, acetonitrile with water, and

methanol antl WHSF. T BFEBLFBREP BB ERER N UARERETS Sediohe maBiitrile or a
combination phaneteng sthnateiaiGanetally apisselution tscinductedtiWiQondition from
2010/039719PCT[USt0(39/058819?1 a lemperature an%%g f;{%%w ate);ut 20C é%cg{\]@bout 50C, in one
embodiment&t 1é\nilélﬁipearafﬁj ) ?%r?’gflﬁgl?% "REBLR S0P t IRARGIHER Bttt at a
temperature médibdutohB1idbGuchhe bpleiiomasithen consleg toxfoimicthelchysiaitine compiotiid of the
invention. In(%%%iﬁarticular eer C iment, the s%llggon IS coolegito abo&t[ZO-BO s 25C,andin5

Jlar ! ( : such
and in another emB%é?rﬁlgﬁ?%o a ﬁ%%bés Stch as 48 Rhera g%]it%qﬁ]le Amatn %ﬁ‘l{fﬁﬁv’e?“cﬂr%tals will be

observed. Inwnpeahindnient anstElsidhe disseryedrafteed padgdofimbeat@0;:24 [burs, and in
another,gm bﬁ?éﬁh‘?&% E}Eﬁ?ﬁcg{iﬁx%%%;e%gcﬁgg%%ﬁ\%‘cé Eq}f&ﬁi (R%‘%(? g%%g"i‘l S@%%Q&%ﬁ@%‘{%ﬁe the

volume of the mother liqu [ _ e crystals isolated : ried. 10In one embodiment,
the crystallin€gdriisaiifnibapersmeantonié pedplret tipteatingprtension from occurring,

4"{2'ethOxy'ﬁﬁiw}ﬁﬁ%ﬁxﬁ?@ém%ﬁaﬁ@iéﬂﬁm&@@ﬁeﬂj %HH%QL%@MIM symptoms of

imidazol-1-ylmethyll-3- obiphenyl-2-carboxylic acid with acetone to complete dissolution and
cooling to effSEERPSIani£RESHastREs- e RtiRg WoRdoeamtrbnbe (somiBeshd drivgndediBnd the

crystalline cqppRInEoet harimwentiom Jypicalhs, this HoeessEanhadRcondiicied at any of the
aforementioned temperature ranges. In one embodiment, the dissolution step is conducted at about

30-45C Hbr SREYRHIENAY S50 TSR A6 vabiing Eabuliffy SRsass SRR At 4EBERIISE, for example,

at about 4C. specific discase or medical condition. The term "patient” also includes test subjects in
which compounds of the invention are being evaluated or test subjects being used in a
assay, for example an animal model.

{GENERAL SYNTHETIC PROCEDURFES

25 The crystalline compound of the invention can be synthesized from readily
available starting materials as described below and in the Examples., There are several
methods that can be used to produce the crystalline compound of the invention. It is noted,
however, that the crystalline content as well as the habit of the crystals (size and shape)
may vary, based partly upon the method of preparation, as well as on the solvent

30 composition. The crystals have been observed as having a plate and needle morphology.

It will be appreciated that while specific process conditions (i.e. crystallization

temperatures, times, mole ratios of reactants, solvents, pressures, etc.) are given, other
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In another embodiment, the crystalline compound of the invention is prepared by treating 41-
[2-ethoxy-4-ethyl-5-R(S)-2-mercapto-4-methylpentanoylamino)methylk 20
imidazol-1-ylmethyll-3'-fluorobiphenyl-2-carboxylic acid with acetonitrile to coan%;élete dissolution and

cooling to eff¥& W4T ¥ation. The resulting solids can then be isolated arid dHEFISIIER the

crystalline compound of the invention. Typically, this process can be conducted at any of the
aforementioned temperature ranges. In one embodiment, the dissolution step is conducted at about
30-45C, for pxawewsleyraitabouki5E) anddtbvodulinghesyvsie ptiscdo it seretl BHABEH 1028 Mor example,

at about 4. In anoer SMERUIMENaIBE LY RIBINESAmRAU AL dhR Ry eaHpRIR.Rrepared using a

thiol-protected n rr?'(i)lh _
(2-ethoxy-4-eHnsir6rR(B tekerc d o pderstAgiyB At SRy MO HAET RS IPRIEREBI 1 BfitTethy)-3'-fluorobi

phenyI-2-ca@w@&&gi%£@§@%m¥ﬁ§ g&BE@i@@.tmkﬂfhe ambient temperature in a
{5-R(S)-2-acetylsulfanyl-4-methylpentanoylamino)methyl]-2- 30

ethoxy-4SethiylirTriemzomiyamaeni st wilb o 2 bamess it abtinTiethaher aldadding water to

complete disgalytion.and cenling o efest.onysiptizaten.caandard: deprolaniontiechninmes and
reagents such as NaOH, sodium methoxide, primary WO 2010/039719PCT/US2009/058803

alkylamines [ SRBCRyHFaRHEAHA DG NE4S 1 576%E fie thiol protecting group. The deprotection step

may include a redugingragenhsushaBiladodithietbseitaltcllia sesulingisolidsican theolbaisolated and

dried to yield the crystalline compound of the invention. Typically, this progess can be conducted at
o g Hidba e 3

any of the afSrefertiAMBIF I RISk RE PRRY 2E° BRbHEETHAY 3 &38%&%%8%%?@ is
conducteyl atsabotihoGthe13Csthor, axemytelat AbidutddEs ite: dissbidtidrsieplisr contibetekkat about
15-25C, for example, at about.20C, and the cooling step is conducted. a u , for example, at
about 4C. Cﬁ%ﬁ%\ﬁ?f\l eﬁﬁﬁ%’)ﬁéﬁﬁﬁqlgscomaml %%o%%%t 8?%8%%8?%%%%?@&%%{1 discovered that
forming a crystafiiriegforystofid0ithe, donepetsdrofdonpriad cis bsesaldigd Sunfyiyreaeieompound itself.
For example, the crystalline compo the invention has:a, PN AE 8.2 Yk Af fs el kagwn in the
field of powdfél}X)%E{-Iﬁ'giy}gg %ﬁﬁ%ﬁ‘i’%‘ﬁ‘,ﬂre g%lli\l/%lgégg%h&éigﬁs oﬁn PXlle specetra ar% ’deependgnt on a number of
factors relatitig idksample preparation and instrument geometry, while peak positions are relatively

insensitiye to gxpe%eﬁlt“qb _Je@l?%@j‘l%ﬂ%d@gf@é@)p@%{gawggqgﬁg}%ﬂggﬁgﬁq%j&%mpIe 3. Thus,
in one embodiment, the crystalline compound of the invention is characterized by a PXRD pattern
having certaitnpar! dositnsHyrietbgbinkarbrneatne ¥ asibimal orsd imba S E S%erized by a
PXRD  patferpinwhich the aeakoasitions sy e substantiaiy: magspidanceuithdhaseshown in 20
FIG. 1. Those peaks are listed below, in order of descending relative intensity.
procedures described mn the Examples, or using the procedures described m the commonly-
assigned U.S. applications described in the Background section of this application. The
20 molar ratios described in the methods of the invention can be readily determined by
various methods available to those skilled in the art. For example, such molar ratios can be:
readily determined by "H NMR. Altematively, elemental analysis and HPLC methods can
be used to determine the molar ratio.
In general, the crystalline form of the compound of formula I can be prepared by
25  treating 4'-{2-ethoxy-4-ethyl-5-{((S)-2-mercapto-4-methylpentanoylamino)methyl]-
imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid with an inert diluent to complete
dissolution. Suitable inert diluents include by way of illustration and not limitation,
acetone, acetonitrile, ethyl acetate, methyl ethy! ketone, methanol, ethanol, isopropanol,
water, and so forth, Other suitable inert diluents include by way of illustration and not
30 limitation, combinations of inert diluents such as acetone with water, acetonitrile with

water, and methanol and water, In one particular embodiment, the inert diluent is acetone,

acetonitrile or a combination of acetone with water. Generally, dissolution is conducted at

-



Thus, in one embodiment, the crystalline compound of the invention is characterized by a powder
x-ray diffraction (PXRD) pattern comprising diffraction peaks at 20 values of 6.66=0.20, 9.84.20, and
18.12=0.20; and further characterized by having one or more 25 additional diffraction peaks at 20
values select¥d #apP¥3188=0.20, 13.54=0.20, 15.02=0.20, 19.32=0.20, zﬁ?’;’b‘i%%f’ﬁ%f’ého.zo,
24.56=0.20, 25.30=0.20, 25.96=0.20, and 27.32=0.20. WO 2010/039719PCT/US2009/058803 A
differential scanning calorimetry (DSC) trace was obtained as set forth in Example 4. Thus, in one
embodiment; tireperystallinezoonipou atbot 2FE itvertio A1SG haasteripeding it BSENepmsgraph. In

one embodinegh, NG EBIRINE Fomnpund aldfic BMBRIRR-R charasiRizai iy afiprsthermograph

which showgaélg%%tlng point of about 5 144C, WI%‘I no significant thermal decomposition below about
150C, as seéf’ {h HIG. splutionThiiensgedsdrietiomiialysigiioroomasperdihe drumied. cHystalline

compound of the Inyention,asase BRI GIARRIL fd [h4Se IR Msoembedimentdhaarystalline

compound of the invention is characterized by its TGA trace. In one embodiment, the crystalline

compourid ofthénipetheormBodimrattenpert Byl #atelwridishsitiatlasawed of 48lvents and/or
water_(1-8%2&%&@@%%@@%%@&%&9@&%}@@ﬁam@éfmﬁsemeaiml@rat{aaﬁbmmmng point),
as seen in FIG. 3. The crystalline compound of the invention has been demonstrated to have a
reversible sapadhEEoHiEh BROTTE SRS EE%‘&(&B?&W@\%’]@%@H%EEW&W% FSFExamFfe, the
crystalline fogsefishe: cogpadnthoi-toime e tHasdie:oniqas oaal tktigreaseopikityrpsapensity, and has
exhibited less than about. 1% weight gain when exposed to up to 75% relative humidity, as seen in

FIG. 4. THES (1B} absorption spectrum of the crystalline compound of the invention was
obtainedgas descrilgd:in daxantiplent Ghd bysrhioneremhodiotaht, ithemiystalinggedigound of the
iéicant abgt%; tion bands at

33241, 20581 SBHAT ST T8y TOHAY ToRr o B TS0 Hog21 8601,
7991, 7591, iaridaGOB1-yinethy! 4 'skemahipiGiyb-2-carboxylic acid with acetone to complete

dissofution and cooling to cffect crystallization. The resulting solids can then be isolated

and dried to yield the crystalline compound of the invention. Typically, this process can be

15  conducted at any of the aforementioned temperature ranges. In one embodiment, the
dissolution step is conducted at about 30-45°C, for example, at about 35-40°C, and the
cooling step is conducted at about 0-8°C, for example, at about 4°C.

In another embodiment, the crystalline compound of the invention is prepared by
treating 4'- {2-ethoxy-4-ethyl-5-[((5)-2-mercapto-4-methylpentanoylamino ymethyl ]-

20  imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid with acetonitrile to complete
dissolution and cooling to effect crystallization. The resulting solids can then be isolated
and dried to yield the crystalline compound of the invention. Typically, this process can be
conducted at any of the aforementioned temperature ranges. In one embodiment, the
dissolution step is conducted at about 30-45°C, for example, at about 35°C, and the cooling

25  step is conducted at about 0-8°C, for example, at about 4°C.

In another embodiment, the crystalline compound of the invention is prepared using
a thiol-protected form of 4'- {2-cthoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoyl-
amino))methy!Jimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. This method
involves deprotecting 4'-{5-[((S}-2-acetylsulfanyl-4-methylpentanoylamino)methyl]-2-

30 ethoxy-4-ethylimidazol-1-yimethyl}-3'-fluorobiphenyl-2-carboxylic acid in methanol, and
adding water to complete dissolution and cooling to effect crystallization. Standard

deprotection techniques and reagents such as NaOH, sodium methoxide, primary

8



Additionally, the crystalline compound of the invention has been found to be stable  upon exposure
to elevated temperatures. For example, after storage for 28 days at 40C, 25 analysis of the crystalline
freebase by high performance liquid chromatography (HPLC) showed minimal chemical degradation.
These propePtiB2 Y& ¢ ystalline compound of the invention are further GBI Examples
below. UTILITY 30The compound of formula | possesses angiotensin Il type 1 (AT) receptor
antagonist activity and neprilysin (NEP) inhibition activity, i.e., the compound is able to inhibit
enzyme-substkatenziotisigndOpérmsasury Ot tire&ffimtty ofedhsohipbpret:tonger vt Wo
201010397 19BGTIHSAONY/ASE405 meeRIAL.S (g llons consiani ioifer biRdRaia be AT
receptor. The BK, vafue Is the hegative logarithih to base 10 of the K. One measure of the ability of a
compound tedfisiengen hetistigtpsl Bd iiBite o Meermreabing CBmOwIHieh e tixednBentration of
compound thﬂ%ﬁ@éﬂ%ﬂ& halkmadmal ihikitien af SYRFale ceauersian Sy Hs-NER .spz/Me. The
is

plCso value is the negative logarithm to base 10 of the IC50. The compound of foimula I exhibits a pK,

at the AT rebeprecERstErMahOABERISF IO BHSDETOndHIcE MIPY pTCSEP foriN B GrdaRE than or

equal to abopitf:OpoC, HRXEGRPIMYASSRYSImastemina properties ofthasempaundeet farpula | as well
as of the crystalline compound_of the invention, such as the AL receptor binding and/or NEP 10

inhibiting actiAty"s o eusEN R rPRdusstAhes 4 fndRIGE BYRIaG SPRtistr&tion and not limitation,
assays that measure AT, and AT2 bindingxdesaribednnodssaysl), and NEP inhibition (described in

Assay 2). Useful secondary assgys include assays ta measure angiotensin converting enzyme (ACE)
inhibition (also descHBFIRIKES ¥a?fa§ﬁ%i ]atit}?ﬁﬁsgg@b%%%‘?ﬁ{iﬁb@ﬁﬂ%ﬁ&%ﬁ%@gﬁb 1anlﬁééulpizio et

al. (2005WPEE 3ibpb306oliiais), A phdtitacedyfidmithassaytomabsess theriexuiuplintibitory

potencies for AC;Ea j.[ATI and NgP % ea}ngsrtlgeti%%g ,rat%iits ((j) ggrglg/ed in U.S. Publication Nos.
2008/0269305" 3R E%BWQE Qg, oth t0 Kﬁegre%t? etal. ?seé also Seymour et al. Hypertension

7(Suppl 1):1- 35-1-425 983! dndwigléretiald©apoddihysipl dPiestivacotlaroc526-18285 2992), where
ATI inhibition,i S t.inhibiti angi i re onse, 20 ACE
nibiton fo RO BaE e v e A e SIS b SRR S
inhibition is rivsgsared gepneirsasbd Lpiadirgosiiidies graisbsine BINSNFHbIRp KIS BPRAEGMP) output.
Useful ins/ivg agsays eSS EFANIUBNMSRA0RDRALSY BYRGHRNS MG FAL(RIAR) model, a renin

dependent hypertension model that is useful for measuring AT, rfeceptor blockin édescribed in U.S.
Publication N&¥@5ED0dhe 2600515120000 02 §708 Y eistAntss Alwgrittixsddy: s Bl §altEhgan et al.
(1999) Circulgion. 100(22)2%66@2¢m and Badyal et al. (2003) Indian Journal of Pharmacology
35:349-362), and the conscigus desox%(jcorticosterone acetate-salt (DOCA-salt) rat model, a volume

dependent hyperterdibAtBdEI L dsraP R bl g P selkurs et Pbad Y s. Publication
Nos. 2008/0269395:2¢4: 200Q/082321fihetiréadlegrrltvahak e wisolisapanivel al. (1989)1.

Cardiovasc. Pharmagol. 14:419-424, Intengan et al. (1999) Hypertension 34(4):907-913, and Badyal et
al. (200255u51§.%3‘?ﬂ%?é’%ﬁ5%‘§ %%E%&alﬂ%%%@ﬁ%zﬁgé)m%1"8}&&\‘7’&%}%“& $¥he ability of a test

compound to reduce blood 1% [2-Theta I% |2-Theta
100 18.121 40 15.019
76 6.658 37 25.296
64 9.801 30 27318
62 22.621 27 13.543
52 19.324 27 21.199
51 24.561 19 25,958
44 12.682

Thus, in one embodiment, the crystalline compound of the invention is characterized by a
powder x-ray diffraction (PXRD) pattern comprising diffraction peaks at 20 values of
6.66+0.20, 9.8=0.20, and 18.1240.20; and further characterized by having one or more

25 additional diffraction peaks at 20 values selected from 12.68:+0.20, 13.54::0.20,
15.02+0.20, 19.32+0.20, 21.20:+0.20, 22.62:0.20, 24.56:0.20, 25.30+0.20, 25.96+0.20,
and 27.32+0.20.



WO 2010/039719PCT/US2009/058803 pressure. The DOCA-salt model is also useful to measure a
test compound's ability to prevent or delay a rise in blood pressure. The compound of formula | as well
as of the crystalline com&)und of the invention are expected to antagonize the ATI receptor and inhibit

the NEP enz}ifi@4H4R/ BF the assays listed above, or assays of a similar Hat(FEE* PRI the

aforementioned assays are useful in determining the therapeutic utility of the crystalline compound of
the invention, for example, its utility as an antihypertensive agent. Other properties and utilities of the
crystalline compouAditgierdns dlecaomisg atdetisitiy GIS6D imavitroanttrnglasast arshirll-known to those

skiled in thegdtEhefefptg, e coaialing inelhe compaiialdymilad eypacted to find 10

utility in the treatment and/or prevention of medical conditions responsive to AT, receptor antagonism
and NEP intibtistictise dxatn ReCheamesgamizifyotiecmipedaneidharia talismeresmiiwith the action
of angiotensip ligndisisRsepiars e Lrysiatine eampaunshof e veniiondaBsnrtediastind utility in

preventing the increase in blood pressure produced by ang?iotensin I, %é)otent vasopressor. In
addition, by iHisiinghersigrdisa champl de Commpyiting hs'arsstexbdetet 18 psteitdiCte biological
effects of endogenauys-ppplidesdhat argyhetaionliyeddpeiiResushirsihomaie deaticopaptides,

bombesin, bradykinins, calcitonin, endothelins, enkephalins, neurgtensin, substance P and vasoactive
intestinal peftidB VBB ABIE bferiRing P EHEROD FIRCHARAT AN BEPHUBS the crystalline
compound isexpestad fenkenvsafiehtn tieaiglaizeamaitd NG Crysiallineo20 caopinad, halso expected

to have other physiological actjons, for example, on the renal, ¢ | nervous, reproductive and

gastrointestiﬁ%ﬁsgifgrﬁgmpouﬁé}g?‘f/é%ﬁfﬁ’é”fbsrﬁ%%ﬁtgr&e?ﬁgyi ﬁ%/{é{f{u%otﬁafg ‘e"i)lglf)cehc ed 10 Hind utility in

treatingland/ef ptestentind/enedieal Cétditionssuehias beldioatase i ancvhertalsdispasesitly

Cardiovascular dis%as%g of Q?rticularjn,terest in 8e heart failure such as congestive heart 25 failure,
n the 1 3

1gher t ng point), as seCT i . . .
acute heart alifﬁ.lre, Chronic hear Failu e, Ahd acute and chronic decompensated heart failure. Renal

diseases of particulbirdntgsestinsciodpodiabeliha ephkntipatms dachcleromistiithddy biisease. One
embodiment of the invention is di ‘ ' ' ising
maministorng 4 A e At ol e O e e of the
invention. Tygpioate tthe enetaliegtieatpBhetiaanvurdmblmmsliddammewintidmal sufficient to lower the

patient'%P'O%?ﬁ&@éau@y'&%@%{g%qiHA@%&%%Y&@!HQ& AmPeyndisrdminisieird Ran oral

dosage limn. Another embodiment of the invention is directed to a method for treating heart WO
2010/0397 1P @TIM SO0 EBI0T Tl as $5mptiEiig Administering to a patient a therapeutically

effective amount offthe;grystalling eesmpeendRithednyentiondypicathndhetheranautisalineffective

amount is the amount that is sufficient to lower blood pressure and/or improve renal functions. In one

embodiment™ e BIy8ed iR d esHisdRE reapinistehat H508A FPAdEntRls BoSRGE M. 5 When used
to treat heartfailpsendhe iy stabinecRoneuie Ry heatnibisipira heombinatiag with other

herapoyfc Sl Sh s AT, el peRles an] nonis gt anasonis. Te
15511, 150041, 135741, 125441, 11331, 10621, 869£1, 79941, 759+1, and 695+1
cm™, as seen in FIG. 5.
Additionally, the crystalline compound of the invention has been found to be stable
upon exposure to elevated temperatures. For exampie, after storage for 28 days at 40°C,
25  analysis of the crystalline freebase by high performance liquid chromatography (HPLC)
showed minimal chemical degradation.
These propertics of the crystalline compound of the invention are further illustrated
in the Examples below.
Uty
30 The compound of formula I possesses angiotensin Il type 1 (AT)) receptor
antagonist activity and neprilysin (NEP) inhibition activity, i.e., the compound is able to

inhibit enzyme-substrate activity. One measure of the affinity of a compound for the AT,
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preventative therapy, for example in preventing the progression of cardiac insufficiency 10 after
myocardial infarction, preventing arterial restenosis after angioplasty, preventing thickening of blood
vessel walls after vascular operations, preventing atherosclerosis, and preventing diabetic angiopathy.
In addition, a4 NEBIHibitor, the crystalline compound of the invention i8eXBattd 8% nibit
enlcephalinase, which will inhibit the degradation of endogenous 15 enkephalins and thus such
compounds may also find utility as analgesics. Due to its NEP inhibition properties, the crystalline
compound is@lgaoexpactédtoitbey useftdragkahfiiubsidaatetits AfdrartidiarfeapEgesits (for example,
o oAl ELARINERLER O RSO LIRS HERURGR B Mesiligudort o

preterrn labor, prezeclampsia, endometriosis, reproductive ers (for example, male and female
infertility, polipdystit\20 evavigristhednbshdoiynpiaeratieriailGre), whigimatbeasa derratiosexual

dysfunction, é@ﬁ%ﬂ&iﬂ@ male.arechs dysiuncliananddsmals.sexusl aiRuabdispderigore specifically,

the crystalline compound is expected to be useful in treating female sexual dysfunction, which is often

defined as aseyiake JasanEscditiuttyiripeisiie eeaiibrs Risraetd O frihsdkunl dRpresaisHd his covers

a variety of @Y%ﬁﬁlfﬁm@iﬁiﬁﬁw@l@iaQEféezfﬁ“!,%Béﬁiﬂﬂgx@t&ﬁﬂ!ﬁ)b%&ﬂﬂﬁ%&%ﬂ, Rt limitation,
hypoactive sexual desire disorder, sexual arousal disorder, orgasmic disorder and sexual pain
disorder. WHEHBESPIE wdon NERreuist ders csperlisghAi® sexual dysfunction, the crystalline
compound may be embingdMithsapagemprepbibeito lowingsasanday regamts] RREE ihibitors,
dopamine aganists, estrogen receptor agonists and/or antagonjsts, androgens, and estrogens. 30The
amount of thef &‘?%faﬁfﬁ%%maw&ﬁad&fﬂ?@ IVErtSh siiniSterel pRFE0SS B e Y A Nhbun
administered{pesitlay 1oayid) eaps ddaiabaiine cho Eilamalbendetetadineg oy af inaividisal paftient basis by
taking into consideration numerous factqrs, inclyding.the nature .WO. _
2010103971 SBUAH I TS SB08 bR AP i of HRS DR SHE LSRN SHINER being treated,
the age, weidgittibaieh gésrerdicddealtiyafthe paténtydhedoterances ofdhdpetiar tortisesactive agent, the
route of administration, pharmacalogical iderations such,as the actiyit icacy, phalinacokinetics
and toxicoIo5’?’%?%)ef?lSe%1 o?qﬁ%ﬁ}:n efol n?j(s%n h@lls%é%%%éaa?ﬁ g%sgﬂiﬁg lerfr%sgdjé %ﬁélfstered, and the like.
Treatment ofeipatiertiGui@riAg Monhditise tbs cobrdediBal monditioh (BWeh E¥Hyperief$ion) can begin

