WD 2012/ 064807PCT/ US2011/ 059895 5CRYSTALLI NE FORMS OF AN

ALKOXYl M DAZQOL- 1- YLMETHYL BI PHENYL CARBOXYLI C ACI D BACKGROUND OF THE

| NVENTI ONvORbBlie4g0F THE | NVENTI ON  The present inventi orCraisatie®s489s novel
crystalline forns of an al koxyi mi dazol -1- 10 yl net hyl bi phenyl carboxylic
acid, which has angiotensin Il type 1 receptor antagonist activity and
neprilysin-inhibition activity. This invention also relates to

phar maceutical conpositions conprising the crystalline conmpounds or
prepared from such conpounds, processes and internedi ates for preparing the
crystal line conpounds and net hods of using such conpounds to treat diseases
such as hypertension. 15STATE OF THE ART Conmmonl y-assigned U. S.
Publ i cati on Nos. 2008/0269305 and 2009/ 0023228, both to Allegretti et al.
filed on April 23, 2008, disclose novel conpounds that possess ATi receptor
ant agoni st activity and neprilysin (NEP) enzynme inhibition activity, the

di scl osures of WGP Rf it PORWO DR LM UGk HMDAYA R METINRar ti cul ar,

t he conpound, #— 20

{2- et hoxy- 4- et hyl - 54( S) - 2- nBIRIABNY NJdet 6Py am no) et hyl ] i m dazol -1

- yInethylI-3'-quorobipheﬂxbﬁégiﬁ@QB *ﬁE?ﬁ&Eﬁ&@pﬁpeCifically di scl osed
in these applications. re of

4' -{2-ethoxy-4-ethyl-5-ft(S)-2- FELCapti: EVENTION

met hyl pent anoyl .am no) met hyl.] i m dazol - 1- vyl hyl | -3' -f1 yorabiph | - 2- car box
T C aer d 25 ) s THRBFEUah LS e T 3 T o fap e R e b ounds T or
| ong t erm sexiagBipaas] ydiesxy ¢ Sfid mhigh had anddbtadsielC eyt il ¢alepopimadhisi ons and
formul ations, .it Js o[ten dEsirable t?.have a %%%stallingkforn1of t he

t her apeut | BtYFEARd RaREtysingBiRition a7tvifyo M Bis Biprton b Tefales pibaEkeuticsl s al so
advant ageousmpRitiday@nerisiny ey stdliencl GmFbEIa br lblaxlsar@a firéth &ldh\e8ypotiagh nel ting
point (i.e., greater than about 100C), which allows the material to be
processed, PREPSeadHtgmediates (o prepaiang thewryialiine camyeprds aad methedops®et i on.

Al t hough agh¥%shpblndde taeaRase sha@rdngherichgorcompound of formula | has been
reported in U S  Patent Publication . 2010/ 0081697 by Chao et al., the
crystalldine forns of the present SPMEQETBRARAve different and particularly
useful properti @@mmbﬁlﬁ#%n@g PE LB A NB bbé%z%@ﬂos‘ ATAPOYEEH S AL bt V-
10SUMVARY OF THE | NVENTI One aspect of the invention relates to a
crystal | i nto Alagrasd ity fdedorsapril 23f 20418, difcose novel compounds that possess ATy

et hoxy-4-e = - = 2= F =4-F am ne) methyl ]i m dazol - 1-
Sl ot hy 11 et ks R G AP B RIDH AL AP o 1

char act er i dedoswyesaf phwlerc irearporatdd héreiady irderepat tepartiadarpthe somgpudd.f4f-r act i on
peaks 20, val ue f 2 1, Ny . 550, .18. 41Q. 20,

D0 420 B0 TasOR5T Ry ST - Rerearlg e ndi o o AR O el et es 1o
a crystal | ymethy&n}'dtliosopliphteyl Ladatboaflickdcid if Rpecifically disclosed in these

et hoxy-4-eth 1}5-R(S)-2-nercapto-4-nethyIpentanoylanino)nethyl]inidazol-l-y
| met hyl | - *3"#1USr obi pheny1- 2- carboxyl i ¢ acid, designated as forml1,
characterized byhechpabdastruxtufeayf 4d{3-éthagt4-ohylpRl(I2meacds-#si ng di ffraction

peaks at 20 yal ues of, 2.740,20. 310,20, 120 42, 890,26, 18,210: 20,

25 is represented by formula I:
v oy
/_§2\/N\(/\SH
/\O/<N
(o]
! O OH

T
a)

When preparing compounds for long term storage and when preparing
_1-




Still another aspect of the invention relates to a crystalline

hem napadi syl ate salt of 4'-

{ 2- et hoxywo-2et20k8034( S) - 2- mer capt o- 4- net hyl pent anoyl am mroxrastéyioFases dazol -
- ylrmethyl | -3 -fluorobi phenyl -2-carboxylic acid, characterized by a powder
x-ray diffraction pattern conprising diffraction peaks at 20 val ues of
4.840. 20, 9.410.20, 10.820.20, 2517.390.20, 24.170.20, and 24.650. 20.

Yet anot her aspect of the invention relates to a crystalline nono-oxal ate
salt of 4 pharmaceutlcal compositions and formulations, it is often desirable to have a crystalline

{ 2- et hoxy- 4- et hy1- 54(S) - 2- ner capt o- 4- met hyl pent anoyl ami no?I met hyl ] i m dazol -
-yl met hy| farge of thefbgransiimegeyt that ivgithendyeioscopid npr delaesseite n%l@p by a powder
x-ray di ffﬁ@%ﬁﬂa%&u?%tﬁa%g'c%&mflé %lrﬁghﬂhﬁsfif’é&hbé?ghi%ﬁ%ﬁ n%tpO?nQ( iyal ues of
6.10.20, 11.00 17. 30. 20,

18. 40. 20, 2@319Oth2103b0281096f3)2®'h102411®®5 @@ma@malao bQOYOC%ﬂmi £6 cxgnilo.

Anot her @as to processes for preparing

crystal I5| ngl?§%$l%l %Pﬁoﬁg\é@?ﬁ%%g%g%?éﬁ%rwl al. In one enbodinent, a
process for pr e@hhqug@aary@uaymt: &r¢basgefofy pfitho fompound of formula I has been

4' -{2-et ho

met hyl ] i m & %é %ls?lfb%gﬂ%fll uor%)‘b(ﬁbo%‘E >1t)ygehgargtb hl%l g%‘é%“ﬁ fOCrglrsrpri ses
a) treatingf t«hé present invention have different and partlcularly useful properties, including better

{2- et hoxy-4-ethyl-54 apt o- 4- met hyl pent anoyl ami no) met hyl ] i m dazol -
-yl net hyl 2 l%lﬂ%laﬂgl“%ﬂ% eﬁ h%? carboxylic acid with an appropriate
counterloon; b) 5 opti onal |y StaatviaRey; OB tTHB INMENIFIOSoNi cating to conplete

ield the cryatdronetpEFimerton gy B BB e WhVERt on rel af es
to a proc 38&0{304 cYIL$ t(YS)%mércaﬂtail%&iﬁmye[ﬁanoylamlno)methyl imidazol-1-
et hyl-5-ft (S)-2-nercapto-4-net hyl pent anoyl am no) net hﬁﬁ#}l m dazol 1-yl met hyl |

-3'- fluor éilé‘ieﬂﬁ’é}n§/f1u? LiphEBRhyrGarboxricacid, Hesgrhated abtoam rerhpractetized by Rocess

conpri ses f)&{r(![Er an}ad&fgacﬁ&yl%tt@frn' doRBribiaE M@dction peaks at 20 values of 9.89+0.20,
4' - {2- et hox et h rca met hyl pent anoyl am no) -

MR S e Wl Eren SO L prani i e AT e S D

invention also Aﬁ'dt@ér%ﬁ)e%%f@l{qu%h@n R0 §€'ry§’t¥11ﬁ1@ﬁer9i"e&l§ﬁ§t§§aﬁt Sesesi bed
herein. In specific enbodinents, the crystalline formis a hem edi syl ate

sal t form pthoxyedicdsi- %W%ithmsramto fronaiinilpentaneytmup ety limidazad dHlmethy1} -
nono- oxal a M f i

phar maceut ??gﬁ)%btéphe%}??&r@o% ﬁ&&cup destl%h%te'dQﬁ?g%&ggg&?g&%fzﬁé b§ gwder raey
and a cr ystiéfrehqtlnepdtt@rmomfprmng{dﬁfreqthopyama&%gﬁlmsoi;Q(48)&20 11 OOiO 20

2- mer capf 014 0 ) i yl met hyl |

-3 -fl 32&0 ﬂ%t%yég%itggjrab%%( O% {?%{16]213 e{sydggl jlt(():goenbodl ments, the
crystalline for$nll aloéaeh&mcedf ﬁlyllra/bmcmablateﬁ m)ramrys,tallmeerheenlna@ydmﬂae sdtdf form

1, hem I te t her . t f th
nvent i on Paratke e B lpueremme oy sl ta R A SRR of e
conmpound of/Infeetyiub'gluordbiphemyiiai-cagiok plit avid, bhaedvecriaed s povateherayt diffraagpaut i

composi t oRNEGhTIE g J e tian Bk Abctbuiecal 1y {oRe bt ait 2 EhFEioLD. nd
t her apeast i ¢akd-y0 2f Q&‘@‘HO\Q@ amous+eboa crystalline formof the conpound of

formula I'; and §,b) a thera eutically effective 25 anmount of an %[gent
sel ected from d Wé@#lwspeﬁ offhs BNEigR El3tede pebistating aapoxalatg salt offi channel

bl ockers, angingteNSinYL SUP@SDEZ ﬁlbﬂagptéfﬂzlﬂaﬁylbéﬁlfunbylhﬁ[n%)me‘hﬂl imRfagntor
ant agoni sts ne rilysin inhibitors, non-steroidal anti-inflammtory agents,

pr ost agl and nﬁ%hy lantfworabhgnydgesaiboxy ligacid. ghagsiarized fageprvedor ity ditfreintbot i

agents, r eBétférﬂ wmpbfsﬁlg@&fm&fa%&h@la{ 7 V58 BE QT PR, 29000 56,53 080 8@t hel i n
converting enzyne Inhrbitors, al dosterone antagoni sts, angi otensin- 30

convertEiOngl/é f#b/lﬁévb(? 20,850 LHHITHIED 3PS 8. 4#Q§6p%1e%%)r2ﬁ 239%)&0@?-4 &t Ayoni st s,
and conbi ngj BBﬂ%wﬁc?Piomvmere' n the crystalline formand the agent are

f ormul at ed toge er or separately. Wen the agent is fornul ated separately,
a phar maceut i cahhgthaesept dithcencation siatevdy pivecssaydbidemring nrystplém farps

enbodi nent h form.i [

hem edi syl a g ttlalg s(g ﬁou}é&gﬁtloﬁlﬂgfge%%w%%a%@ at egljsoa%é% ?Otrgrre%%&r% Qi’f@[ﬂé % salt.

Yet anot her aspect of the invention relates to a nmethod for treating
hypertensi on or heart failure, conprising adnmnistering to a patient in
need of treatnent a therapeutically effective amount of a crystalline form
of 4'- {2-ethoxy-4-ethyl-5-[((S)-2-nercapto-4-

carrier



5

nmet hyl pent anoyl am no) net hyl ] i m dazol - 1-yl net hyl } - 3' -f | uor obi phenyl - 2- car box
ylic aci dwolzn12apesorfi ¢ enbodi nents, the crystalline formcrasaoihesisesli syl at e
salt formIl, hem edisylate salt formll, hem napadi syl ate salt, or

nono- oxal ate salt. The invention also relates to the use of a
crystalline formof 4'-{2-ethoxy-4-ethyl-5-

[ ((S)-2-nmercapto-4-net hyl pent anoyl am no) net hyl Ji m dazol -1-yl nethyll -3"- 10
f1 uor obi ph?d?ﬁﬁjo'fa"—{E@étp&()&)/é!—étﬁyl@‘(FS)bQﬁerM}ﬁo—Wyﬁ%MAB@ylﬁﬁin@)—m3_d' cament .
Additionally, the invention relates to the use of a crystalline formof 4'-
{ 2- et hoxy- Bty Himidgof-tiyetlyl} -Aeflyoreiphsnvl-2rearbaxylic aoid eaenyiserd) Heatmetdry| |

i m dazol - 1{Z%thﬁgj-%g&l-s-?((5):5-&%5199-!4QH&HM%eglr%ntoﬁl%R%Wéthﬁ{iﬁﬁfa%lf19r the

manuf act ur e i cament; especially T e manufacture of a nedi cament
for the trgkmathyht-3'dluornpirbendRstathoxplic 4eedawith fredppiapeate cpundgyoai ¥)i ¢

enbodi mant §,,.; : al Line. [ . adi f ,

o eci oy Qpis 8L RAHEL AL O ST Ol AR BR Y AR GRS g DS Lo o

BRI EF DESCRIrREnONoBFng tHE sORAW NEI8 the crystallidafoiraus aspects of the present

| nvention are iALol{ﬁetrraaategt?%f?l?/e géfe:cngl%ﬁ%%f&g’aB%?efs‘é‘?&%gﬁ%ﬁ‘%ﬂg%%{&%w fgs. 20FIG

1 shows a powder X-ra ern al 11 ne
hem edi syl athel-SHY-2Foemapto-dfmdtliyépenenpdamulomictiyblimidhzo 1 -yloittbyl¢ 3yst al | | ne

hem edi syl ate salt rml is alsp characterized by a differenti.al scanning
ol or 1 ot r JcipBRbcy LEERbERAR R B GRS R R G ST iR o1 o
(TGA) tiacerybtallid @rmdf léla{ﬂ;letbodx@?méﬂ;l?l%—W)stmﬁ’r&pﬁcﬁ?-lﬁieﬂglpeﬁ@\@)lar?h@)ii | ﬁ in
FIG 4. FIG 5.is.a ri i ght .mi croscopi c.(PLM_.i mage .of 25 the
cryst ai 11 ngeamragtelPata Gl s oot a1 i LR SR pat ter n of
t he cryst aldldt®tao beyau@dpsydrad B dabioctsedsmctdribed hdréig. GoppaBOEmBIdihafsul a | .
The crystalline hemedisylate salt formll is also characterized by a DSC

t her mogr amfiefrfadine fornyis ghamiedisylate;splt forg L kemicdigylate o Bsite in FIG 9.

FIG 10 i shaniRhMiistm@ea®for tldgo-6kaist alil i ne hemi edi syl ate salt formll.

30FI G 11 shows a PXRD pattern_ of the crlﬁlzrt al l'i ne hem napadi syl ate salt of
e

t he confound of OnRwashent aF the inppgionpglaiesio y pitisalrQBIPeY G MPEFNE RS al so

charact eri geamByuacalPSedp@biIRa B cgs@u_i&%om@ofw&.uhagﬁzt.ieﬁl Fs&13, and a
DMS profile in FIG 14. FIG 15 is a PLMinmage of the crystamlne

henm napadi gytesgaptoshmethylpentanoyfingno)mgthy Hiswidazoh by udtiuti -8 - fuprgipbenyle- of t he
crystallin i.edi:sy : [ L, r | Lipe: 1 .Syl ate
salt, and f(é aﬁe&%zlggél%uga%&é@%%?ofge éH(t:Sf i}ag;é{éﬁll%?f%é%gg@wp %ﬂh]@%@?%'rﬁﬂ shows
a PXRD pat {.éemicdisylatesalt fopmtlh hknmepatimbieoxk] atmeonsalxelawfsalt. he conpound of
formul aJ . The t N - OX I.S: har l,zed by a DSC
5 ther rar%)gr am i n&@%r%gd@?t Ogtﬁcﬁ%nrlglg%ﬁﬁ% ti?@p%g{o g%%o%m%@%% ‘r%%;llﬂj%e in FIG
20. FI G 2formfgheRoMpburalgd f@fmutaien comlsihaioniwith omo nomoncaltiet ¢hespbitic DETAI LED
r,ovi des_cr alline forns of

DESCRI PTI ON THE ILNVENTI ON Thi.s i nyention p S

a2 ot hos e APy smblPeE B SRR S B i no) et nyt

i m dazol - leythprdingyh) a phdrmacthticall piicphiaiy darZer abd a derdpextichilceffeiick anldu@t act i ve
agent (i.e., the conpound of fornyla.l) contains one chiral .center having
The(s) cohftgunaltoR T ApWesampoRt shribd MR SR B S OB 1 od b
the art2st hahoult 304n EBUBIese@fromiRurét), [ helcRaLis esBRptoNBIYCIRE, P@sant in the
conpositions of the inventiaon unless otherw se indicated, provided that the

utility of CHHHBCINTHTSIPBIEINHR CoRHEE M D& BT 1} In &ESHOb14308SBr esence of
such an i sQiPlysid AhiBASKs tHoBRieridd) §&i-ifMBmmatory agents, prostaglandins, anti-lipid

agents, anti-diabetic agents, anti-thrombotic agents, renin inhibitors, endothelin receptor
antagonists, endothelin converting enzyme inhibitors, aldosterone antagonists, angiotensin-
30 converting enzyme/neprilysin inhibitors, vasopressin receptor antagonists, and
combinations thercof; wherein the crystalline form and the agent are formulated together or
separately. When the agent is formulated separately, a pharmaceutically acceptable carrier

may be included. In specific embodiments, the crystalline form is a hemiedisylate salt

3.



15 conpound of fornmula | contains both a basic noiety (imdazole), and an
acidic noiety (carboxylic acid), it may exist as a zwitterion. The conpound
of formulwol20tezs48Ti receptor antagoni st activity and NEPTiuskéibiosdsoh
activity. Crystalline forns of the conpound of forrmula | are expected to
have the sane activity, and thus the same utility in treating di seases such
as hypertension and 20 heart failure. Therefore, anong other uses, the
crystalline forms of the invention are useful for preparing pharnaceutical
conposi ti 0ﬁﬁmflollienhécﬁs%lldt@ﬂﬂthb!ﬂ@ﬁltl?éﬁﬁhébad@ﬂatbl@ﬁ{ br hahd-shalue JFI NI TI ONS

When descri bi ng the conpounds onposi tions, nethods and processes of the

i nvention, the Yelanempigpaceeirie ﬁweov Frlatesgp  owiting Tovetzndiingsy Parieneiog %t her wi se

i ndi cat ed. yZp gt tdoHlBﬁ&hg’ adnﬁﬁmféﬁﬁgto@eﬂaﬁlﬂﬂ’m Lha o?ir%&ﬁ%tﬁ&iﬁ%&caﬁ "an”
and "the" include the corfesponding plural forns unI ess the cont ext of use

clearly di effestiss arpeune pi gestaliipeforre phs- (2 cethppy i4sitingS; [((Si-Aarcuadbiogt-"  and

"havi ng"s nge@ %Q]} rff r di tional
el enent s o'%ﬁth:y%ﬁan t he ?)Plg%hggﬁﬁlﬁ%ﬁgﬁ Shs ngég[}rl%htegﬁpzf%a@ g‘e%%‘gnu ties
of ingredi nyssifipeopatiners tl@lmhtaélsnerfoﬂnetsulhamladevlgmsalt femdt haomedoide t i ons,
and so 30 ﬁtrf%ﬂnﬂsﬁe%lgﬁor Sq t%rﬁt i;)mg ”aha%?atIOOd as being nodified in aII
i y the }(1? ¥ 0

i nst ances ter efw se indicated. Accordingly, the
nunbers set forTle 1h@neomalsmelaaqspasthxmsmaﬂammstaﬂlhmtfonmag’f Arde-ythdepértiyhy upon

t he desi t b t t At
[ oastana G0 BeuHS Srragrn bR R TR oA S Fhe doct ri ne of

equi val @nt ﬂuér@blbﬁ@ysmmo;qﬂlc abie ferltid IﬂEnufz&aﬁéloﬂ*wIﬂbtﬁéan&:lﬂO UA dllitadnallgalsst be

construed in |j ht of the rep orted si n|f| applylng

or di nary BRI T SR AR IR b B Lt B TRAR
formul a” OmerdagyidngethfIBeridnoyRiniogmeth @ ]ilRlazé I GRded L D-fRsrobiphtdylng and i's
used in the sane way .that the term"copprising"” is 5 common|y used.

The term " FEhPwligacid £ dhaagnafaqturs of apedicaant speeially fonte n%aﬁefaew&fa li ne

form typi calelitah@RN @ NSrRABRA of]h)@eﬂf@llsl@ﬁ oﬁﬁBdl't\fﬁh@@tI% spdciffd @aRam@nlst he
compound of formula |) per about O. 0. nmol ar _equi val ent of counterion;

and i n Bnethssboilnederm 1&8@9@1‘3@5?}13%Pléfor‘@dth%‘FdéWﬂaée it foedbase per about

0.5 nol ar ﬁ%hé(&hf%?ltate%lt%?%h@%kaﬁﬁesa[[thUS the 10 hem edisylate forms (form
| and formll) genera y contain about 1.0 nol ar equival ents of freebase

per about 0.5 0.15 nol aBREFUPGSCRINITQN OF PHEDRAMEHNGY | f oni ¢ acid; and in
one enbodi nent, I bout 0.5 nol ar
equi val ent of %pogl?%a?%cetglo%%} g%ﬁg&gg@%ﬁq§%llg ra{efi%??chﬁrg C%ggr;nh%apadl syl ate

f or m gener a¢belpwmgadrmmabout 1 0 nol ar equival ents of freebase per about
0.5 0. 5rm|ar | e f = d acid; and in
one enb%)dl ment , ]%(Oavﬁs agéow rX' %ﬁ@éﬁo@ﬁ?éﬁ%}) %?t%ene%f?ééeé gélﬁnebout 0.5 m)l ar
equi val ent hﬂmedlaydktb kalt formed of ﬁe dorspduhdmf forradla dl. The crystalﬂ'rmdletreafdmy'ralrws{dhat e"
nmeans a cr water are i grated in the unit
Collor ¢ nirinys S R B SRR RS ot e DR BB a ol ecul es
of water, BIG. 2thelennm@mmma‘trm/\ata@rs1sr(md33wdtde3nm3a:irﬁlol dradicii@atiieon of one,
such 20 as one-h u In th resent .inventi t he

e napad SYPGIEIRSEE & OGP ot 16 ks HOHEETED TEEMPIS HOUPEE 6 ol ar
equi valmsnt teferfst28 R asRicARYaRROfor@.15 0. 15 rml ar eqw val ent of

napht hal ene- 1, 5-dj sul foni ¢ _aci d and_about 0. nol ar eciui val ent of

water. In one el?%ﬁoé.%w PXINR PRty ﬂ%ib%ﬂiygt?ﬂ ing léeﬂrlef}lmlaéeﬁﬁhafp% st 1.0
nol ar equi U@h}%ﬁh@ opiforrflﬁlﬁﬁbﬂ%:‘crﬁ%m@hﬁﬁﬁed@syﬁte sQlt %:rrrf@hsadlso%%é’t@ﬂlz%ﬂ%y of

napht hal ene- -di sul fonic 25 acid and about 15 nol ar eq[ ui val ent of

wat er ; andaWCéh‘%fffﬁéﬁaH@ﬁﬁé@lﬂrréﬁ@A 358 ThEH- ﬁafﬂ&d‘i]%lvﬁé’f@lﬁf BHCCONFS ns about

1.0 nol ar @QH'aﬁh@ﬂhaﬁgfe%fftﬂerc%Qﬁﬁl% hQﬁfed%?leétsaleo?mfIW ar equival ent of
napht hal ene- 1, 5-di sulTonic acid and about 0.2 15 nol ar equi val ent of

wat er . 3the t er fi!Grbhehowag Riddpitsreeirihg @yqtﬁh@meunap@dlﬁé@ﬁ saltyatthe he

crystallin S of

fr)e/ebase ('? %%&élghngg%%%ﬁh? ’Plleyc #ﬁﬂ\%)ﬂg%e@;gdg%’l&e &lt(r)[p Lﬂ%{ i@&%{e}/ de@iqw val ent

of count er DSf;thamdgiam 1@ﬁéG elribwGAemcc; mefHGuB anda P Sprobigui Tl dAt E1Gf

freebase p qﬁt% era s%‘ﬂ e‘ﬁ%‘ﬁlﬁﬂ% tyla O%Rt erion. T_hus the crystalline
al

nnno-oxala e °S y e6n alns a nol ar equi val ents of
freebase per about 1 0 4.




