WD 2008/ 083341PCT/ US2007/ 089137 Crystal line Forns of

Sol vated Il aprazole Priority Statenent [0001] This
application clains benefit under 35 U.S.C. 119(e) of

W Soosfassdi si onal Application No. 60/877, 608, pidrhuseo7/089137
Decenber 29, 2006 and U.S. Provisional Application No.
60/ 887,499, filed January 31, 2007, both of which are
herein incorporated by reference in their entirety.

Field of the Invention [0002] This invention relates to

i | aprazol e, - 3- s ETRYrageIay! ) -
rnethylisuIfﬁ%&%?qﬁﬁ{?ﬁ?%?ﬁ?gﬁy%¥9ﬁfilﬁ-Benzinidazole,
_a substituted benzirnidazole having a chiral sulfur
PriogtysHpteW§Pt particularly, the invention relates to

[000R D84 AlplicARn iABLAkAEIdHEEU.5.¢. 8Pt beU.S. Payisicnel Application
I'S afﬁéoton punp inhibitor, and_ is, us ful_ln.tgf 87.499
No. GOR5A 0B IoB Posamton s 2009 ad U-8) BipgigogacAmeyestiondte, fyps7499,
L80! hetdhSinkOyERiddd) rbORAM iSitraantirety.
ﬁMdgﬁél |h?gggﬁggggﬁﬂgﬁ%ﬁ%ﬁ%ﬁ?%&%QSOS?@proton punp d
i nhi bitors have inproved the treatnent of various
iel éég-gela.ed gastrointestinal (GO disorders, including
Fw‘g F S&S8PR-geal reflux di sease (GERD), peptic ulcer
{0002l SeTER,invEatib reits t&llifraote, Hftametirexy->E8hyl-dtnyedayDand

nonsj er oj anti - i far r - J: .
ey DRRS Ay -pes -2 S RReRef § gty B BN R having o
chiraf ﬁﬁﬁﬁ Q{Oi)nﬁ E‘Moﬂ%@n@rtﬁd ﬁlgﬂy,\tﬁi itheédtitm rdﬁ&f&s&yiﬂgﬂ@m@ celivated
esophag)itis, an arrett's es agus.. S Ly
aprippien Hjabeplens SEi00 0GR 251 Rrnap s b ainef g Pbus acia
rdméfé bieBShal BiBor@&k d- secreting cell's of the stomach to
maxi mal activity. Proton punp inhibitors have al so be
used to treat ulcers such as duodenal, gastric, and
B ﬂﬁyﬁﬁﬁgﬁégiﬁﬂ%ggngastric/duodenal ul cers. [0004] As
AT SeCr e ory drugs, proton gunp inhibitors are |
[0008)r 1 Sirtck yheirtiatroducioomie tudateflOBE, Profoneundpbipijors Bredggproved the
viewed as more eff i : t deBonhageal
e AP ABTAS gp oLe b R OB il FRNERE srdephage
refluR Gisdass WOPRES gieptic duarliseiss; Zotlinger-Ellson Syndsowe (D cNeqrs and

sonsiggied soi e PRSP P i oy, R0 Wimpases tres
dised38 eai&ié%%lrieyzfdalﬁl_e'ft@mdeﬂﬁ have (NBRI)perasive esoplegisis, and Bahresitis
qua

, ductivity, L1 el l. bej :
esopios 215 & sl g BT BFeting il Sh B btrcisye P e acic-
secreﬁf(l;\g LAIESINQGRAN 15 BRKHES batvit Torh peREhHibisidinve also be used to

rseness, chronic cough, non-cardiac chest
treatanvgramucinasdvorglab EpHEC, Nﬁéﬂ@@éﬁ?ﬁ@f"@rgaﬁ?f”g?‘?degﬁ ufdts.

adi L RRiHIRRAEE BRI IR recommended first
(o0ogf eé#%%?ih?&ﬁ%%?%%ﬂ%a“%“’%S/ 083341PCT/ U52007/ 089137
line thesibpj beang vgwadtas mocoeffactve thie atherigeaghenth dnigagagt egfoton pump

. . ,€S0 eal .mucosa a t : . _The use of

i T SUTEL SOt Rt G B S ch B Gl R lockers. T

prot(gﬂilﬁ'ﬁi ﬁlhlﬁ;itel_s Qgipa@ﬁ:m wianaifier framiegastandidndata] disorders is generally
_Pharnmacol qgi cal] therapy.wi th pr.oton punmp. [ .

beliques fruravh Lodags otspoe e O AE ProieRih e bl e being.