With & PradetpTIned AARAAC. LA IRPAYR IGTRIIINGH HYVNE HERNA AINGEIENANCleantinue for a

period of time necessary to prevent, ameliorate, suppress, or alleviate the symptoms of the disease or

medical condiibNEPdtienestoritrsrysinds seetrifreditmemt Wiblgsiceny'pe #671E68A9 Gnedoutine 10 basis
to determine {he, Rifestivensst of AMRLARY- & o RR@MRIEs M- HEAIAINYREHIeNSIon 7o Rfgssw-e

measurements may be used to determine the effectiveness of treatment. Similar indicators for other

diseases and Toriditibhis dadcisetichekehd ale MIBIEUN U 4fer Ardrbidin 2ail 4Bk tsiee treating

physician. CantinypusimoRitasiRg-Ly e ppysisiamwilisswetbah e Qptimppamesikpbihe crystalline
compound will be administered at any 15 given time, as. well as facilitating the detelmination of the

duration’8f tre&tFrBHP AR RSN AR RTERS WA H LR AGENS A5 IHeasd BISS HdimgBninistered,
as their selegigINEP $agBitandsdualion of therapydnay aisovigguitendiisgnent. In this way, the

treatment regimen and. dosin edule c adjusted over the course of therapy so that the lowest
amount of a%ﬁgogagwgg%%ﬁ{%?tg%%tdggﬁ?%%I glhveredd’ q%‘%?mlﬁi%?g‘?’gglésnd, further, 20 that
administratiospisicaasinde dypatyesatong EHR necddsangi sispeedsiullyraat tive disédskadismedical

conion. SRR SYRRIE SRS s i el gpeir snagons

25 2008/0269305 and 2009/0023228, both to Allegretti et al.; sce also Intengan et al, (1999)
Circulation 100(22):2267-2275 and Badyal et al. (2003) Indian Jowrnal of Pharmacology
35:349-362), and the conscious desoxycorticosterone acetate-salt (DOCA-salt) rat model, a
volume dependent hypertension model that is useful for measuring NEP activity (described
in U.S. Publication Nos. 2008/0269305 and 2009/0023228, both to Allegretti et al.; see

30  also Trapani et al. (1989) J. Cardiovasc. Pharmacol. 14:419-424, Intengan et al. (1999)
Hypertension 34(4):907-913, and Badyal et al. (2003) supra). Both the SHR and DOCA-

salt models are useful for evaluating the ability of a test compound to reduce blood
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investigating or studying biological systems or samples having ATI receptors or a NEP 25 enzyme, for
example to study diseases where the ATI receptor or NEP enzyme plays a role. Any suitable biological
system or sample having ATI receptors and/or a NEP enzyme may be employed in such studies which
may be condBE&H¥IEHin vitro or in vivo. Representative biological syst& WP suitable for
such studies include, but are not limited to, cells, cellular extracts, plasma membranes, tissue
samples, isolated organs, 30 mammals (such as mice, rats, guinea pigs, rabbits, dogs, pigs, humans,
and so forthjressdrthlliké) QA madmnmmdisibeingueé fphrdicutasirterest cimmpnengartiolilzirtembodiment of

the invention an AT | receptor.in. i ' inisteri AT ,-- WO
201010397 185 PAIEEOBo D Be e o ﬁ?‘;fﬁgn?r%%%s g#ﬁf@%ﬁ%@?ﬁ%@%ﬁg% another
particular enshotifentoNpRiahe{the inetivign are sreevinibiositisivniied thy Adnievettsingd

NEP-inhibiting, ameuntbthe, crysialine sompoundsilig gystaling comperad eanalse be used as a

research tool by conducting biological’assays using such compound. 5When used as a research tool,
a biologiéal Syt thorfammensiontf srrangrenuacivrecdpeminiapha R anishltsalPieally contacted

with an ATI recapior-aniagoniaingins NERenzysmesanhiting amevnt of tharsistaling aesmpound. After
the biological system or sample is exposed to the crystalline compound, the effects of antagonizing the

ATI receptor¥hen srapFrint g tHEGEroE hA shstallng SREPRANEY 8iRG SorRibE 8 &ifires 10 and

equipment, SHGHAaSAY NE9sUHAYY /eaPtasRindIRg i abisginghassay or measuring ligand-mediated
changes in a functional assaE%Exposu_re enco(r)gpasses cont c%i g ce{ls or tissue with h(? compound,

" administering the cORRBBHTAMHS & MBHRTAOTEOLERTOMASYIH ! TBHE LIS HRTREt SR’ and so forth.
This detgrminitigysten casainvelventieasdringieresprikel(eoqdabtitatveranatysis) Dr easpiovolve
making an observation (a itative 15 apalysis). Measuring a respgnse.involves, for.example,
determining ?ﬂ%a%‘ﬁ]é%%fi c})l}%%gﬂﬂ %’ac}%%%%a&nlﬁg On%ﬁgp ngéﬁ%gﬁ!%@‘s%f}ﬁegsggﬁg%%ﬁ%?ng
conventionalprotedyresiand egidpofenyistckiadl mditliganddndingassiys andymeadofing
ligand-mediated chapges in functional assays. .The as Tes 1 ermine the activity
level as welﬁg% the %Hrfgi%ﬁsnﬁf‘x g%ﬁﬁﬁgjﬁ%dgur@ eds 1@\%? @éhleéég%g%ge%ﬁ%ﬁ@gglﬁ%g%at is, an AT, 20
receptor-antagshiin yamffotaNER eneyrmevishibitsey amodationy iz alibinagidtditining step will
involve deteigip seepaLdisandunesinien alieds aadior SRR elisgts of inhibiting
the NElginz%%g%Q%%ﬁgnal y,.t%]egc):?%%sta Iin(l,géompound_of thég{fnvention can %Zgused as a

research toop$ptidsdiurtrryratiabe rrshine b wsdu dae apaiwts aRpEdss bRBR#SIA:screening assays

2510 discw%?aé%ﬁﬁﬁ?s["ﬁﬁit@&ﬁf{, cRARRuRCS RRMIAYAT hieesRIRANBARIZING RCTMIB AR/ O
NEP-inhibiting activity. In this manner, the crystalline compound is used as a standard in an assay to

allow compaliéeiw prpvidsuFeigbimple WitPertisting s siisatantlinir v eivaenifesciihpound to
identify thosedgsticaseeyrisdiathse.akout ol @ ripericaatvithilf apyafiae example, K, data

(as determined, for exargfle, by a binding 30 assay) for a test compound or g group of E%gt compounds

is compaPed TR RIFA ISP HARISS R A LD 4% (e AL HOR TS THRItRP G 46 st
compounds thathbvetbes depieil arepaiiesstoimtxampleydesiscompounds having a K, value about

equal or superior The crystalline compound of the invention is expected to find utility in treating
and/or preventing medical conditions such as cardiovascular and renal diseases.
Cardiovascular diseases of particular interest include heart failure such as congestive heart

25 failure, acute heart failure, chronic heart failure, and acute and chromc decompensated
heart failure. Renal discases of particular interest include diabetic nephropathy and
chronic kidney disease. One cmbodiment of the invention is directed to a method for
treating hypertension, comprising administering to a patient a therapeutically effective
amount of the crystalline compound of the invention. Typically, the therapeutically

30 effective amount is the amount that is sufficient to lower the patient's blood pressure. In
one embodiment, the crystalline compound is administered as an oral dosage form.

Another embodiment of the invention is directed to a method for treating heart
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WO 2010/039719PCT/US2009/058803 to a compound of the invention, if any. This aspect of the
invention includes, as separate embodiments, both the generation of comparison data (using the
appropriate assays) and the analysis of test data to identify test compounds of interest. Thus, a test
compound cH¥BRIE03Ited in a biological assay, by a method comprisintg tHE SEpE8#{a) conducting
a 5 biological assay with a test compound to provide a first assay value; (b) conducting the biological
assay with a compound of the invention to provide a second assay value; wherein step (a) is
conducted efiilersheforpsisifiendmuosicungetothy pwittns tefhianeatidelt) dbraperismot ffshassay value
from step (aérv?\;/i the second valuy mﬁﬁ? SR, ' | S include an ATI
receptor bindi Sé%é%%??r?&%ﬁ?%ﬁ%%ﬁgg% in it?i%i((g% fsé(saéglg I%ﬁ%&%@%ﬁl%@mw
COMPOST O NS Dt O RMIULAT tONBerTHeodryssitirreedwipouneve f fsplacHRy Pieally
administered to a patient,in fefoum of aBhaIAF fUtisalcampesiion-arfamaulatinns Sue.

pharmaceutical compositions may be administered to the patient by any acceptable route of
administfatioRtielsdihty, it heerdeilmrebasroialling cemneaghaizy e afiikaiead dpical (including
transdei may), geulat.ARdiR3irataial.medes ahadminisiraties: dkusthendhe rpmpeuads of the invention
may be administered, for example orally, in multiple doses per day (for example, two, three, or four
times daily), 3CBOSIRGEGAIRF P8V Asingle weekly dose. It will be understood by those skilled in the
art that, once the cygiaiisaicanpreusaf Sfeninieptiosnhasibeerp@dprabdatedyitimay no longer be in
crystalline form, i.e., the crystalline compound m%}é.be %issolved ina %uita le carr%Fr,Accordingly, in
one embodifTEREHLY iSRS n IRSISTETIRYT P& JH R B B OS8R COMpHanG A pharmaceutically
acceptajgle carsiahpndrdier yistalinenfpilsvefidig arterial restenosis after angioplasty, preventing
12-ethoxy-4-ethyt-51((S)-2-mercapto-4:methylpentanoylamino)methyllimidazol-1- 25.
yImethyl}-3'§%i%?BB]i%hz%§éB 3%1%%)‘(")’/%%:8 g%iedﬁ.lvgﬁcc ' aﬁﬂﬁ?‘?ﬁé%%so ca %é]‘%%g?fé’%%éefﬁ%?’aﬂ%% contain
other therapetiieraing/distermulatiogptiyents if desired. When discussing compositions, the "crystalline
compound of the invention” may be referred. t ' "act - istinguish it from
other componentsngf f%‘él?gpmﬁgt?ﬁ%?’;’?gﬁfﬁw ec r%@%&?é&%ﬁ%@%&%ﬁéﬁggﬁnﬁositions of the

invention typisatistabiotaihibi thekapeliivatyvdffdeivd ahibithofeamdsijerpisadasamestind of the
inventiop Thagg Ak it e Al loRRoaE S NG Rla dhs RMallagcRutiasheRIRasition may

contain

inhibition properties, the crystalline compound is also expected to be useful as antitussive
agents and antidiarrhcal agents (for example, for the treatment of watery diarrhea), as well
as find utility in the treatment of menstrual disorders, preterm labor, pre-eclampsia,
endometriosis, reproductive disorders (for example, male and female infertility, polycystic

20  ovarian syndrome, implantation failure), and male and female sexual dysfunction,
including male erectile dysfunction and female sexual arousal disorder. More specifically,
the crystalline compound is expected to be useful in treating female sexual dysfunction,
which is often defined as a female patient's difficulty or inability to find satisfaction in
sexua) expression. This covers a variety of diverse female sexual disorders including, by

25  way of illustration and not limitation, hypoactive sexual desire disorder, sexual arousal
disorder, orgasmic disorder and sexual pain disorder. When used to treat such disorders,
especially female sexual dysfunction, the crystalline compound may be combined with one
or more of the following secondary agents: PDE3 inhibitors, dopamine agonists, estrogen
receptor agonists and/or antagonists, androgens, and estrogens.

30 The amount of the crystalline compound of the invention administered per dose or
the total amount administered per day may be predetermined or it may be determined on an

individual patient basis by taking into consideration numerous factors, including the nature
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WO 2010/039719PCT/US2009/058803 more than a therapeutically effective amount, such as in bulk
compositions, or less than a therapeutically effective amount, that is, individual unit doses designed for
multiple administration to achieve a therapeutically effective amount. Typically, the composition will
contain from*4B30HIIY5 wi% of active agent, including, from about 0.08<30WAY5/58I¢h as from
about 0.01- 10 wt%, with the actual amount depending upon the follnulation itself, the route of
administration, the frequency of dosing, and so forth. In one embodiment, a composition suitable for an
oral dosage dniicic ferigxitipl eatieaysconthivabbe t mdBiouwtdeiqr frmedaioutgtO+v60aM%4ndf active agent.
Any conventiongl,carfier oF @xCipient max be.dsed 11 e, ROA'IACEHIGRA! 40 GompRsiiops of the
invention. THS choice of a part Ular carrier or excipient, or combinations ot carriers or excipients, will
depend on thénmosiezbbadrimnistcatigicbeingsubeditotesh apheticulztpatibetor type of medical
condiion o diReasE: RIALRILIBR LRGN, IemicuRiAlenal Ay InPIa FormRRRINOM. [TA AR CLlar

mode of administration Is well within th ope of those skilled in the pharmacedutical arts. Additionally,

carriers ér 18dexvisients usbdeiikach seimeositioms iret soffariesdiany adisraser Bydirs) of further

illustration, copvantipnatioimationdeaheis i@r&iqﬁég%g&ﬁuﬁ@ma&%Jm ience and
Practice of Pharmacy, 20th Edition, Lippincott Williams & White, Baltimore, Maryland (2000); and H. C.

Ansel et al., feammREcEutitE Tresaa @6t il D GDENVE 05§ SRS OF MEdIBSTipSincott
Williams & White,Baltisnerse Maspiang (129R)ia20Represaathrmirxanmesahsaaigrials which can

serve as pharmaceutically acceptable carriers include, but are not limited to, the following: sugars,

such as lact68BIGRILoBHIEHY WHGEoM S 4FHERITSRRY BErTadta AT YSEER8 &iHicellulose, such
as microgrysialiing aeliene. teneitsdeiivalivescash asisodivpiccarbeximeihytealiidase, ethyl
cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients, 25 such as cocoa
butter and sgﬁﬂf’ 8??/%&?8%%”6%’,6&&&}35; ggg?fﬁﬁoo%tmgggé%a?%ﬁ}lgg?ﬁaﬁ,&ﬁ 5t8&%ame oil, olive
oil, corn oil amghBayidantois filyctls; suehapiapyitneng lyealibal yeisisuch wadiglyoermngorbitol,

mannitol anda l%o%%%\:[i%nﬁa% /cal,esters, such as ethyl oleate and et%nla%r;%?j ar. huffering agents,

I o th tll'ea g physician. L ontnuous momnit ff‘ 2 & an. . :
such as maghesiiiihjtfoxide ant alimirum nydroxide, algmic acid: py water; isotonic
saline; Ringeridl setuticha3bcethithalcohelpphbshaystdliffe coohriodsydbbemdrssatiqedpelient gases,

such as,¢hloroflugrocarbons and h I ».and er -tOXi [ nces
oot R S A pRaf

Pharmaceutieziticolapadikorscarsegpiealipgsmp ared i bngadgniistaradirrimie Reiensiing or blending
the active agent yith,3 @E@H@WH}&QQMmy%gg@%%wlﬁmﬂglﬂn@n%ﬁnefr&%&i%%faa{edients- The

resulting unifoioily blended mixture may then be shaped or loaded into tablets, capsules, pills,

canisters, caitftsandslosinsscettoien bradisting 8ves HerisHar bitsearuseshahtheliithent.

Since the crysialiine componngiohihenwertind LentaipgRibisloaroupLadditionalconsidasation may be
given to minimize or eliminate oxidation of the thiol to form a disulfide. In sglid formulations, this may

be accotiplidhd By PETHERY HROUFIHTY AR SR AS IR GBI SHE CoHE Rt 13 HESoimulation, and
including maggyials steldsaleasaribic acid, sodium ascorbate, sodium sulfite and sodium bisulfite, as
well as materials such as a mixture of Iactosegan microcrystalline cellrl#,%ff. In Ii(%]uid formulations,

Ny

stability of the thiol T B FRSFBVES BYTREAAGHG G SHINbPASHE SSntiowichits” 8p4eonst

activity and NEP enzyme inhibition activity, its is also useful as a research tool for
investigating or studying biological systems or samples having AT receptors or a NEP

25 enzyme, fbr example to study discases where the AT; receptor or NEP enzyme plays a
role. Any suitable biological system or sample having AT, receptors and/or a NEP enzyme
may be employed in such studies which may be conducted either in vitro or in vivo.
Representative biological systems or samples suitable for such studies include, but are not
limited to, cells, cellular extracts, plasma membranes, tissue samples, isolated organs,

30 mammals (such as mice, rats, guinea pigs, rabbits, dogs, pigs, humans, and so forth), and
the like, with mammals being of particular interest. In one particular embodiment of the

invention an AT receptor in a mammal is antagonized by administering an AT;-
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combination of disodium cdetatc and ascorbic acid. In one embodiment, the phalinaceutical
compositions are suitable for oral 15 administration. Suitable compositions for oral administration may
be in the form of capsules, tablets, pills, lozenges, cachets, dragees, powders, granules; solutions or
suspensionsWPaAI8GEESYs or non-aqueous liquid; oil-in-water or water-int&ilfigae%éiRiSions; elixirs
or syrups; and the like; each containing a predetermined amount of the active agent. 20When intended
for oral administration in a solid dosage form (capsules, tablets, pills and the like), the composition will
typically comiptigsedhengchiveageithant aakior caniephibrinacetitcallytaoteptabieicanmierSEBuUch as
sodium citrate or dicalciym. phosphate.. Solid dosage forms may a omprise: fillers or extenders,
such as starcfies, ?nai%l}glcwslﬁglmim% 4 c}lslié%%%(?c?sge% s%%%%tseg? Iﬁ({iﬁs%}rﬁg)ﬁ!tﬁ?%ﬁ%%u&g?ﬁﬁﬁ:ic acid,
binders, 25 sugiafisicadmpymétiifliceftuitdbnalgimatesdgetating belysddyspyresliddn®obbgrose and/or

acacia; hwn%g}]%%%nst%tﬁgt?sigyg&a lsﬁjéﬁ{gt&%ﬁ' ep%gg(@_ts, such_ as agar-agar, calciu_m carbongte,
potato or tapioca starch, a§|n|c acid, certain silicates, and/or sodium carbonate; solution retarding

agents, such as paVéfiin vatrbes ptiosearchdimiatobs) s pichl xSt e siny la sAMORINE edmpounds; wetting
agents, such.ag ceny algehaland/oralyrerliddnenesiea aie: @ﬁ%ﬁ%@éﬁ@%@&@ﬁg%@nd/or

bentonite clay; lubricants, such as talc, calcium Stearate, magnesium stearate, solid polyethylene
glycols, soditWePatpyruuirkisitaedEermehiBe tnarabncesinyg Ky ehts SibiRifeisrgagehts. wo
2010/039719PGHMSZARRBRIB. cryﬁigh%e@@oagﬁm@, WEtting: AaRlS£ORHRY ageats, sweetening,

flavoring and perfuming agents, preservatives and antioxidants may also be present in the

pharmaceutitSFREMBBLRHSREbEREHI A b oahirteage Aelerar e Tl ecopsantionah e agsduike, include

those usgd fexEniehsmerRtngs.SHE has celllRsepaaaiai@nhthaleieline boiybasetste phthalate, 5
hydroxypropyl methylcellulose phthalate, methacrylic acid-methacrylic acid ester copolymers, cellulose
acetate trimdIfRR MR FRAERA @tﬁ&?’&%%i%ﬁsﬁ}ffdm%%w?‘ﬂ%ﬁﬁsg%ﬁﬂ%%cél &thte"Succinate,
and the like. fexasmplasief phasonadeutiaallyaboepiablepotiokid antsunahider wedteinkdyble
antioxidants, such as a?scorbic taCidéCXSteiml?meﬂéoc loride . sodium bisulfate, sodium metabisulfate
sodium sulfite’afd’ e TRE T BBk ShtioxidantE - Stch a3 58COTbYI palmitate. butylated
hydroxyanisotepdustylatedyeroxytodiiens oecithinygrepytigaiatepbdphatioc Gpherolatand the like; and

metalohelatig geniy a8 G aed RIS SslRMIng okaasal AqHL SPIG) farerc acd

phospharic acid; e like. Tompositions may also rmulated to / ow or controlled
release of therfBaotivevagentdisintdiciyalmycef sxstample shypionsipeopsyiviersibalqetietdyesin varying

proportions g gtler RIEI ANl RRsemen Ok mieSAReIES il AdHiiBIhe: phakmaceutica

compositions o Invention may contain opacifying agents and may be formulated so that they
release the detivactigeitassitys-of prafsrarteis mebearedrioditonias the wasitvilsedanaidact,
optionally, in2 gelaysdmanash&xamaiesalenkedding 20.cpmresitionsmiich £an be used include

polymeric substances and waxes. The active agent can also be in micro-encapsulated foto', optionally
with one®r i@ GF HReeaRpieaRLiThadEXCTBTefR inhibiting amount. Typically, the

determining step will involve determining the AT receptor ligand-mediated effects and/or
determining the effects of inhibiting the NEP enzyme.
Additionally, the crystalline compound of the invention can be used as a research
tool for evaluating other chemical compounds, and thus are also useful in screening assays
25  to discover, for example, new compounds having AT, receptor-antagonizing activity
and/or NEP-inhibiting activity. In this manner, the crystalline compound is used as a
standard in an assay to allow comparison of the results obtained with a test compound and
with the crystalline compound to identify those test compounds that have about equal or
superior activity, if any. For example, K; data (as determined, for example, by a binding
30 assay) for a test compound or a group of test compounds is compared to the K; data for the
crystalline compound of the invention to identify those test compounds that have the

desired properties, for example, test compounds having a K value about equal or superior
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Suitable liquid dosage forms for oral administration include, by way of illustration, pharmaceutically
acceptable emulsions, microemulsions, solutions, suspensions, syrups 25 and elixirs. Liquid dosage
forms typically comprise the active agent and an inert diluent, such as, fo;gﬁwﬁy‘g& r or other
solvents, sol 7k é['?fébgnts and emulsifiers, such as ethyl alcohol, isopropyl alcohol; ethyl carbonate,
ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (for example,
cottonseed, groundnut, corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol,
polyethylenda30egiyootsantithatiyvasiiprstersyof Bursitapct i daBGREe THRFBECSSHSHEASENSs may
contain suspeRding.AgentsEUED AscfAiGrareplsaibauiaidispsteaniaisohosspplyaxyethylene

sorbitol and sorbitan esters, mlcrocristalline cellulose, aluminium metahydroxide, WO

2010/039718PETYS20DTALEEAIS | st aeraPABAP ahBFRghohhts, Hi5d FHRPRELGSteof
When intended{araral adminisisationsdhe pharmacaitisapeamnpositeps «ff thedmdaeitiap may be
packaged in a unit dosage foiln. The term "unit dosage fo mf"rgfersmr@ysicﬁg.dist%rete unit
suitable for GEERECAl FaRINYI ThALTS! SOTERPYRS ’E’dﬁfﬁﬂ%\ﬁ@é@ predetitined glattitfor the active
agent calculpis® dnaraduce-ihe: desipedierapelticaffaab githeldaloneorinsombination with one or

more additional units. For example, such unit dosage forms may be capsules, table ills, and the
like.  In aﬁ’@ﬁﬁ@ﬁéﬁ%&@i}ﬁ8?&,811%&6‘#8}%&&?85% %?‘ih%"’ HSHHGR A sui%gﬁgléb?é??r‘t?i%?ed
administrationgnacmilhty fiisadyshevisith &dorsiepfanvadr dsosaradgovageriSutii Gtep Mpositions are
generally administ reqf\]lljO ing well-known dglivery-device ucig: S a iZegry poyyder, or
metered-do Xﬁ’%%?flery. e?BE?‘r‘%Vi?Sa%%?é%% Lbr% ﬂ(%@rse?r%]ﬁjr’rr]%c;? ?}}1&\%{?&%{/& air thatrclza%ses the
compositionitthiriay as=zy mist that is carried into a patient's respiratory tract. An exemplary nebulizer

formulation comprises the a‘iﬁq‘ﬁﬁ{ﬁ%%ﬁﬁSﬁﬂBﬁﬁﬂéiR&%@mﬁﬁ%@Qn’ or micronized and

combined with a carrier to folm 15 a'suspension of micronized particles of respirable size. Dry powder
inhalers administerhecastiebiagermpenadeddciomiad is ol thadmyrasipedded rracphtiehies air-stream

during inspirgtion, An-exemplan droRgwdesdiviviationcamprisesriba acive Aasmipantblianded with

an excipient such as lactose, starch, mannitol, dextrose, E)olylactic acid, polylactide- co-glycolide, and

combinationghdresfnvistsisd iadhe natenthy ancresgibisreus pbeiovrsieinn BehE e agent
using cqmpresseci @RIt gRs 1 AnSKeMRIaY meleme deioske fniniuiatiaarcanmpBesdalsglution or

suspension of the active agent in a liquefied propellant, such as a chlorofluorocarbon or

hydrofluoroafe4ner OsigiaP CerhpBHERS H Ko ISt o RN g8 W RS IR SR S TIEY 8% ethanol or
pentane, ang yriagtanisicsushas seriiandrialeae eieicreits¢tihiraghiearin, andesodium lauryl

sulfate. Such 25 compositions are typically prepared by addi hilled or.pressurized
hydrofluoroafﬁ&ﬁ@r’f’ﬁsa‘%ﬂﬁ)aﬁea 88}%&%?}%8%&%%%51&%6% i‘ai/f;l(gﬂ';lﬁgﬁ)(’asﬁ’t,q éfﬁlgnoei ﬁ%ﬁéts()g%t ind the
surfactant (iffpsesenticd o piepare:a, suspeansionstihitactiveagentfishmicvenizac encktnen combined
with the propellant. Alternatively, a suspension farmulation ca par g I%yg ray drying a coating
of surfaci ant%ﬁmrﬁl%tr%&ni’%éncf %g(r}t/ilcn Forthe 8¢ ﬁghgﬁél%t. '%’%rpn%l:ﬁé%on %s t(he]?w go Ioa(?(/a%%nto an
aerosol canistiespwtddn formishdepartion of the inhaler. The crystalline compound of the invention
can als0 e a0 iSLeLa RRISIFLHIRE SHRMPIR. B SHRSHARRRS  BHANBROramuscular, o

intraperitoneal injection). ‘ _ '
composition comprising a pharmaceutically acceptable carrier and a crystalline form of 4'-

{2-ethoxy-4-ethyl-3-[({S) -2-mercapto-4-methylpentanoylaminoymethyl jimidazol-1-

25  ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid. Such pharmaceutical compositions may
also contain other therapeutic and/or formulating agents if desired. When discussing
compositions, the "crystalline compound of the invention" may also be referred to herein
as the "active agent" to distinguish it from other components of the formulation, such as
the carrier.