0. 15 nol ar equi val ent of oxalic acid; and in one enbodi nent, about 1.0

nol ar equi val ents of freebase per about 1.0 nolar equival ent oxalic acid.

The ter mwoebt¥osggopoi nt" or "nelting endot hernt as usedPheruseoiioemus t he

tenperature at which the maxi num endotherm ¢ heat flow is observed by

differential 5 scanning calorinmetry, for the thermal transition that

corresponds to the soli d-to-I i qui d phase change. The term
"pharnmaceutically acceptable" refers to a material that is not biologically

or otherw se unaegepliRRlsehddRBiIS Bdfilebf i ry MG IHeRibdisT Rle X &R 18 ,thd he term
"pharmaceutically acceptable carrier"” refers to a material that can be

i ncor por at eystrHpyhemingpadispissplt. iabh the meeveeanly dessribededystalling fhebgse Armai t hout

causi ng UnaCCGpFI@'I?sM'aQ@H@@Fa&H&}Qﬂe'scr%talhﬁbtr‘ﬁ&ﬁ)%!a&ge dal offhcUnaccept abl e

manner wi th other conponents of the conposition pharmaceuti cal |y

accept abl ecorapand af Hrmylpil.cEhd gpystealie meno-axalaterselyis Alodhemetprdzed by adrSC

t oxi col agi ﬂ@ﬁ@ I e r

i denti flcsgdﬁ%lsm(gﬂl tabl e i %gg{(?’gga%eﬁg%iecgggh%@%bbﬁgﬁwﬁf @&qéo%(gefgﬁdbg ug

Admi ni st r at PbN ink5Thigthe eysrallinhmoapexddteslll y ef f ecti ve anount” neans an

amount sufficient to eHEe[% ?%@FTWBFﬁgmfﬁﬁﬁ%m a patient in

need thereof, i.e., t he desired

t herapeutic ef f Blag 1nvEmon@mmah etystall1hhﬁ1rmpeﬂ4'i{@atﬂoyyefeﬂsfd:& ¥8)-anount for
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20 process conditions can al so be used unless otherwi se stated. In sone

i nstances, reactions or crystallizations were conducted at room tenperature
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- " 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,
eliminate or prevent the symptoms of hypertension, or to treat the underlying cause of

20 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. On the other hand, the term "effective amount” means an amount sufficient to
obtain a desired result, which may not necessarily be a therapeutic result. For example,
when studying a system comprising an AT; receptor, an "effective amount” may be the

25 amount needed to antagonize the receptor.

The term "treating” or "treatment” as used herein means the treating or treatment of

a disease or medical condition (such as hypertension) in a patient, such as a mammal
(particularly a human) that includes: (a) preventing the disease or medical condition from
occurring, that is, prophylactic treatment of a patient; (b) ameliorating the disease or

30 medical condition such as by eliminating or causing regression of the disease or medical
condition in a patient; (c) suppressing the disease or medical condition such as by slowing
or arresting the development of the disease or medical condition in a patient; or (d)

alleviating the symptoms of the disease or medical condition in a patient. For example, the

-



1013 64.7 * 13.55 6.53 495 31.6 * 18.41 4.82 898 57.3 * 18.89 4.69 302 19.
19.91 4.46 512 32.7 20.42
WO 2012/064807 PCT/US2011/059895

term "treating hypertension"” would include preventing hypertension from occurring,
ameliorating hypertension, suppressing hypertension, and alleviating the symptoms of
hypertension (for example, lowering blood pressure). The term "patient” is intended to
include those mammals, such as humans, that are in need of treatment or disease

5 prevention or that are presently being treated for disease prevention or treatment of a
specific disease or medical condition. The term "patient” also includes test subjects in
which compounds of the invention are being evaluated or test subjects being used in a
assay, for example an animal model.

All other terms used herein are intended to have their ordinary meaning as
10 understood by those of ordinary skill in the art to which they pertain.

(GENERAL SYNTHETIC PROCEDURES

The crystalline compounds 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 these crystalline compounds. It is noted, however,

15 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 composition. The
crystals have been observed as having a plate, block, 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

20 process conditions can also be used unless otherwise stated. In some instances, reactions
or crystallizations were conducted at room temperature and no actual temperature
measurement was taken. It is understood that room temperature can be taken to mean a
temperature within the range commonly associated with the ambient temperature in a
laboratory environment, and will typically be in the range of about 15°C to about 30°C. In

25 other instances, reactions or crystallizations were conducted at room temperature and the
temperature was actually measured and recorded.

In general, the crystalline forms of the invention are prepared by first treating 4'-{2-
ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]imidazol-1-ylmethyl} -
3'-fluorobiphenyl-2-carboxylic acid (referred to herein as the "freebase™) with the

30 appropriate counterion, i.e., 1,2-ethanedisulfonic acid, napthalene-1,5-disulfonic acid, or
oxalic acid.

The 4'-{2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]-
imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid employed in the invention can

8
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be readily prepared from commercially available starting materials and reagents using the
procedures described in the Examples, or using the procedures described in the commonly-
assigned U.S. applications described in the Background section of this application.

To prepare a crystalline salt of this invention, the 4'-{2-cthoxy-4-ethyl-5-[((S)-2-
mercapto-4-methylpentanoylamino)methyl]-imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-
carboxylic acid is typically contacted with about 0.45 to about 1.2 molar equivalents of the
appropriate counterion. In one embodiment, about 1.0 to about 1.2 molar equivalents of
1,2-ethanedisulfonic acid are used; and in a particular embodiment, about 1.1 molar
equivalents of 1,2-ethanedisulfonic acid are used. In another embodiment, about 1.0 to
about 1.2 molar equivalents of napthalene-1,5-disulfonic acid are used; and in a particular
embodiment, about 1.1 molar equivalents of napthalene-1,5-disulfonic acid are used. In
another embodiment, about 0.45 to about 0.65 molar equivalents of napthalene-1,5-
disulfonic acid are used; and in a particular embodiment, about 0.55 molar equivalents of
napthalene-1,5-disulfonic acid are used. In yet another embodiment, about 0.9 to about 1.1
molar equivalents of oxalic acid are used; and in a particular embodiment, about 1.0 molar
equivalents of oxalic acid are used. The 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. Alternatively,
elemental analysis and HPLC methods can be used to determine the molar ratio.

Generally, crystallization is conducted in a suitable inert diluent or solvent system,
examples of which include, but are not limited to, alcohols (e.g., methanol, ethanol,
isopropanol, and isobutanol), ethyl acetate, acetonitrile, dichloromethane, methyl #-butyl
ether, tetrahydrofuran, and the like, and mixtures thereof, and may optionally contain
water. Crystallization of the hemiedisylate salt form I can be conducted using an alcohol
(e.g., methanol or ethanol) and methyl #-butyl ether.

In one embodiment crystallization of the hemiedisylate salt form IT can be
conducted using an alcohol (e.g., ethanol) and methyl 7-butyl ether. In another
embodiment crystallization of the hemiedisylate salt form II can be conducted using an
alcohol (e.g., ethanol), methyl -butyl ether, water and ethyl acetate. In yet another
embodiment crystallization of the hemiedisylate salt form II can be conducted using an
alcohol (e.g., ethanol), water and ethyl acetate.

Crystallization of the heminapadisylate salt can be conducted using an alcohol (e.g.,

ethanol) and ethyl acetate, optionally including water.

9.
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frombase |ine 2Percent peak hei ght conpared to hi ghest peak *Indicates
peaks t havoane/iemgortant to identify this form 10 Thus, pCcm/use@1@8d308li nent ,
the crystalline hemedisylate salt forml is characterized by a powder
x-ray diffraction (PXRD) pattern conprising diffraction peaks at 20 val ues
of 9.890.20, 11.660.20, 13.550.20, 18.410.20, 20.420.20, and 22.460.20; and
i n anot her enbodinment, is further characterized by having one or nore

addi tional di ff¢a6hiloRichdf BRMShoxaldd sHREHAR cBRdREH S6ing hQMnkRIB90. 20,
19. 910. 20, 20.900. 20, 21.330.20, 24.350.20, 25.850.20, 28.730.20, and
30. 920. 20. tetrahydrofuran and ethyl acetate.

Generally, crystallization is conducted at room temperature. However, it may be
desired to gently heat (for example, ~30-80°C, more typically ~30-60°C), stir, or sonicate
5 the mixture to aid dissolution. The mixture is then allowed to stand to allow solids to form,
which are then isolated to yield the crystalline form. Generally, solids will form at room
temperature. However, the mixture may be cooled during this step, for example cooled to
~20-30°C.
After a suitable amount of time, crystals will be observed. Once crystals are
10 observed, the volume of the mother liquor can be reduced and the crystals isolated and
dried. Isolation of the solids from the reaction mixture can be accomplished by any
conventional means such as precipitation, filtration, concentration, centrifugation, dried
under vacuum, and the like. The solids may also be washed with an inert diluent. In one
embodiment, the solids are washed with ethanol, dioxane, or ethyl acetate.
15 After the initial crystallization, subsequent work-up procedures may include a seed
crystal to facilitation crystallization.
CRVYSTALLINE PROPERTIES
Among other advantages, it has been discovered that forming crystalline forms of
the compound of formula I, is useful for purifying the compound itself. For example, the
20 crystalline forms of the invention have purities in the range of 98-99%
As is well known in the field of powder x-ray diffraction, relative peak heights of
PXRD patterns are dependent on a number of factors relating to sample preparation and
instrument geometry, while peak positions are relatively insensitive to experimental details.
PXRD patterns and differential scanning calorimetry (DSC) thermograms were obtained,
25 and thermogravimetric analysis (TGA) and dynamic moisture sorption (DMS) assessment
(also known as a moisture sorption-desorption profile) were performed as described in
Example 9. Thus, in one embodiment, the crystalline compounds of the invention are
characterized by a PXRD pattern having certain peak positions. In another embodiment,
the crystalline compounds of the invention are characterized by a DSC thermogram. In yet
30 another embodiment, the crystalline compounds of the invention are characterized by a
TGA trace. In another embodiment, the crystalline compounds of the invention are

characterized by a polarized light microscopic (PLM) image.

-10-
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10
Thus, in one embodiment, the crystalline hemiedisylate salt form I is characterized by a

powder x-ray diffraction (PXRD) pattern comprising diffraction peaks at 20 values of
9.89+0.20, 11.66+0.20, 13.55+0.20, 18.41+0.20, 20.42+0.20, and 22.46+0.20; and in
another embodiment, is further characterized by having one or more additional diffraction
peaks at 20 values selected from 18.89+0.20, 19.91+0.20, 20.90+0.20, 21.33+0.20,
24.3540.20, 25.85+0.20, 28.73+0.20, and 30.92+0.20.

15

In one embodiment, the crystalline hemiedisylate salt form I is characterized by the
DSC thermogram in FIG. 2. The DSC thermogram demonstrates that the crystalline
hemiedisylate salt form I has excellent thermal stability with a melting point at about
20  158°C and no significant thermal decomposition below 158°C. The non-complex thermal
profile does not show any undesired endothermic or exothermic peak prior to the melting
endotherm at 158°C, which suggests that this crystalline solid is most likely an anhydrous
crystalline form.

In one embodiment, the crystalline hemiedisylate salt form I is characterized by the
-11-
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TGA profile in FIG. 3. The TGA trace shows a small loss of solvents and/or water (about
1 wt%) at temperatures below about 125°C, which is consistent with the loss of residual
moisture or solvent.
In one embodiment, the crystalline hemiedisylate salt form I is characterized by the
5 DMS profile in FIG. 4. This DMS profile demonstrates that this form has a reversible
sorption/desorption profile with acceptable levels of hygroscopicity. This crystalline form
has a small weight gain (about 0.38%) when it exposed to a broad humidity range from 5%
RH up to 90% RH, and less than about 0.26% weight gain when exposed to up to 70% RH.
This suggests that the crystalline hemiedisylate form I possesses only a minimal risk of
10 hygroscopicity at ambient conditions.
In another embodiment, the crystalline hemiedisylate salt form I is characterized by
the PLM image in FIG. 5.
Hemiedisylate Form II
The crystalline hemiedisylate salt form II is characterized by a PXRD pattern in
15 which the peak positions are substantially in accordance with those shown in FIG. 6.
Those peaks are listed below. Only peaks having a relative peak height (H%) of about

15% or greater are listed.

20 d (A) | Height' | H%* *
9.74 9.07 688 46.3 *
11.00 8.04 519 34.9 *
12.89 6.86 684 46 *
14.27 6.20 289 19.4 *
15.54 5.70 684 46.1 *
17.81 4.98 525 353
18.14 4.89 710 47.8
18.62 4.76 1276 85.9 *
21.44 4.14 582 39.2
22.25 3.99 535 36
23.15 3.84 608 41
23.78 3.74 1485 100 *
24.80 3.59 400 26.9
25.28 3.52 374 25.2
26.03 3.42 413 27.8
26.58 3.35 535 36
28.01 3.18 371 25

! Peak height from base line

20 2 Percent peak height compared to highest peak
* Indicates peaks that are important to identify this form

-12-



18.14 4.89 710 47.8 18.62 4.76 1276 85.9 * 21.44 4.14 582 39.2 22.25 3.99
535 36 23.15 3.84 608 41
WO 2012/064807 PCT/US2011/059895

Thus, in one embodiment, the crystalline hemiedisylate salt form II is characterized by a
powder x-ray diffraction (PXRD) pattern comprising diffraction peaks at 20 values of
9.74+0.20, 11.00+0.20, 12.89+0.20, 14.27+0.20, 15.54+0.20, 18.62+0.20, and 23.78+0.20;
5 and in another embodiment, is further characterized by having one or more additional
diffraction peaks at 28 values selected from 17.81+0.20, 18.14+0.20, 21.44+0.20,
22.25+0.20, 23.1540.20, 24.80%0.20, 25.28+0.20, 26.03+0.20, 26.58+0.20, and
28.0120.20.
In one embodiment, the crystalline hemiedisylate salt form II is characterized by
10 the DSC thermogram in FIG. 7. The DSC thermogram demonstrates that the crystalline
hemiedisylate salt form II has excellent thermal stability with a melting point at about
182°C and no significant thermal decomposition below 182°C. The non-complex thermal
profile does not show any undesired endothermic or exothermic peak prior to the melting
endotherm at 182°C, which suggests that this crystalline solid is most likely an anhydrous
15 crystalline form.

In one embodiment, the crystalline hemiedisylate salt form II is characterized by
the TGA profile in FIG. 8. The TGA trace shows no loss of solvents and/or water at
temperatures below about 180°C, indicating the phase purity of the anhydrous material.

In one embodiment, the crystalline hemiedisylate salt form II is characterized by

20 the DMS profile in FIG. 9. This DMS profile demonstrates that this form has a reversible
sorption/desorption profile with acceptable levels of hygroscopicity. This crystalline form
has an insignificant weight gain (about 0.16%) when it exposed to a broad humidity range
from 5% RH up to 90% RH, and less than about 0.10% weight gain when exposed to up to
70% RH. This suggests that the crystalline hemiedisylate salt form II possesses only a

25 minimal risk of hygroscopicity at ambient conditions.

In another embodiment, the crystalline hemiedisylate salt form II is characterized
by the PLM image in FIG. 10.

Heminapadisylate Salt

The crystalline heminapadisylate salt is characterized by a PXRD pattern in which

30 the peak positions are substantially in accordance with those shown in FIG. 11. Those
peaks are listed below. Only peaks having a relative peak height (H%) of about 15 % or

greater are listed.
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20 d(A) | Height' | H%? *

4.84 18.25 612 18.7 *

9.41 9.39 3273 100 *

10.82 8.17 1919 58.6 *

14.05 6.30 565 17.3

17.39 5.10 1623 49.6 *

18.65 4.75 986 30.1

19.55 4.54 1168 35.7
20.21 4.39 1270 38.8

21.44 4.14 563 17.2
23.48 3.79 517 15.8
24.17 3.68 1581 48.3 *
24.65 3.61 1826 55.8 *
25.69 3.46 908 27.7
26.65 3.34 564 17.2
28.79 3.10 1096 33.5
29.63 3.01 785 24
30.52 2.93 502 15.3
; Peak height from base line

Percent peak height compared to highest peak
* Indicates peaks that are important to identify this form
Thus, in one embodiment, the crystalline heminapadisylate salt is characterized by a
powder x-ray diffraction (PXRD) pattern comprising diffraction peaks at 20 values of
4.84+0.20, 9.41+0.20, 10.82+0.20, 17.39+0.20, 24.17+0.20, and 24.6540.20; and in
another embodiment, is further characterized by having one or more additional diffraction
10  peaks at 20 values selected from 14.05+0.20, 18.65+0.20, 19.55+0.20, 20.21+0.20,
21.4440.20, 23.48+0.20, 25.69+0.20, 26.65+0.20, 28.79+0.20, 29.63+0.20, and
30.52+0.20.
In one embodiment, the crystalline heminapadisylate salt is characterized by the
DSC thermogram in FIG. 12. The DSC thermogram demonstrates that the crystalline
15 heminapadisylate form has excellent thermal stability with a melting point at about 181°C
and no significant thermal decomposition below 181°C. The thermal profile appears to
show a shallow endothermic peak below 100°C, which may correspond to small quantities
of solvent that are contained within the crystalline lattice or adsorbed on the crystalline
surface.
20 In one embodiment, the crystalline heminapadisylate salt is characterized by the

TGA profile in FIG. 13. The TGA trace shows a small loss of solvents and/or water (about
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t enper at ures bel aw, aho 180C,. i ndi cating the phase purity of the anhydrous
mat eri al . Wﬁgﬁ@mlﬁﬁgﬁthﬁvmnpﬁ8 rystalline hemiedisylate salt formll is
characti@r i zed byhe crystalline heminapadisylate salt has been further characterized by x-ray

diffraction analysis of crystal structure, providing the following lattice parameters: unit cell
is triclinic with dimensions a =9.199(1) A, b=10.556(1) A, c =19.348(3) A; a.=
80.754(8)°, B=79.286(7)°, y= 66.111(6)°, space group is Plbar; calculated density is
1.337 g/lem’. The resulting crystal structure confirms that the chemical composition of the
15 compound is that of formula I and that the assymetric unit contains two symmetry
independent {2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-
methylpentanoylamino)methyl]imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid
molecules, one naphthalenedisulfate anion, and approximately half molecule of water
leading to the determination that this crystal is a hydrate. Powder x-ray diffraction peaks
20 calculated from the derived atomic positions are in excellent agreement with observed
results.
In another embodiment, the crystalline heminapadisylate salt is characterized by the
PLM image in FIG. 15.
Mono-oxalate Salt
25 The crystalline mono-oxalate salt is characterized by a PXRD pattern in which the
peak positions are substantially in accordance with those shown in FIG. 17. Those peaks
are listed below. Only peaks having a relative peak height (H%) of about 10 % or greater
are listed. Sharp diffraction peaks in the region 5-40° in 26 indicate the presence of
crystalline material. Broad halo in the region 15-30° in 20 corresponds to some of the

30 uncrystallized amorphous content in the material.

20 d(A) | Height' | H%? o
6.1 14.4 484 27.9 *
11.0 8.1 662 38.2 *
13.0 6.8 999 57.6 *
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18.1 4.9 466 26.9

18.4 4.8 1107 63.9 *

19.1 4.6 230 13.2

20.3 4.4 318 18.4

20.5 4.3 396 22.9

21.9 4.1 669 38.6 *

22.3 4.0 355 20.5

22.8 3.9 4388 28.1

23.9 3.7 1734 100.0 *

24.3 3.7 705 40.7 *

24.5 3.6 712 41.0 *

24.9 3.6 372 21.4

26.1 3.4 656 37.8 *

27.4 3.3 227 13.1

27.8 3.2 218 12.5

30.6 2.9 228 13.1

314 2.8 211 12.2

36.9 2.4 219 12.6

Peak height from base line
Percent peak height compared to highest peak
* Indicates peaks that are important to identify this form
Thus, in one embodiment, the crystalline mono-oxalate salt is characterized by a powder x-
ray diffraction (PXRD) pattern comprising diffraction peaks at 20 values of 6.140.20,
11.0+0.20, 13.0+0.20, 14.4+0.20, 15.2+0.20, 16.5+0.20, 17.3+£0.20, 18.4+0.20, 21.9+0.20,
23.9+0.20, 24.3+0.20, 24.5+0.20, and 26.1+0.20; and in another embodiment, is further
10 characterized by having one or more additional diffraction peaks at 20 values selected from
15.8+0.20, 18.1+0.20, 19.1+0.20, 20.3+0.20, 20.5+0.20, 22.3+0.20, 22.8+0.20, 24.9+0.20,
27.4+0.20, 27.8+0.20, 30.6+0.20, 31.440.20, and 36.9+0.20.
In one embodiment, the crystalline mono-oxalate salt is characterized by the DSC
thermogram in FIG. 18. The DSC thermogram demonstrates that the crystalline mono-
15 oxalate salt has excellent thermal stability with a melting point at about 115°C. No other
thermal events were observed prior to the melting transition and no significant thermal

decomposition was observed below 140°C.
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In one embodiment, the crystalline mono-oxalate salt is characterized by the TGA
profile in FIG. 19. The TGA trace shows no mass loss prior to or during melting. The
material decomposes after 140°C, as evidenced by significant weight loss in the TGA
trace.

5 In one embodiment, the crystalline mono-oxalate salt is characterized by the DMS
profile in FIG. 20. This DMS profile demonstrates that during the adsorption segment, the
material picks up moisture gradually from 5% RH to 90% RH, and loses the moisture
during drying segment. The moisture is most likely taken up by the amorphous content
within the material. After the solid was subjected to moisture sorption and desorption

10  segments, the solid remained as the known anhydrous form, as confirmed by powder X-ray
diffraction analysis and differential scanning calorimetry.

In another embodiment, the crystalline mono-oxalate salt is characterized by the
PLM image in FIG. 21, which shows the material as being birefringent.

UTILITY

15 The compound of formula I possesses angiotensin II 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,
receptor is the inhibitory constant (K;) for binding to the AT, receptor. The pK; value is
the negative logarithm to base 10 of the K;. One measure of the ability of a compound to

20 inhibit NEP activity is the inhibitory concentration (ICso), which is the concentration of
compound that results in half-maximal inhibition of substrate conversion by the NEP
enzyme. The pICso value is the negative logarithm to base 10 of the ICso. The compound
of formula I exhibits a pK; at the AT, receptor greater than or equal to about 7.0, and
exhibits a pICso for NEP greater than or equal to about 7.0.

25 Exemplary assays to determine properties of the compound of formula I as well as
of the crystalline forms of the invention, such as AT; receptor binding and/or NEP
inhibiting activity, are described in U.S. Publication Nos. 2008/0269305 and
2009/0023228, both to Allegretti et al., and include by way of illustration and not
limitation assays that measure AT; and AT, binding and NEP inhibition. Useful secondary

30 assays include: an assay to measure angiotensin converting enzyme (ACE) inhibition; an
assay to measure aminopeptidase P (APP) inhibition; and a pharmacodynamic assay to
assess the in vivo inhibitory potencies for ACE, ATy, and NEP in anesthetized rats
(Seymour et al. Hypertension 7(Suppl 1):1-35-1-42, 1985 and Wigle et al. Can. J. Physiol.
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4.39 1270 38.8 21.44 4.14 563 17.2 23.48 3.79 517 15.8 24.17 3.68
48.3 * 24.65 3.61 1826 55.8 *

10

15

20

25

30

WO 2012/064807 PCT/US2011/059895

Pharmacol. 70:1525-1528, 1992), where AT, inhibition is measured as the percent
inhibition of the angiotensin II pressor response, ACE inhibition is measured as the percent
inhibition of the angiotensin I pressor response, and NEP inhibition is measured as
increased urinary cyclic guanosine 3', 5'-monophosphate (cGMP) output. Useful in vivo
assays include the conscious spontaneously hypertensive rat (SHR) model, a renin
dependent hypertension model that is useful for measuring AT, receptor blocking
(Intengan et al. (1999) Circulation 100(22):2267-2275 and Badyal et al. (2003) Indian
Journal 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 (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 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 I as well as
the crystalline forms of the invention are expected to antagonize the AT; receptor and
inhibit the NEP enzyme in any of the assays listed above, or assays of a similar nature.
Thus, the aforementioned assays are useful in determining the therapeutic utility of the
crystalline forms of the invention, for example, their utility as antihypertensive agents.
Other properties and utilities of the crystalline forms can be demonstrated using other in
vitro and in vivo assays well-known to those skilled in the art.