10008] | GlpRh o Pasap ﬁ?ﬂ%@rﬁé ﬂﬁtﬁ ﬁsie_n o Sea]ga emha-ebeplm‘gﬁﬂ aanifestations of
relief of synptons an ealing o e _esp itis,.as

GERRR(asthzg, hagesensshi SHEPOISHIYL @Pmc?féfﬁ%b?% Rain), g%fg&%‘?‘%%ﬁ for

Heli{:cﬂﬁ bk GraBitdldnaae bSald BmERDH%M%M gicthrbefidaprompt and

erapeutic agent, the solid-state form as well as
the salt formof a drug candi date, can be inportant to
its devel opnent. Each solid state form (crystalline or
rphous) of a drug candi date can have different

physi cal and chem cal properties, for exanple,

solubility, stability, or the ability to be

reproduced. These properties can inpact the ultinmate

pharmaceuti cal dosage form the optim zation of

manuf act uri ng processes, and absorption in the body.
Moreover, finding the nost adequate formfor further
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. solvate, FormC. [00161Fig. 4 is the solution state
proton NMR spectrum of crystalline 1,4-di oxane/racemc
il aprazol e hem -solvate, FormC. [0017]Fig. 5 is the

wbRoosme®ai rum of crystalline 1, 4-di oxane/ r acefgigus2007/089137
il aprazol e hem -solvate, FormC. [0018]Fig. 6 is the
RAMAN spectrum of crystalline 1,4-di oxane/racem c
i laprazole hem - solvate, FormC [O0019]Fig. 7 is the
DVS i sothermof crystalline 1, 4-dioxane/racemc

sustairled %ﬁ%&ﬁl BnthMealitPbMAs &jurg@ésggﬁgee{l ©:20daRind pre¥ertiontdf GERD-

attein of crystal line THF/ racemc il aprazol e
reiatedhemphsmoma@@cludm sivighre] forppatipr; Barret)’sjesophagusyege/or

adenod gc?ﬁaorﬁgag a{rln %{c%ﬁ%&la%%g’glé %@%nr lﬁﬁrgﬁli'lglb%tﬁ@ %rﬁ% Qhefbasis of both

acute dnBl ecmgctgmmmgemlem&tf ﬂﬂﬂmePrﬁtdﬁlpnmemmtqw atpmdz @ff@tlve relief of

hem - sol yat Form D.. [ 0023] l on
Sﬁ’mpt‘g?%?“éﬁ’ﬁi’l t épﬁg’é’ts’rﬁrﬁ’ gf ‘i“g% Gnﬁe i slagl%:oe i c
[0006] | 2L ehddibutiS efivatyas the hﬁ‘la@ conbieh for a therapeutic agent, the

2008/ 083341PCT1US2007/ 089137 438 41Fig. .12 is the IR
solid-stgratorph st a8 el Forhef £ ec"‘*‘|“| FPRS Lo t

develoBfdht; %Q&Ys’ib;h@ stabOfofth RrystAAROdhnfbrphbis)i of atdh% dﬁﬁ&lﬂ&ﬂe can have

pectrumof crystallihe THF/ racem c _i |l apraz

dszereh‘eyhysmailanéphermp:ﬂ iPrapertiep.JoneEpRmpls, sojupility, qtﬁglﬁ@\;g the ability to be

reprod cge%t 'ﬁg%?bx%iaerﬁ%éo nh Bﬁ({ﬂ F}glgl%)%@ gﬁiﬂf%célugéag Eg?ﬂ%le €orm, the

optimipaioh @f mandfacysg rbbasses, andtehsmptionria therbiody. Mamoaqroﬁedmg the
| vat e G 28] E 16
O e T P e

deve]oﬁm&m G [00291Fig. 17 is the proton NMR spectrum of
crystalline methari oUrace .C 1|l aprazole solvate F

(000713 | PRSP PRI T Tes S BRI SYEt T S5 e fllne

forms %fex&éﬁiay @&éﬁmﬁd daaepkias e Nipemiitsapirazhhacteaiatiah ef the drug
Form G in DVSO-d [ 0031] Fi 19|sth§e& SJsog%f

candidgie’scohgsical and pysiel Bﬁlﬁ‘é‘ﬂlﬁ? 1ebY #lloprs ddegftlcaliop P g torm of

forms &ﬂfl @eﬁcrz&&%ﬁlbﬁiaﬁon SEMEAPRAE %ﬁ'eét hed bcﬁhﬂdrzﬁive SRR efarufacture.

ystal 'l ne nethanol/racetnic il r) sol vate, Form

The soﬁd Linketanystaline fofm MAE OSBITTE fayetakla nha@lqcpm $hagtheamorphous
form ogfr,)l{a?tb &CQQ(??IJOEéSQ It%}ﬁ a?so?%?ﬁ@kﬁﬁ?g?%%&teg%rsﬁbﬂfty

F5 5’ PRcen ¢ Form K
[0008]Det ah¢ edidBescptivsicelqmopetticsivé a digaatdidate o 3i4P influence its selection

asap N a‘gﬁati'z'f@'l Wﬁfl mﬁf‘?’%‘é‘i"hﬁd tlz‘te hoxce Oof forﬂ for 1t¥ th.njngcﬁu 1cal )(/;1)1]3[)051’:1011

One such b4l poberdy, Yor)exdihbleHe Iﬂibl ﬂﬂvﬁhﬂmjr ef thé solad, b&fbstanﬂ aftgdniiling.