30 The pharmaceutical compositions of the invention typically contain a
therapeutically effective amount of the crystalline compound of the invention. Those

skilled in the art will recognize, however, that a pharmaceutical composition may contain
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WO 2010/039719PCT/US2009/058803 For such administration, the active agent is provided in a
sterile solution, suspension, or emulsion. Exemplary solvents for preparing such formulations include
water, saline, low molecular weight alcohols such as propylene glycol, polyethylene glycol, oils,
gelatin, fatty ¥EFB8ERIE Cuch as ethyl oleate, and the like. Parenteral foinftfiAtioHEMHEFHE0 5 contain
one or more anti-oxidants, solubilizers, stabilizers, preservatives, wetting agents, emulsifiers, and
dispersing agents. Surfactants, additional stabilizing agents or pH-adjusting agents (acids, bases or
buffers) and matt dxidantsape padibutdily: vsefulolo pravides stalbilitycomtivei fomwdatise e example, to
minimize or guoid fivdiobvsie o esicr, and amide iinkages o dmerizaion i ihiglhat is present in
the compound: hese OrmUIatioNns may betendered sterile y use of & sterile nﬁectable medium, a
sterilizing agahtifisretion, {radiatioa terireati do lpréfpantic atervat Boaisehyt, theecpapenteral formulation
comprises aq,afeoHs AYEREKIHLAlyian s e AramasRUlEl ASCRRIRlS 6aiRg Autable

cyclodextrins i e cyclic molecules containing six or more ct-D- ]u_copyranose units Ii_nRed at the
1,4 positidnsshshadifikatelrastif knYiats, Bt beyelod axanns fesaioneprrmitoseneemplary
cyclodextring ingiugle eyrladextimdemivatives such-as draxyproRyl aageuliobytyl ether cyclodextrins

such as hydroxypropyl-p-cyclodextrin and sulfobutyl ether 13-cyclodextrin. Exemplary buffers for such
formulations SHeRHE M BERMPCstIBNREal b iFrers Watfraieifpate, I RIS dTRE IS Buffer

solutions. 20k g crysiaine aropcaaiofdive wvertiapranalse be administered transdermally using
known transdermal delivery systems and excipients. For example, the compoun,dr can be admixed with

permeation enhanceR, SHATHEHISHIEH Qi ERIORBIRAS Gy C5 B MACTSY,
azacycloalkanmpesiesanst theilikeatand Meotpofaied iptaepriceksiniasigrlivasy system. Additional
excipients including eIIing%?gnts, emulsifiers and buffers, %]%ma be %%egd in such transdermal

i

compositionSTFHESHERS © BSiPE G R sl ASPEBhED fhef OB WAy BE S dministered
in combinatiasedtihtane:Ofamiordao ther therapeutitragiotcdilitsy i ndiscembadimbngipharmaceutical

compositions of the invention contain other drugs that are co-administered with the crystalline
compound ORI R et SR o A a0 A R e
therapeutic agghtsifdistieefereditteas ssdbohddhe agents(siiticskletied dioethiygreupsfaiuretics, Pi
adrenergic receptar blockers, calci el bl ' IR=C I enaY, e inhibitors, ATI
rece ptor9 gnt%%%%%? H%%ﬁ‘ffé?ﬁ%m%ﬁ%%é‘%%gp‘%% 6@%%%%%8%0@&%% rs, noépn-steroidal
anti-inflamm &y aigen tonpeostagldntindatamittigioiaegeries, dtirdiebatiBeagesis diy-farormbotic
agents, renin,inhibitors . ensathelin,reeeriarARagepiRtaRathRliR spRvertngiszyme inhibitors,

aldosterone antagonists, angiotensin-converting enzyme/neprilysin inhibitors, and combinations

thereof. SuchVitarapbiiieGgartdate WaRb%kabwifHHTIME AHC A ss&mhsIass el d¥égribed below. By
combining thegrystakingsembaunchaf theinvertiomuwih 2 serandaiv.asrNMUIpietheragy can be

achieved; AT] receptor antagonist activity, NEP inhibition activity, and activity assaciated with the
secondc%fi/ agent (FSYCEIEIRRHEY Samieh el GetFaelpdifh Serery vt BResBArSYHEERHEing only two active
components . &iBseto RRQSKinRIE A RRGEVRNREY S COMRIReAtS aies k0, iRk alyeasigr to formulate
than compositions containing three active components, such two-component compositions provide a
significant ackHFRGE 0 LT ST B S AT R RO RO SR RE Ry, i ye
another embadtimenialiine ioNelbtiarnd phasrhacruticalchomaosito nacberprises, beelyddadine compound

of the inventigh, & S RN AT A9 04,3, RRANRACE LA, ARERRIARIS, CaieL Shiigy fourth

25 such as cocoa butter and suppository waxes; oils, such as peanut oil, cottonseed oil,
safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene
glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such
as cthyl oleate and ethy! laurate; agar; buffering agents,' such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution;

30 ecthyl alcohol; phosphate buffer solutions; compressed propellant gases, such as
chlorofluorocarbons and hydrofluorocarbons; and other non-toxic compatible substances

employed in pharmaceutical compositions.
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15 etc. active agents may also be included in the composition. In combination therapy, the amount of
crystalline compound of the invention that is administered, as well as the amount of secondary agents,
may be less than the amount typically administered in monotherapy. The crystalline compound of the
invention may Ba%#&IEHIly mixed with the 20 second active agent to formh & E6HPIFERTBH containing
both agents, or each agent may be present in separate and distinct compositions which are
administered to the patient simultaneously or at separate times. For example, the crystalline

compound can be Bhanhinedtivifh-ongesiivchaative mEgeht prsipagyeddnyviotiondlprodedumsgcind equipment

to form a combination of active agents.camprising.a.compound,of inyention and.a second 25 active
agent. Addit%hxéﬂ%,otrﬁ)e%gg %%%gcﬁgerﬁgﬁ/gé‘g%%m%%lﬁren&mwn HCaegrlJ ' g%‘?ngg@gt%iéa I;??accds(fjtgk%?e carrier to
form a pharmaceuticatdonyposition dom prisitiggustimpouhicofahainteation, hesduordnrestive agent

and a pharmgesig alaaReen lﬁe%?%i?sﬁ-ée’lh{&@s‘?m Eis IS ATIRPRRNE £ e composition are

typically mixed or blended to create a physical mixture. The physical mixture is then administered in a
therapeulicatiynetieicaivd BOHBENSHYIBMYTS! the routes described herein. Alternatively, the active

agents may remairnsgeRafate-ansgistingtRsipre mdministialioninathe Latiangdip thisiambadiment, the
agents are not pggfglcally mixed WO 2010/039719PCT/US2099/058803 together before administration

but are admiBifEatImBRANE Sl By aidBE ateimagaeddpina ! tspBsiadi guch

compositiongcamfe PaskageshsepamiehRmBavdechaskaged tggethemp dkiyWhemadministered at
separate times, the secondary agent will t}(%ically be administered less than 24 haqurs after
<

administratigl GFiREE e BmSeEamy R GNG Ry A F HOMECHRCTAS SERI administration of

the crystalling gapipetiadsteabosicadnonsinastsdone addis dualdgseftced deihsssaguential
administration. Thus, the crystalline compaund of the invention can.be orally administered.
simuItaneou§‘r§flb?Ss%Hﬂﬁﬁlﬁ%ﬁﬁ%ﬁfﬂsgﬁgmcé%wgagg%{; %E;Iil#f)ﬁ?wél (A1 gf’%?{h%ﬁ%ﬁ%ﬁ%ﬂ‘fgr each
active agentpWhertisetpie biahmay s éanhbeithdtadministereacidsmediatelynatter administration of 10
the crystalline c%nglgogggfoi%tcﬁgglneed&r ggﬁgrggén%qctirgﬁ later (for example, one hour later or three
hours later). %I?ér}‘naﬁvely, € combination may B’ admimiistered by different routes of administration,
that is, one orally ahdotieecothashivgrintadaermacculicdnoommistiinient sfithdddventidn, a the kit
comprises a St 105aAs, (UNAATRNRING e chilali e ARaNAL e dnviention gpd at least one
additional dosage olin comprising one or more of the secondary agents set forth herein, in
quantities suffipiatestéablatsy pills thesnethodshstshbagrasntiowITReeTFB s sBiERBsI0and the second (or

third, etc,) dogage Jpiin 1RIEREGAMPHSR-ANRTRRRKHsANY.Alfqelve AMAURLOfiPRYR agents for the
treatment or prevention of a dlsgase or medical condition in a patient. Sec_ond{;\ry agent(ts), when
included, areePrasiens: Al mapEmRB AN BrddiReach containing a predetermined amount of the

active agent.

20 When intended for oral administration in a solid dosage form (capsules, tablets,
pills and the like), the compesition will typically comprise the active agent and one or
more pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate.

Solid dosage forms may also comprise; fillers or extenders, such as starches,
microcrystalline cellulose, lactose, sucrose, ghucose, mannitol, and/or silicic acid; binders,

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

30 monostearate; absorbents, such as kaolin and/or bentonite clay; lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate,

and/or mixtures thercof] coloring agents; and buffering agents.
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20 amount such that they are typically administered in an amount that produces a therapeutically
beneficial effect when co-administered with the crystalline compound of the invention. Suitable doses
for these secondary agents administered in combination with the crystalline compound of the invention
are in the rafhé BA4BHGID.05 ttg/day to about 100 mg/day. The secondafdGerPturHEIn the form of
a pharmaceutically acceptable salt, 25 solvate, optically pure stereoisomer, and so forth. The
secondary agent may also be in the form of a prodrug, for example, a compound having a carboxylic
acid group that hatbkest egtetifjed:tiinisgsecondany agattssistedniaiofleavengtentied to include all
such forms. gl Al commensiallvaxalabie of cande PrERAIRA teiha.convanUianal piogadyres and

reagents. In‘one embodimet, the crystalline compoun e invention is adntinistered in 30
combinationowitiesitnetiEx Repres epétige ghivieiiesablciadupbutarpioniihikeditslwkrdonic anhydrase

nhibtors sugt 5 acslaaolail aus e \oRahRRaRISE BRI Eh Ighyds.pfonaice

derivatives such as acetazolamide, ambuside, azosernide, WO 2 )719PCT/US2009/058803
bumetanide hydtexarsnid excthideahvinen Hahakiitd axcthersnaneld - sripamide aeibrsilone, disulfamide,

ethoxolami dg,fiasemida, meftside MmethazRlamsis. RN 4Ry tOERGIE e HiRATHRRyANd Xipamide,

as well as non-sulfonamide diuretics such as ethacrynic acid and other phenoxyacetic acid

compounds B§& bectislaticasetateiprsiriorahitg ik Srianlesbshieneditietibsasser®emannitol;

potassium-spakingdadiisetiosdwhich-ineige: aldpsiaene anlagonisisruehasspinolactone, and Na-r
channel inhibitors such as amiloride and triamterene; thiazide and thi@éid%yﬁ dgféeeti%‘sﬁ such as
& PGinasice

althiazide, bBHEHRSPHEELSE" BERY Gy REEMOrG o C SR lorthalidone,

chlorothigzidghayelapenidiazidewdysleihiasidaepithiazide athiazittex feniguizaney Hwaethiazide, 10
hydrochloro i%%ide @/drofllun%gihiazider inﬁagcpa‘rpige_,tmet %Iclo;higé;d ., meti rangl_metolazone,
paraflutizide,% I%Pﬁg S’ée,’q?ﬁlne’fﬁé’f%%, o oefh“}é)z'l‘?je?cé’ﬁ Ticntofometniazit er;ngr?'d combinations
thereof. In a getticugarsenmbeditnent;tieadidretiyisnsdiacied fromamilerideothimbtartide, chiprothiazide,
chlorthalidon% di%glorpké%rjgfr@ig]ee elghacrynic acid, furosemide, hydrochlorothiazide, hydro

€,

flumethiazid ,?r? apr}.-fma“lC me y?blothiazide, metolazone, torsemide, triamterene, and

combinations there@bniﬁmei@mﬁeﬁi@wﬁlméea”dmm@@édﬁmaﬁam at seﬂﬁl@ﬂérﬁ tdgrovitidiérom about
>50 Mg per day. MRS MRIFALY Ba¢ 3 ARG ERNIDSOMMABEARAGRAING. A M, 12.5 M or 25

mg per day. The cr_ystai Ine compound of the invention may also be administered in"20 combination
with a p, adrererRjiors cEMbEhMotREer Réprese ApasoaranderensrgieiacsplbreBisirer§include, but

are not imitedian aceRuiplolplnienaiol #oasulaloh Alstizalatoenslo befundlaldheigxalol

bevantolol, bisoprolol, bopindolol, bucindolol, bucumolol, bufetolol, buturalol, bunitrolol, bupranolol,
bubridine, butsmBlerdstAbIBIeE e be AFUEEREETE QR oRIDEEERRISY AIbF £ BION RAEHIOl,
epanolol, esgraip! sindenaielindlabetalpbriaro by neiakyneringRiol FRstipeagliahkinatpgrolol such as
metoprolg suceinats and meloprololtaats, moplol, padpll, nadorplel, nefpyaol ipracil,
oxprenatol,
agent can also be in micro-encapsulated form, optionally with one or more of the above-
described exctpients.
Suitable liquid dosage forms for oral administration include, by way of illustration,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups
25 and elixirs, Liquid dosage forms typically comprise the active agent and an inert diluent,
such as, for example, water or other solvents, solubilizing agents and emulsifiers, such as
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, oils (for example, cottonseed, groundnut,
corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene
30 glycols and fatty acid esters of sorbitan, and mixtures thereof. Suspensions may contain
suspending agents such as, for example, cthoxylated isostearyl alcohols, polyoxyethylene

sorbitol and sorbitan esters, microcrystalline cellulose, aluminium metahydroxide,
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penbutolol, perbutolol, pindolol, practolol, pronethalol, propranolol, sotalol, sufinalol, talindol, tertatolol,
tilisotol, timolol, toliprolol, xibenolol, and combinations thereof. In one particular embodiment, the PI
adrenergic receptor blocker is selected from atenolol, 30 bisoprolol, metoprolol, propranolol, sotalol,
and combinaliGh¥1#8i¢df In one embodiment, the crystalline compouffdt 8% fion is
administered in combination with a calcium channel blocker. Representative calcium channel blockers
WO 2010/039719PCT/US2009/058803 include, but are not limited to, amlodipine, anipamil, aranipine,
barnidipine, bancyittaagyrbenidipines haepribtlilanlentidaemtheikuitipine, cinnarizine, diltiazem, efonidipine,
elgodipine, etafen feladipine,. fendiling, flunarizin llo il ipine,:lacidipine, lercanidipine,
lidoflazine, Iomeri%?%ﬁﬁ’ﬁﬁﬁ&rr%%ea{% |1,Sgﬁ:{zlaor%i%%%%#e%%ﬁgﬁg@ggﬁ%%%gﬁlnEhf’dipine,
nilvadipine, mntodipinesnisaldiprmednitrewndipineifaiipite, perhexiidesgre fytaimiefersimsidine,
semotiadl, WBRGIAR KRR EIRRAM R ead oM BnAtNAAherealitARAMeiAR gmbodiment, the

calcium cha ker is selected from amlodi , bepridil, diltiazem, felodipine, isradipine,
lacidiping, nipedsiisirenedfaenptife ohigalibire gt erinetaditaatnsines ﬁh%érdimﬁpéf}mgiaiﬁe, verapamil,
and 10 comhigatingdhareelor in THatERSIRINE CRMBPMBEL Afithednyention can-2ise,Re Administered
in combination with an angiotensin-converting enzyme (ACE) inhibitor. Representative ACE inhibitors
include, but 4P ABtaRn N dNEche SPsBitic & ez 8B EKEzeprilat, captopril, ceranapril,
cilazapril, delapril, enahapid SOBRIRHLRE RS RRRtHstasiDepilainirigianrik.kaitainoprinmeexipril,
monopril, moveltopril, pentopril, perindgpril, quinapril, quinaprilat, ramipril, ramiprilat, saralasin acetate,
spirapril, tenfdEHPHIr LRGBS Y SErsAtH AR BrbccombM AR S IR Fartttiar embodiment, the
ACE inhibitocdsmpeletiadafiogen banaadprihienatbpingl istbRiibwakdiptit-ade-eerbiratens thereof In
one embodiment, the ¢rystalline compound,of the inventign is administered in 20 combination with an
ATI receptorn:i(i%l ‘68‘}»..‘&? BE6 RhawA* 1%‘5 "&%ﬁ%ﬁiﬁ#‘ﬁ- t@p%?%%eﬁgf BECK %%e(%ﬁﬁ%l}l. epresentative
ARBs includgighutctre tnatditnited: io;sabitecartiatiti e nzyilagatanmsatice sartar Camadesartan cilexetil,
elisartan, empysarian, enoliaseearialy sprosarian, (ansavian forasarian, ayoylosarian, rhesartan.
isoteoline, Io%ar%an, mé’éroxﬂil, milfasar an,po?n%fesar an, opomisartan, pratosartan, ripisdrtan,
saprisartan, @5sshralasin csaitnasiotasesatian, cemiserizn yalsandmabiadantanranth dombinations
thereof i3 a B%Gé%%h%{o%b@l@%%%ﬁ{}%&'g,%rt“&%%l 5 S§iseied Jitﬁ’eépml?s?g S%Eﬁaiﬂh%%&&&ﬁ@sté‘}%?a”a”’

losartan, olmesattan, Irbesartan, saptisartan, tasosartan, teln an, and combinations thereof.
Exemplary saitsvinedetierepiosafianpscayidale, fusaydippporbssignasgnt srie Sirsesdwaremedoxomil.

Typically, theARBwHI be adminisicred R aRRRAMDLSUHICER Qe Prvide.LamfPe 4500 mg per
dose, with exemplary daily dosages ranging from 20- 320 mg per day. = _
with an excipient such as lactose, starch, mannitol, dextrose, polylactic acid, polylactide-

co-glycolide, and combinations thereof. Metered-dose inhalers discharge a measured

20 amount of the active agent using compressed propellant gas. An exemplary metered-dose
formulation comprises a solution or suspension of the active agent in a liquefied propellant,
such as a chlorofluorocarbon or hydrofluoroalkane. Optional components of such
formulations include co-solvents, such as ethanol or pentane, and surfactants, such as
sorbitan trioleate, oleic acid, lecithin, glycerin, and sodium lauryl sulfate. Such

25 compositions are typically prepared by adding chilled or pressurized hydrofluoroalkane to
a suitable container containing the active agent, ethanol (if present) and the surfactant (if
present). To prepare & suspension, the active agent is micronized and then combined with
the propellant. Alternatively, a suspension formulation can be prepared by spray drying a
coating of surfactant on micronized particles of the active agent. The formulation is then

30 loaded into an aerosol canister, which forms a portion of the inhaler.

The crystalline compound of the invention can also be adnunistered parenterally

(for example, by subcutaneous, intravenous, intramuscular, or intraperitoneal injection).
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In another embodiment, the crystalline compound of the invention is administered WO
2010/039719PCT/US20091058803 in combination with a neprilysin (NEP) inhibitor. Representative
NEP inhibitors include, but are not limited to: candoxatril; candoxatrilat; dexecadotril +8)-N42(R)-
(acetylthiom&RAPHIBAERyIpropionyl]glycine benzyl ester); CGS-24128 (fﬁiﬁ%ﬁ%ﬂ%&m
4-y1)-2-(phosphonomethylamino)propionamido]propionic acid); CGS-24592 ((S)-3-{3- 5
(biphenyl-4-y1)-2-(phosphonomethylamino)propionamido]propionic acid); CGS-25155 (N-
[9(R);(ac?tymmmmmwﬁnmmwmmmmmztsyigaﬁajmagdqih(m}mm@xwam@mwe benzyl
ester); 3-(1-carbamoylecyclohe oAl i ivai ol j 0 7 to
o e teg?}?@?&eﬁyﬁg ;1%@%@@_&%&C&&Q&gm@ﬂ@M@ﬁ?&&qﬁaﬁmﬁ 6/ 680
(2(R)-benzy sai¢Ninrdroight atbehmisye phawipiepvicisalbgelinelatieiiee sbaabivilsptdéihoramidon; 10

retrothiorph%ﬁﬁé&é@% (RetmesantomathyhaNiiyrisinylibenzsnentasianamiged, RU-44004
(N-(4-morpholiny1)-3-phenyl-2-(sulfanylmeth Ig)roplonamlde); SCH-32615

((S)-NANE (1 -esavisbngng pirverry ettypridarie mplkkiigms-HHE AT S BIIGRu Y S EH 35888

((5)-N4N-[1-[£2, RrdlimethyldlsFsaigsaland- yomsthaxy lersaeny kR hhany eioy lalany1]-13-al
ine); sialorpt‘%[iéw%;décﬁ%42495 &%—%ﬁgetylsuIfanylﬁyeth;b-g_(z_ 15 yleteyilophnylalany1]-13-alan

methylphenyASireine et GridenRssm O EeH{cER ant UiHGHRIS Bopagicsbiy yseful to
(mer?fapr:om %ym#%gﬁ%ﬂm?%%ﬁ%ggmg 'f@}@%@fﬁtﬁﬁiﬁi?t{fﬁ@fﬁ&ﬁmmﬁmy@ﬂester
oxo-3-phenylpropyll-f3-alanine); SQ-2! -(mercaptomethyl)-1-gxo-3-
E)herzfyl[? éggﬁ%%ﬁbﬁﬁiﬁ&ﬁﬁ@éﬁ??%@@%ﬁ?ﬁﬁé @t%(‘ﬁlﬁ’ 5@%1&2618&%8%%%%51}%656
cis-4- foarR0xyods (@anbé @thioNy)ide apentidjegrbabid leedivo), 20teriliz
cyclohexanecarbo%gz'/lic acid?i;_%Kt-M?bS%I % 143-(}%— hl roph%%%ﬁro %ﬁarqu[o:él!- "
cyclopentyln’?‘@f‘lﬁ]ffil-1 t-rﬁ}igilﬁdxy }uat)ll?% arcuf)g;u -%%, ﬁglaﬁ)?ai-me ﬁl@ 34%&-1&]-'6
methylbenzofiviazbitony pprppytsatbamoeylicywttplentyilipmpioni esdbidphbobiplregdilcy 1-4-
(3-carboxypropionylaming)-2-methylpentanoi i | 5-hi AW 143 - iy or mon
[ng c;xi/’r; )r03 p Zﬁ%ﬁ%’n%l 833%% e%%i%ﬁ%ﬁ g %%;%éﬁ %g%ﬁh?%%%égg 00.56 ggj‘ggﬁgﬁﬁ“ IOZ%
,2'17?)-3-(iB2s(stiyxysabontsl)nke viioisgentdiiaagrrsnyaminer B,4,5-tetrahydro-2-0
XO-lH-li?e“%ﬁéSQégﬁqk%% 'a&féﬁaa%%g@.e%m{}%g%a@&@m tRdsldes ehak«Npvartis AG); and
combinationsthereof. In a particular embodiment, the NEP inhibitor is selected from candoxatril,
candoxatrilatlGs 28 s08 pHvshroraeribrSeiebysh ghacKpdsEnseydgs503, thiorphan, and