Therefore, the crystalline forms of the compound of formula I are expected to find
utility in the treatment and/or prevention of medical conditions responsive to AT receptor
antagonism and NEP inhibition. For example, by antagonizing the AT; receptor and thus
interfering with the action of angiotensin II on its receptors, a crystalline form is expected
to find utility in preventing the increase in blood pressure produced by angiotensin II, a
potent vasopressor. In addition, by inhibiting NEP, a crystalline form is also expected to
potentiate the biological effects of endogenous peptides that are metabolized by NEP, such
as the natriuretic peptides, bombesin, bradykinins, calcitonin, endothelins, enkephalins,
neurotensin, substance P and vasoactive intestinal peptide. For example, by potentiating
the effects of the natriuretic peptides, the crystalline compound is expected to be useful to
treat glaucoma. The crystalline forms of the invention are also expected to have other
physiological actions, for example, on the renal, central nervous, reproductive and

gastrointestinal systems.

-18-
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The crystalline forms 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 failure, acute
heart failure, chronic heart failure, and acute and chronic decompensated heart failure.

5 Renal diseases of particular interest include diabetic nephropathy and chronic kidney
disease. One embodiment of the invention is directed to a method for treating
hypertension, comprising administering to a patient a therapeutically effective amount of a
crystalline form of the invention. Typically, the therapeutically effective amount is the
amount that is sufficient to lower the patient's blood pressure. In one embodiment, the

10  crystalline form is administered as an oral dosage form.

Another embodiment of the invention is directed to a method for treating heart
failure, comprising administering to a patient a therapeutically effective amount of a
crystalline form of the invention. Typically, the therapeutically effective amount is the
amount that is sufficient to lower blood pressure and/or improve renal functions. In one

15 embodiment, the crystalline form is administered as an intravenous dosage form. When
used to treat heart failure, the crystalline form may be administered in combination with
other therapeutic agents such as diuretics, natriuretic peptides, and adenosine receptor
antagonists.

The crystalline forms of the invention are also expected to be useful in preventative

20 therapy, for example in preventing the progression of cardiac insufficiency 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, as a NEP inhibitor, the crystalline forms of the invention are expected

25  to inhibit enkephalinase, which will inhibit the degradation of endogenous enkephalins and
thus such compounds may also find utility as analgesics. Due to its NEP inhibition
properties, the crystalline forms are also expected to be useful as antitussive agents and
antidiarrheal 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,

30 reproductive disorders (for example, male and female infertility, polycystic ovarian
syndrome, implantation failure), and male and female sexual dysfunction, including male
erectile dysfunction and female sexual arousal disorder. More specifically, the crystalline

forms are expected to be useful in treating female sexual dysfunction, which is often
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are readily available to the treating physician. Continuous monitoring by the physician will
insure that the optimal amount of the crystalline form will be administered at any given
25 time, as well as facilitating the determination of the duration of treatment. This is of
particular value when secondary agents are also being administered, as their selection,
dosage, and duration of therapy may also require adjustment. In this way, the treatment
regimen and dosing schedule can be adjusted over the course of therapy so that the lowest
amount of active agent that exhibits the desired effectiveness is administered and, further,
30 that administration is continued only so long as is necessary to successfully treat the
disease or medical condition.

Since the crystalline forms of the invention are expected to possess AT, receptor

antagonist activity and NEP enzyme inhibition activity, they are also useful as research
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enzyme may be employed in such studies which may be conducted either in vitro or in

5 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, 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

10  administering an AT;-antagonizing amount of a crystalline form. In another particular
embodiment, NEP enzyme activity in a mammal is inhibited by administering a NEP-
inhibiting amount of a crystalline form. The crystalline forms can also be used as research
tools by conducting biological assays using such form.

When used as a research tool, a biological system or sample comprising an AT,

15 receptor and/or a NEP enzyme is typically contacted with an AT; receptor-antagonizing or
NEP enzyme-inhibiting amount of a crystalline form. After the biological system or
sample is exposed to the crystalline form, the effects of antagonizing the AT; receptor
and/or inhibiting the NEP enzyme are determined using conventional procedures and
equipment, such as by measuring receptor binding in a binding assay or measuring ligand-

20 mediated changes in a functional assay. Exposure encompasses contacting cells or tissue
with the compound, administering the compound to a mammal, for example by i.p., i.v. or
s.c. administration, and so forth. This determining step can involve measuring a response
(a quantitative analysis) or can involve making an observation (a qualitative analysis).
Measuring a response involves, for example, determining the effects of the crystalline form

25  on the biological system or sample using conventional procedures and equipment, such as
radioligand binding assays and measuring ligand-mediated changes in functional assays.
The assay results can be used to determine the activity level as well as the amount of
compound necessary to achieve the desired result, that is, an AT, receptor-antagonizing
and/or a NEP enzyme-inhibiting amount. Typically, the determining step will involve

30 determining the AT, receptor ligand-mediated effects and/or determining the effects of
inhibiting the NEP enzyme.

Additionally, the crystalline forms of the invention can be used as research tools for

evaluating other chemical compounds, and thus are also useful in screening assays to
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discover, for example, new compounds having AT; receptor-antagonizing activity and/or
NEP-inhibiting activity. In this manner, a crystalline form is used as a standard in an assay
to allow comparison of the results obtained with a test compound and with the crystalline
form to identify those test compounds that have about equal or superior activity, if any.

5 For example, K; data (as determined, for example, by a binding assay) for a test compound
or a group of test compounds is compared to the K; data for a crystalline form to identify
those test compounds that have the desired properties, for example, test compounds having
a K value about equal or superior to a crystalline form of the invention, if any. This aspect
of the invention includes, as separate embodiments, both the generation of comparison data

10 (using the appropriate assays) and the analysis of test data to identify test compounds of
interest. Thus, a test compound can be evaluated in a biological assay, by a method
comprising the steps of: (a) conducting a biological assay with a test compound to provide
a first assay value; (b) conducting the biological assay with a crystalline form of the
invention to provide a second assay value; wherein step (a) is conducted either before, after

15  or concurrently with step (b); and (c) comparing the first assay value from step (a) with the
second assay value from step (b). Exemplary biological assays include an AT; receptor
binding assay and a NEP enzyme inhibition assay.

PHARMACEUTICAL COMPOSITIONS AND FORMULATIONS

The crystalline forms of the invention are typically administered to a patient in the
20 form of a pharmaceutical composition or formulation. Such pharmaceutical compositions
may be administered to the patient by any acceptable route of administration including, but
not limited to, oral, rectal, vaginal, nasal, inhaled, topical (including transdermal), ocular,
and parenteral modes of administration. Further, a crystalline form may be administered,
for example orally, in multiple doses per day (for example, two, three, or four times daily),
25 inasingle daily dose or a single weekly dose. It will be understood by those skilled in the
art that, once the crystalline form has been formulated, it may no longer be in crystalline
form, i.e., the ¢ crystalline form may be dissolved in a suitable carrier.
Accordingly, in one embodiment, the invention relates to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a crystalline form of 4'-
30  {2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]imidazol-1-
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 forms of the invention"” may also be referred to herein as an

20
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"active agent” to distinguish it from other components of the formulation, such as the
carrier.
The pharmaceutical compositions of the invention typically contain a
therapeutically effective amount of a crystalline form. Those skilled in the art will
5 recognize, however, that a pharmaceutical composition may contain 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 about 0.01-95 wt% of active agent, including, from about 0.01-30 wt%,
10 such as from about 0.01- 10 wt%, with the actual amount depending upon the formulation
itself, the route of administration, the frequency of dosing, and so forth. In one
embodiment, a composition suitable for an oral dosage form, for example, may contain
about 5-70 wt%, or from about 10-60 wt% of active agent.
Any conventional carrier or excipient may be used in the pharmaceutical
15 compositions of the invention. The choice of a particular carrier or excipient, or
combinations of carriers or excipients, will depend on the mode of administration being
used to treat a particular patient or type of medical condition or discase state. In this
regard, the preparation of a suitable composition for a particular mode of administration is
well within the scope of those skilled in the pharmaceutical arts. Additionally, carriers or
20 excipients used in such compositions are commercially available. By way of further
illustration, conventional formulation techniques are described in Remington: The Science
and Practice of Pharmacy, 20" Edition, Lippincott Williams & White, Baltimore,
Maryland (2000); and H. C. Ansel et al., Pharmaceutical Dosage Forms and Drug
Delivery Systems, 7™ Edition, Lippincott Williams & White, Baltimore, Maryland (1999).
25 Representative examples of materials which can serve as pharmaceutically
acceptable carriers include, but are not limited to, the following: sugars, such as lactose,
glucose and sucrose; starches, such as corn starch and potato starch; cellulose, such as
microcrystalline cellulose, and its derivatives, such as sodium carboxymethyl cellulose,
cthyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients,
30 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

ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and
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aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution;
cthyl alcohol; phosphate buffer solutions; compressed propellant gases, such as
chlorofluorocarbons and hydrofluorocarbons; and other non-toxic compatible substances
employed in pharmaceutical compositions.

5 Pharmaceutical compositions are typically prepared by thoroughly and intimately
mixing or blending the active agent with a pharmaceutically acceptable carrier and one or
more optional ingredients. The resulting uniformly blended mixture may then be shaped or
loaded into tablets, capsules, pills, canisters, cartridges, dispensers and the like using
conventional procedures and equipment.

10 Since the crystalline forms of the invention contain a thiol group, additional
consideration may be given to minimize or eliminate oxidation of the thiol to form a
disulfide. In solid formulations, this may be accomplished by reducing the drying time,
decreasing the moisture content of the formulation, and including anti-oxidants such as
ascorbic acid, sodium ascorbate, sodium sulfite and sodium bisulfite, as well as materials

15 such as a mixture of lactose and microcrystalline cellulose. In liquid formulations, stability
of the thiol may be improved by the addition of amino acids, antioxidants, or a
combination of disodium edetate and ascorbic acid.

In one embodiment, the pharmaceutical compositions are suitable for oral
administration. Suitable compositions for oral administration may be in the form of

20  capsules, tablets, pills, lozenges, cachets, dragees, powders, granules; solutions or
suspensions in an aqueous or non-aqueous liquid; oil-in-water or water-in-oil liquid
emulsions; elixirs or syrups; and the like; each containing a predetermined amount of the
active agent.

When intended for oral administration in a solid dosage form (capsules, tablets,

25 pills and the like), the composition 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, glucose, mannitol, and/or silicic acid; binders, such as
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;

30 humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and/or sodium carbonate; solution
retarding agents, such as paraffin; absorption accelerators, such as quaternary ammonium

compounds; wetting agents, such as cetyl alcohol and/or glycerol monostearate;
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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
thereof; coloring agents; and buffering agents.

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

5 perfuming agents, preservatives and antioxidants may also be present in the pharmaceutical
compositions. Exemplary coating agents for tablets, capsules, pills and like, include those
used for enteric coatings, such as cellulose acetate phthalate, polyvinyl acetate phthalate,
hydroxypropyl methylcellulose phthalate, methacrylic acid-methacrylic acid ester
copolymers, cellulose acetate trimellitate, carboxymethyl ethyl cellulose, hydroxypropyl

10 methyl cellulose acetate succinate, and the like. Examples of pharmaceutically acceptable
antioxidants include: water-soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfate sodium sulfite and the like; oil-
soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, lecithin, propyl gallate, alpha-tocopherol, and the like; and metal-

15 chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric acid,
phosphoric acid, and the like.

Compositions may also be formulated to provide slow or controlled release of the
active agent using, by way of example, hydroxypropyl methyl cellulose in varying
proportions or other polymer matrices, liposomes and/or microspheres. In addition, the

20 pharmaceutical compositions of the invention may contain opacifying agents and may be
formulated so that they release the active agent only, or preferentially, in a certain portion
of the gastrointestinal tract, optionally, in a delayed manner. Examples of embedding
compositions which can be used include polymeric substances and waxes. The active
agent can also be in micro-encapsulated form, optionally with one or more of the above-

25  described excipients.

Suitable liquid dosage forms for oral administration include, by way of illustration,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups
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

30 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

glycols and fatty acid esters of sorbitan, and mixtures thereof. Suspensions may contain
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suspending agents such as, for example, ethoxylated isostearyl alcohols, polyoxyethylene
sorbitol and sorbitan esters, microcrystalline cellulose, aluminium metahydroxide,
bentonite, agar-agar and tragacanth, and mixtures thereof.

When intended for oral administration, the pharmaceutical compositions of the
invention may be packaged in a unit dosage form. The term "unit dosage form" refers to a
physically discrete unit suitable for dosing a patient, that is, each unit containing a
predetermined quantity of the active agent calculated to produce the desired therapeutic
effect either alone or in combination with one or more additional units. For example, such
unit dosage forms may be capsules, tablets, pills, and the like.

In another embodiment, the compositions of the invention are suitable for inhaled
administration, and will typically be in the form of an aerosol or a powder. Such
compositions are generally administered using well-known delivery devices, such as a
nebulizer, dry powder, or metered-dose inhaler. Nebulizer devices produce a stream of
high velocity air that causes the composition to spray as a mist that is carried into a
patient's respiratory tract. An exemplary nebulizer formulation comprises the active agent
dissolved in a carrier to form a solution, or micronized and combined with a carrier to form
a suspension of micronized particles of respirable size. Dry powder inhalers administer the
active agent as a free-flowing powder that is dispersed in a patient's air-stream during
inspiration. An exemplary dry powder formulation comprises the active agent dry-blended
with an excipient such as lactose, starch, mannitol, dextrose, polylactic acid, polylactide-
co-glycolide, and combinations thereof. Metered-dose inhalers discharge a measured
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
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 a 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
loaded into an aerosol canister, which forms a portion of the inhaler.

The crystalline forms of the invention can also be administered parenterally (for

26-
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desorption aqueous cyclodextrin solution as the pharmaceutically acceptable carrier. Suitable
cyclodextrins include cyclic molecules containing six or more a-D-glucopyranose units

15 linked at the 1,4 positions by a linkages as in amylase, B-cyclodextrin or
cycloheptaamylose. Exemplary cyclodextrins include cyclodextrin derivatives such as
hydroxypropyl and sulfobutyl ether cyclodextrins such as hydroxypropyl-B-cyclodextrin
and sulfobutyl ether B-cyclodextrin. Exemplary buffers for such formulations include
carboxylic acid-based buffers such as citrate, lactate and maleate buffer solutions.

20 The crystalline forms 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, polyethylene glycol
monolaurate, azacycloalkan-2-ones and the like, and incorporated into a patch or similar
delivery system. Additional excipients including gelling agents, emulsifiers and buffers,

25 may be used in such transdermal compositions if desired.

If desired, the crystalline forms of the invention may be administered 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 a crystalline form 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, By adrenergic receptor blockers, calcium channel
blockers, angiotensin-converting enzyme inhibitors, AT, receptor antagonists, neprilysin

inhibitors, non-steroidal anti-inflammatory agents, prostaglandins, anti-lipid agents, anti-
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Therefore, the i f for | are expected
to find utilit y&{térﬁﬁ%tﬁ’gﬂyt BE oL R TBer] %ngr%m%?lgpv‘%%‘? afl ar e | 270 SXPeo

r esponsilv eadrpinAfFatinge gptpeticnaninglyic embodisaat, (NERzdntsHirbndtipbysicalpmiedanpl e, by
ant agoni zi h Il receptor and thus.interferin i th the action of

angi ot onei harPe e alFEERNR B0 MBI RS RN U Baf TSR To 11 o
utility i nsqprewentipngtidiie Suchoroamsstion chih boghcRaged stpamtqdy adugelst faykaged

arystart s niertpf B i SERRRVER Foenpbtefitt o SEuciy SRt e Pect s "ot

endogenous peptides that are netabolizeg by NEP, such as the natriuretic
pepti des, bonbesin, bradykinins, calcitonin, endothelins, enkephalins,
neur ot ensi n, substance P and vasoactive intestinal peptide. For exanple, by
potentiating 30 the effects of the natriuretic peptides, the crystalline
conmpound i s expected to be useful to treat glaucona. The crystalline forns
of the invention are al so expected to have ot her physiol ogi cal actions, for
exanple, on the renal, central nervous, reproductive and gastrointestinal

o .




The crystalline fornms of the invention is expected to find utility in
treating and/ or preventing nedical conditions such as cardi ovascul ar and
renal di swaer/oe@ardi ovascul ar di seases of particul ar i rCErusSsa1iosasbuide
heart failure such as congestive heart failure, acute heart failure,
chronic heart failure, and acute and chroni c deconpensated heart failure. 5
Renal di seases of particular interest include diabetic nephropathy and
chroni c ki dney di sease. One enbodi nent of the invention is directed to a
net hod f or p¢ §@RhisREEINNR &lah @A RLAY aftGATRrikiaich @fdﬁ@ a?,ﬁmﬁﬁé Qhpofn@ Patient a
therapeutically effective amount of a crystalline formof the invention.
Typi cal | y, rnBe2 preyhepelien e%cweréw@@ﬂwt@ﬁ@wﬁth? gyftpEneersetnd Wat i s
sufficient ;g bONGHs fdIEIRRL TRlEs AFsodbRRtl RIEEME fial éd?nﬁi"s‘{%at%b?ﬁhs”@nt the 10
crystalline formis admnistered as an oral dosage form Anot her
embodi ment ciyftalline fqrm\pé ﬁteu ipyeniien efinbe etadlyl adwingstared houltdngeustyr wasquantiablEar t
failure,; c effective
amount o S naeb bR ST PRt e S o I ARELbRE Wi
therapeut|@amhywbmﬁec®MMEH@ndumﬂmmsdum@mhmdumﬁmvhamnMQMQmﬁfm@memmﬂm@ | ower
bl ood pres n t he
crystalli ng&%rgru %@?(8 Qﬁﬁeﬁ??tgmﬂ gsm eal%t fﬁérreégné Suosngggléé;tglemr% H@\ﬂen used
to treat hémﬂlAﬁmWmedyﬁhhenmnmﬁmahhyMeamnmmwmmwﬁﬁﬁﬁKMmumamﬁred in

conmbi nation,with other .therapeutic agents s as diuretics, natriuretic
pepti des, ﬂﬁmﬁggﬁgs%ﬁl&C@88%ﬁ3?n£Wf§ S%V%Wgﬁq¥ﬂe crystalline forns of the
inventii@n are alns@e expadined o&‘meb@veﬁ&ﬁf bkit compiisey £ fitsatiosuge Bt thapdme, f or
exanple in preventin reSS|o of cardiac, jnsufficiency. after
yocar di al s FREAITOE fe,of DR gt [ertonr “pBTaHBTS it SmHANEEGHT ast y,
preventi ngof Rbeke HeRgcoallarPb e sveBER herd| huafties siAs it kasar9pRAt @ti ons,
preventing atherosclerosis,_and preventing dj abeti c angi opat hy.

In
addi tion, HSthadngfshg gkengiop.of he @rﬁ@%ﬁ?é?ra} gnid ike e opthird ok, )idr%%‘i"’rtf?rgh are
expect ed 2jot@er d@hi{phhéaﬁ@ﬂﬁﬁ&tﬂ@illyr@ﬁ@twe‘dﬂioﬁﬂ abtlvelaBltdlol the RatHREr @dat i on of
endogenous enkepha ins and thus such conpounds may also find utility as
anal geslcsprepeiop 8f ¢ discangpr meghgabgandiien i pdictt es, the crystalline forns are
al so expect ed tQxQ&mﬂﬁﬁkaga@mﬁ@&ﬂ&ﬁé%ﬁyﬁeﬁﬁﬁﬁ%ﬁmﬁﬂﬂmﬁ&ﬁw@H@ﬁ&@ea| agents
(for exanple, for the treatnent of watery diarrhea), as wel find
utility i nampient sychbarghey a@ftymeailytaﬂmmlst@rﬁcémrad@muntﬁ %étpmqusabor
DI - £C! DS Apo HRARTERLAQS:Fect el ERLAREIG G| SOL 4 (8 Rucgranpl e, mal e
and femal e i nfertili ycystic ovarian syn antaton failure),
and nmal e anﬁelitwnraSelt@@(doaﬁss fdy@é&mc@qném agants| addllrngerﬁdilnecombg@tloﬁ withlgsf uncti on
and fermpl e X I r i cal I ne
forns gﬁ% éiﬁaﬁﬁégﬁ@%ﬂyﬁﬂw & efggﬁj rea?ﬁébfﬁu%ﬁQOb%¥ﬁﬁ' g%%%%ﬂ%#bn
which is oﬁgeancan]a@m thel érivnefcl pasrnacétmndlyeacpaﬁtabmﬂaltsomafef ommhllyypuw i nab! lity

to find satisfaction in reSS|o f diverse
ol o scuttaRbR b il ik s ROSREES B0 may M pCRYUR Bred oY g St
i mtati onexdmpgacbiny@ing dxwiag a daescbxryec aii® gxrodpth,at IR %ual esarified afhudj sor der ,

orgasm c¢ di sorder and. .sexual paln orde sed t r eat sug

o oy ter s NEOMER! 1trS e it BB e bt o IES o atie e m ey
be contisneganabib op&a bR prafBrce usthg &dh@eﬁti@h&l@%o@&,lr%@m&%EMs agents: PDES

i nhi bitors, dopam ne agonlsts est%ﬁgen recept or agonlsts and/ or

ant agoni sts, andr9gemeoIIBAY- LYY RnOrm phibe dvspiinn iHrdpipistcEidyBt al | i ne for m

adni ni st er gehmRBIASE aQﬁurEﬁte R@%@émﬁ%@ﬂﬁet@gﬂ e iRt 86 npQImidkaYo:may be
predeterm ned or it may be determ ned on an i ndi vi dual 10 patient basis by
taking int @rbmméﬂra%q iBRibRITEICH a5 aqetreelamidle apd dichigrphgnaphde; Hop Giusctighd

severity ofypichendidicis@itnamide QR diveuch Reace@RHihiaORngling atds&@td. the age,
wei ght, and general health of the patient, the tolerance of the patient to

t he actﬁ()\/eb@lg@mlde bhiezolasnitle chloraminonheranpide. clofenapivier Heaslidy Fb@lxolone

consi der at oy &ch%gol&ﬂﬁe Aok Mhibiy me%glg € foe)fhazgllagﬁd%ﬁpéﬂn%t {o

t oxi col ogy pro és 0 e conpound and any secon agent’s e|ng 15

adni ni st er eggamaledandrapaniifee as Wclé@tmﬁulf@fanadqjhumwtsudmﬁemacraglcfacldran@ di sease
or nedi cal e n. i n et erm ned

dosage or a%’ 3%%8%E%§#%1n&§lea%%l H&%qfﬁéﬁpnggg%P%%%hg»%Cﬂﬁﬁg contlnue

for a period of time necessary to prevent, ameliorate, suppress,

alleviate the synptons of the disease or nedical condition. Patlents

under goi ng such treatnment wll typically be nonitored on a routine



20 basis to determne the effectiveness of therapy. For exanple, in
treating hypertension, blood pressure neasurenents may be used to determ ne
t he ef f ecwDverasssosf treatnment. Similar indicators for echasdisssses and
conditions described herein, are well known and are readily available to
the treating physician. Continuous nonitoring by the physician will insure
that the optimal anmount of the crystalline formw ||l be adm nistered at any
given 25 time, as well as facilitating the determ nation of the duration of
treat ment. (dHuR digeRb sRAal hfalhit]; poalUemWpahesREONd AL McrBERISaldserdleso bei ng
adm ni stered, as their selection, dosgqgj and duration of therapy may al so
requi re adpifagomisitsuch 35 spripnplagtope, anf Nat ehagaglipibitopgiughess aHI9ridedidg schedul e

can be adj UshRdeRY fiaddiGnd HAR-1AE dhGIQREN S0l B& dtABRihiArRUNt - Of
active agent that exhibits the desired effectiveness Iis adm nistered and,