Fowsb g BT SRR ReiEenBL BT BETR WP o

pharm&%ﬁﬁéa’l BorAsdsHioR SWhEh p@ﬂclé@éﬂh@ﬁbw&md%hip@m@do fidi€low past each
hydr ogen-pot assi um adenosi ne {ri phosph

other epfiloka 3 SRSt GPSh D ek BN RSFAUT e FiopiaR @ fblet or
capsul% g)\?mlﬂfaﬁ&e'% ‘gﬂﬁ %Hgsﬁatmfhef R BRidaRis QhettselibilislQilicon dioxide,

ent accessi bl e Cysteines on the
talc, stenol przibadié egicinmaibesthats. Anpthet ipmgtantdolidsipis lﬂf‘lﬂeﬂ&@f? on

ersi st t i ' .
prorm B3P a7 BBy 208 DGR, S aion ot
active hgrddten? 163, patibints lgaﬁfoﬁltesma)lr fhid mbye Havegheapeuby cost@rcaeps gince 11
WO 2008/ 083341Pa/ 1182007/ 089137 [ 0035] I | aprazol e has

the enmpirical fornula Cl191-118N402S havi ng a nol ecul ar
wei ght of

10266304.5 9



366. 44 daltons. |laprazole is a chiral nolecul e and
has the followi ng structural formula (1): O-CH3 I. Il
(1). Ilaprazole, like all proton punp inhibitors,
possesses the unique feature of a chiral sulfur atom
\80.200BB334can be depicted as foll ows w th t he RCGAS2HF{089137
of electrons on the chiral sulfur atom occupyi ng one
position in each stereoi soner, as shown below 9 R2'4
RI  The absolute configuration of (-)-S-ilaprazole was
made through single crystal structure determ nation
impadts thel rate ahwitich b boily-atieéni Exadpite ngpddicsbmpe réfthe patent's
Application Ser. No. 11/966, 808 of Brackett et al.
bloodsHEq™®| ed, "Solid State Forms of Enanti opure

[0009] aPiAdRg:l fyntiReksDE daEandidtes, A8 4s ilipeamiaintermediates are
i'ncorporated by reference inits entirety. . WO ier steps

preparebBI0BY3atepLTPUSIOS 7Y BHYTETS @E’G&”‘P@ go%%rr‘?pﬁfﬁ"‘h%arﬂ‘ ary

Of’cexf g%%&?%@%ﬁté%%g@a Pﬁﬁﬂ?&aﬁéﬁ Qs ar@mtrs MR8l tdremowe unwanted by-

es are well known to chemsts. d the
prodigiti erainpnmtiesc Incepomting sushrstepicarsahorly BIREAIATOS! PR (g cecrease

trat . . i i f of
overgR BBl TR Bl BEL R asine b pRuisRIR ated o
the daRcdanditiite tvithinch mualtirsodp syethssipen adfirsssabiese peablagise A grypfaliine

engnti oners. of chiral | ec C . ' .
L R
purity ﬁnérhﬁdiafercaﬂh gﬁaea;;me aéedgboother mﬁﬁtminfll_ otps aﬁldtrp@cg herqgpt of the

center I n three |, MeENSI Oona space. e S, :
synihsfig pevess L Sug orialing GrHERERdy RO for U Bo R e Bymihesis where the
desitd llﬂit?% %ﬁ%béwefa{e chbiRrdiat @ihantaf dhperodhene of

pol a

rfzed light. It is this rotation, of polarize .
[0010] ghThesaaractival phusiesherogrities @ infyerqed bY the Propegise G fepartiotar

soiid{s%é%fy%? ir(])??\lﬁ g@éﬁd&?for eRarE by (RN @ntc?Ablioh 4adogientation of molecules

state, pure enpantioneric na eriﬁnll S i
in thé adiseellkif dwrerpstalbnreaaenipopud. eA wets@iling famn ofjeg hagdifierent therma
def unt i on. .. cQpo Si A6y QARRS FoARRE adiker pTymorphic
behaﬁg{‘/éha{}aé:?eymé?s% %ﬁ?m%{p%%lesﬁ?%s&ggﬂpar ed to race%mfp _
formT Mihermias betaniot suhaastrgd {r the libaratdne by suphdeshniapes a6 sppHlary melting

. Racemates can cryst 4 ngl I a?&ﬁjmsg th€may be
potnt, r%?%ﬁ‘?ﬁ“SWﬁraﬁaly%? ﬁ@cfé‘ﬁtﬁ%é%ﬁﬁfr)n rror ‘TI mage ¢ryst i s, e
uscd,t( ﬂ\%ﬁéxaﬂ{;t@eﬁ w?snmgnﬁh soiae polgnetphic F_nrr?sa&md' thersofqratiiedlar solid state

ere the two, enantioners coexjst and are .
form s IbGPEEERS (B SPIA ORR G 63 FSRECSG99 Pigperpise fetgogeble by
2S5 Ui EctRAl(RPD), dike&gsthllte ronantdllogmpsy, aad idfered
powﬁ(&%d atc rargdomggi tes V\/I@t hin the crystal). The solid
specomaetey aRnethes ehai@essr i zed by various WO
2008/ 083341PCT/'US2007/ 089137 physi cal properties such
as solubility, nmelting point, x-ray powder
Sumghai§ ofidteiloventwsl i d state NVR, Raman, and IR
echy 9% ORYs ' {3, le, S9f (42t bxy-3-
wﬁiiﬁce%%“}v aporn géig g%o%p%ﬂgﬁ%ﬁ%g%%ggﬁaaré _esicgr?g{(ed as d
methy D2 -pBriGnylPmethyl jamdny]-SEABrpywiol-$ tvhl IH-BenAroidaral¢. As known to those