Combinationw&(}%ﬁé% 1@@&1&&&_4&&}@5@ swithbaadminisiereddexamamounbrifisientdeprovide from
about 20-800 mg per day, with typical daily _dqsa£e§ ranging fromh53.()-07&(3_&)t mlg‘(jt Qﬁr ga , more commonly
100-600 or 19E3 s dagude carboxylic acid-based buffers such as ¢, lactate anG maleate
buffer solutions.
20 The crystalline compound of the invention can also be administered transdermally
using known transdermal delivery systems and excipients. For example, the compound
can be admixed with permeation enhancers, such as propylene glycol, polyethylenc glycol
monolaﬁrate, azacycloalkan-2-ones and the like, and incorporated into a patch or similar
delivery system. Additional excipients including gelling agents, emulsifiers and buffers,
25 may be used in such transdermal compositions if desired.
If desired, the crystatline compound of the invention may be admimistered in
combination with one or more other therapeutic agents. Thus, in one embodiment,
pharmaceutical compositions of the invention contain other drugs that are co-administered
with the crystalline compound of the invention. For example, the composition may further
30  comprise one or more therapeutic agents (also referred to as "secondary agents(s)")
selected from the group of diuretics, P, adrenergic receptor blockers, calcium channel

blockers, angiotensin-converting enzyme inhibitors, AT, receptor antagonists, neprilysin
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WO 2010/039719PCT/US2009/058803 In yet another embodiment, the crystalline compound of
the invention is administered in combination with a non-steroidal anti-inflammatory agent (NSAID).
Representative NSAIDs include, but are not limited to: acemetacin, acetyl salicylic acid, alclofenac,

alminoproferwgr?ﬁé%gglgmipriIose, amoxiprin, anirolac, apazone, 5 azapr%(f)gg' ﬁﬂé'?/%gﬁg%ilate,

benoxaprofen, bezpiperylon, broperamole, bucloxic acid, carprofen, clidanac, diclofenac, diflunisal,
diftalone, enolicam, etodolac, etoricoxib, fenbufen, fenclofenac, fenclozic acid, fenoprofen, fentiazac,
feprazone, fiafehdenicranidictioids izl fidioroferio iurbipio eres fegofuhas abtdand egivih rafen,

indomethaciefak';mp;%x%@; IRARRAGJRMcAM, ketpniaisnokelarplatiiofemizslieniamarigam, 10

meclofenamate, meclofenamic acid, mefenamic acid, meloxicam, mesalamine, miroprofen,
mofebutazosedeaptimtemisEEproRan IHMieb AePIIRAp A HHOBRIIMIEIUR)DRSIIBYE he,

phenylbutazens,RirQieann RIINKRISR, AlavoRpIian.salralale. sudpxicamysilfasalagiasysulindac,
suprofen, tenoxicam, tiopinac, tiaprofenic acid, tioxaprofen, tolfenamic acid, tolmetin, triflumidate,

zidometatin XBWLRithe 2Hnthd 5 corRish Aol e RS SE L9 a PuArehit exiBe aRtitnthe NSAID is
selected frorggigsinlacs i hipsatpm, Jupieteanndomethacin. kptapptan kelarelad,; meloxicam,
naproxen, oxaprozin, piroxicam, and combinatiaons thereof In yet another embodlmggt, the crystalline

compound oFRE VARSI AARistdr AR BERTLHREYGY dRthASH AN St resentative
anti-lipid agepteZQiRcidee, (Rutaeenpl Pniedriasiiating Bubhasatonastatiticfivastatinllovastatin,
pravastatin, rosuvastatin and simvastatin, cholesteryl ester transfer trg{roteins &%ETPS ; and
combinationSYR&PESE SASRASABthRPERTESHATEHE TR SHLERITG REMPSOREVFH: Fivention is
administeredsipiOm biRakien faithubncahihdiahetishgrrbiReprestntatveanindirbetic, 2acgents
include, but g{fe_nortnlimgt%gggrhin'ggg%gle glw sassucr; zc%:%?% ”Qn ang ir\mf&ulég deoré\{tzlat%es; orally effective
drugs includlné) lﬁ%ug‘ﬁlaes suehas'm f0|m|n, gfﬁ%agon an¥agoﬁ|s?s, a—gmgoswf)ase inhibitors such as
acarbose ancbmigiibal, threglitinidesspchcars.repaglinicgy dxgdicaolibimedibmsiestilfbthureas such as
chlorpropamife, gimepliae, AIRIAE. AhUISE anhidlvamdanhiaaliginedionge such as
pioglitazone an fosiglitazone; and ¢ inations'thereo n one embodiment, the crystalline
compound ofthentivne atiorrisl achivinigientednd cphabinativicelithearrpintilemantoidageiourth
Represqqgtatiye %&5‘&%“!@@@%‘%%%%% RAUER in the composition. In combination therapy, the
amount of crystalline compound of the invention that is administered, as well as the
amount of secondary agents, may be less than the amount typically administered in
monotherapy.
The crystalline compound of the invention may be physically mixed with the
20 second active agent to form a composition containing both agents, or cach agent may be
present in separate and distinct compositions which are administered to the pafient
simultancously or at separate times. For example, the crystalline compound can be
combined with a second active agent using conventional procedures and equipment to form
a combination of active agents comprising a compound of the invention and a sccond
25  active agent. Additionally, the active agents may be combined with a pharmaceutically
acceptable carricr to form a pharmaceutical composition comprising a compound of the
invention, a second active agent and a pharmaceutically acceptable carrier. In this
embodiment, the components of the composition are typically mixed or blended to create a
physical mixture. The physical mixture is then administered in a therapeutically effective
30 amount using any of the routes described herein.
Alternatively, the active agents may remain separate and distinct before

administration to the patient. In this embodiment, the agents are not physically mixed
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WO 2010/039719PCT/US2009/058803 but are not limited to, aspirin, anti-platelet agents, heparin, and
combinations thereof Compounds of the invention may also be administered in combination with a
renin inhibitor, examples of which include, but are not limited to, aliskiren, enalkiren, remikiren, and
combinationSASfAHP TR Zhother embodiment, a compound of the inventioRGEESa & ed in
combination with an endothelin receptor antagonist, representative examples of which include, but are
not limited to, bosentan, darusentan, tezosentan, and combinations thereof Compounds of the
invention may@ideiefdnihisteseaimdotiinatiomnittedsisndatbelslycontedmpertzyasednhibitor,
examples of %1 i .but ar, imited t0, pl f}ér ' %ﬁ] % inations
thereof In ye%\él égé}ﬁg&% %ﬁrﬁJ o%ir%é%%%%%%snéa%% %%\%gﬁgﬂ%%a ?rﬁ%fae}g% r%%%hr%g]ination
with an aldosterties artiddforidienadresesieativ et sxparatdsrohyihictednefaaeatit ardl iatifisHited to,

eplerenone, SpiANAIRLARG. AN AOMAINALIORS ErSA i R AMRINGS JARIAPEMtisAGENts may also be

helpful in further combination therapy with compounds of the invention. For example, a combination of

the ACE inhifsteHEseyishap it on feacwareats Gaatomsjrarenpelerretic e eenmewhiazide, which is
sold under thegspask MaserRicidsorteomhinatianof ibecalgivnichanmeal Hlacker amipdigine (in the

besylate salt form) and the ARB almesartan (in the medoxomil prodrug form), or a combination of a
calcium charfRETHIBRIENBRRYZASEHT, THHHIRP SELISE Y P At i KoHPYTHIES BHHE invention.
Dual-acting agquisiaipyvatsangnelpftdncomhination 201hsrany withibraystadingeampound of the
invention. For example, angiotensinconverting enzyme/neprilysin (ACE/NEP) jnhibitors such as:

AV 0043 (o D 510 RS A R T GRS 40 5 gD O
octahydropyriaof2;diatilfz] bempazep netbaashoxyticadicd AMEAGSE (i epatill and: lisyrdnent

compound; BMS-182657 .(2-12-px0-3(S)43-pheny1-2(S)-sulfanylpropionamidok

o8- tetraRy T P o A DA T b SR R T B TS
1(S)-(1H-tetrazodssef BiEtiyaming hve thydpk espliv mid deidh@G S @56810(144114-methyl-
2(S)-sulfanylpentanamido]cyclopentylearbonyli-L-trypto . fasidotrik fasidotrilate; enalaprilat;
ER-32935 (4R, 65, Dy S L o S ISP o PGl
oxoperhydrommpd@ﬁg,%ymﬁlm@mgmﬁth@ii;i){egémpmliIatéémmnqmcﬁém@bdosage
((45,75,g?‘%ﬁ@&%ﬁ%@%@&l%S%Cslﬂﬁé‘k%k@)ﬁ;@ﬂgE%%ﬁfgg@&@ﬂ'ﬂ%ﬁf%%ﬁrﬁm%@718,12b-00tahyd

ropyrido [2]benzazepine-4-carboxylic acid); MDL
([4S-[4a, 7 a(Re) A 39| cPra Yehbosaptiedyd- B mnaesiisro plos difalseeeerna the second
2010/039719BGHAY S0P 0RREB R together comprisc a therapcutical% effective amount of active
1,2,3,4,6,7,8,12b-octahydropyrido[2,1-a][2]benzazepine-4-carboxylic acid); omapatrilat; RB-105
(N[2(S)-(merdsisiadbs e ERyEtiee Afiadhesssamsdinm cosgitgggin a patient.
V2R, 4R)-N-[2-(2-hysheaqahenyshi sy (Riaercantear apipixeibiazatidiapdurcarhenydRhenylalanine);
Sch-50690 (N-11(3)-carboxy-2-1N2-(methanesulfonyl)-L- 5 lysylamjnolethyll-L-valyl-L-tyrosine); and
combinghonSTHBHSThAY s BB eI FT R B Db FE ACLINED mhibitor
selected frontAMEu688; enalapiilatidasideiritofagidnitiaie] witapattitaiatiam patrpatand
combinations thereof.. ther therapeutic agents such as a2-adrenergic.receptor agonists and
vasopressin }léeclenﬁ%nrugﬁta%ﬁ‘?%}t%}&r%%ﬂﬁ? %&E)ﬁgs’eg %% éf“m s Crrﬁ%i%%ﬂglﬁs ﬁ%r“%lﬁiy@g(bérﬁ%%%ry 1ai"/rtrladrenergic
the crystalline compound of the invention are in the range of about 0.05 pg/day to about

100 mg/day. The secondary agent can be in the form of a pharmaceutically acceptable salt,
25  solvate, optically pure stercoisomer, and so forth. The secondary agent may also be in the
form of a prodrug, for example, a compound having a carboxylic acid group that has been
esterified. Thus, secondary agents listed below are intended to include all such forms, and
are commercially available or can be prepared using conventional procedures and reagents.
In one embodiment, the crystalline compound of the invention is administered in
30 combination with a diuretic. Representative diuretics include, but are not limited to:
carbonic anhydrase inhibitors such as acetazolamide and dichlorphenamide; loop diuretics,

which include sulfonamide derivatives such as acetazolamide, ambuside, azosernide,

Py ) %



10 receptor agonists include clonidine, dexmedetomidine, and guanfacine. Exemplary vasopressin
receptor antagonists include tolvaptan. The following formulations illustrate representative
phamiaceutical compositions of the invention. Exemplary Hard Gelatin Capsules For Oral
AdministratiohA&HHERAtalline compound of the invention (50 g), spray-%ﬂgﬁa%%g%?)f4o g) and
magnesium stearate (10 g) are thoroughly blended. The resulting composition is then loaded into hard
gelatin capsules (500 mg of composition per capsule). Alternately, the crystalline compound (20 mg) is
thoroughly Bhenasoiditth stesalani @8 migranicrophystaiiide elolfetoged@gnpgiadn daerdensm stearate (2

mo). The AR5 HeT.AR05E AUGANA 2 N AR eSS M aadedoig bard gelatin

capsule (200 mg of composition per capsule). Exemplary Gelatin Capsule Formulation For Oral
AdministratiorpPhéderyatatipaidmpotnld e alfertiaile foo ¢hep sedharsthsrTyBrekd angith
polyoxyethylege. SRhiian, menQeiF ale:RAM ARG SIRENPRNC S RPAMInd hRiftiie;is 25 then

loaded into a gelatin capsule (400 mg of composition per capsule). Alternately, the crystalline
compourid (267HatY rbsUY Rl ADIB AP WRRF RO REE e Eifsosl (AINERIe 4B E7 950 2 mg)
and magnesjymgsiaacaiect8 Mendiieomixtueens tirmieadesbinte awklalimaapadad®ize #1, White,
Opaque) (300 mg of composition per capsule). 30Exemplary Tablet Formylation For Qral
AdministratiGemierPg HRFEARiFR Rt ter SRIRRPRVERRGN THOHIGS: SERFER (4B THYT ANy
microcrystaliiRg-cellasaiR6meg) R passed dby oughaidocRortasvht, Shalestkiaridemixed WO
2010/039719P?Tl§1§’200 /OSS{SO%;h_ rogg&% T§|e %L?n%;s 20 (ﬁ{zo(gjn%ca% ar cérzi1 ] at 50-60C and
passed throdgR PRI 16 Sl O 82488 87 KU1 Ton 0T poiyvinyipsTrolidone (A mag as a 10 % solution
in sterile gvateyiischbrethiniiies agioil eartidxyihe tndaptarch: (h8hyiglp tnagdesirncstearate (0.5 mg),
and talc (1 m % nd this mixture js then passed throygh a No. _iLghme%h .- sieve. The 5 sodium
carboxymetﬁlg fs?g%gﬁ,e‘rﬁgrg&kﬁg%slizﬁcrjﬁ’ﬁ(gg;[}a?%mgﬁﬁqtlg ce%%ézq}%%’n “Adde ztioq[’n(? granules. After mixing, the
mixture is comigriessexitbinzdtabiet mabhinéos difvedfa tabletweidicgbtadner, Akaknebnisthe
crystalline Cosrqu)ccggy %%%9&"1‘&%&%, %lﬂﬁ@%é%ﬂié’, Wﬁ&%‘?ﬂé&’f&%, chlorthalidone, dichlorphenamide,
ethacrynic acid, furosemide, hydrochlorothiazide, hydroflumethiazide, indapamide,
15 methylclothiazide, metolazone, torsemide, triamierene, and combinations thereof. The
diuretic will be administered in an amount sufficient to provide from about 5-50 mg per
day, more typically 6-25 mg per day, with common dosages being 6.25 mg, 12.5 mg or 25
mg per day.
The erystalline compound of the invention may also be administered in
20 combination with a B; adrenergic receptor blocker. Representative By adrenergic receptor
blockers include, but are not limited to, acebutolol, alprenolol, amosulalol, arotinolol,
atenolol, befunolol, betaxolol, bevantolol, bisoprolol, bopindolol, bucindolol, bucumoiol,
bufetolol, bufuralol, bunitrolol, bupranolol, bubridine, butofilolol, carazolol, carteolol,
carvedilol, celiprolol, cetamolol, cloranolel, dilevalol, epanolol, esmolol, indenoiol,
25  labetolol, levobunolol, mepindolol, metipranolol, metoprolol such as metoprolol succinaie
and metoprolol tartrate, moprolol, nadolol, nadoxolol, nebivalol, nipradilol, oxprenolol,
penbutolol, perbutolol, pindolol, practolol, pronethalol, propranolol, sotalol, sufinalol,
talindol, tertatolol, tilisolol, timolol, toliprolol, xibenolol, and combinations thereof. In one
particular embodiment, the B, adrenergic receptor blocker is selected from atenolol,
30 bisoprolol, metoprolol, propranolol, sotalol, and combinations thereof.
In one embodiment, the crystalline compound of the invention is administered in

combination with a calcium channel blocker. Representative calcium channel blockers
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microcrystalline cellulose (400 mg), silicon dioxide fumed (10 mg), and stearic acid (5 10 mg). The
mixture is then compressed to follit tablets (665 mg of composition per tablet). Alternately, the
crystalline compound (400 mg) is thoroughly blended with cornstarch (50 mg), croscarmellose sodium
(25 mg), lactBb2E9B3E9, and magnesium stearate (5 mg). The mixture L5 225 ¥%sed to fonn a
single-scored tablet (600 mg of composition per tablet). 15Alternately, the crystalline compound (100
mgq) is thoroughly blended with cornstarch (100 mg) with an aqueous solution of gelatin (20 mg). The
mixture is driechatedbgtcundaidianting tpovmdediticrevnystallimeopihddyen@ipine)baney Aritgnesium

stearate (5 oy arg 0o, sk et b e oe! Fﬂr{gr goR. Siraled ARdifeesulting mixture

compressed to tablets (100 mg o actlve r tablet). 20Exemplag Suspension Formulation For

Oral Administguddrine, efﬁf@%ﬁofﬂiﬁ@ﬂn@sé@?éﬂtgea@m&@m@ﬁé‘ﬂﬁaﬁlgwm lesitaiihg 100 mg of

active agent;per 1.0; i of SLEPLRS I INgrRdiGHSAROUiK RRRI RS CAMROUNEd; Qg Fumaric acid0.5
g Sodium chloride2.0 g Methyl parabenO 15 g Propyl parabcnO 05 g Granulated sugar25.5 g Sorbitol

(70% soliitiorErddgnng. \pdedimnp e ivadpias; @iﬁ?ﬁ%ﬁﬁ}ﬁmﬁ%ﬁ&%)i}lﬁ@@a%rm‘gﬁda@@%L

Colorings0.5,@¥kxiline, prenylamine, ryosidine, semotiadil, terodiline, tiapamil, verapamil, and
combinations thereof. In a particular embodirent, the calcium channel blocker 1s selected
from amlodipine, bepridil, diltiazem, felodipine, isradipine, lacidipine, nicardipine,
nifedipine, niguldipine, niludipine, nimodipine, nisoldipine, ryosidine, verapamil, and

10 combinations thereof.

The crystalline compound of the invention can also be administered in combination
with an angiotensin-converting enzyme (ACE) inhibitor. Representative ACE inhibitors
. include, but are not limited to, accupril, alacepril, benazepril, benazeprilat, captopril,
ceranapril, cilazapril, delapril, enalapril, enalapriiat, fosinopril, fosioprilat, imidapril,

15 lisinopril, moexipril, monopril, moveltopril, pentopril, perindopril, quinapril, quinaprilat,
ramipril, ramiprilat, saralasin acetate, spirapril, temocapril, trandolapril, zofenopril, and
combinations thereof. In a particular embodiment, the ACE inhibitor is selected from:
benazepril, enalapril, lisinopril, ramipril, and combinations thereof.

In one embodiment, the crystalline compound of the invention is administered in

20 combination with an AT, receptor antagonist, also known as angiotensin I type 1 receptor
blockers (ARBs). Representative ARBs include, but are not limited to, abitesartan,
benzyllosartan, candesartan, candesartan cilexetil, elisartan, embusartan, enoltasosartan,
eprosartan, fonsartan, forasartan, glycyllosartan, irbesartan, isoteoling, losartan,
medoximil, milfasartan, olmesartan, opomisartan, pratosartan, ripisartan, saprisartar,

25  saralasin, sarmesin, tasosartan, telmisartan, valsartan, zolasartan, and combinations thereof.
In a particular embodiment, the ARB is selected from candesartan, eprosartan, wrbesartan,
losartan, olmesartan, irbesartan, saprisartan, tasosartan, telmisartan, and combinations
thereof. Exemplary salts include eprosartan mesylate, losartan potassium salt, and
olmesartan medoxomil. Typically, the ARB will be administered in an amount sufficient

30  to provide from about 4-600 mg per dose, with exemplary daily dosages ranging from 20-
320 mg per day.

In another embodiment, the crystalline compound of the invention is administered

25-



Distilled waterg.s. to 100 mL Exemplary Liquid Formulation For Oral Administration 25A suitable liquid
formulation is one with a carboxylic acid-based buffer such as -30- WO
2010/039719PCT/US2009/058803 citrate, lactate and maleate buffer solutions. For example, the
crystalline cSF3EHEEd the invention (which may be pre-mixed with DMSGY EBEAGEEWith a 100 mivl
ammonium citrate buffer and the pH adjusted to pH 5, or with is blended with a 100 mM citric acid
solution and the pH adjusted to pH 2. Such solutions may also include a solubilizing 5 excipient such
as a cyclodextrinmorarampleahnepsbystioiNmR)imhdiiide TemtserhyaroRYgRopyibigxsyisiddéstrin.

Other sutaje frmuafigneneludeaaiiNakiR sal iR it hauisyglodextrn, Exemplary

Injectable Formulation For Administration By Injection 10The crystalline compound of the invention
(0.2 g) is bldnckss thiemetay - sobmviziepiers! nlfrirsbuaphese0: hOS FALS KB dPthmating solution
is adjusted tg_phlAYEIRGY R NAMEIHS RYSREAIANE BEH SRR RN RarrRusBodiumsydroxide, as
necessary, anit?iﬂjt'he(rlﬁJ sug‘icient vc\%ﬁgr for i%%ion IS ad%e{lﬁi}[o rof/i(f(;le a total volgrﬁ%tgﬁ%o mL. The

mixture i& théiphreyEd-Hicughes e aiiiamipopreier Teig Bk RR Esislis SHitton 15 8aitable for
administratigo Ry iestian kerpia.Gompasiioug arnAgmipiskationy) nfawtion-  The

crystalline compound of the invention (0.2 mg) is micronized and then blended with lactose (25 mg).

This blended@ HRARPERIIGETb AdeS HE L YSHPR R ARIEBIP RS AU HE ES ARt et Hhe cartridge
are administerecosing ogoyipBegsiesimhalar (for-20 examyle. Alterrarelybéheyvigpenized crystalline

compound (%1%19()):!;0%{' gr?lrosy%jpli'gpa}o%?fl%i—olgoleucyl—L—ieucine); ecadotril; phosphoramidon;

10  retrothiorphan; RU-42827 (2-(mercaptomethyl)-N-(4-pyridinyl)benzenepropionamide),
RU-44004 (N-(4-morpholinyl)-3-phenyl-2-(sulfanylmethyl)propionamide); SCH-32615
(18)-N-[N-( 1 -carboxy-2-phenylethyl}-L-phenylalanyl]-B-alanine) and its prodrug SCH-
34826 ((S)-N-[N-[1-[[(2,2-dimethyl-1,3-dioxolan-4-yDymethoxy]carbonyl]-2-phenylethyl]-

* L-phenylalanyl}-B-alanine); sialorphin; SCH-42495 (N-[2(S)~(acetylsulfanylmethyl)-3-(2-

15 methylphenyl)propionyl]-L-methionine ethyl ester); spinorphin; SQ-28132 (N-[2-
(mercaptomethyl)}-1-oxo-3-phenylpropyl]leucine); SQ-28603 (N-[2-(mercaptomethyl)-1-
oxo-3-phenylpropyl]-B-alanine), SQ-29072 (7-[[2-(mercaptomethryl)-1-0x0-3-
phenylpropylJaminoJheptanoic acid); thiorphan and its prodrug racecadotril; UK-69578

(cis-4-[[[1-[2-carboxy-3-(2-methoxyethoxy)propyljcyclopentyl]carbonyljamino]

20 cyclohexanecarboxylic acid); UK-447,841 (2-{1-[3-(4-chlorophenylpropylcarbamoyl]-
cyclopentylmethyl} -4-methoxybutyric acid), UK-505,749 ((R)-2-methyl-3-{1-[3-(2-
methylbenzothiazol-6-yl)propylcarbamoyl]cyclopentyl } propionic acid); 5-biphenyl-4-yl-4-
(3-carboxypropionylamino)-2-methylpentanoic acid and 5-biphenyl-4-yl-4-(3-
carboxypropionylamino)-2-methylpentanoic acid ethyl ester (WO 2007/056546); daglutril

25 [(38.2'R)-3-{1-[2'-(ethoxycarbonyl)-4'-phenylbuty!]-cyclopentan-1-carbonylamino | -
2,3,4,5-tetrahydro-2-oxo-1H-1-benzazepine-1-acetic acid] described i
WO 2007/106708 to Khder et al. (Novartis AG); and combinations thereof. In a particular
embodiment, the NEP inhibitor is selected from candoxatril, candoxatrilat, CGS-24128,
phosphoramidon, SCH-32615, SCH-34826, SQ-28603, thiorphan, and combinations

30 thercof. The NEP inhibitor will be administered in an amount sufficient to provide from
about 20-800 mg per day, with typical daily dosages ranging from 50-700 mg per day,
more commonly 100-600 or 100-300 mg per day.
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prepared by dissolving lecithin (0.2 g) in demineralized water (200 mL). The resulting suspension is
spray dried and then micronized to form a micronized composition comprising particles having a mean
diameter less than about 1.5 um. The micronized 25 composition is then loaded into metered-dose
inhaler cartrif§e¥ MR ing pressurized 1,1,1,2-tetrafluoroethane in an dH&IREEIRSEER: to provide
about 10 jig to about 500 jig of the compound of the invention per dose when administered by the
inhaler. Alternately, the crystalline compound (25 mg) is dissolved in citrate buffered (pH 5) isotonic
sr?linel(125 mL). Theyetixtetbesestiveddramt] fenicatetinntinimeoohy s is8®®issolved. The pH of
the solution js check | Jf-ne - ' IN sodium
hydroxide. The é%%?%é\ ?g%ﬁ%’%%%%ﬁ {lljlsél:r?g& %%r%g%ﬁ%%%%%%{tﬁgg\g%@ ;‘%?gﬁ? i%gg to about

500 jig of th& ewtivenagsniNferiBssaciio 2036/ 080TIoRTT/ BSITtSi 068803 kAP The
following Pf%&%ﬁ%%@,%ﬂ%&%@ﬂaﬁ'%@ﬁ%o?%@%s@ Miﬁ%ﬁ,%&ﬁ&%ﬂ%ﬁ&nems of this invention.
N

These specific embodiments, however, are not intended to limit the scope of this invention in any way
unless speckrealgpiraRakaposTaiR RSISWIRLY SBOPERRIBHOhITRRFaTROIO R KB AFithgs unless

otherwise ingicatad.2etdany-othab ahexintiong Useadrreindshneispinedibavestbeir standard
generally accepted meaning: AcOHacetic acid ATlangiotensin %pe 1 (receptor) 10A'|_'gangiotensin Il

type 2 (recefBPHEB ARSI R HRF D61 E PRIk SBNH AR FRRAROR g hSRigUC ac:

DCC1,3-dicyglehexyleashedimiderecividichiormelafe.as, Mefigkncehioideacin,

15DIPEAN,N-diisopropylethylamine . )
indoprofen, 18oxepac, 1soxicam, ketoprofen, ketorolac, lofemizole, lornoxicam,

10 meclofenamate, meclofenamic acid, mefenamic acid, meloxicam, mesalamine, miroprofen,
mofebutazone, nabumetone, naproxen, niflumic acid, oxaprozin, oxpinac,
oxyphenbutazone, phenylbutazone, piroxicam, pirprofen, pranoprofen, salsalate,
sudoxicam, sulfasalazine, sulindac, suprofen, tenoxicam, tiopinac, tiaprofenic acid,
tioxaprofen, tolfenamic acid, tolmetin, triflumidate, zidometacin, zomepirac, and

15 combinations thereof. In a particular embodiment, the NSAID is selected from etodolac,
flurbiprofen, ibuprofen, indomethacin, ketoprofen, ketorolac, mélc')xi'cam, naproxen,
oxaprozin, piroxicam, and combinations thereof,

In yet another embodiment, the crystalline compound of the invention 1s
administered in combination with an anti-lipid agent. Representative anti-lipid agents

20 include, but are not limited to, statins such as atorvastatin, fluvastatin, lovastatin,
pravastatin, rosuvastatin and simvastatin; cholesteryl ester transfer proteins (CETPs); and
combinations thereof. |

In yet another embodiment, the crystalline compound of the invention is
administered in combination with an anti-diabetic agent. Representative anti-diabetic

25 agents include, but are not limited to: injectable drugs such as insulin and insulin
derivatives; orally effective drugs including biguanides such as metformin, glucagon
antagonists, o-glucosidase inhibitors such as acarbose and miglitol, meglitinides such as
repaglinide, oxadiazolidinediones, sulfonylureas such as chlorpropamide, glimepiride,
glipizide, glyburide, and tolazamide, thiazolidinediones such as pioglitazone and

30 rosighitazone; and combinations thereof.