further, 3berzilydraeiorathezidaticorthiagide buthiagide dchbmthylidpne| cblogothigzile necessary
to success : i : I ! o1 Ol nce the
crystalﬁinEM$%%w%ﬁggkfﬁggwﬁ%gﬁsiﬁgﬁégg%g%%g%t%g&?%%%ggggggwﬁ$i recept or
ant agoni st hydroghldrothiazidel hiyERflemethimeide.ihddphmidermethylcipihiagidet hesicramce al so
useful as rch -20-..100lLs. fon inv | gating. .or. yi ng bi ol ogi cal
systens Orﬁggﬁ%Pégpﬁ%@ﬁﬁa%ﬁﬁﬂﬁ?g%g%@8p§%%$%§tkﬁ@b@ﬁ%@%ﬁ? for exanple to
study di seasbbroeiiaezidd)enddimbhietiont thereali IINEPareéodyreenbpllimest, eherddlretic iAny

sui t abl e bi gl ogical syst or sanpl havi ATi  receptor, nd/ or, a NEP
onzyme. may BRI YRR Rie e M bR BERR i B her |
Vitro oo i Bthhcrytiy acid, Reqoseds éd) hadrbsteorbihtlzlg) Igdtofisysihedrtle Oihdaniplees sui t abl e
for such studi i.nclude, but are not limted to, cells, cellular extracts,
s men ol fetouig. BEen@ risnogs sidtombiativts et hl a8 1 ac.
rats, gui nemrddic &8sl bé ahihk&reddR @SamPing Suffiflbiiad srovidBEomubb@rt i) mg pard t he
like, with mammal s being of particular interest. |In one particular

enbodi ment 985 MOHEYPIRYEFORS AR Y WitlhewHRe dgspees beipg el Mes I antggbhr zed by
10 admi ni st@fgepghyan ATi - antagoni zi ng anount of a crystalline form In
anot her particul ar enbodi nent, NEP enzyne activity in a manmal is inhibited
by adniki st eri ngheeryyEtinetprnsaf dy iavastint may algo bg adatinibieicAen ¢RbatiThe
crystal I'i ng QpIBacRiial3onhassed lﬁre%é?{%ﬁi% BPadrQRkSe R¥e @KL NG
bi ol ogi cal assays using such form en used as a research tool, a
bi ol ogi cal insipde.dni oe netdimpled t¢@aghuioseldprarol@Tamasglafedgeginlol afrdplol. a NEP
enzyne is i Gal t : I: - h gl NEP

b fﬂhcﬁé’i,gﬁé{a;&fbﬁl b%%?cﬁol‘,’\&%,&sbtrgpﬁ, I@gﬁénio?oq,%rcﬁgiolgmﬁ?t%g{%%& %t

enzyne-inhl%ltln anount of a cr orm ter I'ol ogi cal system
or sanpl e befusigdsedroia, tupeneloy Setaidinenbutdlolvl, celreolelf ¢aicolsl, odrvahiohgoni zi ng
the ATi,yecaptal ARAAS5 GRALALE bGah N hER) SORNTP il det Bl ned using
conventional "protedures’ and equil pment,” such as by neasufi ng reéceptor

bi ndi ng i nlexolpinnkhi, mgepasislay netiprmealsl metogrdlel gaehcks n®Rfopnddii sat@thtecd@dnges i n a
functional assay. osure enco sses ntacting.cells or tissue with the
compound. TP e PR Re L ERER TG Rl v S Eofhtaiay S Mor iy,
or s.c. adpenbusidlgiettamlolapiddadd, practdlbl, pibhtthaldie p@prinolol gotsib e pufadtl,i nvol ve

measuring a.respons a. ntitatiye analysi or can involve ki ng an
obser var Lokt hi L s oo e bha b raumhEaise bt 688 Fo
exanpl &5 dirgédrarnidadinteat, efefpeedrn@fic tdeepterBisdkat k kdlectddokdin &ondsl, t he

bi ol ogi cal system or sanpl e using conventional procedures and equi pnent,

such as raBF@FP@éH@“@Fﬂ@iW@m§§§8%%ﬁﬁﬁbmﬁﬁ§§ﬁppﬂﬂmﬁhﬁﬁﬁd-neqiated changes in

functional assapsne Tho@meRYa &roinlihSiorARs e iHesbntiPadighRIciddNg the activity

| evel as well as the anount of conpound necessary to achi eve the desired

resul t, theembigatiogvithp cacateehapnd Alockejo RrpPyegtaiiyadsiuna cigapel blockers

enzyne- i nhiRj g et ATRGNImiteI) afddidine, il LBLMiR, BonREER, Bedclclhfvol ve 30

deternlnlng the ATi receptor |igand-nediated effects and/ or determ ning the

ef f ect S30of bemidipibe.thicpradit, RlentiEEm chilnidipine, sadsrizinendiltiagem tohenidipipg tedgodiping. f or ns

of the inv I : : : .uating ot her

cheni cal cgﬁ%%ﬁﬁﬁgﬁﬂgﬁﬁz?%g%ngﬁg&gﬁg%xg@%&%ﬁhﬁﬁﬁﬁé?gg%%#ghgssays to
lercanidipine, lidoflazine, lomerizine, manidipine, mibefradil, nicardipine, nifedipine,

niguldipine, niludipine, nilvadipine, nimodipine, nisoldipine, nitrendipine, nivaldipine,

30-



-21- discover, for exanple, new conpounds havi ng ATl receptor-antagonizing
activity and/or NEP-inhibiting activity. In this manner, a crystalline form
is used asoaostmmdard i n an assay to all ow conpari son ofPCThis201@984805
obtained with a test conpound and with the crystalline formto identify

t hose test conpounds that have about equal or superior activity, if any. 5
For exanple, K, data (as determ ned, for exanple, by a binding assay) for a
test compound or a group of test conpounds is conpared to the K, data for a
crystal I'i ngerhQfiiet frehdSBink fiyodidIRS Serh @bl GABWARN dipdni At cApME, ke desired
properties, for exanple, test conpounds having a 1?( val ue about equal or
superi or t 6ombiIBHipas tiFTeph dn p privicwRr erhodipe the @leium ehagpgl blopkerds wissedt of t he
i nvention il GeHpindSeHRRRLR SR TRRHHIRM S diphRL Reillphe IRRGBIEON  Of
conparison data 10 (using fhe appropriate assays) and the analysis of test
dat a to i deedifiye, negtdienpbuheise, ofmedinies. aspldipiipygyosiding.estapgdipednd can be
eval uat ed E&n@n'gioﬁé@l@eﬁ?l assay, by a nethod conprising the steps of: (a)
conducting a biological assay with a test conmpound to provide a first assay
val ue; (b) condlstdrystpllitedotmisolf dlyi iveintios samyrlspibe hdmingsteyst ialchinhmatiarwathof t he

i nvention rQvi de 2C 0 val .ue: in.. (&)l S. conduct ed

ei ther bef %lﬁ)%r%logﬁsgfco%é&@?g %%%%%f@%Etl%lggﬁrt \#gg{egeﬁl&F%% ;gegﬁ‘@)l‘(li‘:‘?s conparing
the first ashdy buadraeoflimnimdse,@pcupa), alacdphil thheazerd dredazpsiay capadid, f r om st ep

(b). Exenplary bjological ,assa i ncl ude.an_ ATl regceptor bindi ng assay and
SONEP ooy FEPTRR YR et BED o A ep P S RS B RN AT ONS
The cryst ali$ihepeil frasaxridfmdnlopril, méediopOn pat@ril ypetiedphy qadaprilj glipadtt o a
patient in the.120 f.orm of a.phar maceut i.lcal con OSicrli on. or forr{ul tion. Such
phar maceut FCHPHIcBRIGEH, ?aéaﬂ%“‘ﬁaefﬁtaﬁesl’ér&l’ﬁl nicBeedPsl tapdqigpsil.rqfenanyt! ad‘@ any

accept abl ecsmaihRiodf tha@ot. Mh Spadithl@Nenbdal kg, Rigk, AOBInhiwior IsisBleétedfrb@; oral ,
rectal, vaginal, nasal, inhaled, topi-cal l‘—f&?i ncl udj ng transdermal ), ocul ar,
and par ent Byuarenihgalansil, Lsieprl sanipgh gyl combpmatiens thereody ystal 1ine form may be

adm ni stered, fRrone¥ABRNiReR AéryMallihd ol bt ihBif cAQMas aiBhislaN ik f or exanpl e,
two, three, or four tines daily), 25 in a single daily dose or a single
weekl y ldoseombipatign withiga Al deseBiobytadsyist Ao knasy 3sjapgiotesin HyRgrk 1eednia, once
the crystall,bng (ARED RS8BT A B! ALIGG, blitardBY 1iRtch RNIG esRBn] N,
crystalline form i.e., the c crystalline formnmay be dissolved in a

sui t abl e chenziykgsartang eandearigyl, pandesartamellcaptodlisptant cmbpusertannenotipsostitapel ates to
a pharmaceyt i i Bl 0 Y : i apbl e
il ang&g&@%g@gﬁ% hiédraggrrt%f g]?rE)ﬂﬁ)'_sJ%Sﬂr&gﬁ{agﬁgﬁwlfngﬂbAa}[tal%(fl?eﬂg)’iﬁm,

12- et hoxy- thiléshrydn; laeSital-apemearan priayatdnytipemtaaeyisarimedraetiby | ] i mi dazol - 1
- ylmethyl | -3 -1l ] nyl.- 2- Xyl i ci.d. h.. eyt i cal
conposi io%asr%ﬁ%lé’ t%?gsag&é’g%ﬁi és?éha%tv %‘ga{rrgg h%lol}ag%ttaaﬁt ?lin% angﬁ%trl glﬁe%?‘a |ang agent s
i f desir edpartéhéar edibsdiussi, g ARBrposlcttedfisn chilesdten yeptabtannebdsatans of t he

i nvention", na allso be r.%f erred to 1tger in lgs glr]m .-2%- "act ibvet.a ent" to

di sti ngui sHTFs VB AERIPESHSSHRREL T, SR SRS B CTRERIYE t he
carrier. Therephafxeapeuy sab@inchdapasdsditan iesyddte tibhartmmentiumsakypical |y contain
a therapeutjcally effectjve amun a. stalline form Those skilled in
The art i Pl s Rawaninte SkaoviibYEiRieath S rednSabrfton may
cont ai sMkEprbViadtrémtab&lt a80 Gk tyse el fitesdcnpirpdmly fosagsdahciad frbm 20ul k
conpositions, or |less than a therapeutically effective anount, that is,

i ndi vi dual SHhg Peis¥s desi gned for nultiple adnmnistration to achieve a

t her apeuti cal | yinehb@edtdnitRdanat Blerysthik ¢athd of thd iREnGONRAGIntdiddeMnl | contain
from about 0.01-95 wt % of active agent, including, fromabout 0.01-30 wt%
10 such asCc9pRjpatigpaith agreprilysip ONGE wimhiRjtern ReprsseatetiviaNER ihibitordagladed Pifg upon

the forml %feingmﬂﬂtécﬁba‘oanacbﬁtrﬁ;%ﬁ&x%la%ctr&éya&&ﬁp«i)%[zmb.@cgt§ﬁmeﬁ%yl).of
dosing, and so forth. In one enbodi nent, a conE%osml on suitable for an oral

dosage ¥lor mphenyipreniempletycinghgnzybestesl; £ Gabides G-[Babhogyl-drylF-om about 10- 60

wt % of act | : 1 ALl ef. b} used in
the phar med st oo e i K B R o TR b s S L F oS

par ti cul ar 4o&r3-{pbpspbponasethypinane)proprongmitoipnertioronacidf COa1261 B N-BYRexci pi ent s,
wi || depen 0yt:h i 1 10l [ LN r eat particul ar
patient or %cg%%%ﬁg@etﬁg@-ﬁgg 0'?%%&(??’ fliﬁ%%g%rbgg'i}lggg)sog}'lgga '(lal?grlo}r?"? ﬂhlrosﬁahre egard, the
preparation of a suitable conposition for a particul ar node of

adm nistration is well within the scope of those skilled in the
pharmaceutical arts. Additionally, carriers or



20 excipients used in such conpositions are commercially avail able. By way
of further illustration, conventional fornulation techniques are described
i n Rem ngwornni2lisesosci ence and Practice of Pharmacy, 20t RCEdiS2o10/059895

Li ppi ncott Wlliams & Wiite, Baltinore, Maryland (2000); and H C. Ansel et
al ., Pharmaceutical Dosage Fornms and Drug Delivery Systens, 7th Edition,

Li ppincott Wllians & Wite, Baltinore, Maryland (1999). 25Representative
exanpl es of naterials which can serve as pharmaceutically acceptable

carriers i palAdQierP 8L 1-AHRAMcyd1biBxy BtopiOnic ta&l@ dbPakioW dRErib&U@ANS, such as
| act ose, glucose and sucrose; starches, such as corn starch and potato

starch: cePPQ¥B630 tedtepwarh aiak (Bbzey dical INKS98dI PR/ bseyl-3id-i t s deri vati ves,
such as SO HCAHRRITRN, LESLNUL PRI ehBY bl thassoaRtinge! LUl ose

acetate; powdered tragacanth tin; talc; excipients, 30 such as
cocoa butt eettrOﬁlrrmplmp%Us%b? QZ m@mstorr@thlyls)—N %@ﬁldasyl)be@nnﬁprmqnammﬁ t onseed

0l ool o0 s aep 08k b EERARBAL L pflid L5 iy FEH0 RbbioRRaGNCRAT6R 1 o1
manni t ol and- EdNy(étdaghoeyré pheydahyD-bypherydalanylighalasn@thy ts podageCéind et hyI
| qurat e; a9 )g{%g‘}\f ﬁ\F 1”ﬁ PG Iﬁag_l? CJ‘OX%?an'IP%%& x%c@%%@g?- @ﬁ‘&haylf

alumnumhy |c ac rogen-f
Ri nger's shlplnbm}daianyda]rmylhmad:)cmkloﬂphmpBGHHIQ&Q@(}bw($)e(|ace5yi$ulfanyin$thybdn@F essed

| | ant h. fl bons; d
bt hor non. FERY Eres TR BT Snet Pame U LRI paatPim G RRdBe e e "o "
conposi It O(lﬁercé@)ﬁhﬁdﬂlimpﬁui(b s@her@dmm& ldutiaas SQFI860Y (N-LR(rhercaptodpatydd -by

t hor oughl y m.Xin the active agent with a
phar naceut P’éoa%pb ﬁéx%?lémﬁ%?r g@ gPogzn@rtgin&‘?%?apW ybp]t PYhal i ngredients.
The result pmylpmpfquﬁiny hEﬂ)t@ﬂItd@dndyl thiddptRan ARY itd ;klemugeacédma@tﬁd Ww-6homded i nto
tabl ets, capsul es cani sters, cartrid dlspensers and the |like

usi ng conv&itohkl? ﬁf%%éd@éget]é%‘de@&’wlﬁﬁ@ﬂlcyc Q%Fyﬁ]c‘é“l?oﬁlé lpipek al 1ine forns

of the invepddHRRancOb :yHc geid)hURL4491au - {ﬁfiﬂmtdhqu}@ﬁheﬁﬁyp%@%ﬁiah@w ay be
given to minimze or elimnate oxidation o orma dlsulflde

I'n sol ild feychapeaiynstyl-Himeshoxylutyyic %@ddﬁ%ﬁpé ﬁé%((ﬁ&ﬂw&w&:ﬁﬁ@ [34& drying
time, decr gRghRYnioRBaIRb %I)Hoﬁyl@é}ﬂérﬁd}ﬁl &fclobaﬁylf}%ﬁ%@taéﬁﬁs tﬁlﬁfén}'zl cudi ng
anti - oxi dants " such as ascorb um ascor bate, sodiumsulfite and
sodi um bi sﬂ1($ﬁ%rboxyagbm@lb’laﬁm@)#ﬂ@@hylm%anm a@@@hd é@lrélembétxlr“eﬁof | act ose and
m crocryst r he thiol
my be | npe by eaPish Ry Rkl the ST FLAR TR0 SRS b

conbi nat i oE(3&f2’RﬂBs{de[|2't(mhext@advpeylhﬁfd)ha@dbmﬂ]@y@medtan 1-carbonylammng- enbodi nent ,
t he phayymaggut l,.adm ni stration.

Sui tablaieo Cgﬁl&é f‘éﬁhg%?o’l?-%% gﬁglﬁengizs%lﬁg— —a@&?ic%mdfmes&r 1§, 11‘}3]l the formof 20
capsul es, Wableazsl06p0d ﬂo&hdhmeh@é@artrsaﬁdh)eam codrba@aems thqyautid ér spargewdarul es;

sol utions or n n ueo i n-wat er
or wat or <1 ABRHETG: SRR MRS HOMERY B P-BRNLDR (RO i a1k ' each
cont ai ni ngpkospliceaeidet, rsmeeizéammﬁ 30826t E\Q 286@3 , igoranind ddhdimatiodisended f or
oral admnistratjo SO|I osage form psul e tabl ets 5 pills and
O PO Lo R o] b R it BBl e P o and
or nor esphadreeeso 1@1@bbﬂﬂaﬂ&ﬁﬁ@t@rﬁbhl&laﬁﬁﬂdsﬁ@d’s$ang$d-g0ﬂ’brﬁ50 $0FkinY pEiCdalyy at e or

di cal ci um phosphate. Solid dosage forms nmay also conprise: fillers or

ext enders, MOfRq RO} H0099r 190-890me P&itday 1 i ne cel | ul ose, |actose, sucrose,

gl ucose, manni t@lyet aﬁf@d{epém&dhrh&itca@fs&ﬂhnetibﬁh‘ij@ﬂ' the 1n$é{ﬁf@)n@§admlmstered in

car boxynet hyl cel |'ul ose, ?I nat es, nggl atin, pol M ié Eyrrol i done, sucrose
and/ or  aca€fmb m%@nmﬁh@dtoaﬁ ida] gptrindlamglagess pgsnt (NFAI Pht @F%?Filtﬁ’gwagent s, such
as agar - agWSAIﬁ@inGthénbﬁ?JrQQ&%ﬁved RO LA, 5&%’1 QARYBL AL Ricid@E N ¢ aci d,
certain silicates, and/or sodi um carbonate; solution retarding agents, such
as par a¥0f i nlmllam@?rptamé@naa@mré@sat BREKIDTEY BIATOleS, Paansr FAPYPIAAMD NI um
conpounds;

nmonost ear a’P éé}ﬁ’mi -gelﬁ)gﬁgéir%%’eb%t S, rglltjsc’h(?{é:{;sétak ?ﬁ@%g?&gﬁr %Elg%tf%lﬁlg{l%lng ay

| ubri cant sdickdrnac, alsflungshl gliftgh)lngieu(ﬂﬁcgtneapmlg;, etoricoxib, fenbufen, fenclofenac,

fenclozic acid, fenoprofen, fentiazac, feprazone, flufenamic acid, flufenisal, fluprofen,

30



magnesi um st earate, solid polyethylene glycols, sodiumlauryl sulfate,

and/ or m xtures thereof; coloring agents; and buffering agents. Rel ease
agents, weOtrgeagpent s, coati ng agents, sweetening, fl aroriusgoiangsdss
perfum ng agents, preservatives and anti oxi dants may al so be present in the
pharmaceuti cal conpositions. Exenplary coating agents for tablets,

capsules, pills and like, include those used for enteric coatings, such as
cel lul ose acetate phthal ate, polyvinyl acetate phthal ate, hydroxypropyl

net hyl cel | g|,@§foRMNtHAKALE ibulEhO AGIYd b€ iRLhRmABHNAGYEE iRGbfcest er
copolynmers, cellulose acetate trinellitate, carboxymethyl ethyl cellul ose,
hydr oxypr opg¥icans ketoprafen, kepiolpcoletemagala, dareoxdeaat Megloienamsiel meckof¢napéc  Exanpl es
of phar macgyf i dayhi QEHE RicARE GmA el 80k HAMiR phIRG, HdFobuldRIR! AdRUBhE

antioxi dants, such as ascorbic acid, cysteine hydrochloride, sodium

bi sul f at e, nagelcomiflemiglacidudfaprogingaiingm axuplfcnbeazenel phpyliitdeene, oi | - sol ubl e

ant i oxi dant.s, . : S ) d nj

but y1 at od P Sl B ASRARE PRI s b SN TARENBREL | and
the |ike; &noxipen,diopind® tieprefeaicianyy, ageptofn, wifehrmsaad, telingtim ¢iifiymidate,

et hyl enedi am etr et | |6l i tole, .t I I hasphori c aci d,
and the |i %g]? Iﬂgta&g’ ZO%%@S%S?@%%@?%%&%% etév%Of'bIél aﬁ%a%t%ﬁl?agf %ﬁ&ﬂfgel‘g’r%{%i de sl ow or
cont r ol | edNSallle &seleoted fiam casiolag habiprutfeny diupgfenbindwagthadfin, éxtapnokea,

hydr oxypr opyl thyl .cellulose in varying.proportigns or other polymer

mhi i ces,  KBBLHREOLRAR SPIEREY SEBHEMLEIOT LA v g PR SE bnar maceut i cal
conposi o ons of Intydeanotheeerhib @imdna )\ ce@tdliaicfompaitthé ynivadioa gengnisadd imy be
fornmul ated so .that they release the active a eqt.$nlé,.orﬁgreferentially,
in a cert aF‘H’“‘j?iﬁ"’r“coflé‘ﬂthc?%/1 PHUPYAEE Mo R ARTESP RN ripad ageBsdnchils huf arengt 5

del ayed manm@ed toExaimlses Qfatoeribads ifigae@inpPosistaio\Favliatl) résaiashgin used

i ncl ude polyneric substances and waxes. The active agent can also be in

mi cr o- encapBUYPHtEy chbssiY Sey tEnader Brotrins KBRS gind romingions fisrefhove- 25

descri bed exci pin&Rt shother cmbodHdrk AR tdilidUbeh HOR@E0cHtRA MPadhffistefedkin
adm ni stration include, bydmay of illustration, pharmaceutically acceptable
1_

enul si ofds, comipgiemidiagaali-diebftistaces RepraspeRys srisdiabeie ageatsdprudsl Py rs.