solvated racem.c ilaprazql e of the inv i LS
of skgggn&ﬁt? %&ﬁq c‘ﬁys(tﬂgmgggﬁ_ﬁaé&e@é?sg% as ﬁléns&ﬁﬁecei%@ﬁtaﬁme form or,
depeRdifs b tHei fBrn, fitQhATEb o vatddy Forfls €A ERjaad Kl lmpe beal wicaamed as

be rdentified or characterize . CO rin hei r
crystalligp advatereof dapragqle with dhe %’i‘é?ﬁﬁﬁeﬁ%ﬂ’éﬁngp%[‘ﬁ%%%?g and-pater,
nmp&Fgggn NVR spectra are useful in show ng that each

I Taptrazole formis chemcally the sane as the starting

material. Additional data for each crystalline form

whi ch may be used to identify each formis presented
ooschdd the Exanpl es bel ow. Each form disclosed here

possesses advantages vis--vis the other forns, for

exanpl e, for a particular fornulation or processing,

or as an internediate. [0039] The term "racem c" or

"racemate,"” is defined as a 1:1 m xture of the two

enanti omers of ilaprazole regardl ess of their physica

state. A racemc mxture of ilaprazole can be conposed



gastrointestinal cytoprotective effects in manmal s,
i ncludi ng humans. In a nore general sense, ilaprazole
may be used for prevention and treatnent of
wyenbs/@sntesti nal inflamuatory di seases in mapEUS2007/089137
including e.g_ gastritis, gastric ulcer, and duodena
ul cer. As discussed above, such G disorders include,
for exanple, gastroesophageal reflux di sease (GERD),
peptic ul cer disease, Zollinger-Ellison Syndrone
[0012) ZEShe irdbffinSalsoa8ldted @5 pliRhcatical Bérhpdsitiondommhibiting gastdc acid
(NSAI D) - induced gastropathy. || aprazol.e may al so, be
secretign gempesing Fratialps Bremisdlapradle hrdrate speopiipgfo the invention in an
amourd @FERE B BRfbirAlmd hSAESLRn RS b PhaiaORfiBHIBdcboRabf \Hrndr. The
gastric antisecretory effect is desirable,’” e.g. in
inventetalserprevidustmietiyals of ireatmrers, for varions acidhrolated gantreiaigstanal (GI)
- trQi ' bl eeding, and in patients with
d“mﬂ§@%ﬁ%¥%?§”8 S%%g%ﬁ#gagnd excessi ve al coho
consunption. WD 2008/ 083341PCT/ US2007/ 089137
. éOO451The results of Phase 1 clinical studies
Brief DesripEion of the i a™985, az0l e results suggest that at the
[00130d0S ﬁ% $ ig G XRPIS pRRABT T te 1gadiokhre/racdntlc lgpaaiote ltontirsolvate,
a 24-hour period. In Phase 2 clinical studies
Form €onducted with ilapnzole, the results indicated that
[0014] | 2522l e §GA BEENSAS oBLYHABHe PUNbHRE s MARRIRALSIS hemi-
reliet for patients Wwth gastric-acid rel ated
solvateliFoon@ers and pronoted rapid healing of acid-rel ated
1001503 ¥ § i 8RY LUARERRrdll GRLPsrali B0 LORERIALAAL Yiapdai hemi-
nveritiron relates a pharmaceut’i cal conposition for
solvate,[Forthit i ng gastric acid secretion conprising

L il | e_hvd : :
o016 2 Bidita FE O RRE 46 aot AENRACenSeo b el Bippaneracemic

ilapradoldhdpiilsoyag] Férfh @ci d secretion and a pharmaceutically

accept abl rrier. Pharpmaceuytjcal conpositions, are.
100175 < it SavB IR S0 FIYPRIE TN PRl Japriplsdiepsolvate,
Form &he treatnent of various acid-related gastrointestina

(61) inflanmmtory di seases and disorders such as thos .
(001813 i Gt BONAR 1o 3By PR AES o ARl prazols i
sdvm&X%BHKPFeCtion- The invention provides a nethod for

I'nhibiting gastric acid secretion by admnistering to
[0019vanmfig. § ixthy SV isetherny efcsyatadlisd bpdipxaneaagppie éﬂzarm&ghﬁm-
¢GQL¢ing to the invention, or a pharmaceutica
onposition containing it, in an amount sufficient to
[0020) nhiFig. & igths (XRRD pattech ofecystllierTHVeerminileptazale hethisgplvate, Form
D provi des a nethod for the treatnent of

* gastrointestinal inflanmatory di seases in manmal s by

[0021RdTFRY, 9tiehe TGA Defifoprah 6f ayytailiad THRGaceadeilpeazole hemi-solvate,

il aprazol e hydrate Form K according to the invention,
FormBy 3 phar maceuti cal conposition containing it, in an
(0022 amoent 16w hé Denhert glahfitton@aiideONHY/R8érRalaprazole hemi-solvate,

i nfl ammat ory di sease.” The invention further provides a
Form Bet hod for providing gastrointestinal cytoprotective

£ . i et ] ,
10023 | 36 SRR BN, Sl LRI, P recemic
ilaprazatedendisnlyatepFdarieeDi nvent i on, or a pharnmaceuti ca

conposition containing it, in an anpunt sufficient to

provi de gastrointestinal cytoprotective effects.