In one embodiment, the crystalline compound of the invention is administered in

combination with an anti-thrombotic agent. Representative anti-thrombotic agents include,
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DMAP4-dimethylaminopyridine DMFN,N-dimethylformamide DMSOdimethyl sulfoxide
Dnp2,4-dinitrophenyl 20DOCAdeoxycorticosterone acetate DTT1,4-dithiothreitol EDCN-(3 .
-dimethylaminopropyl)-N'-ethylcarbodiimide EDTAethylenediaminetetraacetic acid EGTAethylene
glycol bis([3-‘§|‘?\ﬁ“%%?f/1:1§/T’§ther)-N,N,NN'-tetraacetic 25acid Et0Acethyl acetats B EHHERbI
HATUNN,NR'-tetramethy1-0-(7-azabenzotriazol-1-yOuronium hexafluorophosphate
30HCTU(2-(6-chloro-1H-benzotriazole-1-y1)- 1 ,1,3,3- tetramethytaminium hexafluorophosphate)
IPAcisopropytiacetatelini©d2014spiiBoF O PIEE/t) S2009/05880 M egMimathensyibesaiarin-4-yl)acy|

Compounds of the invention may also be administered in combination with a renin
inhibitor, examples of which include, but are not limited to, aliskiren, enalkiren, remikiren,
and combinations thereof. In another embodiment, a compound of the invention is
5 administered in combination with an endothelin receptor antagonist, representative
examples of which include, but are not limited to, bosentan, darusentan, tezosentan, and
combinations thereof. Compounds of the invention may also be administered in
combination with an endothelin converting enzyme inhibitor, examples of which include,
but are not limited to, phosphoramidon, CGS 26303, and combinations thereof. In yet
10 another embodiment, a compound of the invention is administered in combination with an
aldosterone antagonist, representative examples of which include, but are not limited to,
eplerenone, spironolactone, and combinations thereof,
~ Combined therapeutic agents may aliso be helpful in further combination therapy
with compounds of the invention. For example, a combination of the ACE inhibitor
15 enalapril (in the maleate salt form) and the diuretic hydrochlorothiazide, which is sold
under the mark Vaserctic®, or a combination of the calcium channe! blocker amlodipine (in
the besylate salt form) and the ARB olmesartan (in the medoxomil prodrug form), or a
combination of a calcium channel blocker and a statin, all may also be used with the
compounds of the invention. Dual-acting agents may also be helpful in combination
20 therapy with the crystailine compound of the invention. For example, angiotensin-
converting enzyme/neprilysin (ACE/NEP) inhibitors such as: AVE-0848 ((48,78,120R)-7-
[3-methyl-2(S)-sulfanylbutyramido}-6-0x0-1,2,3,4,6,7,8,12b-
octahydropyrido[2,1-a][2]benzazepine-4-carboxylic acid); AVE-7688 (ilepatril) and its
parent compound; BMS-182657 (2-[2-0x0-3(S)-[3-phenyl-2(5)-sulfanylpropionamido]-
25 2,3.4,5-tetrahydro-1H-1-benzazepin-1-yllacetic acid), CGS-26303 ([N-[2-(biphenyl-4-y1)-
1(S)-(1H-tetrazol-5-yhethyl]Jamino jmethylphosphonic acid); CGS-35601 (N-[1-{4-methyl-
2(S)-sulfanylpentanamidojcyclopentylcarbonyl]-L-tryptophan); fasidotril; fasidotrilate;
enalaprilat; ER-32935 ((3R,65,9aR)-6-[3(S)-methyl-2(5)-sulfanylpentanamido]-5-
oxoperhydrothiazolo[3,2-a]azepine-3-carboxylic acid); gempatrilat; MDL-101264
30 ((4S,7S,12bR)-7-[2(S)-(2-morpholinoacetylthio)-3-phenylpropionamido]-6-oxo-
1,2.3,4,6,7.8,12b-octahydropyrido[2,1-a]{2 |benzazepine-4-carboxylic acid); MDL-101287
([48-{4a,70(R*),12bB]]-7-[2-(carboxymethyl)-3-phenylpropionamido}-6-oxo-

8-



MeCNacetonitrile MeOF1methanol MTBEmethyl t-butyl ether 5SNaOMesodium methoxide
NBSN-bromosuccinimide NEPneprilysin (EC 3.4.24.11) PBSphosphate buffered saline
SHRspontaneously hypertensive rat 10TFAtrifluoroacetic acid THFtetrahydrofuran
Tristris(hydrdX@mtitiyB3Ehinomethane Tween-20polyethylene glycol sorbf&A FBABYALEE unless
noted otherwise, all materials, such as reagents, starting materials and 15 solvents, were purchased
from commercial suppliers (such as Sigma-Aldrich, Fluka Riedel-de Haat, Strem Chemicals, Inc., and
the like) and Mkiet 668, WithetHyktbey:plafifidatibhl bReartivins-frexcbouml isrmed )nitrogetriktmosphere,

unless note ige € actior njtored: by thi s r graphy
(TLC), analﬁéqiwgg@e?%%%qﬁgéﬁ%%%}@ﬁﬁgﬁgﬁa y (%ﬁr?gr.lp I%?P%%l ) and%n%%?gﬁoectrometry,
the details of (RRiER) dre Yilehyiraspebifity BxaiplscoiwernsudedirraitiitcdeMbanglivere as follows:
solvent A wag;, 93%0atel/ 3% MrONAL A k154 solveh BiwAS 90 MaEN/10% water/1.0 mL/L

TEA. Reactions were worked up as described specifically in each preparation or example; 25

- )y 1] ¢ P
commonty résetierinniaiip s vty blrifeasipg extbe Bzt HisT s imsatd Pretrdudcdudn as
temperaturey R seiMeNtmisReRdRN e ke alioRn;Bne: RiesiBialionwin Additiers reaction mixtures

were routinely purified by preparative HPLC, typically using Microsorb C18 and Microsorb BDS column
packings andneGTE G A e R IR LA R RO At R BB SRR WALRS RFER  carried out by
mass and 11-1-NMBRispeciroppete/adeatsNMR as ay-adrenergic receptor agonists and vasopressin

receptor antagonists may also be helpful in combination therapy. Exemplary op-adrenergic
10 receptor agonists include clonidine, dexmedetomidine, and guanfacine. Exemplary
vasopressin receptor antagonists include tolvaptan.
The following formulations illustrate representative pharmaceutical compositions
of the invention.
Exemplary Hard Gelatin Capsules For Oral Administration
15 The crystalline compound of the invention (50 g), spray-dried lactose (440 g) and
magnesium stearate (10 g) are thoroughly blended. The resulting composition is then
loaded into hard gelatin capsules (500 mg of composition per capsule). Alternately, the
crystalline compound (20 mg) is thoroughly blended with starch (89 mg), microcrystalline
cellulose (89 mg) and magnesium stearate (2 mg). The mixture is then passed through a
20 No. 45 mesh U.S. sieve and loaded info a hard gelatin capsule (200 mg of composition per
capsule),
Exemplary Gelatin Capsule Formulation For Oral Administration
The crystalline compound of the invention (100 mg) is thoroughly blended with
polyoxyethylene sorbitan monooleate (50 mg) and starch powder (250 mg). The mixture 15
25  then loaded into a gelatin capsule (400 mg of composition per capsule).
Alternately, the crystalline compound (40 mg) is thoroughly blended with
microcrystalline cellulose (Avicel PH 103; 259.2 mg) and magnesium stearate (0.8 mg).
The mixture is then loaded into a gelatin capsule (Stze #1, White, Opaque) (300 mg of
composition per capsule).
30 Exemplary Tablet Formulation For Oral Administration
The crystalline compound of the invention (10 mg), starch (45 mg) and

microcrystalline cellulose (35 mg) are passed through a No. 20 mesh 1.5, sieve and mixed
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30 measurement, samples were dissolved in deuterated solvent (CD30D, CDC13, or DM80- 6/5), and
1H-NMR spectra were acquired with a Varian Gemini 2000 instrument (400 MHz) under standard
observation conditions. Mass spectrometric identification of compounds WO
2010/039719BZHIEFGHD/058803 was typically conducted using an electrb&frA1&HiP8Hon method
(ESMS) with an Applied Biosystems (Foster City, CA) model API 150 EX instrument or an Agilent
(Palo Alto, CA) model 1200 LC/MSD instrument. PREPARATION 1

55-Bromo-2 tathoxgkBH-Tidazoledscarodidet ydedried ap B0 (mohyesied-thiidmboléN(a) §98.7 g, 324
mmol, 1.0 e as. dissolved,into 1.20 L 0 e Q) IS IPEA (62 mL,
360 mmol, 1. e\{g\eltb %II%{\?VVeed yS ?%%(s) o&%géﬁ%%ﬁ%ﬁgfﬁy%%ﬁé/l%g&%(y??n@@ﬁ%%%e (60.2 mL,
10 340 mmokae0begjxTheidolatiomveadsiowistiyhstaed (4. foog). taagperarrecasied® hows the

mixure was yashed Wil NGHAP QASAIalE] ARuEPUR NBRh (A RXBI0IL Thigrganic layer

was dried over MgSO4, and evaporated to dryness, yielding intermediate (Ib) as faint yellow liquid that
solidifiedSon sditairgrbr3 Yoyt spithdmiengs L STy sohinorra thea grdrad¢iBe sraaulssito
anhydrous EiQH 154620 alhiTiadhisavassloudy added patassium thuiedden98:2ignBEo mmol, 3.0

eq) and the mixture was heated to reflux for 16 hours. The mixture was then cooled to room
temperature fiftéf8d and concentrated. The resulting oil was dissolved in EtOAc (800 mL) and washed

with saturated NaHQQR (400, mé b-idailayessiparedsepanatodsanstdnghospadigeyasmwashed with
saturated aqueous NaC1, dried over MgSQ4, filtered and ¢oncentrated, 20, yielding intermediate (Ic)
as a brown SHCATBSE i Hgse Wgwb&%%ﬂ%%f&m%%@éi, AR5

Ingeci:meddiatetﬂg(}) R &%tlirzélsrmmwl oﬁﬂ@%&&tﬁ&?’tﬁ&@iﬂﬁd dﬂé&nﬁgdfwmﬁféﬂ&i&ﬁ@&mfﬂe@hd co;)Ied to
-78C under nitrogen., A 2.5M solution qf n-butyllithium, in hexanes (72. ,. 180 mmol, 1 05 eq) was
added dropwise an lfﬁ%”ﬁﬁw tﬁf %&‘@Lﬁ%&o a I%é@orp y)o‘smuﬁﬁ‘{‘é%%%f?%& \P{#_f} 520 mmol, 3.0
feq) was themaddeﬁbam@bthgmmmd MosV\A@dﬁﬂﬁ@Z@%l%fﬂ'dUSQ@@MﬁSMﬂwﬂgirrt;d at -78(C
or 15 minutes an s then,warmed to rpom tem o0 Was.gue (th water (10
L), diuted 8 ORS00 AP ST B B o
dried over Mg8@saneh gentaittated under reduced pressure. The recovered material was purified by

silica geﬂ £ hromatog[ﬁgjﬁ&g}é%he crystalline compound (100 mg) is thoroughly blended with
comnstarch (100 mg) with an aqueous solution of gelatin (20 mg). The mixture is dried and
ground to a fine powder. Microcrystalline cellulose (50 mg) and magnesium stearate (5
mg) are the admixed with the gelatin formulation, granulated and the resulting mixture
compressed to form tablets (100 mg of active per tablet).
20 Exemplary Suspension Formulation For Oral Administration
The following ingredients are mixed to form a suspension containing 100 mg of

active agent per 10 mL of suspension:

25

Ingredients Amount
Crystalline compound 10g
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢
Propyl paraben 0.05¢g
Granulated sugar 255¢
Sorbitol (70% solution) 1285¢g
Veegum® K (magnesium aluminum silicate) 1.0g
Flavoring 0.035mL
Colorings 0.5 mg
Distilled water q.8. to 100 mL

Exemplary Liguid Formulation For Oral Administration

A suitable liguid formulation is one with a carboxylic acid-based buffer such as



5 30% EtOAc:hexanes) to produce intermediate (Id) as a pale yellow oil (45 g). Intermediate (1d)
(105.8 g, 303 mmol, 1.0 eq) was cooled at OC in ice. TEA (300 mL) was added and the mixture was
stirred at OC for 15 minutes, then waimed to room temperature. After 90 minutes the mixture was
concentrated{h#BPHEYUEed pressure and redissolved in Et0OAc (700 mL) FFR& B4 R*HAs washed
with saturated bicarbonate 10 (2x600 mL), saturated aqueous NaC1, dried over MgSO4, and
concentrated under reduced pressure to produce a yellow solid. The material was suspended in
hexanes (308trats) hnthistiné thale0€ $off@Q:ohitiutas. Fihexmatdeiahway filtdreccamgdhmadsglitiovas

washed with. cold h%fqﬁ?% 159$%L r%%gili%lcg ﬁ%g(gwfgﬁ?%?%g%@pglﬁ)wm solid (61.2 9).1H-NMR

(cDC13) 6 (Bpri) , } ). 15PREPARATION 2
4f-Bromomethtydte3aHfaorobihbehlidvsmdboxlico AviavitB il eadiest witRe 100 md/lcsoktion of 1.0M DCC

in DM (800, 0k 00 Mab a9 aled a0y as agded RaRiRMaRencois Gl Cah(n i, 800 mmo)
followed by DMAP (9.0 g, 740 mmol) and t- 20 butyl alcohol (82.4 mL, 880 mmol). The mixture was

stirred atSroomrcipivigersture Fovy Yo deifiRe D themplaritp totiomatengetat f&hid stirred. After 16

hours, the mixfure w %thpcfy&gggm'me organic was washed with saturated NaHCO3 (400 mL),
saturated aqueous NacCl, dried over MgSO4, filtered and concentrated under reduced pressure to

produce the crude fPtersaiiikle iomyurians dcpda iy NS crivdomaithcaiaidesh) (109.6 g, 426

mmol) and BCglgqggngfﬁm_ethylphenyl- boronicacid (72.2 g, 449 mmol) were suspended in isopropy!
alcohol (360 mL, 4.7 mmol). A 2.0M solution of sodium_ carbonate in water (360 mL, 720 rnmol) was

added and the mixture $P48/REGALEETIRUEP RN Ard AL R REAY IR BYRHIRB ) pal Ladium(0) (4.9 g,
-35- W@2010/0397h9R&HtAUH2Q0/5hBAG3 thIimmeim@2thel tiddéd arich the Mixddienwas stirred at

90C for 46 hours, The mixture was cooled to rgom _ mIperﬁ_tureﬁ, ﬂytgq -Ve\{i t é\)c @gp mL), and the
layers were S5pa¥abY, .eﬁ'ﬁoekjuéﬁgﬁh%istg Wi%??g'serpg% %&Eesg%ﬂré% EHIEIE #%%ana concentrated
under reducéds piessisoas Tihdrscidovieraddail WasNpuniftedsby dilinchgélositarnategesginy, (8% 4-6%
then sufficient water for injection is added to provide a total volume of 20 mL. The
mixture is then filtered through a sterile filter (0.22 micron) to provide a sterile solution
15 suitable for administration by injection.
Exemplary Compositions For Administration By Inhalation

The crystalline compound of the invention (0.2 mg) is micronized and then blended
with lactose (25 mg). This blended mixture is then loaded into a gelatin inhalation
cartridge. The contents of the cartridge are administered using a dry powder inhaler, for

20  example. -

Alternately, the micronized crystalline compound (10 g} is dispersed in a solution
prepared by dissolving lecithin (0.2 g) in demineralized water (200 mL). The resulting
suspension is spray dried and then micronized to form a micronized composition
comprising particles having a mean diameter less than about 1.5 pm. The micronized

25 composition is then loaded into metered-dose inhaler cartridges.con.taining pressurized
1,1,1,2-tetrafluoroethane in an amount sufficient to provide about 10 pig to about 500 ug of
the compound of the invention per dose when administered by the inhaler.

Alternately, the crystalline compound (25 mg) is dissolved in citrate buffered (pH
5) isotonic saline (125 mL). The mixture is stirred and sonicated until the compound is

30 dissolved. The pH of the solution is checked and adjusted, if necessary, to pH 5 by slowly
adding aqueous IN sodium hydroxide. The solution is administered using a nebulizer

device that provides about 10 ug to about 500 pg of the active agent per dose.

.3]-



5 EtOAc:hexanes) to yield intermediate (2c) as a clear oil (93.3 g). Intermediate (2c) (89.8 g, 314
mrnol, 1.0 eq) was dissolved in CC14 (620 mL, 6.4 mol) and was degassed under nitrogen. NBS (55.8
g, 314 mmol) was added, followed by benzoyl peroxide (1.5 g, 6.3 mmol) and the mixture was heated
at 90C undeMt8YERYTP7 hours. The reaction was cooled in an ice bathP kR4 ncentrated
under 10 reduced pressure. The recovered oil was triturated with 150 ml. of 3% EtOAc: hexanes. The
solution was chilled at -20 C for 2 hours, then filtered and washed with cold 3% EtOAc:hexanes
solution (200 mL) to yield the title compound astamgffihite solid (88.9 g). 11-1-NMR (CDC13) 6

(ppm): 1.3 (m, 9H), 4.6.(s, 2H), £.0-7.1. : , 1H), 7.8 (dd, 1H).
15PREPARATION ‘Z@%‘F’ﬁ‘u’?ﬁogrﬁ%’f%\%}i @-Set &fﬁ%ﬁ?ﬁ%ﬁ%@é@‘gp%é%?ﬁyzﬁgs% hid
fluorobipherwihPedanbuteydittitieid Byl Hdwese speBftroiRéimenis. doniavidazsiao isisdighyde (42.0
g, 192 mmol} qh%%c%fﬁz@m&m&@x&aﬁkﬁ%quvgmyég%ﬁﬁﬁeawQnafd'gtéd@utyl ester (70.0 g, 192

mmol) were dissolved in DMF (890 mL, 12 niot), and the solution was cooled at OC. Potassium

carbonate (26.5 g, Tepfphimsiraebbsionipiidied Bsdateringiiee g Saleeriioeisss- wo
2010/039719PCT/LIS 2009058803 B tRiBhl- Jihe Heasiian wasdiTan Ananahes withimwater. The mixture
was extracted with EtOAc (3x300 mL), washed with saturated aqueous NaC1 (500 mL), and
concentrated s r&HGEEY Preddtige. The recovered oil was dissolved in MeOH (450 mL). Water (112

mL) was slowly added whilgstirring to precipiate the product. The precipitate was stirred 5 for an

additional hour before b'ein%l collected by filtration. The salid was dissolved in
AT angiotensin II type 1 (receptor)

10 AT, angiotensin II type 2 (receptor)
BSA boving serum alburmin
BusNBr tetrabutylammonium bromide
DCC 1,3-dicyclohexylcarbodiimide
DCM dichloromethane or methylene chloride
15 DIPEA N, N-diisopropylethylamine
DMAP 4-dimethylaminopyridine
DMF N, N-dimethylformamide
DMSO dimethyl sulfoxide
Dnp 2,4-dinitrophenyl
20 DOCA deoxycorticosterone acetate
DTT 1,4-dithiothreitol
EDC N-(3-dimethylaminopropyl)-N"-ethylcarbodiimide
EDTA ethylenediaminetetraacetic acid
EGTA ethylene glycol bis(B-aminoethyl ether)-N,N,N'N'-tetraacetic
25 acid
EtOAc ethyl acetate
EtOH ethanol
HATU N,N,N' N'-tetramethyl-O-(7-azabenzotriazol-1-ylyuronium
hexafluorophosphate
30 HCTU (2-(6-chloro-1H-benzotriazole-1-y1)-1,1,3,3-

tetramethylaminium hexafluorophosphate)

IPAc isopropyl acetate
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EtOAc and concentrated under reduced pressure. The residue was allowed to stand overnight and was
then stirred in 3% EtOAc:Hexane and collected by filtration. The filtrate was concentrated under
reduced pressure and purified by silica gel chromatography to obtain intermediate (3a) (8.4 g).
10Intermedidd@AYEH Y g, 108 mmol) was dissolved in 1,2-dimethoxyetRah@8H Hits8.5 mot).
Tetrakis(triphenylphosphine)palladium(0) (1240 mg, 1.1 mmol) was added. After 15 minutes, water
(240 mL, 13 mol) and potassium carbonate (14.9 g, 108 mmol) were added and the mixture was
heated at 85C under nitrddea. After sti{lingeaitdhysdenperatyrigatol 10 minutes,
2,4,6-trivinylcyclotriborox%&ﬂyridine cem Iﬁ%‘ﬂ 11.7 15 g, 48.4 mmol) was added, and the mixture was
stirred for 2 hours. The mixture was then diluted with EtOAc (200 mL), washed with water and
saturated aqueous NaCl,Mr@idoncentratddumder reduced pressure. The mixture was combined with a

separate lot and purified Qxﬂjé:a gel cgl%qﬁ%@;gg;@pp%ép-w% EtOAc:hexanes) to yield intermediate
(3b) (47.1 g). 20Intermediate (3b) (19.0 g, 42.2 mimol) was dissolved in pyridine (250 mL, 3.1 mot).