Li qui d dosageof Ahiidi bYiRjcE@bik Y@@ MR S Rist BN dBB8M s AL AT LR T

di luent, such as, for exanple, water or other solvents, solubilizing agents
and enul si fliugs mcludine higaenid® seehhapimesforpinoglucigepregopistsat-evhenidaset hyl
carbonat e, ; etf e : C s oat.e, propyl ene

gl ycol , 1,§$ﬁﬂ¥§ﬁgﬁg%g+§?%$?H%¥+%ﬁ%f%§§%§5§§$§¥5%%?¥%ﬁ§%bd, gr oundnut ,

corn, ger npxaliazelglinadasto sulfmyluses sueh apchlgipropginide eglimhepiridet glippydts of ur yi

al cohol,, p E hy | veo t [ .er I hj . ..and

it ur 0§ b GG e AN B s 5 SR Gl Bt OB R s,
for exanpl egm@hdioxythateefl | sost earyl al cohols, pol yoxyethyl ene sorbitol and

sorbitan esters, mcrocrystalli .cell ul pse. al um.ni ym net ahydr oxi de,
bentoni e, - agar MABRFEIEY SISt B i Bp Ul T HEPRERRIER e ended f or
oral adm ntathbiaitioafyithtan@npliaombauiget aRemorpadrd indingroafbotihggebtsiimekhelsf i on may
be packageg in a unit dosage for The term "unit dosage fornt refers to a
phySi cal |y DB a1, 2, AE-eleelst S By gd B ioRahiral cach uni t
cont ai msngCcampsiede b EheinRetiod watalsobe @fiminieerécihicy@bagestwieed @uhhat ed to
produce the desired therapeutic effect either alaone or in . conmbipation with
one or nor SMRIET exaRAes fhicd inghyde, bt arpgios limitedhie, gliskireny sralidens sy be
capsul es, t@ablotbhatiBhs th&eofdMfadodRr bh&limdR! Iconpolitess tRmRediioRRt . the
conpositions of the invention are suitable for inhal ed adm nistration, and
wi Il typi cadmipisgseed;ip compingtipnyidrangndetbglindencrior aagosivt &presgifetycconposi ti ons
are gener altynAdr Yinih SR Ust B9 ntBlhiddOVRb s ARl Y8 ¥nARMEASSarS iGN as a
nebul i zer, dry powder, or netered-dose inhaler. Nebulizer devices produce a
stream¥f porahinafenstietegf. {famponads of thegeeentipemenrtpold admowisteigd dpr ay as a ni st
that is captd i q 'S [ b y

nebul { zer - Fopan of it Reih ShheRin SARAARREN! BRI Ly ALY ot 10
form a sol betiagnpot simitad tx plnispledanaiddn, 811H26368 anil témbingans thercof. dnfyer m a
suspensi on, ol J1L 65 7k &h AL fin Of ul FRRMEANL 81 Sh ARy YoROEEN [ nhal ers
admi ni ster “the active agent  as a ree-TIow ng powder {554t '8 I'spersed in a
patient's air-streamduring inspiratiog. An exenplary dry powder

formul ati on conprises the active agent dry-blended 20 with an exci pi ent
such as | actose, starch, mannitol, dextrose, polylactic acid, polylactide-
co-glycolide, and conbi nations thereof Metered-dose inhalers discharge a
measur ed anount of the active agent using conpressed propellant gas. An
exenpl ary netered-dose fornul ati on conprises a solution or suspension of
the active agent in a liquefied propellant, such as a chlorofl uorocarbon or

o o o o v -



25 formul ations include co-solvents, such as ethanol or pentane, and
surfactants, such as sorbitan trioleate, oleic acid, lecithin, glycerin,
and sodi uwol2awroghsogul f at e. Such conpositions are typi calPCy/ysc@pasesds by
addi ng chilled or pressurized hydrofl uoroal kane to a suitable container
containing the active agent, ethanol (if present) and the surfactant (if
present). To prepare a suspension, the active agent is mcronized and then
conbined with 30 the propellant. Alternatively, a suspension fornulation
can be prepahgf aRYstSBREhtBoNkNE: faes&@a%tvb Rehnfflcs I hRG LRI dcOBut BRcGloPNi zed
particles of the active agent. ? formulation is then | oaded into an

aer osol caHlméedio; GRMPI&QeafSBHWI%t%r@ﬁéﬁmbtflattqliléthefﬂ‘?ﬁl er. The crystalline
forms of the i nugHtihQNh&GaRuBt 8QnREnAUToHSERARh RARGLELALL thédsy - 26-
exanpl e, by subcutaneous, intravenous, intranuscular, or |ntraper|toneal

i nj ecti on) WitkgpmperaHs efdhé miventtiont Forexample, mnbmetlegeﬂhe A§Epn1t;b1itqzted ina
sterilesso I prepari ng
such foPnuF%%#@Egnlnzﬁﬁﬁﬁgﬁgﬂgr)aEFEFEEQQChg%%HFeCU2gﬁgﬁgﬁg%§5g cohol s such
as propy! enedegthgamirk Vpwsteyiet, twhemeblgtltymcﬂf thegilcgym ghehiad bl@pkerramiO}hIﬁnte(m d

st er s SUCH S hINh: BT et Ll oo FARERNE LR (AT AL Lops My al so
contain one or “nofe anti’-oxi dan i Zers

pr eser vat i v@shinati@h tof mgalagmrchmneﬁﬁndksr éndeurssa,tmaaikindu ﬂﬁﬂfb‘e&lsﬁgwﬂlyﬁlﬁt S.
Surfactants ditio st abi ents or n a nt aci ds,
bases or bapt N5 FROLHE 1 gehn phe-SHEE bk P s HELLY T RS Mefet e

stabi | ity theraphevithalicous)sedilifornisf tiesiavaatien. k@ eﬂﬁﬂmléﬂaﬁgoﬁﬁmﬁ-\z@tvdrtﬁlgdr ol ysis

o1 ccont | noUHBCABHHIBTIR G TGS BT R %@4%452%&%%%' OB by use

of a steri Q@)Jsmfaeytba@taena@cb oNB- 1,23 3t6er 8, | Azbdihya@pido[ 4, 1 hi[pBEAARpine-
i rradiation, one partlcular embodi ment, the Earenteral

formul ati off Cé@ﬁﬂfltcé‘é’é) %V%a%dﬂepaeybt%ewm@emom G$48305¢ (2-(2-

phar maceut pgab sy ﬁﬂfeepltzafg) ﬁnmnlsﬂoﬁlbnanﬁut) tzaiahe -t6tYhly @G- bBiszakdped-ide cyclic
nol ecul es contalnln Si X or yranose units 15 |inked at the

1,4 posV&l&H%”w?“abl?ﬁﬁéé@¥(§§ ﬁmaﬁyyhﬁéplfﬂ(é§éﬁ6ﬁ@&irln or
cycIoheptaeﬁthﬁgnmﬁ%@mpbﬁ&%h&M@&gge@@gg@goﬂ@@Pugenggﬁkygextr|n derivatives
such as hydr oxypropyl ahd sul f obut et her cycl odextrins such as

hydr oxypr oﬁi;lfanflperéwnwéemopwtﬁmb@wl flobmtywhaet fasrdofril; fayidotaldtext r i n.

Exenpl ary f.Qr trh [ i d- based

buf 1 er s suEtiﬁ%%EE.ﬁtdf%%ﬁi‘f%éﬁ%%g mﬁ:iﬁﬁﬁt@%@ﬁ&?ﬁ% S 20The
crystal | i nexdperhydrodfiazoleg3,2-nlrespineohicarioxytié sud beenaprilat SilHr-6¥ 204 ansder mal |y
compourtt A B8 A Net i i e D R Rl e % ST e
gl ycol, pol yethyr.erieb-gétyinakopyoddP Al @itenzagaoy¢cabbiyiin a@dpMI3L-a0R37 he | i ke,

and i ncor par i iver Addi ti onal
exci pi ont S aeRau Ry gBp R e gy AR ERERa R ET e, 25 rmy be
used in sueh, 3t4r @V\,S,delb-nahhydmmﬁs(b [Rjleng heﬁzadqmler @darboxylic acill}; odlelsamiled t he

e S e

phar maceut {(eAl/RENPAS ikl ieREhehyl |- Hes-indembpropiosdibiatdlid it NekalbmgsLt hat are
co- adntnlstered wWth a c stalline formof the iInvention. For exanple, the

conposi t i oRhSRFENEEL Reh-> Oéﬁﬁﬁ¢9§@b6ﬁ@28$zﬁB@@“Fﬁ%@&ﬂeﬁtlc agents (al so

referred tQASmiDREYMILK Yy ROSNHSAS) ankl cSRbREERT k@M hdyen @Rk 1Rfd dinur et i cs,
pi adrenergic receptor hlockers, calciumchannel blockers,

angloten5|HDQRWWWEPtPWBWEW@VN@Gﬁﬁﬁ%ﬁ?g5¢§mD%W§d%@§@%¥6ﬂxﬁﬁﬂ§§bn|sts

neprilysi neda iy, tf%&trﬂnﬁ@ld@&l@a&@ 'ogﬁf)atfﬂ'a{ Sarh éfﬁrhﬁnmtc%ﬁﬁl)uﬁg&ﬂtﬂ%reof
prostagl andins, anti-lipid agents, anti- -27- diabetic agents

anti -t iflonbot i coﬁtgleth@rgpeutlehgemtsl sueti 45iob @disneraiq deschier dgoniss e veepEsiiagoni st s,
endot helin i
angloten3|n%§%ﬁ§%$¥?%a§g% yne %@%@ﬁfys?ﬁbﬁ%ﬂﬂﬁyg&gnquﬁhﬁgpnﬁﬁ%%?ﬁghs

t her eof Suoiecntbreagapets inchida glenidsecadeampddtdmidmeywndignatthanaarixemphdy exanpl es are
descri bed n Ll'ine 5 conmpound of the invention
wth a secgﬁﬁgf$ngéeﬁaﬂgkm%ﬂﬁs ?ﬁ3%%%§% d% be achi eved; ATi receptor

ant agoni st activity, NEP inhibition acgjvity, and activity associated with
t he secondary agent (for exanple, 131 adrenergic receptor blocker) can be
achieved using only two active conmponents. Since conpositions containing
two active conponents are typically easier to fornmulate than conpositions
containing three active conponents, such 10 two-conponent conpositions
provide a significant advantage over conpositions containing three active
conponents Accordlngly, |n yet another enbodlnent of the |nvent|on a

. o o oy o Y b1



20 at separate tinmes. For exanple, a crystalline formcan be conbined with
a second active agent using conventional procedures and equi pnent to forma
conbi nat iwo 20f2/meto7ve agents conprising a compound of tReTiUsz@NFBOS and a
second active agent. Additionally, the active agents nmay be conbined with a
pharmaceutically acceptable carrier to forma pharnmaceuti cal conposition
conprising a crystalline formof the invention, a second active 25 agent
and a pharnmaceutically acceptable carrier. In this enbodi nent, the
conponents of thg %@Wﬁ% KdrinQR AT Yile Gl rékntAlivegaMachlRAdSHpb GGk eat e a
physi cal m xture. The physical mxture is then admnistered in a

t her apeut i e&ibe pvertiodct i ve anpunt using any of the routes described herein.
Al ternatively, the agljve, 2080 §MBY CLATRS BosSBRA@HS @Al stinct before 30
adm nistration to the patient. In this enbodi nent, the agents are not

physi cal | y m xed| cyogbinhdermbditloyiaventian (70 rsaray ohiic lpctoss @48 dhandi st er ed

si mul t aneo I i t Lt ch
conposi?fo#%é%gﬁhﬁg%gggﬁgﬁz%%g%%a a%e ?ﬁggag%y.%@ﬂgggﬁgg%dﬂﬁggggher in a
kit. Wien &ddidinotherdegplaain capplas 6108 ng ofssmpesitengecepdde)y Adgantelyilicl

typically -28-.. 1 i t-han. 24 f1e Al stration of
the. oryst arr g BT Beh S SRR N DS Mo @R

admi ni st r atélmipsofs8oth® aod ye@dsiunrecacaani2oug)d The nadyonatis Bén prosrdshipoogta dose.

This is al ferr to as,sequential adm.nistration. Thus, a.crystalline
form or thor FVRRMGR dedn L RERRY Band SPLP RbR L Rllns dBneftySHHS
sequentioal tapsiei t h anot her active agent using two tablets, with one tabl et
for each active agent, wh seqguent j.al \ an hei ng adm ni stered

i medi ately after ngﬁ’%ﬁeg’{’f’(gﬂpre%‘F’(@“”@?‘%@?ﬁ’f&fﬁé‘d@gﬁ%@ﬂ% or at some
predet erm ned tAREstaBing fortd (rtheeixadmpbe (100 Agy) Ratsroh@lleble@ed ththee hours

later). Alternatively, the conbination nag be adm ni stered by different
routes of BAMPTCYYICAT rebianmpolrdc (WiBe)sParpih aRy e e Igbdler BiPiYhIfE at i on.
10I'n one emRRMaBhiolf ocldfif chRURNEAORE ofcdfiposiGONMpdricaRalef first dosage form
conprising a crystalline formof the invention and at |east one additional
dosage or m conplieraiiely. breyyillinploem 60 makis Secvsblabiendebwt’s set forth
herein, inguahtddiifSceltibd @vRREPH Q0356 Y nhind H%ﬂ%ﬁﬁﬁl‘%@ﬁra@ (0Bl nventi on.
The first dosage formand the second (or third, etc,) dosage formtogether
conpri se aThhardpeifttheaotded @it e gelptiiecappperitizestl. Rditeepagepni® mpef t he

treat nent " i of a disease or nedical condition in a patient.
Secondary gg@%%?@??&ﬁﬁé%&$hcluded, are present in a therapeutically

ef fective anmount suchExdvatiany Helylear@muigpvie &bt raddiinivisstuéeored i n an anount

t hat prypduces a,t ically. e f - L. stered with
a crystégli ne féfﬁg%ﬁggﬁghV%G%%P?%ﬁggQ@f@ébﬁ%cﬁgééﬁggg?ﬁ@ﬁQEQhﬁgﬁ%ndary
agent s adntdlubtse (3Sdng)rrconteid niadughe Mo.2A neesR 0.S sigsd @aldiminal thorongldy.eThen t he

range of about. 0.05 rig{day.t 1,100 /day. . T condary .agent can be
[ hhe t or Abpet R RALERHE PT ARt Wi G TG ERITERLRRE ) “pir o
st er eoi somarspluang oSl valyifyrrolibéncy ¢ agndary Yageinionrimytedk stddes nfixddvethf or m of
a prodrug, for ex | e compound having a carb lic aci roup that has
peon et o MifmE i GRREE My St RSy o 0T Y Bl Ehtfing o

i ncl udexsal thismkuré Rrthg, paddd R EhGQAOTEH &t U8, £bveaViaik kédiing caboaitiye

pr epar ed using conventi onal procedures and reagents. . I'n one

enbodi ment Stighdpigaesiyp stearate gpddal are High pdfpd i $he Rranuley opdtgindkisgdhe i n

combi nat i oMt @nPradb @t dnGe afRORERERBERL IS a okt RLichBg 106 gde, but are not
limted to: carbonic anhydrase inhibitors such as acetazol am de and

di chl or phenani dékterpaselp. the erveliipsforin? Vrimgt thatpagitly bleadednvie deri vati ves
such as_aCﬁ&ﬁ&Q&@ﬂhﬁﬁwﬂﬁ&&%ﬁMﬂ&g)@%9§9ﬁ8ﬁg@ﬂm%9(Pﬂﬁ@iQﬁhﬂ%ﬂpgaﬁgio!a”‘de’
chl or am nophenam de, cl of enam de, cl opam de, cl orexol one, disulfam de,

et hoxol ¥ 8e). Thermikars ddhenpempigsicd & fopm tableroloamngef cpnpasitigniperetabletdr semi de,
tripam de, and xj 1 - 1 I Lir et as

et hacrynic acidégﬁgﬁggﬁgiagﬂ%ﬁ%i%@%égggn g%%ngg%ggﬁﬂgﬁgﬁ%h§§§§¥§£niIic
aci d, i ndatximpneosadnadlaiarodiube®e me),2@:tose OXong)candinpagetsiuns stsareth (s

manni t ol ; I L (o Luretic i i t er one
antagonistgﬁgﬁéﬁIéghggﬁpgﬂgpg%#%%é%)%Hﬁg%ggﬁgﬁgﬁggﬁﬁ?ﬁﬁ?%&fﬁrs such as

am loride and trianterene; thiazide angs.thiazide-like diuretics such as

al t hi azi de, bendrof | unet hi azi de, benzyl hydr ochl or ot hi azi de, benzt hi azi de,
but hi azi de, chl orthalidone, chlorothiazide, 5 cyclopenthiazide,
cycl ot hi azi de, epithiazide, ethiazide, fenquizone, flunethiazide,

hydr ochl or ot hi azi de, hydrof | unet hi azi de, i ndapam de, nethyl cl ot hi azi de,
meticrane, netol azone, paraflutizide, polythiazide, quinethazone,
tecl ot hi azi de, and trichl oronethi azi de; and conbinations thereof In a

I Y L o - o o . - L Y



10 ethacrynic acid, furosem de, hydrochl orothiazide, hydrofl unethiazide,

i ndapam de, nethyl cl ot hi azi de, netol azone, torsem de, trianterene, and
conbi nat iwo0tdesswof The diuretic will be adm nistered POTAIS2@MOEI3HS
sufficient to provide fromabout 5-50 ng per day, nore typically 6-25 ng
per day, with conmmon dosages being 6.25 ng, 12.5 ng or 25 ng per day. 15The
crystalline fornms of the invention nmay al so be adm nistered in conbination
with a 13i adrenergic receptor bl ocker. Representative pi adrenergic
receptor bLagkRfidnpRchsige, but are not limted to, acebutolol, alprenolol,
anosul al ol , arotinolol, atenolol, befunolol, betaxolol, bevantolol,

bi soprol ol , bophiRrEHely, hoersties Srm (Hlausdt tproushly bleaded) withorstastol |
buni trol ol ol yRt) 33@laRlaquddtPldfion ¢ gé?&ﬁnq]bb hi2h Othe MRLAZRIPL akPEbERNQ!
carvedi lol, 20 celiprolol, cetanolol, cloranolol, dilevalol, epanolol,
esnol ol , i Adeapdveder. Matseqrpitalline debylotsd A Mg) andrmgsinadoh 6learateed M) amadicol |

nmet opr olzol . i : : r prol ol
nadol of . niTHES) & R LBRGE B BHGE WG RR AR FELQRAR: i chhfissy T

per but ol ol forpitddet Ol00 nr cfetoiegler taplebnet hal ol , propranol ol , sotal ol
sufinalol, talindol,_.tertatglol. .tilisolol,  ti . toliprolol, xibenolol,
2nd conbi nat  ons. ¢ heeBP R Sisfessh Fed i TRBn bR he 13

adr ener gi ¢ r ecelicdblldliog keredicatssied mokd d form asapenainaontainingdPd algolf,

met opr ol ol hot rogrznollﬁl St?t al ol., and conbi nati ons t hereof In one
embodi ment S EPEPE PN TSR t he i nvention is admi nistered in

conbi nation wth mgedleaisum channel bl ocker. Repras®uhtati ve cal ci um channel
bl ockers incl ude, cButallme®riot [imted to, anlodi poge, anipam |, aranipine,
bar ni di pi ne, bencyghanacid30 beni di pine, bepridilg¢sg entiazem cil nidipine,
cinnarizine, diltgag@fichiefi@ni di pi ne, el godi pi ne, 2getaf enone, fel odi pine,
fendi line, flunarjgingepargirhl opam |, isradipine, pagidipine, |ercanidipine,
l'i dof | azi ne, | omepigg{ifrabBpNi di pi ne, mbefradil, ggsgardi pi ne, nifedipine,
ni gul di pi ne, nil udiRLRRd sidak vadi pi ne, ni nodi pi neps gi,sol di pi ne,

ni trendi pi ne, ni vabdiRiN®s soldfsn)Per hexiline, prepygagi ne, ryosidine,
senotiadil, ter Odj&/Eégﬂﬁf@ﬁhﬁa@ﬁF@i m aliffiRATlidate)@Nd; QDI Nati ons thereof In a
particul ar enbodi ringt N€ cal cium channel bl ockgpsd grsel ected from

ant odi pi ne, beprigdjli,di | tiazem felodipine, isrggipine, |acidipine,

ni cardi pine, nife isPll B gul di pi ne, niludipi neqsr%m&flﬁi ne, ni sol di pi ne,
ryosi di]?)e, hver apam |, anc} 5 f:onbi nations thereof = e crystal Ihi ne
forns of the inventio 50 . i,n. ination with an
angi ot ensi n-converti ngxeg"?z}@%%?‘}fb%r%%gﬁ%%}gg%qég%fngsg’g’% ative ACE

i nhi bi tors i ncl Adetableutquakfernmditioniisrorteeritht cartaaglipadid-based mdepruch as
benazepril,. benazeprilat, c opril., ceranaprjl, cilazapril ., delapril,

onal apr1 1 SR RAFRL BheaEBRROpowo EO SRRl oStREERFmor vl et nopri 1
nmoexi pri |, invem@pnwhich may &t pepnixkd wpk DMED)iib blepdd iwithapiron InM guintvajmni | |
quinaprjlat, rampril, ramprilat, saral asin acetate, i ril,.

Cemoapt | cloef ZHI g et sByeisdap PH: Ok B ahisas b L AU i

parti cul ar setadngertpH 4die ted@EpHhiShEd Qilutios S8y 864 Rdluli PBueAazepri |,

enal april, lisinopril, rampril, and (iorrbi nations thereof In one

enbodi ment SXGPIEY yuahas pedodes i for cxampls thy splttsrmavsinlads i ¥Pered in 15

conbi nat i oy bt prpl-prticlsRe@Rt or antagoni st, also known as angiotensin Il
type 1 receptor blockers (ARBs). Representative ARBs include, but are not
linited to, abi?P@sawitahle faplatonsdachrdears” Nadtes salvtinn, Wit Ayt an

ci | exetjy , cghdRagihan, enbusartan, enoltasosartan, eprosartan, fonsartan,
forasartan,” glycyllosartan, irbesartan, isoteoline, |osartan, nedoximl,

m | fasartan, ol nes&ieralry st idroramation BeroktaririsivtioniByilgaetioan, sapri sart an,
saral asin, 20 sar [ : : ] I : artan, and
conbi nati ons th‘grC g%%lﬂlﬁﬁ f(gﬁ%grﬁ%lrlcﬁ{}‘groﬁ @%%?%%d V%{ﬁ‘eos'ﬁﬂlé%%?gni%%%%t ed from
candesar t ahyffeapeloger @4mL). ridhe parafare resudtgrrsphution sladpstad togr! 4 vsibe@aMN an,

saprisarta r . 1 t i i r eof enpl ary
ol ts et e ESRRRE Bl i ELM S Rk SR RTBLOR, nORR S S ncar T an
medoxordsl . suffipeatatey fortijectidRBs adidbd tolpeovading totas v@nme of 20 mh. dhoowntturs isf f i ci ent
25 to provide fromabout 4-600 ng per dose, with exenplary daily dosages
rangi ng from 20- 320 ng per day. 34.n anot her enbodi nent, a crystalline
formof the invention is adm nistered in conbination with a neprilysin
(NEP) inhibitor. Representative NEP inhibitors include, but are not limted
to: candoxatril; candoxatrilat; dexecadotri l

((+)-N[2(R - (acetylthiomethyl)-




30 3-phenyl propi onyl ] gl yci ne benzyl ester); CGS-24128
(3-[3-(bi phenyl-4-yl1)-2- (phosphononet hyl am no) pr opi onam do] propi oni c

aci d); CGOB024B9i84%0(S) - 3- [ 3- (bi pheny1- PCT/US2011/059895
4-y1) - 2- (phosphononet hyl am no) pr opi onam do] propi oni ¢ acid); CGS-25155
(N-[9(R) -

(acetyl t hi onet hyl ) - 10- oxo- 1- azacycl odecan- 2(S) -yl carbonyl ] -4(R) - hydroxy-L-p
roline -31- benzyl ester); 3-(1-carbanoylcyclohexyl)propionic acid

Siﬁ/[/ I \é gg I \{ ethef EfEkl RRGLghR MEICARS (DDA R 8R0S §ibrileoldtion uRidIZRE | NC. ) ;
(2(R) - bgnz?@n@BFNthWd%9@5mbannyI)propionyI L-i sol eucyl - L-1 euci ne);
ecadotril; phosphor a@cg@) rc%wp%m;ﬂwb%mm%%ﬂ%%? Inhalation

(2-(ner capt omet hyl ) - N-( yr| di nyl ) benzenepr opi onam de); 5 RU- 44004

( N- (4- mor phol i ndr EysBllinh écwynafzhe(lgmnnamgﬂ eghy migeopidomndticdd)endamtiz2615

IEJ E (?zjr l’:'é[sgch% 25@(29%@5 #riR BRAYShiM e 1 R RGAY Rt AN it dR cifiagRnd 11
((S) - N- [ N- [The §dnfeds2f dicrratthggt-ats Bhdnistest asing a diy) poetdaoiridloafoboxapie. 2- phenyl et

hyl L- phenyl a 3- A b Dy
(ﬁ-%2(5)p(acgtyégﬁﬁ¥h%§Pn%t%”F? 4%g@9#g@ﬁy?gk ﬁgF%“%§%§8ﬁgiI”quKﬂhlon|ne
et hyl esteby dlssjﬂmn@keplkhlm(o B6)iR ﬂdrﬁﬁel(ahke[dzvatétmoo mL). The resulting suspension is

mer capt onet h r.0 | euci ne); SO 28603 . . .
(N2 v c b iRsap o R Go BRERYA bieBivief S baR Ry risiugpasiier,
(7-11 2h1(0rrehmigt aOﬂﬂiEatnhyin)letélr la;xﬂmaaté@hemlunpbgmghkmﬁizﬂ@mﬁmﬁm@mhaci d);
t hi or phan cadot ri
(e o Bt Bl i Bt SR SREE BTty oo yr v dgetit y 1] - car bonyl ] ami n
0] cycl ohexanReRsRRY I & Acdud) suffidferd bpréAde 4bdut 10 pg to about 500 pg of the
{1-[3-(4-chl orophen I)propylcarbannyl]- 15 cycl opentyl neth yr%
- 4- met hoxy BoRaUR¢ 05%? HventgrRpSOdpsy when {dn)lmztewétbwlplaha?/ -[3-(2-
met hyl benzot hi aggls, i i LR cid

- bi pheny -4y 1A Rkt ﬁ%ﬁ%&@%@ﬁ%bﬁﬁé’ﬁ%ﬁ@@ %1 and

5 bi phelrfy1lsmoymsaln(eil25<:laLbo$&5ppm@plmﬁymrmhamd)“aorlzcarﬁﬁeltuny theperaproind isaci d et hyl

ester (WD 4 {;