100481The invention relates to pharnaceutica

conpositions conprising a therapeutically effective
Lzsesadrount of crystalline racemc ilapraw e hydrate Form K

of the invention and a pharfaceutically acceptabl e

carrier, (also known as a pharmaceutically acceptabl e

exci pient). The pharmaceutical conposition may al so

contain a mxture of crystalline formof racemc

i laprazol e. As di scussed above, crystalline racenc

il aprazole hydrate Form K is suitable for the

treatnment of various acid-related gastrointestina

solvattg



according to the invention nmay be adm ni stered at
dosage | evel s of about 0.001 ng/kg to about SO ny/ kg,
from about 0.01 ng/ kg to about 25 ng/kg, or from about
0.1 to about 10 ng/ kg of subject body wei ght per
W8/ ?i’é?or nore tines a day, to obtain the 'Ef‘é'ggﬁ‘zgy%s””
therapeutic effect. It will also be appreciated that
dosages snaller than 0.001 ng/kg or greater than 50
nmg/ kg (for exanple 50-100 ng/kg) can be admi ni stered
to a subject. For extended rel ease for ul at ns,
[00241dos§gel2myh¢18rﬁgectfl¥f@ﬁf erpseseting THHy racs iR qﬁﬁl ‘SOlvaIe Form
D preferably ranging fromabout 10 ng to about 50 ny
" ilaprazole, and nore preferably ranging from about
[0025]T Fiz. &bRube RAMIN spdudderesiiss «Biod mevs@qfserm-solvate
Exanpl es [ 0059] Exanpl e 1 descri bes the preparation of
Form D, aprazole, From A Exanples 2-4 describe the
[0026]p r epa, 84 isqhe PVE iGdiRtAGIf efys@Hine T Fohodntia ilapmacde kantiisabyate,
| aprazol e solvates of the invention, Forns C, D, G
FOI‘m]and K. These solid state forns were character| zed by
var JREAPSRtterhdE brybRNAL httRAndiFacttic llahaddelaw, Form
[0027]1005%;%? #S?gr ent?gylitScan%g Calorinmetry (DSC):
G. Anal yses vvere carried out on a TA Instrunents
di f | Vraddific ilBglEdleuNate,
[Oﬂzslvva E:&I P b D§6u5| nggra&?%gh?r%&%fger ence naterial .
Form &ihe sanpl e was pl aced into an al um num DSC pan and the

wei rat eI GQL Vac8&: ilanrazole
{Oozglequ%} E)? tﬁeaprggon gl%gne %’% un régﬁﬁl €r ogen a‘Eur ge
Solvat%q:oﬂnmh@mtlzlo ¢ m n up to a final tenperature of

0 C Specific h rates _an n t; e
[0030]5 e Figidhis t‘“lf Elﬁtopﬁ\?@hépg F%Séagl gﬁeta%{gyg%{? Bl
solvatd, @G#&f@%@m@.@@@nogram r(;bn- crinped (NC) pan

donfigurations were use
B R g S

VTl SGA- 100 noi sture bal ance system For sorption
i sothernms, a sorption range of 5 to 95% el ativ.

[0032hunikig. 29 compiresshelinitial SRELhef aystallinegrethgn ?CF*BJ%%’Q%P‘F folvate,
.ysis. The sanples
For][11§1\13/ére not%@md&prl 1?‘1892%91322{5&%%%' libriumcriterja
[0033s edid. i xsamamDspaw@meaflce@@ﬂmmemmi@W&m drite; EAgh e
in 5 mnutes with a maxi numequilibration tine of 3
hours if the weight criterion was not net. Data were
Detaild@DesipiRatof thef laveddm i ni tial noisture content of the

o b By SR LR FABREE  ppie
Benzu\(l'lmlﬁtzﬁc;lg)r}s §E {E}gfﬁ%&g I&rehﬁzgl}i’if&igfcﬁle ﬂiﬁgm airctoh etunp éthibipe Haprazole
slecipely ASSFTRPPBENG REFSE USRI FEPE AP BONE B LT
potassHlﬂ %&Ghﬁhﬁm hﬂs{aﬁ&t@se& I@)Aﬁ%%ﬁﬁon ¥ i@ Ratiadre dinhibition of