Hydroxyl&rnine hydrochloNeeX8:.8 g, 198lmmaljtiasdsdded, followed by water (75 rnL, 4.2 mol), and
the mixture was stirred atyjgem tempenatieRveLpight;Mater (300 mL) was then added and the
mixture was stirred for 30 minutes. The precipitant was filtered off and dried under vacuum to yield
intermediate (3c) (17.3 g)NEBintermed R {3 E:L §:412* rhihol) was dissolved in acetic acid (100 mL,
1 8 mol) and sulfuric acid840 gL, 12 nupebhalhsumixigkiwes degassed under nitrogen and 10%
Pd/C, Degussa type, wet 50% (0.05:0.45:0.5, palladium:carbon black:water, 1.5 g, 723 umol) was

added. The mixture was theh degassetPONART P B BYRH B B%i7on a Parr shaker and shaken at room
temperatgire. After 12 hoursathe mixturefivasotifesedqadd 30 concentrated under reduced pressure.
The recovered material wi%giissolved in%&Ac 50 mL), washed with saturated NaHCO3 (50 mL) and
saturated aqueous NaCl, the quui(ﬁ%t rqrgéﬂﬁ%rated. The material was purified by silica gel
chromatography (0-10% W® 2010(038%DRIGkAGEEG0AOLE303MeOH:DCM) to yield the title

compound as a clear oil (4.6 g, %% puri .tM nrn/ :i -SfH ( alcd for 9%91-132FN303, 454.3; found
454.2. 1H NMR (CDCls)i”.‘é"gh(%H, d),p‘}’% IZXE ?)?{Y.ﬁ ﬁfiﬁi"}%?m, dy, 7.27 (114, d), 7.12 (1H, s),
7.04 (1H, d), 5.34 (Ukleh) ndt&5oRetngys AR n@ialy) sach2ag 2bhgght 2 TOaEmb)ciabO8H, t), 1.28 (9H,
S), 117 {3H, R GRARMLHRN A SoneeMR ampt MEtAVIP ARG HEY Fluka
' Riedel-de Haén, Strem Chemicals, Inc., and the like) and werc used without further
purification.
Reactions were run under nitrogen atmosphere, unless noted otherwise. The
progress of reactions were monitored by thin layer chromatography (TLC), analytical high
20 performance liquid chromatography (anal. HPLC), and mass spectrometry, the details of
which are given in specific examples. Sclvents used in analytical HPLC were as follows:
solvent A was 98% water/2% MeCN /1.0 mL/L TFA. solvent B was 90% MeCN/10%
water/1.0 mL/L TFA. |
Reactions were worked up as described specifically in each preparation or example;
25  commonly reaction mixtures were purified by extraction and other purification methods
such as temperature-, and solvent-dependent crystallization, and precipitation. In addition,
reaction mixtures were routinely purified by preparative HPLC, typically using Microsorb
C18 and Microsorb BDS column packings and conventional eluents. Characterization of
reaction products was routinely carried out by mass and ‘H-NMR spectrometry. For NMR
30 measurement, samples were dissolved in deuterated solvent (CD;OD, CDCls, or DMSO-
ds), and 'H-NMR spectra were acquired with a Varian Gemini 2000 instrument (400 MHz)

under standard observation conditions. Mass spectrometric identification of compounds
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Hala 0 O D-Leucine (8.2 g, 62.7 mmol) was dissolved in 3.0M HBr in water (99 mL, 10 0.3 mol) and
cooled to OC. A solution of NaNO2 (6.9 g, 100 mmol) in water (11.3 mL, 627 mmol) was slowly added
over 20 minutes. The mixture was stirred at OC for 3 hours and then extraycéegﬁgvzvi%gem\%végg 3ethyl ether,
washed with WatHh&E Laturated agueous NacCl, dried over MgSO4, filtered, and concentrated to
afford (R)-2-bromo-4-methylpentanoic acid (11.5 g) as an off-yellow oil. This was taken on to the next
step without further 15 purification. Thioacetic acid (4.2 g, 54.4 mmol) and DMF (100 mL, 1.0 mol)
were combired, tapidalhecrmistigtedopdledire saties et nSadRMTeE RO RIS . 3dh 51 2rRli#dl) was
added. Afte351959;191%6(%@%}-83Bz%m—ﬁ&aaﬁﬁxﬁpe%wm%@% §h RLBA0[PEl) iR BMFA20 mL)
was added dropwise and the mikxture was stirred at OC to room temperature over 20 6 hours. The
mixture wastafigbHAth GHOSR swAEENd extracted with 100 mL of a 1:1 IN HO: saturated aqueous
NaC1 solution. The layers were separated gigbheragpreays phase was extracted with additional EtOAc
(100 mL). The organics were combined, washed with saturated aqueous NaCl, dried over MgS0O4,
filtered, and concentrated undef? s P ITRHEZRESTERESSFRES dissolved into diisopropyl
ether (45 mL, 25 320gmmo|) and chilled at 0C BBRicyglohexylamine (10.1 mL, 50.7 mmol) was added
dropwise and the soli%%ﬁ’s ed to crash out df sghutien. After stirrrg additional 30 minutes
the material was filtered washed with 75omld diiseprepyl ethef, Th overed solid (14 g) was
suspended in 100 mL EtOA@r 150 mE‘g{%KHSO4 Wwas added, and-the Tayerg,were separated. The
organic was washed with saturated #queous R0 2010/0397 ¥ORCTHMIS2009/058803 NacCl, dried
over MgSO4, filtered, and concentrated under reduced.pressure. The recovered oil was then
azeotroped (3x25 mL toluene) to yield t%/tige compbund (6.1 g) as dicyclohexylamine salt. EXAMPLE
1 54'-{2-Ethoxv-4-ethy1-5-11(S)-2-mercarito- Iivé@eﬁm@%gmino)methvlIimidazol-l-
yImethvlI-3'-f|uorobittenv1-2-carb(ixylic AQ;Q/N Y Br

—  HN

5i
SN F p
o

2,4,5-Tribromo-1H-imidazole (1a) (98.7 g, 324 mmol, 1.0 eq) was dissolved into
1.20 L of DCM and cooled to 0 °C. To this was added DIPEA (62 mL, 360 mmol, 1.1 eq)
followed by the slow addition of [B-(trimethylsilyl)ethoxyjmethyl chloride (60.2 mL,

10 340 mmol, 1.05 eq). The solution was slowly warmed to room temperature. After 2 hours
the mixture was washed with 1M H3;POy/saturated aqueous NaCl (1:10; 2x 600 mL). The
organic layer was dried over MgSOs, and evaporated to dryness, yielding intermediate (1b)
as faint yellow liquid that solidified on standing (137 g).

Intermediate (1b) (130 g, 290 mmol, 1.0 eq) was dissolved into anhydrous EtOH

15 (650 mL). To this was slowly added potassium r-butoxide (98.6 g, 879 mmol, 3.0 eq) and
the mixture was heated to reflux for 16 hours. The mixture was then cooled to room
temperature, filtered and concentrated. The resulting oil was dissolved in EtOAc (800 mL)
and washed with saturated NaHCO; (400 mL). The layers were separated and the organic
was washed with saturated aqueous NaCl, dried over MgSO,, filtered and concentrated,

20  yielding intermediate (1¢) as a brown 0il (1153 g). MS m/z: [M + H'] calcd for
C11Hz2oBraN2 0,51, 401.9 found 401.2.

Intermediate (1¢) (69.5 g, 174 mmol, 1.0 eq) was dissolved in anhydrous THF
(600 mL) and cooled to -78°C under nitrogen. A 2.5M solution of #-butyllithium in
hexanes (72.9 mL, 180 mmol, 1.05 eq) was added dropwise and the mixture was stirred at

25  -78°C for 10 minutes. DMF (40 mL, 520 mmol, 3.0 eq) was then added and the mixture
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Preparation of the TEA salt 4'-(5-Aminomethy1-2-ethoxy-4-ethylimidazol-1-ylmethyl)-3'-
fluorobipheny1-2- 10 carboxylic acid t-butyl ester (5.0 g, 11.0 mmol),
(S)-2-acetylsulfany1-4-methylpentanoic acid (dicyclohexylamine salt; 2.1 g, 11.0 mmgg,
4-methylmorPiblte 22 L, 11.0 mmol), and 1-hydroxy-7-azabenzotriaz%ﬁ;rﬁ%”&?”i mmol) were
combined and dissolved in DMF (120 nth, 1.6 mol) and then cooled at OC for 10 minutes. EDC (2 mL,
11.0 mmol) was added and the mixture was stirred at OC for 1 hour and then at room 15 temperature
for 2 hours. Whae sthastion &S Gudhianhadadtimiatertht0Ovantn)dherpeod tsetmxatacted with EtOAc (100
mb), and thep copeenrated IR TRINR RS RLIIBA.0Y col B ABTRAARY RE% 00 0H e

EtOAchexanIéesa)C 0 e acetylsulfanyt ester’intermediate,

4'-{5-M-2-acefijil sulary 00mhsthipethaopernNolthaigdorasideRiqand concentrated under
ethylimidazol ety MormpRiemdicaIboy ledeld bputlesteriThinastey (nsermediate

was dissolveg in DCM:TFA (10 mL each) and the mixture was stirred at room temperature for 3 hours,

and thenScor®éntrtded: MRrenessiguaodues takameddls Bbae avakhediontrihéatrated NaHCO3

solution, dried overMgROd, @pfhsenpenyaigd ﬁ%’@lﬂ.@%mé%@@%&y@@lﬁanwaﬂdﬂntermediate,
4'-{5-[((-5)-2- acetylsulfany1-4-methylpentanoylaminoltnethyl}-2-ethoxy-4-ethylimidazot-1-ylmethyl) -3'-
25 fluorobipKaPy Mb)erheddarceadidicTRrstagid teHTRddaEe (W% HhIsdiviss IHMCEHPESdL). The

solution was gggasspdrsiiyed HROES AKELemhankceOlesk abRénilaid MacMedin Mepkis(2b mL, -39-
WO 2010/039719PCT/US2009/058803 2 eqg.) was added and trﬁ%nirx ure Wasﬁ‘i irred at 0C under
il

nitrogen for SOMHHIHOL FHE HOATE QLB e BTG With 1S SR She it was
concentrgteq déssahvied st iR aquashed.gifidwatevedries Oy enlign 4 fitereddancdied
concentrated. The product was puyrified arative HPLC 10-70% MeCN:water with 5 0.5% TFA
(70 minute n?é?ﬁ%’ﬂ?f% Rﬁ%ﬁi‘]‘%%%ﬂ?%@%% IT%?rel%la‘?lg S BTHHeE IE]"’E,ﬂ}esx?fl1 ©s ?ﬁim @rﬁflg IRA-900
resin (80 g, Alitrigh)i\was usSpenaeadin ThE MG (6D anlilteTdienndixto e livbs shakdrdedhsioldally over
60 minutes. The bulk of the supe nt.was decanted to afford. Si ich then
transferred t(]'f)l ) ﬁﬁ_f) B?ggttl% ‘é‘é@r@ﬁ : \% Therco uar?%?la 'fégvyaéﬁ% %@ﬁ%ﬁ ﬁtfgﬁaﬁter (200 mL)

and 50% aq.(VRCN §20pmmL).4ifil &) o dfithidpasadel elinAtinds18). The TFA salt of
4'-{2-eti‘i%xy-4-ethy1-5-[((S)-2- PREPARATION 2 .

4" Bromomethvl-3'-fluorobiphenvi-2-carboxviic Acid +~Butyl Ester

)E> 4}? 723723

To a solution of 1.0M DCC in DCM (800 ml., 860 mol) cooled at 0 °C was added
2-bromobenzoic acid (2a) (161 g, 800 mmol) followed by DMAP (9.0 g, 740 mmol) and z-

20  butyl alcohol (82.4 mL., 880 mmol). The mixture was stirred at room temperature for
10 minutes, then warmed to room temperature and stirred. After 16 hours, the mixture was
then filtered. The organic was washed with saturated NaHCO; (400 mL), saturated
aqueous NaCl, dried over MgSQy, filtered and concentrated under reduced pressure to
produce the crude intermediate (2b) as an o1l (228 8 g).

25 The crude intermediate (2b) (109.6 g, 426 mmol) and 3-fluoro-4-methyiphenyl-
boronicacid (72.2 g, 449 mmol) were suspended in isopropyl alcohol (360 mL, 4.7 mmol).
A 2.0M solution of sodium carbonate in water (360 mL, 720 mmol) was added and the

mixture was degassed under nitrogen. Tetrakis(triphenylphosphine)palladium(0) (4.9 g,
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mercapto-4-methylpentanoyl-amino)methyllimidazol-1-ylmethyll -31-fluorobipheny1-2- carboxylic acid
(2.3 g, 3.5 mmol) was dissolved in 50% aq. MeCN (8 mL), and loaded onto the prepared column. The
compound was eluted with 50% aq. MeCN under gravity. 15 Fractions were collected in 5 mL
volumes, andV&&A847Y HPLC. Fractions having the desired mass wer& ot EERY lyophilized,
affording the title compound as a HCI salt (1.5 g, 97% purity). Preparation of the Title Compound This
HC1 salt was dissolved in MeOH (5 mL) and water (5 mL), and the mixture 20 had a pH 2.2. The
material wastslawhphreugihtupddcd pid tkd@mith wasetiesddt 00U fpirjettiorss dht Mika@H, then
adjusted with 1N H 25 4), NaOH (2x25.4), the 5,pihto arrive at the isoelectric point. The
solution Was‘%%scgp\%%%or Oel)]’lc%%l f/mk%i’egr}g f\?v(g‘gq%}llll_li%) %t(@owgf(%%n??j %ég%\g%rgd to extract the
solid, which seasrthehn iBmogdifroms theshefliedbsiayetcdnduconsdlafrhtad tondeldraied titléecompound
(1.3 g, 98% puyi lysi I I terial wsing. | ohy gave:
0.06%% Na, O TR b T R e P ekt
4'-{2-Ethdxy Hettoihs40(8) {2 -viddcaprangdiate (2¢) as a clear 0il (93.3 g).
methvipentanoylamipgmatiimidasel--v m%ﬂrﬁi-ﬁl&pqp;pQﬁ@yiv%aqaré@m@é\ﬁhﬂ,304'-
{2-Ethoxy-4-ethy1-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]- midazol-1-ylmethyll
-3'-fluorobipfehypi2 apdrhaxyrsassd Updspaitacss. RABSived it EXmPRDTYHi 38 drétdpiimed to be

non-crystallige fy, RAWESHXK Iy i actionmory &h@ GOAQRR fd ARCHBHEI 20087058308 troddRis
amorphous form (35.7 rgg) was added to acetone (1 mL to]éield a solution of about 36 mg/rnL. The

solution wasfPeafdd IBtsector s Resly trithtRdse Blstishmy E ol B 8o mperature. The
solution)yasrtagrereirigeiaied Ké erboerapiox matRly A Mt s SBreCipitate Twrre: obsamved and the
volume was reduced by half under a gentle 5 stream of nitrogen at room temperature, The solids were
isolated and Hifet? HHAB FHAIEHRFAR yrll o tHEr trfee @s&ﬁ‘iﬁrﬁﬁ%@&%ﬁ&*ﬁgﬁﬁﬁﬁﬁéﬁ%’crystalline '
nature of thepandurtwass velifing OXRPRpaiter hBE dhapnagrapn affdvhAdtace analysis.
EXAMPLE 3 Powder, X-Ray. Di tion, 10Po r X- iffraction patterns tajned with a
Rigaku NS DAL TS ABL USRE G KT8 ), Loab I 1S EAr e iysis was
perfoitiled withjhe gonjamgtes wnif, mEahtjinibus-scan mode of 2 (20) per min with a step size of
0.03 over. a range of 2 to 40 in two-theta anq;?{.&% l?ﬁ)%e{e prepared on quartz specimen holders

asa thir?qayer of powdered material. The instrument was calibrated with
4'-(5-Aminomethyl-2-cthoxy-4-cthylimidazol-1-yImethyl)-3'-

fluorobiphenvl-2-carboxvlic Acid -Butvl Ester

: r \
F !ill:r qh\b——{::l:i;o mmwm;:;}3——€§:ﬂ:i;c
T T R A
H O 3a O 3p O
|

5-Bromo-2-ethoxy-3H-imidazole-4-carbaldehyde (42.0 g, 192 mmol) and
20 4'“bromomethyl-3'-flucrobiphenyl-2-carboxylic acid t-butyl ester (70.0 g, 192 mmol) were
dissolved in DMF (890 mL, 12 mol), and the solution was cooled at 0°C. Potassium

carbonate (26.5 g, 192 mmol) was slowly added and the mixture was stirred at 0°C
“36-



15 a silicon metal standard, within 0.02 two-theta angle. A representative PXRD pattern for a sample
of the crystalline final of Example 2 is shown in FIG. I. The numerous intense powder diffraction
peaks and relatively flat baseline depicted in FIG. | strongly indicated that the crystalline form of
Example 2 pB$s&884d7%gbbd crystallinity. Quite the contrary, the amorphoﬁgz'g{#é}gffﬁ??%? Example 1,
the starting 20 material prior to crystallization, did not show any diffraction peaks. EXAMPLE 4
Thermal Analysis Differential scanning calorimetry (DSC) was performed using a TA Instruments
Model Q-100vamdtiie Wihmaithemiab Aralystodrdoldh Data Wereostisetedsant 25anaized using TA

instruments PR SA PR AR b SRR IC LA FIYPIRUIRE Sl Egample 2 was
accurately weighed into a covered aluminum pan. After a 5 minute isothermal equilibration period at

22C, the samplerwabirskbnedsusing beliiveerarehein gvradipseved @y Mie b P2 to Fouer (AlZ
represe”ta“\‘&%%d&ﬁ!ﬁﬁf tR%Q@BM%}%@EW&&& (opideihe Pladhepnagrapikdemansiates that the
0

crystalline compoun e invention has excellent thermal stability with a meltin? point at about 144C
; Y,

and no therrfe Aetshtionaitoneion bsies crHedushbe dHipEchEhs & plote 4898t éshow any WO

2010/039719R6 U2 QNU0R 8803 Hndesirad ephothrrMisoratatheiliciraakipeef:ie the melting
endotherm at 144C, which suggests that this c%sé:éalline solid is most likely ?n anhydrous crystalline

form. A rRpraseErde rdREE L AV EIES RS A alstes By TU I St the crystalline

form of Exarppier? Jastsnatam auns:- (Aot dlpRon.es weighti flandyaditsg teoipearatoreii?00C,
which is consistent with the Joss of r?gsizgu)al moisture or solvent. EXAMPLE 5 Dynamic Moisture
Sorption Asdeobigupptermediate (32) (8.4 g).

10 Intermediate (3a) (54.2 g, 108 mmol) was dissolved in 1,2-dimethoxyethane
(670 mL., 6.5 mol). Tetrakis(triphenylphosphine)palladium(0) (1240 mg, 1.1 mmol} was
added. After 15 minutes, water (240 mL, 13 mol) and potassium carbonate (14.9 g,

108 mmol) were added and the mixture was heated at 85°C under nitrogen. After stirring
at this temperature for 10 minutes, 2,4,6-trivinylcyclotriboroxane pyridine complex (11.7

15 g, 48.4 mmol) was added, and the mixture was stirred for 2 hours. The mixture was then
diluted with EtOA¢ (200 mL), washed with water and saturated aqueous NaCl, and
concentrated under reduced pressure. The mixture was combined with a separate lot and
purified by silica gel chromatography (0-50% EtOAc:hexanes) to yield intermediate (3b)
(47.1 g).

20 Intermediate (3b) (19.0 g, 42.2 mmol) was dissolved in pyridine (250 mL, 3.1 mol).
Hydroxylamine hydrochloride (8.8 g, 126 mmol) was added, followed by water (75 mL,
4.2 mol), and the mixture was stirred at room temperature overnight,. Water (300 mL) was
then added and the mixture was stirred for 30 minutes. The precipitant was filtered off and
dried under vacuum to yield intermediate (3c) (17.3 g).

25 Intermediate (3¢) (5.1 g, 11 mmol) was dissolved in acetic acid (100 mL, 1.8 mol)
and sulfuric acid (640 ul., 12 mmol). The mixture was degassed under nitrogen and 10%
Pd/C, Degussa type, wet 50% (0.05:0.45:0.5, palladium:carbon black:water, 1.5 g, 723
pmol) was added. The mixture was then degassed under hydrogen (50 psi) on a Parr
shaker and shaken at room temperature. After 12 hours, the mixture was filtered and

30 concentrated under reduced pressure. The recovered material was dissolved in EtOAc
(50 mL), washed with saturated NaHCOz (50 mL) and saturated aqueous NaCl, and the
liquids then evaporated. The material was purified by silica gel chromatography (0-10%
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A dynamic moisture sorption (DMS) assessment (also known as a moisture sorption-desorption
profile) was perfoimed for a sample of the crystalline form of Example 10 2 using a VTI atmospheric
microbalance, SGA-100 system (VTI Corp., Hialeah, FL 33016). A sample size of approxmately 4.27
mg was use(‘j"é’rﬁ?‘ﬁ’{@ﬁﬂ%ldlty was set at the ambient value at the start of fHe'A4YEE*Phe DMS
analysis consisted of a scan rate of 5 % RH/step over the full humidity range of 2% relative humidity
(RH) to 90% RH. The DMS run was performed isothermally at 25C. A representative DMS profile is
shown in 15PE®G¥MDCM5ﬁherE1M$qoﬁdﬁleodemmwis&sawé%alna&iltfﬂaﬁ:gy@fﬁzﬂipﬂ@nb’b‘imdzof the invention
oS 8 e e PIRRIE SRR MU IRIOIAR IR iy, Tpereiafeyie compound

has a small gain when'it exposed to a broad humidity range from 2% RH up to 90% RH, and
less than abOH. 1% BiGHE g 1 EH.ahpb&édid.ub. 16 1250¢RN, WHidARGnditatéslthat the crystalline
form posses [ r it | It Crystalline
Freebase ofa%gfzaél]t}i%}x?/] ?%1 ﬁ%g %p%(ff:? ?éﬂ:_ﬂwp%@@w 1%8(9@(6'\4%%@{
methylnéntaflovlamino)methvllimidazol-1-yImethyll-3'-fluorobinhenyl-2-carboxylic Acid 25The title
crystalline compound was prepared in a mappepairiattathat described in Example 2, but using
McCN in place of acetone: Amorphous _ L
4'-{2-ethoxy-4-ethy1-5-[((S)-2-méskaptscivinaianl smethyinentapgic Acid

methyllimidazol-1-ylmethyll-3' fluoroblphenyl -2- carbox I|c acid (98.8 mg) was added to MeCN (4 mL)
to yield a solution of about 24.7 mg/mL. The solution heated to 35C 30 for about 30 minutes, then
gradually cooled to room temperature. The solu(t_)lon was then refrigerated (4C) for approximately 42
hours. Precipitates were observed and the volum‘%Wa\xreduced by half under a gentle stream of
nitrogen at room temperature The solids WO 201 /O;Ql9PCT/U52009/058803 were isolated and
dried under nitrogen to yield the title crystalline compouna)(?B 8 mg). The same crystalline material

was obtained as infExampe & 25 mdqaﬁ@,@mmmmmemm@mwmgraph and TGA

trace. However, this material exhlblted im roved llinjty pr rtles are ith the material of
Examplé®2, 45l darceale) e Shigh ﬁ9 &ﬁﬁ @ér&iﬁi Iféjé RATION 5

627 mmol) was slowly added over 20 minutes. The mixture was st:rred at ()"C for 3 hours

and then extracted twice with ethy! ether, washed with water then saturated aqueous NaCl,
dried over MgSOy, filtered, and concentrated to afford (R)-2-bromo-4-methylpentanoic
acid (11.5 g) as an off-yellow oil. This was taken on to the next step without further

15 purification.

Thioacetic acid (4.2 g, 54.4 mmol) and DMF (100 mL, 1.0 mol) were combined,
and the mixture cooled in an ice bath. Sodium carbonate (5.8 g, 54.4 mmol) was added.
After 30 minutes, (R)-2-bromo-4-methylpentanoic acid (10.1 g, 51.8 mmol) in DMF
(20 mL) was added dropwise and the mixture was stirred at 0°C to room temperature over

20 6 hours. The mixture was diluted with 100 mL EtOAc and extracted with 100 mL of a I:1
IN HCI: saturated aqueous NaCl solution. The layers were separated and the aqueous
phase was exiracted with additional EtOAc (100 mL). The organics were combined,
washed with saturated aqueous NaCl, dried over MgSO4, filtered, and concentrated under
reduced pressure. The recovered oil was dissolved into diisopropyl ether (45 mL,

25 320 mmol) and chilled at 0°C. Dicyclohexylamine (10.1 mL, 50.7 mmol) was added
dropwise and the solid was allowed to crash out of solution. After stirring for an additional
30 minutes the material was filtered and washed with 75 mL cold diisopropy! ether. The
recovered solid (14 g) was suspended in 100 mL EtOAc. 150 mL of 5% KHSO4 was

added and the layers were separated. The organic was washed with saturated aqueous
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Crystalline Freebase 4'45-Aminomethy1-2-ethoxy-4-ethylimidazol-1-vimethyl)-3'-
fluorobinhenvl-2-carboxylic Acid t-Butyl Ester 105-Bromo-2-ethoxy-3H-imidazole-4-carbaldehyde
(22.0 g, 100 mmol, 1.1 eq.), 4'-bromomethy1-3'-fluorobiphenyt-2-carboxylic acid t-butyl ester (33.0 g,
90 mmot, 1 é49 28WYISEENBr (1.6 g, 5 mmol, 0.05 eq.) were dissolved in t6IGEFAGPRIE) and 1N
NaOH (120 mL, 120 mmol, 1.2 eq.). The resulting mixture was stirred at 27C for 48-60 hours. The
toluene layer was separated, washed with water (2x200 mL), then removed by 15 distillation. EtOF1
(350 mL) wastipédetoothe kesiiie ahddhemdixturemas:teated talbdGoEuntil The solids dissolved.