5 < et hoxaasang 15 byor BRSMGL b ohooRiR dy iuded ki oosssa o i s by 5

2, 3,4, 5- teB&hMy@wamﬁJBMmdeHﬁdbsnmaihpumaum4aamun@wadmdpgda@mﬂm@ed in WO
2007/10670 @? (F ; Novartt @Gé %> X onblqati ns thereof In a
partlcular (ﬁfesg%%l B (OO P8 Feiof s AP R E 8 PP o andoxat ri |,
candoxatrllat CGS- 24128, phosphor amxdemiesSCH 32615, SCH- 34826, SQ 28603,

t hi or phan, and coqg{natlons thereof The NEP inhib é wi || be adm nistered
in an afount sublsiellarpe PErpREUsdad Frumiograpsulcws Bugaigpssdic day, with

typi cal dabhyodQsAYEShE dGhinG. fhed® sp&ifTOmBMIinRGks, BaVoveNRfctioERIBNRE %y 100- 600
or 100-300 ng per day. In yet another enbodinent, a crystalline formof the
i nventi on il@lté]éﬁﬁcﬁPesQfélPléHlVFfﬁloédWYn‘é"tY W#Pswneﬁlﬁaalhdﬁdlg%@ oi dal

anti-infl ammat ofy BEKHLg (A dRons RRRTRSEMWALE HRa Hﬁﬁmé&ﬁ&uﬂﬁ but are not
limted to: acenetacin, acetyl salicylic acid, alclofenac, 30 al m noprofen,

anf enac, afidjseicil @adanyzotsy Rbhreviationnyed hersin aad agtslelineddhexp hepsatepdnsd

benorllgge mggﬂgéagbgﬁggmnggzplperylon broper anol e, bucl oxic acid,

car pr of en, nac, diclofenac, diflunisal, diftalone, enolicam etodolac,
et ori coxi b, fenbufedﬁoﬁenclof@hﬁ@cﬁﬂencI02|c acid, fenoprofen, fentiazac,
feprazone, flufenamgq, gc fLyfepi sal, fluprofen, -32- flurbiprofen,
fur of enac, i bufenac, uprofen |ndonetha0|n i ndopr of en, i soxepac,

I soxi cam ketoprofeﬁﬂdﬁétorolammmnnkenlzoIe | or noxi cam necl of enanat e,

7
hi
c

mecl of enam ¢ aci d, q&&iganlc gkﬂneloxicanl mesal am ne, m roprofen
nof ebut azone, nabune one napr xen niflum c acid, oxaprozin, oxpinac,

oxypheri#gut azone, phenyBEutazomemyﬁlmmn@ﬁkmanl pi rprofen, pranoprofen

sal sal ate, sudoxi ca ul f asa sul i ndac, suprofen, tenoxicam

ti opi nac, tiaprofenﬁkH§C|d {ﬁéaﬁFﬁP%% tol fenanic acid, tol metin,

triflum date, ZidOﬁHHaCIn ZofiERbloactic agild conmbi nations thereof In a
articul ar enbodi nent e NSAIDis selected from etodol ac, fl urbiprofen,
|pbupr of en, .ndowfﬁé?efeﬁ othepYigh P P@Wﬂahée%l%@ra%genﬁ%eﬁtaa&%laﬁtﬁﬂﬂ%ﬂ%xeﬁ
oxaprozin, pi roxi cam and combi nati onssf.hereof 10 In yet another

enbodi ment, a crystalline formof the invention is admnistered in
conmbination wth an anti-lipid agent. Representative anti-lipid agents

i nclude, but are not limted to, statins such as atorvastatin, fluvastatin,
| ovastatin, pravastatin, rosuvastatin and sinvastatin; cholesteryl ester

transfer proteins (CETPs); and conbinations thereof In yet another
enbodinent, a crystalllne forn1of t he |nvent|on IS adnlnlstered in 15

L T oy T T ] o o, = L T



but are not Iimted to, aspirin, anti-platelet agents, heparin, and

conbi nations thereof 25 Conpounds of the invention may al so be adm ni stered
i n conbi naDI20TR/06%0M a renin inhibitor, exanples of whiclrCrrusbmdesosbuit are
not limted to, aliskiren, enalkiren, rem kiren, and conbi nati ons t hereof

I n anot her enbodi nent, a conpound of the invention is admnistered in

conbi nation with an endothelin receptor antagonist, representative exanpl es
of which include, but are not Iimted to, bosentan, darusentan, tezosentan,

and 30 cormiiiakd, Q8% ptlttﬁas%@ffromfaw%iﬁ gﬁphfehe{sdcﬂ\a@@tghﬁmlm alge be
adm nistered in conbination with an endothelin converting enzyme inhibitor,

exanpl es oRidpirderiacacttipaeChameala fne..gad theilikp aad vices usphyspets fatcton, CGS
26303, and,gomhifptions thereof In yet another embodiment, a crystalline
f or m of the invention is admnistered in conbination -33- with an

al dost er one ant agoni st represent atE%M@kErlpl es of V\hl ch incl ude but are
not |imstedpQ, : f i
Conbi ned t herar Jer TELY SO De ner | T rther TOT Nat i on
t her apy w t macappoainegs jp entethyhlimiagol-é sy d ayotipheny
ACE inhibitor 5 enal apr|I (| n the ”?boeaﬁc ﬁglt forn) and the di uretlc
hydr ochl or ot hi azi de, which is sol mar k Vaseretic(r), or a

conbi nation of the calci wrmpmhlazpyhﬂbn Btepakieon H/M@dlSp@dm (in the besyl ate salt

f d the AR h
cghtr)ri) ngtn i on gf J;E‘)% %ﬂlﬁxﬁ" '%ﬁygnsnﬂg&) %1“%65%5 % m[hglpgﬁtg‘tqr xa%“%‘ﬁfn%y al so be used
wWth the cinyigial-liyhecthdfasflafrodipienimedibixgtic adilli 40 agh) wagdagdvrdsn may al so be

hel pful in_c on 10 t.her i t he stallln f.or f the

ovonti on ES CaRLT B gt BRI L b Sey RS b i ial TRy B aa acer nep)

i nhi bi tor sagégh 23&hanédlﬁrlﬁ8&&01d (63 uL of a 0.5M solution of 1,2-ethanedisulfonic acid in

((4S, 7S, 12bR) - 7- [ 3-net hyl 2(S) - sul fanyl but&ram do] - '6-0x0-1.2.3.4,6,7,8,12b-0

ct ahydr opy MQ8E: 3,1 902 alipo] wkndel yappheslip a Bestytlﬁéoafetnal)g MARE. 7888’

(il epat r' | 20 aidid]twias BAp8NhnCRTROMREGm %‘eﬂa&@@@olﬁi@a@p%are@%lél “ar- [3

- phenyl - &}S) sul f anyl pr opi onam do] tetrahydro-1H 1-b enzazep
in-1- 1% ]tTrg_@}é?faplée a@F 1oxa%gnci 13@130 yleldasohd material, Wthh was used in the

([ N42- (bi phé%&'){ﬂe Gvn}{ét)tf&(h%) ctfaildéreh%tfoﬁm' 5- yl)ethyl]am no] net hyl phosphoni c
acid); CGS 50 él\l— [ 144- et h é

sul f anyl pent anafit tﬂtmt“o?ib}ﬁt%ﬂ((&r ﬁmiigﬁp]a{meﬂybﬁmpm&@mm@)a@thdﬁt ril;

fasidotril t

((3R 6S, 9a ﬁagof@?@?&%%l % I}u%&é@%ﬁﬁ%—%‘aﬁg lé% %Céc}] 50, ]9_ ét_mol, 1.0 eq.) was

oxoper hydr dshilezah w3y Et-Qi‘I gzmvp) ma-28- mTambbe' DisH @éutrst)l of gereganedijudfbpic

MDL- 101264

(45, 750 2B IMEGHGIO W bl S5 1% ASSSapd PSS e BRSPS Thi do) - 6- oxo1
, 2,3, 4, 6 72®mLZsbaltmsahyeihopyzxrgd(yﬁa:kpdnta]nﬁlgl\/ﬁmaﬂelpﬂ)néhémmlboadWasc acid);

MDL- 101287 : : .

([ 45 [ 4a, 7HERAFIOBIBIF SALEEE Ba% PR M2 F2pieh§PBr bRISHAM B812- oxol, 2,

3,4,6,7, 8, kilpenatratuyilsaply meat0fbierted] The]ligenzes eghtied 4ndCae baidy wieee aci d) ;-

ggﬁgg{ :: : g%vashggwgggho%gﬁé(% (mSL) tl(teqlec{neg%né)errrsgcbl rln)to yl(eﬁ)a spoﬁ?{ ﬂgr!m%gls% -L-alanine);

((2R, 4R)s- Nn{a%nél?(Nhyﬂlrgpxyphenyl) 3- (3-nmer capt opropi onyl )t hi azol i di n-4-yl carb

onyl] - Lphenyl al ani ne); Sch-506

(N-[1(S) - car boxy- 24N2- ( net ﬁéﬁ@gﬁﬂf’f?rﬁ?iﬁcwt%ﬁ’[eé?ﬁaﬁﬁ] ethyl]-L-val yl -L-tyrosi

ne); and conbi natbansoxl esRALs. [(RY-dr&prdend gesbyldnin®BRRAL ti cul ar

enbodi nent, the ACE/ NE%’ [ I’:E}qul t((gtj&L IS ri’agt | ect gg&fﬁéom yAVE{l268t8hE} enal april at,

fasi dot ri | imifazol-doimpsthei -8 -Memehenyi sarbaxtoatd (0 e 0- Aok ddsanata ons

thereof 30@LO@VeqtiNEIGHPEIG | fn‘Eg FARDLS. w?ﬂ%ha%%d@tﬁfoﬁféra%ﬂ%gfaﬁé WRGERI & agoni sts
and vasopressin receptor antagonists al so | pful in conbination

t her apy30 EQtqundenyvagouns i 30 arigjites tp et@@tﬁo{;d e@g\tﬁdisstf@m #red. uthe seliéni di ne,
dexnedet o e r r tagoni sts
R e N

r epr esent abiiefly tphardimclstion. ddINBEd#pws) Wam@ed)ﬁnttl hear safy@non. drhe résabimgl ary Har d
Gelatin Ca | F n st al e
i nventi on ?‘Z’g“rgﬁasg%ﬁ ﬁ%%gl? @g dl? o‘%}ééy?zl @at(%a(l i !30 Wn)ZStlrpednoﬁvgrfnsgﬁ1 ga‘?ate (10
g) are thoroughly bl ended. The resul tipg conposition is then | oaded into
hard gel ati n capsul es (500 ng of conposition per capsule). Alternately, the
crystalline form (20 ng) is thoroughly blended with starch (89 ng),

m crocrystalline cellulose (89 ng) and nagnesium stearate (2 ng). The

m xture is then passed through a No. 45 nesh U S. sieve and | oaded into a
hard gel atin capsule (200 ng of conposition per 10 capsule). Exenplary

Gel atin Capsule Fornulation For Oral Adm nistration




A crystalline formof the invention (100 ng) is thoroughly blended with
pol yoxyet hyl ene sorbitan nonool eate (50 ng) and starch powder (250 ng). The
m xt ure iwotzhemekswaded i nto a gel atin capsul e (400 ng ofPCrarspmliosesemn per
capsule). 15Alternately, the crystalline form (40 ng) is thoroughly bl ended
with mcrocrystalline cellulose (Avicel PH 103; 259.2 ng) and magnesi um
stearate (0.8 ng). The mxture is then loaded into a gelatin capsule (Size
#1, Wiite, Opaque) (300 ng of conposition per capsule). Exenplary Tabl et

For mul at i ofpd 19&301 ap%‘éiﬂfbdﬂblﬂhéﬁbﬂtd?ﬂ oPBAVERT Wil Wds Midtelc@WasRdd wiae | nvention
(10 ng), starch ngw and mcrocrystalline cellul ose (35 ng) are passed
L

t hrough a R@Xﬁffzoaftﬁié’é yaeld gjsehidewhitecherisdey latyorteid \TQme)The granul es so
produced are dried at 50-60C angl.passsinihsaugh a No. 16 mesh U.S. sieve. A
sol ution of polyvinyl pyrrolidone é4 ng as a 10 % solution in sterile water)

is mxed with sdPdihaarbehy el L-nareaptrt-(thsipegpnoviragnesicthvllst earate (0.5
16
g)sh an tﬂhﬁaz(o?:l%ethﬁgg ﬁ@or&tﬁ% —t#§cﬁcylléa&@ﬁ@3 RRS §&¢ Eng'erH%g Fadlo-

U. S. sieve. sodi'um car starch, mEgNesi um st e ate and
tal c are t HemwladdedtQh(2he) gitahesk. es2 Effanedisutforicagd hydretert® X8 meged(2s

d t { .
A'tor nat of 10k - BFL SRR R AL B e 3R R oA AR BIR
i crocryst alimbevselied wsiendad @@ura)n, Thi kdsglting dii:owic e ﬁlteredi ai{dltBe fiylate and

stearic acid tu ressed ofor t abl.ets (665
o of | comptdt R vlPh salidye MatleiiRiear i n SRS SRR Pn LRl hoo” )
[ S) t hf)rlcougtﬁewatblxﬁﬁde\demf iltbred,ovdaBddariethdig:oile, gl dried tﬁﬁlela\l’aﬂ”ﬁldl asgeld @dolitm ( ﬁ5
ng), lactose (1 nesi um st earate (5 . The m.xture is then
conpr essedp‘tog‘g‘ttggorﬁlng? s:lrhr‘fd?r%gag Bl g k@’tpof"é@'(f(('ﬁ‘?j’n%%ﬁa-c%‘gb d%FﬁS‘ dition per
tablet). scanning Alb@h&aL atwtheﬁqﬁeg@vmetral anhIpgs, fa® B&cIQAGn A exarfiplenor oughl y

bl ended with cornstarch (100 i an aqueous solution of gelatin (20
ng) . The nPXPYradives @I?%l%’&teéﬁ r%leeﬁenteelsaatﬁSﬂéfOﬁla\tuEtlls djjp &Y RIESYEE Y | ne
cel lul ose ERfs Ny and magnesium stearate (5 ng) are the 5 adm xed with the
gelatin fornul ation, granul ated and the resul ting mxture conpressed to
formtabl ets (100 nmy of active per BebVBEE2 Exenpl ary Suspension

For nul at i OnPE:géra&@(Lf O?‘erﬂlf‘ﬁegﬁ{érﬁ(e&lﬁnate Salt FormM&f 4 leﬂm)&gﬁl étﬂQrSeﬁlhﬁ pts are
mxed to forma suspenS| on containing 100 ng of active agent per 10 nL of

Suspen5| on: YD ¢ reniapneylantingle ald azohd prmethy 81
Sodium chloride2.0 g

carboxylic Acid

First Preparation With Seeding

20 4'-{2-Ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]-
imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid (666 mg, 1.3 mmol, 1.0 eq.) was
dissolved in EtOH (6.6 mL) with gentle heating. 1,2-Ethanedisulfonic acid hydrate was
dried at 60°C under vacuum for 30 minutes to yield solid ethanedisulfonic acid. The solid
ethanedisulfonic acid (260 mg, 1.4 mmol, 1.1 eq.) was added to the mixture, which was

25 heated briefly to aid dissolution. MTBE (25 mL) was added until near saturation. The
resulting mixture was filtered and the filtrate was seeded with hemiedisylate salt form L.
Solids appeared on the bottom of the flask, which were filtered, washed with dioxane, and
dried under vacuum to yield a white solid (530 mg).

A portion of this white solid (430 mg) was dissolved in warm EtOH (1.7 mL).

30 MTBE (6 mL) was added dropwise until near saturation point. The resulting mixture was
filtered and then seeded with the white solid, and cooled at room temperature. The mixture
was then filtered and the solids washed with dioxane. The solids were then dried overnight

under vacuum to yield a white solid product (0.4 g). The white solid product crystals

39-



Met hyl paraben0.15 g Propyl paraben0.05 g G anul ated sugar25.5 g Sorbitol
(70% sol ution)12.85 g Veegunm(r) K (magnesiumalum numsilicate)l1l.0 g

Fl avor i ngwoQ8B/mwitsoCol ori ngs0.5 ng Distilled waterq.s. tecIAG2emi/034395

Exenpl ary Liquid Formulation For Oral Adm nistration A suitable
liquid formulation is one with a carboxylic acid-based buffer such as
citrate, lactate and nal eate buffer solutions. For exanple, a crystalline
formof the invention (which may be pre-m xed with DVMSO is blended with a
100 mV anygyethidll Jepect bhd AbR wRUIE foBhcdansh hbeyikls 3flind st aldakPahibror@ W th is
bl ended wwth a 100 MM citric acid solution and the pH adjusted to pH 2.
Such sol ut F@8e material so i ncl ude a sol ubilizing excipient such as a

cyclodextrin, for exanple t§gSOLM Oy, Winrsddee 10 W %
hydr oxypr opyl- 13- cycl odextri n. O her surtable formulations

i ncl ude a 5% NaHGZd:talyuh ¢t S-S -A-nerrcapior higgthy enteywilatiexmethyll- Exenpl ary.
| nj ect ahf eilﬁﬁﬁ&'-'rl]?yﬁdl&ﬂylg@r-ﬂﬁﬁ@i@le%%lé%%der@&%ﬁ%’ %Jin'ghg%t'\%,gg.gimmol, 1.0 @%?{ézé(it alline

formof the invention (0.2 um acet uf fer
sol uti on (B@Edmidh, 1,2Fhtbanpisalforiherid @siud, 28 mondol. Lteiion10% Aad¢avs E€Ht 0 pH 4

using 0.5 e i r.Qghl ari {d or,.0, 5 a us_sodi um hydroxi de, as
necessary, %a%gﬁt%@?]{ 'gg&’s@?f% %’Og%‘}nﬁo\?\}a aésrad]d %dranid%ee%?uﬁtgn rlmé%é%ggsdq t rgd gor ovi de a
total vol uné ddkol@2@omi5 miineesii Kicunaxtirs wag filemed, phd B1O2¢ (1 T0onighwa adtlelr i | e

filter (0.22, m.cron rovide a.sterile solution suitaple for

i ni st r a8y s pE RS PR eSS0 e SRR R SR on 8y
| nhal atioonw#haeyiRtiallhicrslit foohm(of mghend aloend todit o Bboh WBperatirdcevendi.zed and
t hen blended.with 5 | actose 5 .. This bhlended nmxture is then | oaded
nto a gol SUIG PrETaE Kb oes R daishedt BiTeAng gt i sre et ar e
adm ni st er gehhits kM Rmibdisy ReVFeTuct NBAlLpurith 05%EXPIPh@nicdisylate pRAUi@faat el y, a
m croni zed crystalline form (flO g) ILs di sgersed in a solution prepared by
di ssol vi ng®tEre AY RO esT X3y dithachian Hierantiaz wansipg lorwo, dherrie resul ting
SUSPeNsi ONga$inficAhalik &4 daRALIIIE M ExehPIBE BESW.t B wWa® idRifddGhAMiZ ed
conposition conprising particles 10 having a nean di aneter |ess than about

. . avi ng |
1.5 um I5ThBepicdipdtie Pedut oy 8 diffaram hemicdindsic pyaigbine faimghapghesstiallisse i nhal er

cartri dgesGRgida: A RERS Sitling Bhickal ald as &e@%ﬁeﬁ@d GG IR 14N amount
sufficient to provide about 10 ug to about 500 ug of the conpound of the

i nvention patrfornsle Thisaktagsipicrentet e BGSH9-& he i nhal er .
EXAMPLE 3
Preparation of Crystalline Hemiedisylate Salt Form II of 4'- {2-Ethoxy-4-ethyl-5-[((S)-2-

20 mercapto-4-methylpentanoylamino)methyllimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-

carboxvylic Acid (Without Seeding)

1,2-Ethanedisulfonic acid hydrate was dried at 65°C for 7 days under vacuum to

yield solid ethanedisulfonic acid. The solid ethanedisulfonic acid (0.4 g, 2.1 mmol, 1.1
eq.) was combined with 4'-{2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-

25 methylpentanoylamino)-methyl]imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid
(1.0 g, 1.9 mmol, 1.0 eq.) and dissolved in 10% aqueous EtOH (0.9:0.1, EtOH:H,0, 10 g,
200 mmol). EtOAc (150 mL) was added until near saturation. The resulting mixture was
filtered and the solids were allowed to sit at room temperature for about 3 days, after which
dense crystal growth was observed. The solids were filtered, washed with EtOH and dried

30  under vacuum to yield 1.0 g of a solid. The product was then analyzed by powder X-ray
diffraction, differential scanning calorimetry, and thermal gravimetric analysis. It was

determined that this product was crystalline hemiedisylate salt form II.

-40-



Alternately, the crystalline form (25 ng) is dissolved in citrate buffered
(pH 5) 15 isotonic saline (125 nL). The mxture is stirred and soni cat ed
until thewoanpoemsd7i s di ssol ved. The pH of the sol uti onpcs/usb@alssonnd
adjusted, if necessary, to pH5 by slowy addi ng aqueous 1N sodi um
hydroxi de. The solution is adm nistered using a nebulizer device that

provi des about 10 ug to about 500 ug of the active agent per dose. EXAMPLES
20The follow ng Preparations and Exanples are provided to illustrate

speci fic enbodi nents of this inventgoavplhgse specific enbodi ments,

however, are not |ntended to limt the scope of thls invention in any way
unl ess speci fi cakesiurivigiof Bemipdisylate JagHoapl aed HemniedisylateSalhEomplle t he

fol | owi ng neani H&ﬁle&lﬁ@yl% §alpfoﬂﬁ 'iwt5§ ﬁlg 80 umblEQh&ﬁétﬁgdlwe atoRt f'g»
abbrevi ati ons used herein and no fined have their standard 25 generally

accept ed nmB@&nmah:wer @A@@teﬁwthmmmd rgidaoh BRI (408 ola eled MABE(1 oenL,
MeOHet hane f

TFAtrif I%uor%g%%w ?'1:1 ggll{l%}}% ‘fasggép\rélg alg%ﬁ(ﬁ;{e gm%@géﬂk%‘%ﬁlﬁaﬂéﬁ}g lting %0613?1 as
reagents, sfba?rftliewg and veshied wath almakane3d yicldotolidrig G meweheshpias dbﬁalsmded‘uoom
commer ci al s Sigma- Al drich, Fluka Riedel-de Haen, Strem
Chem cal s, ?HQBG&?I% éaH%FnEé) and were used wi thout further purification.
EXAMPLE 1 5Pr eplemicilioylatotalCoys 15D nge 8MHemb e di dlydnatdisyBad taltFommi dSOmrig,4'

{2- Ethoxy

i ni dazol - eth%ﬁ?fT%%&ﬁkﬂﬁgw&gg%ﬁ%%£§ﬂ§“m‘%Eﬁ%ﬁ%@b%igﬁgﬁg%g%éggfn i f fusi on

Pr epar atoi om3 Wihioho O at&ge0luhPwas added and the mixture was capped and stirred at room

temperature. The resulting solids were filtered and washed with dioxane to yield a solid
(67 mg), which was determined to be hemiedisylate salt form II.
Therefore, crystalline hemiedisylate salt form I appears to be more stable than
crystalline hemiedisylate salt form I. In addition, subsequent attempts to repeat the
15 conditions described in Example 1, produced crystalline hemiedisylate salt form II instead
of the crystalline hemiedisylate salt form I.
EXAMPLE 6
Preparation of Crystalline Heminapadisylate Salt of 4'-{2-Ethoxy-4-ethyl-5-[((S)-2-

mercapto-4-methylpentanoylamino)methyllimidazol-1-ylmethyl}-3'-fluorobiphenyl-2-
20 carboxylic Acid

Preparation Without Seeding
4'-{2-Ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]-
imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid (1.0 g, 1.9 mmol, 1.0 eq.) was
mixed with napadisylate (0.6 g, 2.1 mmol, 1.1 eq.). EtOH (10 mL) was added, followed by
25 sonication to facilitate dissolution, to yield a partly cloudy solution. Water (20 puL.) was
added, followed by the slow addition of EtOAc (50 mL) until near saturation. The mixture
was filtered under vacuum, and the solids were allowed to sit at room temperature for
about 3 days. The mixture was filtered, washed with EtOH and dried under vacuum to
yield the title crystalline heminapadisylate (1.2 g).
30 Heminapadisylate Seed Crystal Preparation
Napadisylate (0.17 g, 0.58 mmol, 1.1. eq.) was dissolved in EtOH (3 mL). 4'-{2-
Ethoxy-4-ethyl-5-[((S)-2-mercapto-4-methylpentanoylamino)methyl]-imidazol-1-
ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid (280 mg, 530 pmol, 1.0 eq.) was added and
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4' - {2-Ethoxy-4-ethyl-5- [((S) -2-nercapto-4-nethyl pentanoyl am no)nethyl] -
10 i m dazol - 1-yl met hyl1- 3' -fl uor obi phenyl-2-carboxylic acid (840 ng) was

di ssol vedwproBtdekso¢33. 6 nL) and an aliquot (0.6 i, 1.0preqUS2:amsgbiaced in
a4 n vial. To this was added 1, 2-et hanedi sul fonic acid (63 uL, of a 0.5M
solution of 1,2-ethanedisulfonic acid in MeOH, 1.1. eq.). This 4 nL vial
was placed in a 20 nL vial containing MIBE. The 20 nL vial was capped and
stored at roomtenperature. Solids appeared, which were 15 filtered, washed

wi th di oxapRmidek iRy Beayddab diddligaldich. MOAL| &Y mL)"@hs@@ldc‘!@nﬁatﬂFﬁ@a@ in the
next step w thout further characterization.