refle tance accessory (Thunderdone h
the pr@h@pmp mhyéomﬁ)l of diseifida cejalerbbandivithay C“é?‘g]@t"é?‘mes on the
used egRfAtion from
R e e s e
plasma)fSe‘b mmlma@@rmmﬂwatsamw? mtﬁ,a&{am adyialy arhingorporated
Ge crystal. Log 1/R (R = refl ectance) spectra
m”““&ﬂﬁgg tuired by taking a ratio of these tw data sets
agai nst each ot her. Wavel ength calibration was
performed using pol ystyrene. 100631NVMR Anal yses:
Sanpl es were prepared for NVR spectroscopy as WO
2008/ 083341PCMS2007/ 089137 -5-50 ng solutions in the
10266304301 vent indicated in exanplgs. The spectra were
obt ai ned on an | NOVA-400 spectroneter. The spectra
were obtained with the acquisition parameters in Table
1. Table 1: 1H NIVIR Acqui sition Paraneters
Sol vent : CD2C12, DVMBO416 Tenper at ure: Ambi ent Spin
rate: 20 Hz Pul se sequence: s2pul Rel axation delay:5
seconds Pul se wi dth:7.0-8.4 gseconds Spectra



pi cki ng nmet hod descri bed above. The peak positions are
reported in degrees 20 0.2 20. Iflo is relative
intensity. The tables below |listing peaks for each
wo/ebans peaks that are visually present ipcth€007/089137
diffractogram Only those peaks with an Flo greater
than 3 are listed. The peak positions in bold denote
the characteristic peak set for each crystalline form
Shaded entries denote characteristic peak sets with a

el af,| | b iridS198 Rl Mg 4 Bolbhlar weight of

“NBS{002%%%§§%g%§ﬁ§?h%¥gﬂarati%ﬁggpﬂggzsta[ﬁ ne Racenigi
366.44 dakions Zidpezoleds archirdl G@Mpls%mhasﬁh@ﬁmﬂm smftual fogmula (I):

(MeCN) (6.00 kg, 15.0 parts) was charged to a fl ask.

After adjusting the tenperature to 5C (2-8C), crude
OdQtaprazol e (0.400 kg) was charged and the contents
mer%?ﬁgitated for 1 houry The slurry was filtered off

e fi

i1t er ke Ninsed with 3% N 140H/ Nl eCN (2 X
0400 K %l part). [00711The filter cake was
™ot ask, followed by 0.5% NI -1.40H Et OH

N'(0.200 kg, N"
under reduggd pressure, until distillation stopped.
0.5% NI - 140H Et OH (1. 00 kdD-2.50 parts) was charged to
i @‘ﬁﬂ] B vnituR G e 62a dBraKhlfur atom,
“m”“%hﬁé&%ggpﬁTﬁﬂ# regg%?ﬁﬁggﬁ%fytiogimas cgnc%ntrated
S*. Tiis @0 b2 8ivadierfolledswell therlenssaire felscizens op. the ¢hirabsubfgr atom

vol unes) ... 0..5% NHACH. Et OH 3.00 parts) was
occup i PHERCSiien i GBSO ey oo BEfb
2008/ 083341PCT/ US2007/ 089137 the m xture was

tg.ca.+1.2 L (3.00 volunes). 0.5%(@H0+H E{OH (0.5;0
Oﬁ@ﬂso.5003parf)"mas-t_’_ Bd and thS contelts wer s
dj and :agit at .0r 451 m nut g82~.The
jZn}d ri rt%\mﬁ'{ﬂ% e
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The filter gtake was pull-dried for 2 hours, and
TTRUrtHEr dyidd under vacuum at maxi gum t enper at ur erof
3C for 9Z hoursgz2Yie[d Cryatalline racemc
il aprazole, fromA: 0.338 kg (85% . Particle size: 206
[0072] Exanpl e 2: Preparation and Characteri zation of

Crystal lLine.1, 4-di oxane/ racernic il apraz
The asglie Qagest fsmrar e B B o SRy
detern@hatibndnd isQKERE balBW. $68e Efamplé 7 of typadingeU S1Eplicatibrceri No.
used to stabilize ilaprazole in sgtlution}&r S 16 filed
111966898 ptreqkelliet H. FedhEi PlafsTOREr & FgpHpyRes Japrazole” file
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m nut'es. 'The resulting Slurry was filtered through a
0.2 micron nylon filter into a glass vial. The vi al
was capped and placed into a refrigerator. The
resulting white solid was coll ected by decantation
approximately 6 days later and left to air dry at
anbi ent as Form C. [0074] The XRPD pattern of sol vated
i | aprazol e Form C was obt ai ned using an 1lnel XRG 3000
diffractonmeter. The data processing conditions are
shown in Table 2. Fig. 1 shows the XRPD pattern for
crystalline 1.4-di oxane/racemc il aprazole
hem -sol vate, Form C. Table 3 reports the peaks
identified in the XRPD pattern. Table 2: XRPD Data
Processi ng Conditions for Form C Snoot hi ng[ AUTQ
10269%%pot hi ng poi nts= 47 B.G Subtracti on[ AUTO sanpling
poi nt s= 57 repeat tines= 30 Kal -a2 Separ at e[ MANUAL]
Kal a2 ratio= 50.0 (% Peak Search[AUTO differentia
poi nts= 31 FWHM t hr eshol d= 0. 050 (deg) intensity
threshold= 30 (par ml) FWHMratio (n-1 )/ n=2 System
Error Correction: [NO Precise Peak Correction: [NJ
Tabl e 3: XRPD Pe* Positions for Form C Position (320
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[0036] Chiral molecules are well known to chemists. Chiral molecules exist in two
enantiomorphic forms that are mirror images of each other. In the same manner that left and
right hands are mirror images of each other and cannot be superimposed over each other,
enantiomers of chiral molecules cannot be superimposed over cach other. The only difference in
the molecules is the arrangement of groups connected to the chiral center in three dimensional
space. The physical properties of enantiomers are identical to each other with the exception of
the rotation of the plane of polarized light. Itis this rotation of polarized light that allows one
skilled in the art to determine if a chiral material is enantiomerically pure.