The mixture was cog to room tem era er,4 hours, then led to 4C and red,at 4C for 4
hours. The sofi ‘ée\r/\?ereqll erglae Z%’agﬁeéjuév t%élcoird?r:l S?é%’?nﬁ_@og (ﬁ ?Igo roorﬁgr 1er%)perature
under vacuumiforcRhérguasitoeyddld intetmediate (5a) (-39 g). 20Intermediate (5a) (20.0 g, 40 mmol, 1
eq.), potassium ethyl trifluoroborate (7.1 g, 52 P}@% .3 €4.), palladium(11) acetate (224 mg, 1 mmol,
0.025 eq.), cataCX|um(r)A (butyldl I- adamanty phosp ne CAS# 321921 71 5; 538 mg 1.45 mmol,
0.04 eq.); and 4432-1A AP j LA IR mpaatoB 45 eq.) were
dissolved in toluene (240 mL) a%}n RSE @%%Qbrléﬁ&ﬂ'ét%ﬁ%%ﬁlgﬁ?@d with nltrogen (3x) under
vacuum, then heated to 90C for ours. The mixture was then cooled to room temperature and the
layers were separated. The organic layer was washed with water (2x200 mL) then distilled under
reduced 5 pressure to yield an oil. The oitwas ved in E (240 mL). Water (80 mL) was added
and the mixture was stirred for 30 minutes. turéwas filtered to remove solids, the solids were
washed with 75% EtOH (130 rnL), and the filtrate collecteld to §ield intermediate (5b) in an EtOH
solution, which was used directly in the next step EC}@H solution of intermediate (5b) (10 mmol, 1
eq.) was combined with 10 hydroxylamine hyd ide 2702 g, 52 mmol, 1.3 eq.) and NaHCO3 (35.2
g, 3. 45 eq.). The mixture was stirred at 40C for 241 then cooled to room temperature. The

) and 50% EtOH (200 mL), then dried under
reduced pressure at 30C for 24 hours to yield intermediaté (Sc) (15 g). Intermediate (Sc) (5 g) was
combined with EtOH (100 mL), NH4OH (g8% 6 mL}y}ﬁe% Raney Ni (wet 10 g) to folin a slurry. The

epdmtzon
mixture was degassed under nitrogen (3x
4'-(5-Aminomethy!i-2- ethoxy-4—ethyhmidazol-}—ylmethyl)-3'-ﬂuorobiphenyl-z-

10 carboxylic acid -butyl ester (5.0 g, 11.0 mmol), (S)-2-acetylsulfanyl-4-methylpentanoic
acid (dicyclohexylamine salt; 2.1 g, 11.0 mmol), 4-methylmorpholine (1.2 mE, 11.0
mmol), and 1-hydroxy-7-azabenzotriazole (1.5 g, 11.0 mmol) were combined and
dissolved in DMF (120 mL, 1.6 mo!) and then cooled at 0°C for 10 minutes. EDC (2 mL,
11.0 mmol) was added and the-mixture was stirred at 0°C for I hour and then at room

15 temperature for 2 hours. The reaction was quenched with water (100 mL), the product
extracted with EtQAc (100 mL), and then concentrated. The mixture was purified by
column chromatography (0-50% EtOAc:hexanes) to obtain the acetylsulfanyl ester
infermediate, 4'- {5-{((S)-2-acetylsulfanyl-4-methylpentanoylamino)methyl]-2-cthoxy-4-
ethylimidazol-I-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid #-butyl ester.

20 This ester intermediate was dissolved in DCM:TFA (10 mL each) and the mixture
was stirred at room temperature for 3 hours, and then concentrated. The residue was taken
up in EtOAc, washed with a saturated NaHCO; solution, dried over MgSO;, and
concentrated to yield 5.3 g of the acetylsulfanyl acid intermediate, 4'-{5-[{(S)-2-
acetylsulfanyl-4-methylpentanoylamino)methyl}-2-cthoxy-4-ethylimidazol-1-ylmethyl}-3'-

25  fluorobiphenyl-2-carboxylic acid.

This acid intermediate was dissolved in MeOH (30 mL). The solution was

degassed, stirred under nitrogen, and cooled at 0°C. 0.5M NaOMe in MeOH (25 mL,
-39- :



degassed under hydrogen (3x), then stirred under hydrogen (I atm) for 3 hours. The mixture was
filtered to remove the catalyst and the solids were washed with EtOI-1 (20 ml.). The filtrate was then

treated with charcoal (0.5 g) and filtered again. The filtrate was then distille d m to yield an
oil. Heptaneévw‘gpéoﬁ}a dd (50 mL) and the mixture 20 distilled to an oil (2>12 .%%%%%ﬁ%g oil was

dissolved in heptanes (60 mL) by heating the mixture and stirring at 4C for 24 hours. The solids were
then filtered, washed with cold heptanes (10 mL), and dried at room temperature for 24 hours to yield

the title compeounu asaddsd srdlirerminteriaastrigd AN 2ou508svaore?l 9009088803

PREPARATION, 6. Grystaling: fieebans R EdH@) grdcerrisulianyt 4as concentrated, |
methylpentanoylamino)methy11-2- ethoxy-4-eth !lmldazol-l-gllmethyll -3'-fluorobiphenyl-2-carboxylic

Acid ~ 5Crystistiacd is Bifmomeshyd wibiheie AT gnmddedR e -filrathyird fhen

fluorobiphenyz2:caioxyiie asiddabuidsgrier ddisy pleheyianing salt- 169 MU Mmalervet. ),
('S,)-2-acetylsulfanyl-4-methylpentanoic acid (18 g, 48 mmol, 1.2 eq.), and HCTU (19 g, 48 mmol, 11

eq.) weré cdmBinBA Y pratdRimsabodL iY@ %érglﬁmfhﬁfé%f%{hd cold DCM (240 rtiL) was added.
The mixture was stirred at 12C for 5-15 paitis:a10:A496:MNatCOF (200 mL) was added and the mixture

was stirred for 15 minutes. The layer was rated and distilled to. - . IPAC.{150 mL) was
added and distill tdAf%%efﬁE IR&%@F&F%@? %zé*ggﬁ%)v"v"ﬁ% TR %Cllngltﬁ %&g&grgélov%l‘ wé%%ed with 4%
NaHCO3 (2xzethfityandhakatiero200maly) oV hecSohitiorswd s tindg ivith LHetnkikt @E{300 mL) for 15
minutes, the pH was adjusted to 5.5 with AN HC1, and then stirred 151 : olids were
filtered off. T%éafli]lrt?atté) \a}vaosrc\?v‘gﬂsgnree I\lﬁitﬁlﬂggcvzv fgét ﬁﬁ)%%nr%gmeec{ltg,&é%}yg E‘E()ggéa?%%ﬁie IPAC layer
was stiriéd Vibie A8 40226800 tiplejuidrButursianRehwsolidd fitéred. diCnéeiirade) was washed
with saturated e disti Uy tQ=60 Nt oM _mL) was
hAE 8@@&%@%@&3&&% etihed vpAdLNasum taa6R M BEY (P m

added and distifle mL) was added and the mixture was cdoled A (70 mL) was

added slowly2B4slightiyeixdiivatmiv)lanatonctistinitaapiel mivtareyivak-Supelighevt or 16 hours.
The mixture é’é{ﬁ%@%&lﬁlﬁ%dg{% ?§§%$'@&ddlfs€ﬁé&§9%a\ﬁ’?ﬁ@@ﬁ§g e MBygyvas distilled to

-150 mL. Additional IPAc (150 hit) was added, and again distilled to -15 mL. IPAc (200 mL) was
added and tiatrebapRsgasel arvas SROMWRRBBE RS presoBiBRoco BN HHHEIBY P50 mL) at

below 10 (mildieXQiHerBifchid s MUstotniR, dHHRGHHLAHY) IVEC 1 F/linbie hating M Was
monitored during the transfer, and additional base 58 %) was added when the pH dﬁo(ﬂpefj below 6. The
IPAC layer V\%g;g@b%weéﬁﬁombmed and lyophilized, affording the title compound'as a sait

(1.5 g, 97% purity).
Preparation of the Title Compound
This HCl salt was dissolved in MeOH (5 mL) and water (5 mL), and the mixture

20  had a pH 2.2. The material was slowly brought up to a pH of 4.2 with a series ol 100 pL

injections of 1 N NaOH, then adjusted with IN HCI (25 uL), NaOH (2x25 uL), then HCI

(25 uL) to arrive at the isoelectric point. The solution was obscrved to be cloudy. Material

was oiling out. EtOAc (20 mL) was added to extract the solid, which was then removed

from the aqueous layer and concentrated to yield the title compound (1.3 g, 98% purity).
25  Analysis of the ion content of this material using ion chromatography gave: 0.06% Na,

0.1% Cl, and <0.1% TFA (w/w).

EXAMPLE 2
Crystalline Freebase of 4'-{2-Ethoxy-4-ethvl-5-{((S}-2-mercapto-4-

methvlpentanovlaminoymethyllimidazol-1-ylmethyl}-3'-fluorobipbenvl-2-carboxylic Acid

30 4'-{2-FEthoxy-4-ethyl-5-[((5)-2-mercapto-4-methylpentanoylamino)methyl]-
imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid, prepared as described in

Example 1, was determined to be non-crystalline by powder X-ray diffraction.

-A0-



WO 2010/039719PCT/US2009/058803 washed with saturated aqueous NaC1 (150 mL). The IPA ¢
solution was distilled to -50 nth. MTBE (100 mL) was added and the mixture distilled to -50 mL
Additional MTBE (100 nth) was added and the mixture was stirred at room temperature for 3 hours,
forming a sIUF, XA Us then stirred at 4C for 16 hours. The solids weP& TtErEP0EEAnd washed
with MTBE/diisopropyl ether (1:1; 100 mL). The solids were then dried at room temperature for 60
hours under nitrogen to yield the title compound as a crystalline material (18.2 g). EXAMPLE 7
Crystalline FreebadisfalefphBtsdaymitaiiinda(e9addebicanttut (1oneth) yipkrtanoicaminolmethv
llimidazol-1-ylmethyl | -3'-flugrobi -2- i i i - i

51(5) 2.0 gy D DO ey L & b 30 s, hen gradualy
4-ethylimidazebigdyimesny B peaorsbighenyhrienrtssihie wEtR¢RE (4 M AwRIPEYIaRYDTT (62 mg,
0.4 mmal, 0-34%&3@%%@%%\49%%%@9}%@%@% Jdiesesutingslutignasdeoagsad with nitrogen

(3 times) and cooled at aOMe (25% in MeOH, 15 1.7 mL) was added and the mixture was stirred
at 0C for330 FHltRes DO & §osuisHnTR M eq Nhnseida daacds gk cndisitd 3eaehnaf eRs The

mixture was yyarmeg deigOvRaianizethwaler (L03me) Was-addesisiewhtuthe i wasmstired at
20C for 3 hours and then stirred at 4C for 1 hour until precigitates were formed. The solids were

filtered and WAl RIRRRR OrfEDoOY RemAEseRRed b SRS at 20C for 48 hours 20 to
yield the title crystalline compound (1.2 g). BXemMane3naterial was obtained as in Example 2, as
evidenced by a similar PXRD pattern, DSC thei and TGA trace. EXAMPLE 8 Thermal
Stability 25A sample of the crystalline foffreparethas it Example 6 was heated at 60C for 5 days.
The sample lost oniiw&erof itsypdifiiyc thwpinercsystatlisieatoni patngd Rk tive Muefito BXRE excellent

thermal stab&!i . On the other rkg egg}e f the %m %%{nous ompound of Example 1 lost about
50% of its p rl%/raﬁff)grl%(éﬁﬁlal %?le %@G fo’r]%'(gay. S%%\ BEE@’%@E&@%%&%%%Cﬁﬁigggéple of the
crystalline freetiase prepargdrasnnitgxanpitfioascaicronizod 20i€A0) per min with a step size of

0.03° over arange of 2 to 40° in two-theta angle. Samples were prepared on quartz

specimen holders as a thin layer of powdered material. The instrument was calibrated with
15  asilicon metal standard, within £0.02° two-theta angle. A representative PXRD pattern for
a sample of the crystalline form of Example 2 is shown in FIG. 1.

The numerous intense powder diffraction peaks and relatively flat baseline depicted
in FIG. 1 strongly indicated that the crystalline form of Example 2 possessed good
crystallinity. Quite the contrary, the amorphous compound of Example 1, the starting

20 material prior to crystallization, did not show any diffraction peaks.
EXAMPLE 4
Thermal Analysis

Differential scanning calorimetry (DSC) was performed using a TA Instruments

Model Q-100 module with a Thermal Analyst confroller. Data were collected and

25  analyzed using TA Instruments Thermal Solutions software. A 1.64 mg sample of the
crystalline form of Example 2 was accurately weighed into a covered aluminum pan. After
a 5 minute isothermal equilibration period at 22°C, the sample was heated using a linear
heating ramp of 10°C/min from 22°C to 250°C. A representative DSC thermograph 1s
shown in FIG. 2.

30 The DSC thermograph demonstrates that the crystalline compound of the invention
has excellent thermal stability with a melting point at about 144°C and no thermal

decomposition below 130°C. The non-complex thermal profile does not show any
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a jet mill to give a free-flowing white powder. No issues were encountered during the WO
2010/039719PCUUS2009/058803 micronization process. Particle size distribution was as follows:
Pre-Micronization Post- Micronization D (v, 0.9) 50.73 gm 7.07 gm D (v, 0.5) 11.32 gm 2.59 gm D (v,
0.1) 1.73 gnVP281§#39719 No significant changes were observed in the pb% P%ﬁ?ﬁ;ﬁﬁ’ffﬁactbn
pattern, TGA, DSC, DMS, chemical purity, chiral purity and moisture content for the micronized
material 5 compared to the unmicronized material. For example, as noted in Example 5, a
representativedBS! tadeforacsarmpithofiiencakspaliing fleabaltentEedmplesp ¥HomethieBs than 1%

weight gain n Ine humcity NG RLARTSARE WONEING MISKANEA ISAURR recbase prepared as
in Example owed a 0.7% weight gain in this humiidity range.
A representative TGA trace is shown in FIG. 3, and indicates that a sample of the
crystalline form of Example 2 lost a small amount (about 1.8%) of weight from room
5 temperature to 200°C, which is consistent with the loss of residual moisture or solvent, |
EXAMPLE 5

Dvnamic Moisture Sorption Assessment -

A dynamic moisture sorption (DMS) assessment (also known as a moisture

sorption-desorption profile) was performed for a sample of the crystalline form of Example
10 2 using a VT atmospheric microbalance, SGA-100 system (VTT Corp., Hialeah, FL

33016). A sample size of approximately 4.27 mg was used and the humidity was set af the

ambient value at the start of the analysis. The DMS analysis consisted of a scan ratc of 5

% RH/step over the full humidity range of 2% relative humidity (RH) to 90% RH. The

DMS run was performed isothermally at 25°C. A representative DMS profile is shown in
15 FIG. 4.

The DMS profile demonstrates that the crystalline compound of the invention has a
reversible sorption/desorption profile with insignificant hygroscopicity. The crystalline
compound has a small weight gain when it exposed to a broad humidity range from 2% RH
up to 90% RH, and less than about 1% weight gain when exposed to up to 75% RH, which

20  indicates that the crystalline form possesses only a minimal risk of hygroscopicity at
ambient conditions.
EXAMPLE 6
Crystalline Freebase of 4'-{2-Ethoxy-4-cthyl-5-[({S)-2-mercapto-4-

methylpentanovlamino)methy! limidazol-1-vimethvi}-3'-fluorobiphenvl-2-carboxylic Acid

25 The title crystalline compound was prepared in a manner similar to that described
in Example 2, but using MeCN in place of acctone:

Amorphous 4'- {2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)-
methylJimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid (98.8 mg) was added to
MeCN (4 mlL) to yield a solution of about 24.7 mg/mL. The solution was heated to 35°C

30  for about 30 minutes, then gradually cooled to room temperature. The solution was then
refrigerated (4°C) for approximately 42 hours. Precipitates were observed and the volume

was reduced by half under a gentle stream of nitrogen at room temperature. The solids

A2



10EXAMPLE 10 Infrared Analysis The infrared (IR) absorption spectrum was determined over the
frequency range 4000 to 675 cnfl using an Avatar 360 FT-IR spectrometer equipped with a Nicolet
attenuated total reflection (ATR) sample holder. A representative IR absorption spectrum 15 for a
sample of th& Ery&t4lii{é freebase prepared as in Example 6 is shown in I'-IP zﬁﬁd "EBeak list is

provided below. Position Intensity 694.9 88.819 758.6 67.649 799.4 84.900 869.2 88.068 897.6 88.599
1062.3 79.779 1106.9 89.114 '

were isolated and dried under nitrogen to yield the title crystalline compound (73.8 mg).
The same crystalline material was obtained as in Example 2, as evidenced by a
similar PXRD pattern, DSC thermograph, and TGA trace. However, this material
exhibited improved crystallinity properties compared with the material of Example 2, as
5 evidenced by the slightly higher melting point of about 151°C.
“ PREPARATION 5

Crystalline Freebase 4'-(5-Aminomethyl-2-ethoxy-4-ethylimidazol-1-vlimethyl}-3'-

' ﬂuorobiphenvi~2—car’ookvllic Acid -Butyl Ester

SRS G Ni
T
F N =0 O—_<N ] =0
0 5 N

o

10 5-Bromo-2-ethoxy-3H-imidazole-4-carbaldehyde (22.0 g, 100 mmol, 1.1 eq.),
4'-bromomethyl-3'-fluorobiphenyl-2-carboxylic acid #-butyl ester (33.0 g, 90 mmol, 1 eq.),
and BusNBr (1.6 g, 5 mmol, 0.05 eq.) were dissolved in toluene (400 mL) and 1N NaOH
(120 mL, 120 mmol, 1.2 eq.). The resulting mixture was stirred at 27°C for 48-60 hours.
The toluene layer was separated, washed with water (2x200 mL), then removed by

15 distillation. EtOH (350 L) was added to the residue and the mixture was heated to 50-
60°C until the solids dissolved. The mixture was cooled to room temperature over 4 hours,
then cooled to 4°C and stirred at 4°C for 4 hours. The solids were filtered off, washed with
cold EtOH (60 mL) and dried at room temperature under vacuum for 24 hours to yield
intermediate (5a) (~39 g).

20 Intermediate (5a) (20.0 g, 40 mmol, 1 eq.), potassium ethyl trifluoroborate (7.1 g,
52 mmol, 1.3 eq.), palladium(iT) acetate (224 mg, 1 mmol, 0.025 eq.), cataCXium®A

(butyldi-1-adamantylphosphine; CAS# 321921-71-5; 538 mg, 1.45 mmol, 0.04 eq.), and
-43-



1132.9 74.282 1172.6 79.946 1198.4 78.901 1253.9 64.801 1357.1 68.642 1407.6 70.163 1430.2
66.601 1460.1 66.434 1482.5 59.454 1500.0 55.792

10

15

20

WO 2010/039719 PCT/USZ009/058803

Cs;CO3 (45 g, 138 mmol, 3.45 eq.) were dissolved in toluene (240 mL) and water (80 mL).
The mixture was flushed with nitrogen (3x) under vacuum, then heated to 90°C for
16 hours. The mixture was then cooled to room temperature and the layers were separated.
The organic layer was washed with water (2x200 mL) then distilled under reduced

pressure to yield an oil. The oil was dissolved in EtOH (240 mL). Water (80 mL) was

added and the mixture was stirred for 30 minutes, The mixture was filtered to remove

solids, the solids were washed with 75% EtOH (130 mL), and the filtrate collected to yield
intermediate (5b) in an EtOH solution, which was used directly mn the next step.

The EtOH solution of intermediate (5b) (10 mmol, 1 eq.) was combined with
hydroxylamine hydrochloride (27.2 g, 52 mmol, 1.3 eq.) and NaHCOs (35.2 g, 3.45 eq.).
The mixture was stirred at 40°C for 24 hours, then cooled to room temperature. The
precipitant was filtered off, washed with 75% EtOH (100 mL} and 50% EtOH (200 mL),
then dried under reduced pressure at 30°C for 24 hours to yield intermediate (5c) (15 g).

Intermediate (5¢) (5 g) was combined with EtOH (100 mL), NH4OH (28%, 6 mL},
and Raney Ni (wet 10 g) to form a slurry. The mixture was degassed under nitrogen (3x),
degassed under hydrogen (3x), then stirred under hydrogen (1 atm) for 3 hours. The
mixture was filtered to remove the catalyst and the solids were washed with EtOH (20
mL). The filtrate was then treated with charcoal (0.5 g) and filtered again. The filtrate was
then distilled under vacuum to yield an oil. Heptanes were added (50 ml.) and the mixture
distilled to an oil (2x). The remaining oil was dissolved in heptanes (60 mL) by heating
the mixture and stirring at 4°C for 24 hours. The solids were then filtered, washed with
cold heptanes (10 mL),' and dried at room temperature for 24 hours to yield the title

compound as a crystalline material (3.8 g).
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1550.9 55.792 1642.8 54.005 WO 2010/039719PCT/US20091058803 Position Intensity 1709.1
62.016 1943.8 82.854 2526.7 78.079 2871.6 76.953 2957.6 68.117 3323.5 87.685
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15

20

25
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PREPARATION 6

Crystalline 4'-(5-aminomethyl-2-ethoxy-4-ethylimidazol-1-ylmethyl)-3'-
fluorobiphenyl-2-carboxylic acid ~butyl ester (dicyclohexylamine salt; 18 g, 40 mmol,
1 eq.), (S)-2-acetylsulfanyl-4-methylpentanoic acid (18 g, 48 mmol, 1.2 eq.), and HCTU
(19 g, 48 mmol, 1.2 eq.) were combined in a pre-chilled vessel (0°C for 10 minutes) and
cold DCM (240 mL) was added. The mixture was stirred at 1+2°C for 5-15 hours.
4% NaHCOQ; (200 mL) was added and the mixture was stirred for 15 minutes. The DCM
layer was separated and distilled to ~100 mL. TPAc (150 mL) was added and distill to
150 mL. Additional IPAc (200 mL) was added and the mixture was washed with
4% NaHCO; (2x200 inL) and water (200 mL). The solution was stirred with 15% NH4Cl
(300 mL) for 15 minutes, the pH was adjusted to 5.5 with 1N HCl, and then stirred for
1 hour. The solids were filtered off. The filtrate was washed with IPAc (30 mL), and the
IPAc layer separated, The IPAc layer was stirred with 15% NH,CI (200 mL) for 3 hours
and any solids filtered off. The filtrate was washed with saturated aqueous NaCl (150 mL)
and distilled under vacuum to ~60 mL. DCM (50 mL) was added and distilled off. DCM
(200 mL) was added and the mixture was cooled 0-5°C. TFA (70 mL) was added slowly
{(slightly exothermic) at below 15°C, and the mixture was stirred at 20°C for 16 hours. The
mixture was concentrated to ~150ml, and IPAc (150 mL) was added. The mixture was
distilled to ~150 mL.. Additional IPAc (150 mL} was added, and again distilled to
~150 mL. TPAc (200 mL} was added and the resulting solution was slowly added to pre-
cooled K,CO; (52 g) in water (250 mL) at below 10°C (mildly exothermic, pH >7 must >6
during quench) over 15 minutes. The pH was monitored during the transfer, and additional

base (8 g) was added when the pH dropped below 6. The IPAc layer was separated and
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The significant absorption bands were observed at 33241, 29581, 28721, 25271, 17091, 16431,
15511, 15001, 13571, 12541, 11331, 10621, 8691, 7991, 7591, and 6951 5EXAMPLE 11 Solid State
Stability Assessment Samples of the crystalline freebase prepared as in Example 7, about 100 mg
each, were St iple vials at 5C (closed container), 25C (closed d&HtAIR Mk a0C
(closed container). At specific intervals, the entire contents of a representative vial was 10 analyzed by
the following HPLC method: Column: Agilent Zorbox SB-C18, 4.6 x 250 mm, 5 urn (Part No.
880975-902#vtelileivaseat:d30eti2 0y20 94 MadN, DIBIPATEAuMebies Riided080% MeCN, 20%
H20, 0.01% {;Fg%%fs'%ﬁﬁea% it JDigcHoRMALME: 20 dik+ RRIRFIE 230 AuiRamPles were

prepared as mL stock solutions in 100% McCN, 15 depending on the solubility, for injection

onto the HPIMTBithe furitlof thadsammidshy ay dute andd By 41 PIoo Sraasserce AgAESAUC). After
28 days of stgrage, faithe crystaline flephase seareleskepidnderall eandlersitbrriemas no

detectable change'in chemical %urity, and no observable change in the appearance of the material.

20For examphd, weskebwithDibHE diterrrapdbsbardibrafe ml-doEhenebidsa R i gdtiettie change in
chemical puritypidhp Gixstaline frashasadwhile Jha amashousilieebaseuand sherdFaisalt (both

prepared as described in Example 1) did show a decline in purity. Material purity at time O purity after 7
days at 40CBHEHAHAE1M days at 40C

EXAMPLE 7
Crystalline Freebase of 4'-{2-Ethoxy-4-ethyl-3-[(/S)-2-mercapto-4-

10  methylpentanoviamino)methyllimidazol-1-vimethyl}-3'-fluorcbiphenyl-2-carboxylic Acid

Crystalline 4'-{5-[({5)-2-acetylsulfanyl-4-methylpentanoylamino)methyl]-2-ethoxy-
4-gthylimidazol-1-ylmethyt}-3'-fluorobiphenyl-2-carboxylic acid (2.3 g, 4 mmol, 1 eq.)
and DTT (62 mg, 0.4 mmol, 0.1 eq.) was dissolved in MeOH (30 mL). The resulting
solution was degassed with nitrogen (3 times) and cooled at 0°C. NaOMe (25% in MeOH,

15 1.7 mL) was added and the mixture was stirred at 0°C for 30 minutes. AcOH (3 g, 50
mmol, 4 eq.) was added to quench the reaction at 0°C. The mixture was warrmed to 20°C.
Deionized water (10 mL) was added slowly. The mixture was stirred at 20°C for 3 hours
and then stirred at 4°C for 1 hour until preclipitates were formed. The solids were filtered
and washed with MeOH/H,O (2:1; 30 mL), then dried under nitrogen at 20°C for 48 hours

20 to yield the title crystalline compound (1.2 g).

The same material was obtained as in Example 2, as evidenced by a similar PXRD
pattern, DSC thermograph, and TGA trace.

EXAMPLE §
Thermal Stability

25 A sample of the crystalline form prepared as in Example 6 was heated at 60°C for 5
days. The sample lost onty 2% of its purity, thus the crystalline compound of the invention
has excellent thermal stability. On the other hand, a sample of the amorphous compound
of Example 1 lost about 50% of its purity after being heated at 60°C for 1 day.