{ 2- Et hoxy- Steetgn. -The prixtgye.vas ftered gadelived gl %é‘?ﬁ%ﬁﬁwr&?ﬁr% A iter sl -
i m dazol - a%hﬁ@%hﬁé&p@a‘[e FhUps Qi P hﬁf@%élu'go&@ﬁsbfﬁ%%%d' Gee@&H Wit @%lé@sylﬁé unol ,

1.0 eq.) was dissolved in warm EtO m.) a 20 nL vial. 0.5M sol uti on
of 1, 2- et hsaleldin U} fnglrallowodtogtand at rﬁomempe(rezm@ Ghe reiulmnw9talwgreé‘d@@d and t he

cont ai ni'ng (B 0 aeSt: ks Pepte o, B RLBERE IR HERL) G
mat eri al affOmk®. | arger vial was then capped and stored at roomtenperature

unt 11901 11ds veCg ARSRLYED IS hhANIN PR LSTRNEC AMlol18 g) goovere

washed w th di oxan er vacuum a’'sol
hem edi syl &thex?5-cried-6+((8)-2- (ne%ptngl)methﬁmremoy}ﬁhm@nﬁhﬁmuﬁdm -4l Preparation

{2- Etho ) c - hyl pe | am n thyl] -
AR B < ohaat AR S T e B R AR
1.0 eq.0 Wa&ndg SBtOlAc S0 1L FveH 1 §voly @dddd) with sthnhlgahul nkakatdihi@pedhsul f oni c
acid hydrate was dried at 6 nder va umfor 30.mnutes to yield solid
oS haned samPgHe o e gee Heltd uih gl et ST ShRLed e gt R0 ol
1.1. eq.) vapcrdiedveanshtt Mae Mixtld s vi@éredtlaaamsmds%re/wmecamh diosaRl ution.
MIBE (45 nl) was added until near saturation. The resulting m xture was

seeded wit Hle{l RECKISF pRpuhe A8 ISy VAT IR Y] e Uﬂ%ﬂastg%?mmlgﬁmaﬂlﬁ>éere 8er ni ght .
A -38- fi eci pitate appeared on the bottom of the vial, which was
filtered, was ed with dioxane, and dried to yield a solid whi t e

heni edi Syl ate material (70 Swfyemeefaenareiion Kih Seedsgdi ng 4' -

{ 2- Et hoxy- 4- et hyl o e J i (Ddthy1 %- B -6- I eRkaRIYiAR o)methyl] - 5
i m dazol - 1-yl met h32/1f dx -fatuor%o ﬁéa@f&%ﬁ? gk)ﬁe Flgd}gm dé’)hfé{ﬂ:g[] ng, 366 unol,

1.0 eq.) wa@,ld@ndsémlm@hlyliﬁ mcmqﬂpuq@n caqumhmcafﬂ(wﬁ Q-?Eﬁmaﬁédl@aqmgﬁ c acid

hydrate (8 ) r s heated
briefly toﬁg}%gr&glh n%g%lugtgllﬁggén(g lﬁégﬁ% lﬁr?tf ’V\lgs %ﬁg‘b‘{rﬁi{] ? neafj gaq%r ation.
The resul t {136 nrfi)xtas rededargthfsiilringr excr Ahohirtuites, toividd aslehtipbameedton. \ifltch t he
solid it [ eri | I . ffomof 10 the
vi al , % C‘ﬁoh\%ﬁo’ﬁ' agﬂlsht(\%aerataa E%As 696%6 %L? ﬁ'%%@ﬁ%ﬁlﬂﬁ%eaﬁgatﬁ%ﬁéﬁ%Gl?cpe%gvacuum to
yield a sobllgihtlpha)z(motun@ﬁOThcgs))lutimmWss ﬁlmdimtlcevt/aswiﬂwdlweduw @eder X-ray

L A TR A WO T R T
cryst al | i nenlperined(csydrat)e Thaltekulfiog sulills w@ﬂaifﬂte&alxaashsd \pﬁlemml edd dfiedrl GS. 1- 3.
oS R e RSN A P Sl el
i m dazals Lwythmeohyd.3n3’ ). fivaerod ald@émyd-pIZ)'m several aliquots to aid dissolution.

EtOAc (15 mL) was added and the mixture was allowed to stand at room temperature until

solids began to form. Additional EtOAc (15 mL) was added allowed to stand at room

temperature. The resulting solids were filtered and washed with EtOH to yield the title

crystalline heminapadisylate salt (0.1 g).

30 This product was then analyzed by powder X-ray diffraction, differential scanning
calorimetry, and thermal gravimetric analysis, as described in the examples below, and was

designated a crystalline heminapadisylate salt. This data is presented in FIGS. 11-13.
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carboxylic Acid First Preparation Wth Seedi ng 204" -

{2- Et hoxy-4-ethyl -5-[ ((5)-2-nmercapt o-4- net hyl pent anoyl am no) net hyl ] -

i m dazol -weoybmratssozrl - 3' - f | uor obi phenyl- 2- car boxyl i ¢ aciPdT(UIB8@ 1/069891. 3
mml, 1.0 eq.) was dissolved in EtOH (6.6 nL) with gentle heating.

1, 2- Et hanedi sul fonic acid hydrate was dried at 60C under vacuum for 30
mnutes to yield solid ethanedi sul fonic acid. The solid ethanedi sul fonic
acid (260 ng, 1.4 mol, 1.1 eq.) was added to the m xture, which was 25
heated briefly to aid dissolution. fBGp(2y nL) was added until near
saturation. The resultl ng mxture was f||tered'and the filtrate was seeded

with hemi edi Sjenefasions gline Hemagpadisylaigpadiefdy | pRthoreHedyl-adi (8821t he 1 ask,
whi ch vere fﬂqérgg)&@@mw@%ﬁgnwlmnmﬁmd%ﬁ1%ﬂlegyly@dﬁﬁormsﬁeum oyield a
white solid (530 ng). A poriron of this white soltd (430 ng) was di ssol ved
in warmEtOH (1.7 nl). 30 MIBE (6 @boxyhsAeidded dropwi se until near

satur ation pol MapadiGulceeule | AgnfloKineas, Hilheratand hogR, seded with

the white soli [o]e]s) roomite ture ur e hen
filtered anchidated t@@lkilddsolmh@hewsuhngis@utmme’vasmtereéehd dssedysiith Elt(hHr@Qiri ed

over ni ght i 4 The white
solid prod%‘]lﬂii(t?)i {éa@{ﬁy 4%5% Segg%ear eﬁaq?ag%%kh%ﬁagﬁ%%ml etlg’olr med than the
crystals ofm1t1im>1 hehmehlyl$1- MCEO‘tspﬂehylfzacarbdxyhd: arid (12gt gras émiradl, 1. Gubrsequent
Preparation t hoxy: 4-e

apt 0- 4- net ¥ T%&d‘gﬁfné(ﬁtgwegwl%%% We thrreg l;E%/A'c 845$ Sli?zvas addnguntﬂ near

i m dazolo- 1sathagdnhyTht r@ukibh ﬁ@it@lblv@he'ﬂtyﬂed AnCebaxydd vittalgandn{pddisydatg,and 5. 6
mmol, 1.0 edW|th12 hanedi sul f oni c Cld 5.4 9,28 mol,

I e ). SR ablA Frb e T TR MR G BRH A was added
and the restdH ing dﬂb&&défrﬁgm/@ﬁdeﬁ/wuﬁﬁdo {R1daheltid &ﬁqiouﬁd 8N Whife cAjsaUiRs) . The
m xture was filtered, and Et0OAc (1750 nL) was added to the filtrate in 250
m. portiong lid{{ | ¥ ehear saturation. The resulti ng mxture was seeded 10 with
hem edi sylate salt formI| (10 ng), @dvielkgwed to sit at roomtenperature
(covered). Solids aeared whlch were f||tered washed W|th EtOH and
dried urderPrengation (el ing prxlatedys A, Pty 3.9 ¢;
purity 959 4 J%?lp&ﬁiﬂo@ﬂ Md)ﬁ@tﬁylﬁlﬁ@@a‘i@ltl mt@ﬂaé sfﬁle%bmem@&%efbomcay _
diffraction, differential scanning calorinetry, and thermal gravinetric
anal ysis, as described in the exanpl eg\_bbl ow. It was determned that this
15 hem ed| syl at eqr i rystalline form

t han t he cryst %@gﬁﬁﬁ ﬁgﬂl %étﬂ&{ %;;(?»982:%@ @%ﬁ %raterl al, and was
desi gnat ed H@ﬂlyhvbmamQMIMmeéldl Iyldard- lssdtntethfs'br}hﬂubrobflihwl a@albomélcraclésent ed

' n Fl C?O 6&?@,{%?%&%@1?@11&%@ (?%%%g&&&e%%édta% SQO?I‘A%H% %‘gllflt?ynl c?ftl\ﬁeCQﬁl t Form

e nt an oyl an(anL)'rde@HH (2 imﬁ}alz}odt}rﬂngydnﬁebmyallbn B y1élldta@ﬂerabs thh)an Y10 e (40
carboxylic ho i C aC| hydr at e
vas ar ) ed a9 ke qlh B8Hhe SRS buion s drobo B R ER b uBN Rl foni <
acid. The an)der ﬁln&lﬂhﬁlft%dn sttdafnom WhMSOdd(f&médgfterge\ﬂerdﬂmﬁrs oflsolveaq. ) was
conbined with 4'- hoxy- 4- et h ( capt - 25

met hyl pent SHBYTREN: &Cﬁlﬁﬁsw Hacted; ?Z‘ifjl Lrid(‘ﬂ‘?%sh%qm}li‘ FxcﬁSsoﬁtéﬁ‘BT obi pheny1- 2- car bo
xylic asid (1. 0rgs pbd&et m{hen dndly80by p@ndtr e alffradioh Nlif&8ntanguemise Et OH
(0.9:0.1, EtOH H20, 10 g, 200 nmol). EtOAc (150 nl) was added until near
sat ur at i onCaqRCtea t%l?rﬁa FRYSHE "%}g“f jaf f“’éF%‘EPddﬁ Hleteﬁeneleﬁ eV jad @24l | owed
to sit at pQYRa{c8ARBLRANIME &roheloxAe Wit @uﬁ'@ws%éif TRE a¥hisGhesdRBS B AGYst al
growt h was observed. The solids were | tered, washed with EtOH and dri ed
30 under vatidtimto yield 1.0 g of a solid. The product was then analyzed by
powder X-ray diffraction, differentixadppeanni ng calorinmetry, and thermal
gravinetric analysis. It was determ ned that this product was crystalline
heni ediX¥yl ate salt formI|. EXAl®de &Ray Diffraction

Powder X-ray diffraction analysis of the solids was performed using the Rigaku

MiniFlex X-ray diffractometer or the Thermo ARL X’Tra X-ray diffractometer. The X-ray
source was Cu-Ka radiation (A = 1.54051 A) with output voltage of 30 kV and current of
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Reslurrying of Hem edisylate Salt Form | and Hem edi sylate Salt Form |
Hem edi syl ate salt formlIl (50 ng, 80 !'Inp') and hem edisylate salt form!|
(50 ng, 88on2brmicysomer e conbi ned with a prem xed sol uti orCOfUSENQIS(S420 [ I L)
and MIBE (1.6 nL, 5 13 nmol). The m xture was capped and stirred at room
tenperature. The resulting solids were filtered and washed wi th di oxane to
yield a solid (86 ng), which was determned to be hemedisylate salt form
1. Hem edi sylate salt formlIl (50 ng, 80 !Inmp') and hem edi syl ate
sal t form ks (20RAEkKkuBE Wil Ritput Wetta8e SOMNSL Mkt &4@&1@%%@&&&1{}}}' on of

Et OH (420 IL) and MIBE (1.6 ni, 0 13 mmol ). Water (20 [IL) was added and
the ni xt ur EheuRsrEmgRowEs etvertestin Bregg- Rrentprgogpometipaithingident. Fhyereeresandi ng

sol i ds wer &attéﬁﬁg%ﬁ%‘%tata%am&eﬂe Yﬂténfén)d&t%@é&ﬁl fe0 FY} fﬁbguf%m%ﬁﬂ h§1m£1§7 ny) ,

whi ch was determ ned to be hem edi sylate sal tp form Ther ef or e,
crystal | i nempretobpiiveler 6t mal wasfasnti Pressedpeeths S@I@plbéolﬁ@frte fermedyingootthan
crystallgn I enpts to
epeat tho fACCRREAEE £ SR opa. T Ao G hnGHRERI SR, Bh e

heni edi syl é‘t@@&lrﬂﬂfwlm $t¢p Sirestf @43 ° aid 4 sven gpeyd 0.0 pee mivend. eldiesiglaat e sal t
forml. | on I alt of
4' - {2-Et hoxy t“has T‘E‘?@?ﬁ %%‘F“%yﬁ%a%“‘]ﬁhl@% %ﬁﬁ&%g@@%@%fé(ﬁn% met hy! |
i m dazol - 1Tyérmetﬁkﬂlllmeﬁhfeiﬂeumoﬁbarepmemoh 122 0.0)2@d anddpxcyt by daddcbfiwarPr epar at i on
Wt hout Seedin 4' .- . . o :

{ 2- Et hoxy- g\si %Ilﬁ’w?é)-[PI%?S:“%‘-“I?EI‘@%WB@%WPHﬂlsﬂﬁﬂ? BBl AR IR R -

i m dazolo- 1qydriastafyatd (Berrhd ARLQM@IH&EQ/O&"ZwG&HeIwthei c acid (1.0 g, 1.9 mol,

1) o) e E SRR R S Y hE Bl et ooy tsedindb S | om tol

yi el d a patdileyticl iop@ye &%rél%ﬁélfbne%h@ﬁ R fHede) conaisioddelr ossfd thowpel by the
sl ow addi ti on, of Et OAc until near saturatjon. The nm xture was

filtered uFRREVe eSS © éh?jdltffr?étl%ma&m%w represeiidbe e reletiveiptepgtich

t enper at ur gaf Qbul@BOUbtaide FRYS an TRE1AX WisHbAHNRS shhdricBiRiclddsied s t h Et OH
and dried under vacuumto él eld the title crystalline hem napadis Iate (1.2

g). 30HEn Adisdps prteresigalated dyoyss dnglpeypaldatd dhs also possilgihatisegpe Bea&s (0. 17 g,
0.58 ml, 5l.ndt se%gm)soiﬂ@%hfﬁhcﬁ%ﬁlpm%ﬂns' cﬂle@} @e—'e)(tgnsme) efbrred Rtentation.

Et hoxy-4-ethyl-5-[ ((5)-2-nmercapt o- 4- net hyl pent anoyl am no) net hyl ] -i m dazol -

- ylmethy11-3' -f| uorob| pheny1- 2- ciﬁ@m@{d‘lmm&‘,l d (280 ng, 530 !Inmp', 1.0
eq.) was added gpfl, ﬂ;'l 50&11'3%@%1)6}1}{{6&%% atP é@sﬂ?&%ﬁ&f&ﬁe@hﬂngd% ’le§0| ution.

Et 0Ac (19 nL) was a unt Il near xture was tered and
al | oned t olsiremertts ModehQ-&bfomodudarwigh a Wherival anaéymwntla)ﬂmu Mateoferprabicpilt at e was
observ fl salt form
?%alg ggltz égusf grﬂ? i Sm%%%)nﬁél’ %\r%gﬁ?\%gmws%wamg%(g%ﬁﬁngﬂ%:a?lf/st als were
f| I ter ed, EI’YVVaEIheﬂ)rWWdS ackiuoatay evcighetintr 4 @der@d!ellunmgllm panndefter vaminnreto yield
a hem napadl ate 3.3 mol ,
L e BTVl e e S PR bR GG uCys
K('S) - 2- mer oifi°O/din i@y Cpeao@aoy | am no) net hyl ] -i mi dazol 1 yl et hyl }

-3' -1 uor obi ph 2- car boxyl . dded
W th 10 SEi i nTBYEREPETET Y GAeC o1 ReJrRARHTE T 1

near satsur gtiomeduld@uipp¥d Witk hidd SesbiutibieéHabilige eaedyat télicthe uigniTaapadi syl at e
solid, and allowed to sit at roomten&;rature overnlgg tThe mxture was
mﬂ‘i‘

filtered, HnHvREYEs ERrmalArabrboangeiisandwiahyzad Bl e (i i Haivestl about 2

days under AVAGUY DRy | 2 hdighlifsabi Iel@asgyla)é& &Itbh@ﬁnﬂlﬁﬂbﬂﬁﬁﬁ%aﬁmkcﬁ&zﬁhﬁau (1.4
g). 15Subsequent Preparation Wt

{2- Et hoxy- headipgiate oL 10(¢ @‘Pmﬂ%ﬁnémpétaﬂu%@tmTCpe?he%W?WﬁW?@t hyl ] -

i m dazol - 1epdneishydrd puréed\{llltlpﬁfrgggn%w&m u&arboxylic acid (13.5 g, 25.6
mmol, 1.0 eq.) was m xed w th napadi sylate (8.1 g, 28 mol, 1.1 eq.;

previ ol y gr ound in a mrﬁﬂamlcwmﬂefamgﬁmaﬂded with stirri ng, over
20 minutes, to ¥ a Lt d 0 SO Bt was filtered
and Et OAc (640 ntr% Was 0§ 943)%&%{1??%%%% S'é&aé‘t u(J’rilﬂtaS ‘g%ﬁp&%re?d#’né&g slightly
hazy sol ut rgstalliihé&raolsng ool lwesosphdriceniembalgice 65SGA-190 efsttna(Vllléarp.sol ut i on.
The sol uti e 1Syl |l owed to
stand at rg[gam (SaFrergﬁg Eg\’ lé%ﬁe%e ;le\mfﬁlgga?%gu t}?%mdlsy ‘Ivg)scfgpg\}él}eeg% 6111tered
washed with EtOH, and drled under vacuymto yield a white solid (16.9 g) A
portion of this solid (510 ng) was mxed 25 with EtOH (0.5 nL ). Water was
added (750 p.L) in several aliquots to aid dissolution. EtOAc (15 nL) was
added and the m xture was allowed to stand at roomtenperature until




solids began to form Additional EtOAc (15 nlL) was added all owed to stand
at roomtenperature. The resulting solids were filtered and washed with

Et OH t o yWel2dizdsesori t1 e crystalli ne hem napadi syl at e salPCT((32d119598930Thi s
product was then anal yzed by powder X-ray diffraction, differential
scanning calorinetry, and thermal gravinetric analysis, as described in the
exanpl es bel ow, and was designated a crystalline hem napadi syl ate salt.
This data is presented in FIGS. 11-13. EXAMPLE 7 Preparation of Crystalline
Hem napadi $yh@4ieheS@drt ofQhe hatyhid- EB@DMS‘AH@E@M&TS@E&J@@§‘)4€ag'rate of 5%

mer capt o- 4- met hyl p ent anoyl am no) ne
i m dazol - 1RWSI‘%@NY§’11@9 ﬁﬂufumu@%ﬁnmﬁ/ R 10 9% Rbb xihciRMAsigvasgrEparfdsy | at e
(3.7 g, 1215%th@?ﬁ9.1|1¥a92§5§ eqg.) was mxed with EtOH (100 nL) and sonicated to

ai d dissolution he resulting solution was filtered and rinsed with EtOH
(20 m). Thermal Stability

4' - { 2- Etshoxy- 4- b . ] -
i m dazol 1-yl ne%{%%d %ﬁ{pﬁs ug?lggf}%ﬁg%gfl%&%fg%g@ %thlg)l %%ﬂ%@l&ﬁ%ﬁ&%g} 5

mol , 1. Ooam?q75)% mivauuieidltarfdr ¢rigenangs ulheisagplas thrﬂ@nwadywﬂibmﬂwd. Et OAc
(1450 ni) ddest unt near 10 saturation. The resulting m xture was
filtered awgl%wﬁ seéje 5£ 09/\,1 th hem napadi syl ate, and allowed to stand at
room t enper at ur @luitheAgiksuldarbagSB-611 B, d66 wefEmfu, b uer @dst Nea8390ds-902)h Et OH, and

cryatal | nbl@ds PHRE S8R EHOTARMECR. B0t Bppid b B RG B R PRM B AP
Mbno- oxial aH@OSB(bIt% CEFA4'F10{\x2raEt hexymér eﬁ]h@tﬂon‘ifohﬁﬁé)zo aLmeceatpt Q@50 4miret hyl p
ent anoyl am no) es w%‘wgﬁ%?%qs Oa%égﬁqu&t]stock solutlons m {O%B}I IB[th;}yl 2 -c

ar boxylic ACI

4" -{2-et hOZiépeﬂdﬁffg biy fhre SolRGiBiy Porﬁfgma@bﬂo%he HPLC.
met hyl pent anoyl am no) met hy1] -i m dazol - i me'éé "-fl uar ohi phenyl-2-c
frea p

arb oxylic aci d BPWY ‘bf)theaﬁ?alp%?ﬁ&a? eet‘?ﬂ?}“&F chy e&eﬁgtaﬁ@ 7o ndte: disxed and
di ssol ved iipwa it lcUidiOBe1®, MREGNpIELsH¥WEd ﬂﬂﬂm-ﬂ'igss( nﬁ%lt@“—ﬂm@éﬁoﬁﬁﬂ othdtR@ and

sonication to yield a clear solution. EtOAc ) was added and the

resul tillg Ssmabaderceltest haarbeighliy- ﬁ%@ﬂeraﬁﬁhﬁ?ﬁ@ﬁﬁef%nﬂ@%rate under a
mld nit roﬁ@r&n%aﬁﬁ?ﬁe f@rn‘(‘@bﬂe@oﬁ@té gk &QJe%GIe%ﬁén%e ﬁr%%@ﬁs%b QM BecBsc SOI vent
evaporation, which was collected, filtered, and washed wi th excess EtOAc.
25Thi s proﬂl!i@t was then anal yzed by powder X-ray diffraction, differential
scanni ng cal ori net ry,—and—th grdvunetr' as cescrlbed in the
exanpl es bel ow, andggg%asetjom,sé@écu a——crystatti ?cﬁ?l:f‘gell;ahgim atte salt (purity
>98% . This data i @"""‘?ﬁ"l" cHh F-GS5—1719—EXAN iﬂ/; 9—36Powder X- Ray
Diffraction Sugsylae fory Ty ¢ o v T:écf he{sol i ds was

cEbhRt er—or
- a

T J
I g

per f ormed usi ng the_ﬁ‘@lwd.lsxlﬁtﬁf% X OHE the Thernmo ARL
X Tra X-ray dlffractorreter ¥ Cu-Ka radiation (2, =
1. 54051 A) wi t FreRpiedst e%lb@da@@ %fPa%‘ Whaﬁepném BHY0084 69748 Chagetph” (R gaku)
or withooutput voltage of 45 kV and guymigpt of 40 mA (Therno ARL). The

i nstrunent was operated in Bragg-Brentano geonetry with incident,
di ver gence, andSamples of the crystalline materials were evaluated over a 24 hour period at several

- O

C\<

pH ranges. The following buffer systems were used:

HCI buffer pH @ 1.15
HCI buffer pH @ 1.94

25 Potassium biphthate buffer pH @ 2.97
Acetate buffer pH @ 4.17
Acetate buffer pH @ 5.16
Phosphate buffer pH @ 6.04
Phosphate buffer pH @ 7.0

30 Samples (7-8 mg) of the crystalline materials were combined with 2 mL of each of

the buffers in a 5 mL glass vial. The vials were then mounted onto an automatic rotator
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scattering slits set to nmaxim ze the intensity at the sanple. For
measurenent, a small anmount of powder (5-25 ng) was gently pressed onto the
sanpl e hovdenizmw4d0er m a snooth 5 surface and subj ect ed POTXFSR@/0898pDSUTr €.
The sanples were scanned in 20-20 node from2 to 40 in 20 with a step size
of 0.03 and a scan speed of 2.0 per mnute. The data acquisition was
controll ed by Ri gaku Standard neasurenent software (Version 1.2.0.0) or
Therno ARL neasurenent software (Version 1.2.0.0) and anal yzed by Jade

sof twar e ( ¥&f ®Sta@for’ 2Phdkks at Thin teRPhiathi® Nt WSt lshPeRti S wetd ftcedSislngCon
metal standard (Rigaku) or 10 quartz standard (Therno ARL), wi thin 0.02

t wo- t het a aR¢pem filter (PVDH mergbrgpg) dntpa cleapyial far HPhd 2p#lys- t he Br agg- Br ent ano
geometry used igyh R laiQiGRld Bfh oA R hreﬁl%gaé@la% Rff WefdrofEd @pbat i on.
Under these conditions it is possible that the relative intensities of the
di f fract i omopeakblathyn thefreehegras sHAS, as Wetatledye FHel gt i ve intensities that

woul d b% obtai ned from an ideal iyzg S%c%r%h%%@i?n of spherical particles or
froma 15 diffraction pattern sinmulated rroma single crystal data. It is
al so possi bl e tAahukonstaebdegstalier Ivotinapedrylitn heoredidicifioraof i on patterns due
to the ext SQ§>I<dlﬁ)xBr1§frr?rﬁ (V‘Fiéj l’l’lglrlrlltgc{] cgnat% n'ﬁbgrh%z—%l strﬁqgrleyd%{aswas obtained using .