[0037} In the solid state, pure enantiomeric materials (also known as enantiopure materials)
are, by definition, composed of a single enantiomer and can have very different properties
compared to racemates. This is particularly true in the crystalline form. Racemates can
crystallize as a conglomerate (where the two enantiomers form identical, mirror-image crystals
that are the pure enantiomer), a Tacemic compound (where the two enantiomers coexist and are
incorporated into specific locations of the crystal) or a solid solution (where the enantiomers can

be located at random sites within the crystal). The solid state can be characterized by various
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asaniﬂteﬁne’ﬂaefﬁTS 9 3.6 2.2 [0078]Fig. 5 is the IR spectrum of
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enantién88 3acRS 96/&@,&0@0, 86/14, 14/86, 70/30, 30/70, 50/50, as well as ofher ratios in
between these ratios, as long as the bulk enantiomeric composition remains 1:1.

[0040] The forms of solvated racemic ilaprazole of the invention are each substantially pure
or substantially free of the other crystalline forms or amorphous racemic ilaprazole and other
impurities. In this context, "substantially pure” means that the particular form of solvated
racemic ilaprazole comprises less than 15% of another crystalline or amorphous form. The
purity is preferably less than 10%, more preferably less than 5%, more preferably less than 2%,
more preferably less than 1%, and even more preferably less than 0.5%. The term "substantially
pure" also means that the form of racerhic ilaprazole comprises less than 3% of other impurities,
preferably less than 2%, more preferably less than 1%, and even more preferably less than 0.5%.
[0041] Crystalline forms of solvated cdmpounds are those where a solvent molecule is
contained within the crystalline lattice of the compounds. Solvates may be stoichiometric or
non-stoichiometric. Stoichiometric solvates have a fixed ratio of solvent molecules to the
molecules of the compound. This is typically due to a bonding interaction between the solvent
and the compound molecule. In non-stoichiometric solvates, the solvents is not present in a

fixed ratio to the molecules of the compound and often can vary. In a non-stoichiometric
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selvate, the solvent is often present in the void spaces or channels within the crystalline lattice.
Such non-stoichiometric solvates are often called, “channel solvates.”

[0042] Bulk racemic ilaprazole has now been shown to form crystatline solvates with 1,4-
dioxane, THF, methanol, and water. These crystalline solvates, the subject of this invention,
include crystalline 1,4-dioxanefracemic ilaprazole solvate, Form C; crystalline THF/racemic
ilaprazole hemisolvate, Form D; crystalline methanol/racemic ilaprazole solvate, Form G; and
crystalline racemic ilaprazole hydrate, Form K.

[0043] While the 1,4-dioxane, THF, and methanol solvates are not suitable for the treatment
of various acid-related gastrointestinal (GI) disorders, they are highly pure forms which can be
desolvated to yield highly pure ilaprazole, free of other unwanted impurities. For example, the
methanol solvate, Form G, when desolvated yields crystalline ilaprazole Form I as described in
co-pending U.S. Application Ser. No. 11/966,868 of Brackett et al. entitled, “Solid State Forms
of Racemic Ilaprazole” filed December 28, 2007, herein incorporated by reference in its entirety.
Because hydrates are often used as active pbarmaceutical ingredients, Form K is a preferred
embodiment of the invention. Solvated forms of compounds are also useful as 2 point of
isolating purified compounds in synthetic processes. A solvate is the least soluble form of the
compound in the solvent of solvation. Therefore increasing the yield of the compound and its

solvate in a particular solvent may increase the recovery of the compound in that solvent.

Pharmaceutical Compositions and Methods

[0044] Itaprazole is useful for inhibiting gastric acid secretion as well as for providing

gastrointestinal cytoprotective effects in mammals, including humans. In a more general sense,
ilaprazole may be used for prevention and treatment of gastrointestinal inflammatory diseases in
mammals, including e.g. gastritis, gastric ulcer, and duodenal ulcer. As discussed above, such GI
disorders include, for example, gastroesophageal reflux disease (GERD), peptic ulcer disease,
Zollinger-Ellison Syndrome (ZES), ulcers, and nonsteroidal anti-inflammatory drug (NSAID)-
induced gastropathy. Tlaprazole may also be used for prevention and treatment of other
gastrointestinal disorders where cytoprotective and/or gastric antisecretory effect is desirable,
e.g. in patients with gastrinomas, in patients with acute upper gastrointestinal bleeding, and in

patients with a history of chronic and excessive alcohol consumption.
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[0045) The results of Phase 1 clinical studies conducted with ilaprazole results suggest that
at the doses studied, suppression of gastric acid occurs over a 24-hour period. In Phase 2 clinical
studies conducted with ilaprazole, the results indicated that ilaprazole at the doses studied
provided symptomatic relief for patients with gastric-acid related disorders and promoted rapid
healing of acid-related pastric and duodenal uicers.