EXAMPLE 9
30 Micronization
A sample of the crystalline frecbase prepared as in Example 7 was micronized with

a jet mill to give a free-flowing white powder. No issues were encountered during the
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purity after 28 days at 40C crystalline freebase 98.5 98.4 98.3 98.4 amorphous frccbasc 97.5 86.8
82.4 n.d. WO 2010/039719PCPUS2009/058803 Material purity at time O purity after 7 days at 40C

purity after 14
WO 2010/039719 PCT/US2009/058803

micronization process. Particle size distribution was as follows:

Pre-Micronization | Post- Micronization
1 D (v, 0.9) 50.73 um 7.07 um
D (v, 0.5) 11.32 pm 2.59 um
D {v,0.1) 1.73 um 0.79 um

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
5 compared to the unmicronized zﬁéterial. For example, as noted in Example 5, a
representative DMS trace for a sample of the crystaliine frecbase of Example 2 showed
less than 1% weight gain in the humidity range of 40-75% RH, while the micronized
crystalline freebase prepared as in Example 7 showed a 0.7% weight gain in this humdity
range.
10 EXAMPLE 10
Infrared Analysis
The infrared (IR) absorption spectrum was determined over the frequency range
4000 to 675 cm™ using an Avatar 360 FT-IR spectrometer equipped with a Nicolet
attenuated total reflection (ATR) sample holder. A representative IR absorption spectrum
15 for a sample of the crystalline freebase prepared as in Example 6 is shown in FIG. 5, and

the peak-list is provided below.

Position Intensity
694.9 88.819
758.6 . 67.649
799.4 84.900
869.2 88.068
897.6 88.599
1062.3 79.77%
1106.9 89.114
1132.9 74.282
1172.6 79.946
11984 78.901
1253.9 64.801
1357.1 68.642
1407.6 70.163
1430.2 66.601
1460.1 - 66.434
1482.5 59.454
1500.0 55.792
1550.9 55.792
1642.8 54.005




days at 40C purity after 28 days at 40C amorphous TEA salt 97.7 73.5 62.2 47.1 n.d. = not measured
for this sample ASSAY 1 ATI and AT? Radioligand Binding Assays 5These in vitro assays were
used to assess the ability of test compounds to bind to the ATl and the AT2 recegtors. Membrane

Preparation PfoA¢EH Expressing Human ATl or AT2 Receptors

chire¥&%

HiSi&F Bvary

(CHO-K1) derived cell lines stably expressing the cloned human ATI or AT2 receptors, respectively,
were grown in HAM's-F12 medium 10 supplemented with 10% fetal bovine serum, 10 ug/m1

penicillin/streptomycin, an
receptor expressing cells
antagonist). When culture
lifted with 5 mM EDTA. C
stored at -80C until furthe

10

15

20

d 500 jig/Bukigemeticin in g

were growh/{i¥ the addition

1 5% COZ2hitamsitlified incubator at 37C. AT2
al presendg 61400 nM P0123,319 (AT2

s reached 1®33%% conflue

nce, the c8li€idere washed thoroughly in PBS and

plls were p&ilgtéd by centr

fugation an8i&ifap frozen in MeOH- 15 dry ice and

I use. 2871.6 76.953
2957.6 68.117
33235 87.6835

The significant absorption bands were observed at 3324:£1, 29581, 287241, 252741,
17091, 164341, 15511, 150041, 135741, 125441, 113341, 1062:£1, 869=1, 799£1,
759+1, and 6951 cm’™.

EXAMPLE 11

Solid State Stability Assessment

Samples of the crystalline freebase prepared as in Example 7, about 100 mg cach,

were stored in multiple vials at 5°C (closed container), 25°C (closed container), and at 40°C

(closed container). At specific intervals, the entire contents of a representative vial was

analyzed by the following HPLC method:
Column: Agilent Zorbox SB-C18, 4.6 x 250 mm, 5 pm (Part No. 880975-902).

Mobile Phase A: 80% H,0, 20% MeCN, 0.01% TFA. Mobile Phase B: 80% MeCN, 20%

H:0, 0.01% TFA. Flow rate: 1 mL/min. Injection Volume: 20 pL. Detector: 250 nm.

Samples were prepared as 0.2-0.5 mg/mL stock solutions in 100% MeCN,

depending on the solubility, for injection onto the HPLC.

The purity of the samples was determined by HPLC area percentage (% AUC).

After 28 days of storage, for the crystalline freebase samples kept under all conditions,

there was no detectable change in chemical purity, and no observable change in the

appearance of the material,

- For example, as shown below, after 28 days of storage at 40°C, there was no

detectable change in chemical purity of the crystalline freebase, while the amorphous

freebase and the TFA salt (both prepared as described in Example 1) did show a decline in

purity.
Material purity at purity after 7 | punty after 14 | purity after 28
ateria tirne 0 days at 40°C days at 40°C days at 40°C
;Zjéfi;“e 98.5 98.4 98.3 98.4
amorphous 97.5 86.8 82.4 nd.




For membrane preparation, cell pellets were resuspended in lysis buffer (25 mM Tris/HC1 pH 7.5 at
4C, 1 mM EDTA, and one tablet of Complete Protease Inhibitor Cocktail Tablets with 2 mM EDTA per
50 mL buffer (Roche cat.# 1697498, Roche Molecular Biochemicals, Indianapolis, IN)) and
homogenized*GstA438aHt-fitting Dounce 20 glass homogenizer (10 strok8§) 31 F&homogenate
was centrifuged at 1000 x g, the supematant was collected and centrifuged at 20,000 x g. The final
pellet was resuspended in membrane buffer (75 mM Tris/HCI pH 7.5, 12.5 mM MgC12, 0.3 mM EDTA,
1 mM EGTA| 25 aMns crose atpd€lyand homogénizéd By extrugioatthrbtigh mug00afaugke needle.
Protein concentralion ot the membirand suspenbipnand Qetermimedtdf e metodePdEsdribed in
Bradford (197 énérrdbBiochem. 72:248-54. I\’Iembrgggs were snap6f£%zen in MeOH;dry ice and stored
at -80C until fuFthiesaise. Ligand Binding Assay to Determing Compound Affinities for the Human ATI
and AT2 Angiotensin Receptors Binding assays were performed in 96-well Acrowell filter plates
(Pall Inc., cat.# 30 5020) in a total assal vokimesaik0dpithwishnd 2 lig membrane protein for
membranes -49- WO 2010/039719PCT/US20094Q938113 containing the human AL receptor, or 2 lig
membrane protein for membranes containing the human AT2 receptor in assay buffer (50 mM Tris/HCI
pl-17.5 at 20C, 5 mM MgClI2, 25141 s PAL.Redebipmd Rindagf68Y8 binding studies for
determination of IQwalues of theligand-were dengusing Naarp sl Burgpiumsiabsiagdigngiotensin-||
([Eu]Angll, H- 5 (Eu-N1)-Ahx-Asp-Arg-Val-Tyr-lle-His-Pro-Phe-OH; PerkinElmer, Boston, MA) at 8
different con@%ﬁti%@ﬁnﬁﬁé‘?ﬁ?ﬁﬁ‘?@:l tiM to 30 nM. Displacement assays for determination of pK,
values of test compaupsisWerRsaag Nt dRuRANE a2 anehdl different cracpmrations of drug
ranging from 1 pM to 10 p.M. Drugs were dissolved to a concentration of 1 mM in Dgso and from

there serially dilutel P68 288y BT YNGR ShsiredsAbilRe el imtsREas e Prdsence of 10
nM unlabeled:angiatgnsinall, AsspysyvaigdotudigiedfopbithininiAes it thendaiikpat room temperature

or 37C, and bindjng reactians were telminated by rapid filtration through the Acrowell filter plates

followeola%y tﬂf@%{ eé?swrhﬁ\g@(%ﬁel_% 2ol rélsaklmqi)’ﬁ#@r? 1%““%%&?%?%]31’7%4& 4 C,5mM

MgC12) usingpa Maneteditiaitian arsanitudd hitaiditivicre tappest a7y@nd THracploategaiting0 41

DELFLA Enhaeement Solution (BerkinEimer, cal:#.4903:0010) abroam I3mpsraiysfor 5 minutes on
fitate 1ate usi ea

a shaker. Filfer-%gvﬁﬁ%%r@mhlﬁg was quan iImme yona n plate r (PerkinElmer)

using Time REbaivadtiioresbeh8e-FF R Bmding tateelsererarvelyrattinrovghineal Bégredsion
analysis with the.GraphP j fhwvar. kage(GrapbRadsothware, 1rG a0 Rigsg. CA) using
the 3-paramhéltﬁe?d2 %%ﬁﬁﬁ%?%’-é% \glorf%ﬁ%tqion. ThgcgaachOT'Ll'l M (curve r?#nimzum) was fixed to the
value fol horispectiianbisidind 2as Hétevliedhier ss-presence of 10 1AM angiotensin 11. K1 values for

drugs were calculateg fromrphsenver G50 valissiardihe \Quvalie-afEvlAngiaceosding to the
Cheng-Prusoff equation described in Chen% et al. (1973) Biochem Phannacol 22(23):3099-108.

Selectivities dFidSE oM JoLpds forl theViabil? Fdeeptbris/episbaheompcte Eapsr WaRibERfculated as the

ratio of AT21QAckH: Bipdiod-aAffiniies obiestepsmauniswere expressed Bk galive decadic

logarithms of the K1 values (plc). = . ) ) . _ .
Moliecular Biochemicals, Indianapoliis, IN)) and homogenized using a tight-fitting Dounce

20  glass homogenizer (10 strokes) on ice. The honiogcmate was centrifuged at 1000 x g, the
supernatant was collected and centrifuged at 20,000 x g. The final pellet was resuspended
in membrane buffer (75 mM Tris/HCI pH 7.5, 12.5 mM MgCl, 0.3 mM EDTA, 1 mM
EGTA, 250 mM sucrose at 4°C) and homogenized by extrusion through a 20G gauge
needle. Protein concentration of the membrane suspension was determined by the method
25 described in Bradford (1976) 4nal Biochem. 72:248-54, Membranes were snap frozen in
MeQOH-dry ice and stored at -80°C until further use.
Ligand Binding Assay to Determine Compound Affinities
Jor the Human AT; and AT» Angiotensin Receptors
Binding assays were performed in 96-well Acrowell filter plates (Pall Inc., cat#
30 5020) in a total assay volume of 100 pL with 0.2 pg membrane protein for membranes
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In this assay, a higher plc value indicates that the test compound has a higher binding affinity for the
receptor tested. The compound of Example 1 was found to have a pK, value greater than about 7.0.
WO 2010/039719PCT/US2009/058803 ASSAY 2 In vitro Assays for the Quantitation of Inhibitor
Potencies (1550¥4PLATRAN and Rat NEP, and Human ACE The inhibitory @Y 6F ¥ mpounds at
human and rat NEP and human 5 angiotensin converting enzyme (ACE) were determined using in
vitro assays as described below. Extraction of NEP Activity from Rat Kidneys Rat NEP was
prepared fromothenkigniysuwhaddlt Sprague @anleyranbrivhpletia freysavdrensashaeimegold PBS and

brought up inice-cold lysis b %.Tri - S0t i .5; Bordi
(1930, Brol R A R ) M. Samples

were homogehizeddEliidy & shimPharkd thettoissudingisadreo iocestponeben atdswaksscantrifuged at
1000 x g in %@VY{QQAHQv@%é%%ﬁ{erﬁéﬂ{gf%érmiﬂéiﬁ%ﬁhﬁ&nﬁﬁf&@J(!%B gRIGaUPRENGRA N 39 ML of ice

cold tysis buffer and incubated on ice for 30 minutes. Samples (15-20 mL) were then 15 layered onto

25 mL ofiice BN OushioAsufies 1696 Rirdlsadiegso St {Nitp Perku Himer 1B os tom Meatet 80.06%, Triton
X-114), heatggio 37 CodLkiriBANHIES AN ER otifuaad 8 4000 Qlin@sminging icket rotor at room

temperature for 3 minutes. The two upper layers were aspirated off, leaving a viscous oily precipitate
p QH f,/ precip

containing tHESERNEREATOERBratcH AEIRSh XML ST 4988 oV tHh ArednesHtAadnbitsbbh and
samples werg 20 stofest-atir2ias Bratein canagitaiansmereogiMniiaigd wsin giaddA detection

e i e e S Ty Wb Asars Hecombtan unn Nep and
numbersol 1834 arid 929w dabrigiape tii vedyred e floidroganicnpeptidesylostrate-Vca-BK2
O S s RIS oo ,2000) e g 205
(Mca-DArg-ArgdisgiréBnip)( 3HrdadeirgsdetatapiDB)aBoazhdukt ek BiobvREJ11801146%-1162) was
o o e R 5 e il T SRR A i 012
4 °C, 5 mM MgCl,) using a Waters filtration mantfold. Plates were tapped dry and :
15  incubated with 50 ul DELFIA Enhancement Solution (PerkinElmer cat.# 4001-0010) at
room temperature for 5 minutes on a shaker. Filter-bound [Eu]Angl] was quantitated
immediately on a Fusion plate reader (PerkinElmer) using Time Resolved Fluorescence
(TRF). Binding data were analyzed by nonlinear regression analysis with the GraphPad
Prism Software package (GraphPad Software, Inc., San Diego, CA) using the 3-parameter
20 model for one-site competition. The BOTTOM (curve minimum) was fixed to the value
for nonspecific binding, as determined in the presence of 10 uM angiotensin II. K; values
for drugs were calculated from observed ICsy values and the K4 value of [Eu]Angll
according to the Cheng-Prusoff equation described in Cheng et al. (1973) Biochem
Pharmacol. 22(23):3099-108. Selectivities of test compounds for the AT, receptor over
25 the AT, receptor were calculated as the ratio of AT,Ki/AT K. Binding affinities of test
compounds were expressed as negative decadic logarithms of the K; values (pKy).
In this assay, a higher pK; value indicates that the test compound has a higher
binding affinity for the receptor tested. The compound of Example 1 was found to have a

pKi value greater than about 7.0,
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Buffer. Assays were started by adding 25 Il of enzyme to 12.5 uL of test compound at each of the 12
concentrations. Test compounds were allowed to equilibrate with the WO
2010/039719PCT/US2009/058803 enzyme for 10 minutes before 12.5 RE of the fluorogen c
substrates w8 B¢ W initiate the reaction. Reactions were terminatedwmézg‘ﬁmm%'“’of 10 ff of
3.6% glacial acetic acid after 20 minutes of incubation. For sulfliydryl-containing test compounds, the
test compounds may be diluted in 5 Assay Buffer containing a 400 RM concentration of :
tris(2-carboxyethyl)phosphine hydrochloride (ThexsagyStientific, Rockford, IL) (TCEP). The test
compounds are then allowed min 1(! fqre adding the enzyme.
Test compounds are thv C ' udﬁt{ﬂ Er%nlf@m before adding the
YWere read on a fluorometer with

fluorogenic substrates. Reactions @reyg g gsighaed i At
excitation and emisgion WRYRISHIRS ASLIRRASMARA R NMy e REEDhRAY data (elaiive

fluorescence units) were normalized to % activity from the average high readings (no inhibition, 100%
enzyme Activitglosdinveragainaveraantrds tIMIRIdHR AP HSEI Ah BiteresRcasHatidm8% enzyme
activity) using.ihtee standard NEP and ACE inhibitors, respectively. Nonlinear regression of the 15
normalized data was performed using a one site competition model (GraphPad Software, Inc., San
Diego, CA). Data were reported &S5t GAES Anv eafiqioGRUASFEAmple 1 was found to have a

pIC50 value greater fpaikphegqyaliaabrsth (1. Mihiesthe.arRssyt invamiiorhagsbagnotescribed with
reference to specific aspects or emhodiments thereof, it will be tiirj]n?ets 00 b{hgholfﬂ}e' of%rdinary skilled
in the art thaf'9BSYA NS WRHIHAR S HeSARd Brapel iR Aldfitae s tleéd Wt departing
from the grue; spjricamshsonng, shtheinaniion. Additbaallpsto iheextentpelaitteehbyl ppliaable patent
statues and regulatiops, all publications, patents and patept applications cited herein.are hereby
incorporatedabrgt}%f’eggr%[g?ﬁﬁ%ﬁ%%rtﬁ%? t%rﬁ%osg:{gr%é% g)‘(tgﬁ §§3 %f%ggr?’%rggg?ﬁlézﬁ Had béen
individually ipobrpotdtad! hyldefenengéndereinicC IAIMS Mt te:Claimeduls:d 4t ébystaitine freebase
of 41-12-ethoxy. 4 el Lia R(SK £ merCan-d-me MR sniRR YA S idRagikyIm ethyl
-3 -quoroblphenﬁ- ~carboxylic acid, _

cold lysis buffer and incubated on ice for 30 munutes. Samples (15-20 mL) were then

15 layered onto 25 mL of ice-cold cushion buffer (6% w/v sucrose, 50 mM pH 7.5 Tris,
150 mM NaCl, 0.06%, Triton X-114), heated to 37°C for 3-5 minutes and centrifuged at

1000 x g in a swinging bucket rotor at room temperature for 3 minutes. The two upper
layers were aspirated off, leaving a viscous oily precipitate containing the enriched
membrane fraction. Glycerol was added to a concentration of 50% and samples were

20 stored at -20°C. Protein concentrations were quantitated using a BCA detection system
with BSA as a standard.

Enzyme Inhibition Assays
Recombinant human NEP and recombinant.human ACE were obtained

commercially (R&D Systems, Minneapolis, MN, catalog numbers 1182-ZN and 929-ZN,

25 respectively). The fluorogenic peptide substrate Mca-BK2 (Mca-Arg-Pro-Pro-Gly-Phe-
Ser-Ala-Phe-Lys(Dnp)-OH; Johnson et al. (2000) Anal. Biochem. 286: 112-118) was used
for the human NEP and ACE assays, and Mca-RRL (Mca-DArg-Arg-Leu-(Dnp)-OH,
Medeiros et al. (1997) Braz. J. Med. Biol. Res. 30:1157-1162) was used for the rat NEP
assay (both from Anaspec, San Jose, CA).

30 Test compounds were diluted to 12 concentrations from 10 uM to 20 pM mn Assay
Buffer. Assays were started by adding 25 pul. of enzyme to 12.5 pL of test compound at

each of the 12 concentrations. Test compounds were allowed to equilibrate with the
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5 characterized by a powder x-ray diffraction pattern comprising diffraction peaks at 20 values of
6.66+0.20, 9.8+0.20, and 18.12+0.20. 2. The compound of Claim 1, characterized by having one or
more additional diffraction peaks at 20 values selected from 12.680.20, 13.540.20, 15.020.20, 10
19.32+0.20, WP 2095398122 62+0.20, 24.56+0.20, 25.30+0.20, 25.96+0.20; HHY 4783 20. 3. The
compound of Claim 1, characterized by a differential scanning calorimetry trace which has a melting
point in the range of about 144C to about 148C. 15 4. The compound of Claim 1, characterized by an
infrared absetpgion &pddtruimuwithignifitantlabSbrpiiverdmmilssab88es1y@9s@dad REPAIIQ527+1,

1709+1, 16431, 45641, 450011 1357 o250 1133440821130 7958, 788ickend 695+ cm

. 20 5. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and the
crystalline cesnpefirrd2df@iains ¢f incubafipie pharmaceutical composition of Claim 5, further comprising

a secondary 25 thaiapeifi A9RRLSeIRFeR I RBRiIECSnd pdbaiBiais iasgpionRlagkars, calcium

channel blockers, angiotensin-converting enzyme inhibitors, AT[ receptor antagonists, neprilys n
inhibitors, navssste Rsiffar seriaiaeaAafor)sgentapisaafiEndmrer o PRSI Ginti-diabetic
agents, antithipsbtic aoanisnsQuRInRIDIkIS ROt eIT FPGentey Rntagapisisdsadesrlin converting

enzyme inhibitors, aldosterone antagonists, angiotensin-converting 5.enzyme/ne rili_sin inhibitors, and

combination@lipErede TedassrsE SRR AR iFRRT AR are ka8 Beciam's, {¥prising:

a)(i) treatingAnlgoatagxye4netwilo®é{(B)eduibreapionfthe enzyme for 20 minutes before adding -
methylpentanoy. amino)methyllimidazol-l-,ylmeth¥11-3'-f|ﬁorobliéphenyl-z-carboxylic acid 10 with
acetone to cOMPHYRERRLGILBFR S (R RS g8 I Bk ARy 1-5-[((S)-2-
mercapi@-4-methylpritaneydasiho) ehinydlimida zakil eyletby bhd3flissrobiphetyethscatboxylic acid

acetysultany ATV S RS Ly LSBT ST e
fluorobipheny2-saiboxylienathid imanaettisgo teadid @ddingvistemd 88t pretengiseotiftionnd 5b)cooling to
efect crystalzalony 0d lReiaing 1S ESN NG SRR DR SHGIIS DgsaRaalGiam | &
using three standard NEP and ACE inhibitors, respectively. Nonlinear regression of the
15 normalized data was performed using a one site competition model (GraphPad Software,
Inc., San Diego, CA). Data were reported as plCsp values. The compound of Example !
was found to have a pICsy value greater than or equal to about 7.0.
While the present invention has been described with reference to specific aspects or
embodiments thereof, it will be understood by those of ordinary skilled in the art that
20  various changes can be made or equivalents can be substituted without departing from the
true spirit and scope of the invention. Additionally, to the extent permitted by applicable
patent statues and regulations, all publications, patents and patent applications cited herein
are hereby incorporated by reference in their entirety to the same extent as if each

document had been individually incorporated by reference herem.
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20 9.A process for purifying-4'- t2-ethoxy-4-ethy1-5-[(JS)-2-mercapto-4-
methy-Ipentanoylamino)methyllimidazol- | -ylmethy11-31-fluorobiphenyl-2-carboxylic acid; comprising
forming the crystalline freebase of Claim 1. 10. The product prepared by the process of Claim 9. 25
11. Use of the crystalline freebase of Claim 1 for the manufacture of a medicament. 12. The use of
Claim 11, wherein the medicament is useful for&nﬁg}m hypertension or heart failure.

What Is Claimed Is:

1. A crystalline freebase of 4'-{2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-

methylpentanoylamino)methylJimidazo!-1-ylmethyl } -3'-fluorobiphenyl-2-carboxylic acid,
5 characterized by a powder x-ray diffraction pattern comprising diffraction peaks at 20

values of 6.6640.20, 9.8:+0.20, and 18.12+0.20.

2. The compound of Claim 1, characterized by having one or more additional
diffraction peaks at 20 values selected from 12.68+0.20, 13.54+0.20, 15.02+0.20,

10 19.32+0.20, 21.20+0.20, 22.62:+0.20, 24.56+0.20, 25.304:0.20, 25.96+0.20, and
27.32+0.20.

3. The compound of Claim 1, characterized by a differential scanning calorimetry

trace which has a melting point in the range of about 144 °C to about 148°C.

15
4. The compound of Claim 1, characterized by an infrared absorption spectrum with
significant absotption bands at 33241, 2958=1, 2872+1, 2527=1, 1709=1, 16431,
15511, 15001, 13571, 1254=1, 11331, 10621, 869=1, 7991, 7591, and 69541
em™.

20
5. | A pharmaceutical composition comprising a pharmaceutically acceptable carrier

and the crystalline compound of Claim 1.

6. The pharmaceutical composition of Claim 5, further comprising a secondary

25  therapeutic agent selected from diuretics, B adrenergic receptor blockers, calcium channel
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15

20
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blockers, angiotensin-converting enzyme inhibitors, AT receptor antagonists, neprilysin
inhibitors, non-steroidal anti-inflammatory agents, prostaglandins, anti-lipid agents, anti-
diabetic agents, anti-thrombotic agents, renin inhibitors, endothelin receptor antagonists,
endothelin converting enzyme inhibitors, aldosterone antagonists, angiotensin-converting

enzyme/neprilysin inhibitors, and combinations thereof.

7. A process for preparing the crystalline freebase of Claim 1, comprising:

a) (1) treating 4'- {2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-
methylpentanoylamino)methyllimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid
with acetone to complete dissolution; or (i) treating 4'- {2-ethoxy-4-ethyl-5-{(£5)-2~
mercapto-4-methylpentanoylamino)methyllimidazol-1-ylmethyl } -3'-fluorobiphenyl-2-
carboxylic acid with acetonitrile to complete dissolution; or (iii) deprotecting 4'-{5-[{(5)-2-
acetylsulfanyl-4-methylpentanoylamino)methyl]-2-ethoxy-4-ethylimidazol-1-ylmethyl }-3'-
fluorobiphenyl-2-carboxylic acid in methanol, and adding water to complete dissolution;

b) cooling to effect crystallization; and

c) isolating the resulting solids to yield the crystalline freebase of Claim 1.
8. The product prepared by the process of Claim 7.
9. A process for purifying 4'- {2-ethoxy-4-ethyl-5-[{(S)-2-mercapto-4-
methylpentanoylamino)methyllimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid;
comprising forming the crystalline freebase of Claim 1.
10.  The product prepared by the process of Claim 9.

11.  Use of the crystalline freebase of Claim 1 for the manufacture of a medicament.

12.  The use of Claim 11, wherein the medicament is useful for treating hypertension or

heart failure.
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