D fferential “scanni ng calorrmnmetry a( ) experi MEnt s were pertfaormed Usi ng a
TA | nst r umre NosiuMEdgla (TN A0 framaudter uaingMaKd nelisiah. Baalwas toltortinod | er. Dat a
were col lected 20 ed usi.ng TA | ts ' sal Anal ysis

sof tware. - ATESHTe oS HRGs PR dpe PHERAT Bt PREL R e RE Tt o
cover edital Uhg folbwaNattidf faeimeterOweic Mutiedi St ded ramiklige with idbnakionna peri od at
5C, the sa s h usin i near heating. rar CmnfromOCto
200C.  Ther TOYTAVRTT ST S BhlySr &5 ey s Ch L4 B iEa R ToK8 & TA I nst r unent &
Model 25 Qo601 MeHWpeceasislipipLthan daftulategehisas o LEI7acEapabidti Ly Data were
collected usjng TA Instrunents Thernmal Anal yst .controller and anal yzed
using TA | Héﬁr?%ﬁ%ma%fs EHFw&EPM iAol ¥qdatarpe PREiens WaIBicy et agisemeitnas

pl aced ont Qitﬁt@@%&%ﬂ%%goﬁﬂﬂeéﬁﬁ{%ﬁﬂkw&&r?arﬁ]ﬂ‘@ti ng rate of 10C from
anbi ent tenperature to 200C. The bal ance and furnace chanbers were purged

wi th nilrogen fTiiediiingripelessdar stogtyye eepfiemabic shemigal Sompesitiy indhgieafdheent

Dynami ¢ nopghilgd %pfo%{algmaﬁﬁmh%%wtﬁaﬁm&nws@wwnﬁrﬁ&@%é @hdcRACh
crystalline formusing a VIl atnospheric m crobal ance, SGA- 16)0 system (VTI

Cor p., Hi alzathoxyFt-cB3DI6)Y-ampskriprécnasbiipintanpleminosaetd imidaeolium di ty was

set at the anhj.gng. . ] t S BV

anal ysi s consi sy?e%j %u?%glpégﬁﬁ%r%%bg&@% %}a‘;’}gﬂg sl%sé%t%élv@?h%iﬂ{ga]%l@@%um’di ty
range of 59RMterdeBiDNg tRihe dPlremDMBrthat thiasrypelrif @hydatei bothherrmahley at 25C.
Ther mal St abi |.i t I ine materials were
stored 2z§)t g)g}é 1%18%(9%}3%}{%%@%?&&? %é%e%ﬁ@%&w%%ﬁg? {%I/bzérﬁ%dm dity, for one nonth.
The sanpl es wer hilhiéha panalt ywedtidmyhap beenfdedchibed wigh tdRIrécmet dpodfic aspects oiCol urm.

Agi | ent Zor bpx,.SB- C18 .6 . 250 m (Part. No. 975-9 Mobi | e
Phase A _SBOBMBer SRRk it B BN HeA byt PR R B0 REARE ook 10
H20, 0. 01%varfols cliengwy camabemade drleqtiivalent ogneb@tsilontituval wifeut Eartihg fibatteet or : 250
nm

true spirit and scope of the invention. Additionally, to the extent permitted by applicable
25 patent statutes and regulations, all publications, patents and patent applications cited herein
are hereby incorporated by reference in their entirety to the same extent as if each

document had been individually incorporated by reference herein.
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Sanmpl es were prepared as 0.2-0.5 ng/nlL stock solutions in 100% MeCN,
depending on the solubility, for injection onto the HPLC. The purity
of the sawpler/ose®7det ermi ned by HPLC area percentage (®CAUCR011485983Hown in
the table below, all sanples showed m nimal |oss of purity, thus show ng
that all 15 forns had excellent thermal stability. However, the

hem edi sylate form Il and hem napadi syl ate formwere found to be nore
stabl e than the previously known freebase form Sanple Purity Change
freebase fornf -2.9% hem edi syl ate formmg -0.3% hem napadi syl ate form
-0.1% * Prepared as described in U S. Patent Publication No. 2010/0081697
to Chao et Mt Isgdupedbility Sanples of the crystalline naterials were

eval uat ed qver 65 Y T wi ng buffer
ol e Wege us‘gé%ﬁ?;% Elﬁlﬂr%afsﬂgte%u éfezvgﬁ %{hog'gu e?ﬂlg;ggﬁw iﬂﬁleic%tg %Pot g buff

bi pht hat e b@fhfybqentWY@mn@metMBtnaﬂ@Oblrfvfrmfh@]-ﬁ @qubrpmreséﬂa@aébdzmhcf @rld,pH @
5. 16 Ph%Sp%&%mQH% {r‘f&alﬁﬁ’é @&e&%lf@&ﬁﬁ??a‘i eﬁlﬁf gae&%)@ﬁng% ml:Qra?tQ mlgs (7-8

ng) of the crysta ne materiars were co I ne each” of the
buf f er s i npawder mragdliffsstion pdtternidoenpvisiag diffngotien péudm atr®untves olth74-080, aut omati

Guspensi ond 9ETe DA [nhig 0 i@ SnR PP lude i At rud Bt o
cl ean vi al cla@dctdriRédbyanpdwiet $-ray dlffractlmmeﬁlh@mbﬁﬂhge@iffs@éhai peakostrol | and t he
L A A 08 TR R

2. The crystalline hemiedisylate salt of Claim 1, wherein form II is further
characterized by having one or more additional diffraction peaks at 20 values selected from
17.81+0.20, 18.14+0.20, 21.44+0.20, 22.25+0.20, 23.15+0.20, 24.80+0.20, 25.28+0.20,
26.03+0.20, 26.58+0.20, and 28.01+0.20.

15
3. The crystalline hemiedisylate salt of Claim 1, wherein form II is characterized by a
powder x-ray diffraction pattern in which the peak positions are substantially in accordance

with the peak positions of the pattern shown in FIG. 6.

20 4. The crystalline hemiedisylate salt of Claim 1, wherein form II is characterized by a

differential scanning calorimetry thermogram which has a melting point of about 182°C.

5. The crystalline hemiedisylate salt of Claim 1, wherein form II is characterized by a
differential scanning calorimetry thermogram substantially in accordance with that shown

25 inFIG. 7.

6. A process for preparing the crystalline hemiedisylate salt form II of Claim 1,
comprising:
a) treating 4'- {2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-
30 methylpentanoylamino)methyl]imidazol-1-ylmethyl}-3'-fluorobiphenyl-2-carboxylic acid
with 1,2-ethanedisulfonic acid;
b) optionally heating, stirring or sonicating to complete dissolution; and

c) allowing solids to form and isolating the solids to yield the crystalline
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5X-ray Structure Analysis A chunk crystal of crystalline

hem napadi syl at e havi ng di nensi ons of 0.45x0.40x0.15 mm was nounted on a

gl ass fi b&o.20%¢/068807st ruct ure data was obtai ned usi ng a RomiusgoiKapysas CCD
diffractometer using Mo Ka radi ation. Data was collected at a tenperature
of 1202K and was anal yzed usi ng SHELXS-97 and SHELXL-97 software. 10 The
followng lattice paraneters were derived: unit cell is triclinic with
dimensions a = 9.199(1) A b = 10.556(1) A c = 19.348(3) A, a = 80.754(8),
13 = 79. 28Qnfikdisylatc s&bfolh 1( 6) , space group is Plbar; calculated density is
1. 337 g/cnB. Powder x-ray diffraction peaks cal culated fromthe derived
atom c positions were in excellent agreenent with the observed results

obt ai ned usi ng Pl Iy AN F APk salt 3FORIH §SHhLriiR GorfD i€ fih&r Structure
confirms the chemcal conposition is that of the conpound of formula | and

t hat the askayrtarizedbyulivingennpringrs adionrny difisaction pende plelidehies selected from
{2-et hoxy- - A o LY LN | @ RR) h i m dazol -1
L1 et fy f‘lg'g‘}jf%ﬁoo?r}gﬁop RUALS it 'o%;‘;lzih’ci PR A0 BIH 26) RO,

napht hal enedi L.A28£6. ani on, and water |leading to the deternination that
this crystal is a hydrate. In this particular 20 experinent, approximtely
hal f nol ecul e of water was observed. Wile the present invention has been
descri bed ®%ith Tlefeywiie eoisipgbidsall of€hen tl swinneie fibodiindntstetinargof , it

wi | | be under st oad t hose of .ordi skilled in th rt that various
changes cartaT sattetdrelitruamahedd iy nik biniGn el Tutbho it ng
fromthe t e tisgichk posaidds stbppatefn dhbenimmeEntj on. Additionally, to the
extent permtted by applicable 25 patent statutes and regul ations, al
publications, patents and patent applications cited herein are hereby

i ncor por at ed byTheadrpfi@MetemiedidyRid saR O Clagth ¥, Wherdifl @orfaTeciRidcRfiked@sy d f each
docunent had_ been individually incorporated by reference herein, CLAI M
Wiat |'s O diffsegtiglgcanning Cﬂoemﬁé Sermaegsarp whicl Jpsa mektias paipg ofgpout 158°C.

4' -{2-ethoxy-4-ethyl-5-[((S)-2-nmnmercapto-4-

met hyl pent anoyl am no) net hyl ] i m dazol - 1-yl met hyl | - 3' - f | uor obi phenyl - 2- car box
ylic achd; 1& whEicgiyitallie hepyedisylafy 9k Oﬁﬁ?;if@éli@ rejp éorgid)is chagacteaipeddyerd f r om
(a) for”?|hﬁ&ﬁﬁﬁﬁ%&kﬁhl%@Qﬁﬁ%uﬂﬂﬁﬁ%ﬂsﬁn§mﬁéﬂmﬂbﬁﬁQQGRh&Q\@ﬁﬁLQ%ﬂm%PWDV'Slng
diffraction peaks at 20 val ues of 9. 40. 20, 11.000.20, 12.890. 20,

14. 270. 20, imE§G530. 20, 18.620.20, and 23.780.20; and forml, characterized
by a powder x-ray diffraction pattern conprising diffraction peaks at 20
val ues of 9.890.20, 11.660.20, 13.550.20, 18.410.20, 20.420.20, and
22.460. 20. 1.0 2 cryFhling hywinapddispataselriobdi (Syattmixe-4scalivl-Self (SCR-aiemapto-4vher ei n

ai 117 ack) of B SNBLRORFLL AR Pl TN IR A LRy 2 3R

21. 440. 20, c2PactbRe?®); a RBvdbbO-r0diffiAdti 80Att2@, coRpridfddiPhctidbpdaBat 20,

26.580. 20, and 010 (A 3. The_ cr al ] hen edi alt of

Qaim 1wk Jarmt P40 andpalefaf 2L 4 B DS L AP act Pon
pattern in which the peak positions are substantially in accordance with
t he peak positions of the pattern shown in FIG 6. 20 4.The crystalline
hem edi syl &t-e sHrcrptaliedieminepadifydatesalt of Siaimn |l GharagiReed ydpyipganepsr a

dibf f ;ar ?SStZEﬁlor&é&@ﬂi@hﬂ%fﬁﬁét%ipeﬁ&rayzé\bh‘ﬁfeg‘é’cgéc@é@Mﬁﬁ@ﬁom@lm%i.%g poi nt of
apou .
19.5520.20, 20.21:£0.20, 21.44=0.20, 23 .48+0.20, 25.69+0.20, 26.6520.20, 28.79:0.20,

29.63+0.20, and 30.52+0.20.

13. The crystalline heminapadisylate salt of Claim 11, characterized by a powder x-ray
30 diffraction pattern in which the peak positions are substantially in accordance with the peak

positions of the pattern shown in FIG. 11.

14. The crystalline heminapadisylate salt of Claim 11, characterized by a differential
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5. The crystalline hem edisylate salt of Cdaiml1, wherein formll is
characterized by a differential scanning calorinetry thernogram

subst ant inabI2g120e48@ccor dance with that shown 25 in FIG PCT/IB201A0p809Eess f or
preparing the crystalline hem edisylate salt formll of daiml,

conprising: a) treating 4'- {2-ethoxy-4-ethyl-54(S)-2-nmercapto-4- 30

nmet hyl pent anoyl am no) net hyl ] i m dazol - 1-yl net hyl } - 3' -f | uor obi phenyl - 2- car box
ylic acid with 1, 2-ethanedi sul fonic acid; b) optionally heating, stirring
or soni cat bd&gnihgcﬁ&ﬁmétﬁltﬁc;rﬂiogﬁ@\Hlﬁibl?ﬁb's addtif) ptloP¥b RO oLl ds to form and
isolating the solids to yield the crystalline -47- hem edisylate salt form
I1. 7. The crystalline hemedisylate salt of Caim1, wherein forml is
further chagactegd &fs@all% HAAia Qdi%'ﬂﬁe it dﬁ‘@'iaf«?nlél(ﬂ,déhta}a%ﬁéed@yfafcﬁ@&%tfa[‘ peaks at
20 val ues selected Trom 518. 890. 20, 19.910. 20, 20.900.20, 21.330. 20,

24. 350. 20, s8nigs calognetpghqgeeRo subsientglly opge@dance with tharkiwwariy EX@I12i ne

hem edi syl ate salt of Caim1, wherein forml| is characterized by a powder
x-ray diffraction pattern in which the peak positions are substantially in
accor danceld.0 whthocehdonreeterippthicciyondinghemepgiayearsalt ohclamilh FIG 1. 9.
The cr ysta%ria& Sint;;em edisylate salt of Caim1, wherein forml is
characterize y-a differential scanning calorinetry thernmogram which has a
mel ting point of) abowhtidBC2-cthbxy-8-cTyeS¢((§s2-aletcapte-dhem edi syl ate salt of
Claim1, wherein forml. is characterized b i fferential .scapnin

cai or | met 1 JerRsee g BRI RER AL S Ao S RO PSR n i
2. D, Aith hyghdAdédel N da@niegear)i syl ate salt of 4'-
{2-ethoxy-4-ethyl-5-[((S)-2-nercapto-4- 20 . : .

et hyl pent anoy| & n&gﬁﬁ&taﬂiw%f%tww&gmg-%ﬁwmmﬂ qompletq disglugBR ey | - 2- car box
ylic acid, char@gct eriigRthgRyli® t¢@niend koldg e kdild@es yien that t ern conpri si ng
diffraction peaks at 20 val ues of 4.840.20, 9.410.20, 10.820.20, 17.390. 20,
24.170. 20, hefpigeppdisg8i5 s8ly. 12, The crystal line heni napadi syl ate salt of
Claim 11, characterized by having one or 25 nore additional diffraction

peaks at 20 val ues sel ected from 14. 050. 20, 18.650.20, 19.550. 20,
20. 210. 90, 121. 480ryppling mongoxalate saitofgy(2-ohoxéebsbs 469 -2eerarodo,

29. 630. 20, R pdftamp et methy fitniddAOR 1S IEHA] B LG rdTHRARAINSKY AL &igal T of
G aim 11, characteri'zed by a powder x-ray 30 diffracti'on pattérn in which
the peak polsraciaiaed yr eperiss r-amt dititabyon mittawcomgasnieedifiraction prekp®dR posi ti ons
of the pallgun shawaohn il Gog ik oo a0l o 5 €1 YSEA) 14 8% Rty Rapagi syl ate
salt of dairmll, characterize ya différentia
18.4+0.20, 21.940.20, 23.9£0.20, 24.3+0.20, 24.5+0.20, and 26.120.20.
20
18. The crystalline mono-oxalate salt of Claim 17, characterized by having one or more
additional diffraction peaks at 28 values selected from 15.8+0.20, 18.1+0.20, 19.1+0.20,
20.3+0.20, 20.5+0.20, 22.3+0.20, 22.8+0.20, 24.9+0.20, 27.4+0.20, 27.8+0.20, 30.6+0.20,
31.4+0.20, and 36.9+0.20.
25
19. The crystalline mono-oxalate salt of Claim 17, characterized by a powder x-ray
diffraction pattern in which the peak positions are substantially in accordance with the peak

positions of the pattern shown in FIG. 17.

30 20. The crystalline mono-oxalate salt of Claim 17, characterized by a differential

scanning calorimetry thermogram which has a melting point of about 115°C.

21. The crystalline mono-oxalate salt of Claim 17, characterized by a differential
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scanning cal orinetry thernogram which has a nelting point of about 181C

15. The crystalline hem napadi syl ate salt of Claim1ll, characterized by a
di f f er entweal2opommso7rng cal ori metry thernogram subst ant i alPCy/useoiansmspsiance
with that showmn in FIG 12. 5 16. A process for preparing the crystalline
hem napadi syl ate salt of Caim 11, conprising: a) treating 4'-

{2- et hoxy- 4-et hyl -54(S) - 2- ner capt o- 4-

net hyl pent anoyl am no) met hyl ] i mi dazol - 1-yl met hyl | - 3" - f1 uor obi phenyl - 2- car box
ylic acid 1Qnih Baibrantiiah&fRpfhntudisi afljf)ﬂi &ec@ide with that shownld) FRPRONAl |y
heating, stirring or sonicating to co ete dissolution; and c)
allowing solids to formand isol ating the solids to yleld t he

hem napadi syl at g p%%bgs for‘]&ep'laﬁnf‘th%rc)%{aﬁink nf¥o %Qﬂgte@ﬁ%f%lﬁrﬁsﬁ Eorﬁgrlsmg

4' - {2- et hoxy-4-ethyl-54(S)- 2-er capt o- 4-

nethylpentanoyl@nlndmmml '{¥ﬁﬁmﬁaé6ﬂW15&ﬂﬁ@@hVKBm84afluorob|phenyl 2- car box

ylic aci 12 f rising
i ffractfow%ngﬁﬁt b e R e AV

15. 20. 20, mﬁhﬁaﬂzamdl7 30. 20, 18.40.20, 21. 90 20, 23.90.20, 24.30.20,

24.50. 20, and 2 [ It of Claim
17, characteriz (%Egyﬁ hm&% éIH%l(%é&% % gﬁﬂ%a€#%g§%?5%gpeaks at 20
val ues selectedﬂfromﬂmﬁu@@omﬁtomﬁmbﬁd2©MHm9m&@ﬂﬂ@u)ﬁ@M3ﬂu2@ﬂdRme50 20,
22.30.20, 22.80. %t 4 90. 20, 27.40.20, 27.80.20, 30.60.20, 31.40.20, and
36.90. 20, IBOPHIGHI ¢ ystal | i ne nono-oxal ate salt of daim 17,
characterized by a powder x-ray diffraction pattern in which the peak
positions e substantially in accordance with the ositions of the
oCtor n shatn | A PRy GRC e YoM Doy RGO gPyStad PG D APReHe ST of O 'ai m
17, char achgrthe egshin@cstfdued entiam 1,SGasnizng cal ori netry t her mogram whi ch
has a nelting point of about 115C. 21. The crystalline nono-oxal ate salt of
Claim 17, characterized by a differential scanning calorinetry thernogram
substant i abiy | ThefheMRanes! ddpBsififiads ahaves, fdﬁhgﬂﬁmpﬁ&ngaaecﬁn@wcess for
preparlng the crystalline nono-oxal ate salt of Claim1l7, conprisin

a) treakd nfempeuticageit pelssjeddram ipretisy Beydroncrgi resptie-backgs, caleium channe

met hy! pent BoN-am AALAELA wﬁlv&ﬂum; 9@?94@ iloREWTY boptor dladiQblnafiegyh - 2 car box
ylic acid wth oxalic acid ionall'y heating, stirring or sonicating
to conpl et glhdq1t9§gmqptqt@gldal@na 1nﬂammat0ry agents, prostaglandms anti-lipid agents, anti-

diabetic agents, anti-thrombotic agents, renin inhibitors, endothelin receptor antagonists,

endothelin converting enzyme inhibitors, aldosterone antagonists, angiotensin-converting

20  enzyme/neprilysin inhibitors, and combinations thereof.

25. A process for purifying 4'-{2-ethoxy-4-ethyl-5-[((S)-2-mercapto-4-
methylpentanoylamino)methyl]imidazol-1-ylmethyl} -3'-fluorobiphenyl-2-carboxylic acid;

comprising forming the crystalline compound of Claim 1, 11, or 17.

25
26. A compound as claimed in Claim 1, 11, or 17, for use in therapy.
27. The compound of Claim 26, for treating hypertension or heart failure.
30 28. Use of a compound as claimed in Claim 1, 11, or 17 for the manufacture of a

medicament.

29. The use of Claim 28, wherein the medicament is for the treatment of hypertension
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c) allowing solids to formand isolating the solids to yield the
crystalline nono-oxalate salt. 10 23. A pharnmaceutical conposition

conpri si yoaophasswaceut i cal | y acceptable carrier and thectrgsdaialosisee
conpound of Claim 1, 11, or 17. 24.The pharnmaceutical conposition of C aim
23, further conprising a secondary 15 therapeutic agent selected from
diuretics, pi adrenergic receptor blockers, calciumchannel bl ockers,

angi ot ensi n-converting enzyne inhibitors, ATi receptor antagonists,
nepril ysi nginhitpiitgr s, non-steroidal anti-inflammatory agents,

prostagl andins, anti-lipid agents, anti-diabetic agents, anti-thronbotic
agents, renin inhibitors, endothelin receptor antagonists, endothelin
converting enzyme inhibitors, al dosterone antagonists,

angi ot ensi n-converting 20 enzyne/ neprilysin inhibitors, and conbi nations

t hereof 25. A process for purifying

4' -{2-et hoxy-4-ethyl-5-R(S)-2-nercapto-4-

met hyl pent anoyl am no) et hyl ] i m dazol - 1- yl met hyl |

-3' -fl uorobi phenyl-2-carboxylic acid; conprising formng the crystalline
conpound of Claim1, 11, or 17. 25 26. A conmpound as clained in Claim1l, 11,
or 17, for use in therapy. 27.The conpound of Claim26, for treating
hypertensi on or heart failure. 30 28.Use of a conpound as clained in Caim
1, 11, or 17 for the manufacture of a medi canent. 29.The use of C aim 28,
wherein the nmedicanment is for the treatnment of hypertension or heart
failure.

S1-