[6046] Accordingly, the invention relates to a pharmaceutical composition for inhibiting
gastric acid secretion comprising crystalline racemic ilaprazole hydrate Form K according to the
invention in an amount effective to inhibit gastric acid secretion and a pharmaceutically
acceptable carrier. Pharmaceutical compositions are discussed below.

[0047} The invention also relates to the treatment of various acid-related gastrointestinal (GI)
inflammatory diseases and disorders such as those discussed above and providing
gastrointestinal cytoprotection. The invention provides a method for inhibiting gastric acid
secretion by administering to mammals crystalline racemic ilaprazole hydrate Form K according
to the invention, or a pharmaceutical composition containing it, in an amount sufficient to inhibit
gastric acid secretion. The invention also provides a method for the treatment of gastrointestinal
inflammatory diseases in mammals by administering to mammals crystalline racemic ilaprazole
hydrate Form K according to the invention, or a pharmaceutical composition containing it, in an
amount sufficient to treat gastrointestinal inflammatory disease. The invention further provides
a method for providing gastrointestinal cytoprotective effects in mammals by administering to
mammals crystalline racemic ilaprazole hydrate Form K according to the invention, or a
pharmaceutical composition containing it, in an amount sufficient to provide gastrointestinal
cytoprotective effects.

[0048] The invention relates to pharmaceutical compositions comprising a therapeutically
effective amount of crystalline racemic ilaprazole hydrate Form K of the invention and a
pharmaceutically acceptable carrier, (also known as a pharmaceutically acceptable excipient).
The pharmaceutical composition may also contain a mixture of crystalline form of racemic
ilaprazole. As discussed above, crystalline racemic ilaprazole hydrate Form K is suitable for the
treatment of various acid-related gastrointestinal (GI) disorders. Pharmaceutical compositions

for the treatment of those diseases and disorders contain a therapeutically effective amount of
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crystalline racemic ilaprazole hydrate Form K of the invention to inhibit gastric secretion as
appropriate for treatment of a patient with the particular disease or disorder.

10049] A “therapeutically effective amount of crystalline racemic ilaprazole hydrate Form K
to inhibit gastric secretion” (discussed here concerning the pharmaceutical compositions) refers
to an amount sufficient to inhibit or reduce gastric secretion and thereby to treat, i.e. to reduce

the effects, inhibit or prevent, various acid-related gastrointestinal (G) disorders and/or provide
gastrointestinal cytoprotection. The actual amount required for treatment of any particular
patient will depend upon a variety of factors including the disorder being treated and its severity;
the specific pharmaceutical composition employed; the age, body weight, general health, sex and
diet of the patient; the mode of administration; the time of administration; the route of
administration; and the rate of excretion of the crystalline form of racemic ilaprazole according
{o the invention; the duration of the treatment; any drugs used in combination or coincidental
with the specific compound employed; and other such factors well known in the medical arts.
These factors are discussed in Goodman and Gilman’s “The Pharmacological Basis of _
Therapeutics,” Tenth Edition, A. Gilman, J ‘Hardman and L. Limbird, eds., McGraw-Hill Press,
155-173 (2001), which is incorporated herein by reference.

[00590] The absorption of the crystalline forms of racemic ilaprazole can be altered depending
on when the subject consumes food in relation to when the dosage is administered. The rate of
absorption can also depend on the type of diet consumed, particularly if the diet has a high
concentration of fats. These factors, as well as others known to those of skill in the art that can
affect the absorption of proton pump inhibitors, can consequently influence the efficacy of the
crystalline forms of solvated racemic ilaprazole in inhubiting gastric acid secretion. It has been
found that the absorption of the crystalline forms of solvated racemic ilaprazole can be delayed
and the bioavailability increased when administered in the fed state or approximately five
minutes before a high-fat meal, compared to administration in the fasted state. Administration of
the crystalline forms of solvated racemic ilaprazole approximately one hour before a high-fat
meal produces results similar to that observed during admipistration in the fasted state. These

findings are consistent with similar studies performed with other tableted formulations of proton

pump inhibitors.
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[0051] A pharmaceutical composition of the invention may be any pharmaceutical Form
which contains crystalline racemic ilaprazole hydrate Form K according to the invention. The
pharmaceutical composition may be, for example, a tablet, capsule, liquid suspension, injectable,
topical, or transdermal. A comprehensive disclosure of suitable formulations (including
controlled-release formulations, e.g. delayed release, sustained/extended reiease, etc.) may be
found in U.S. Published Application No. 2006/013868, herein incorporated by reference in its
entirety, For injectables and liquid suspensions, those should be formulated such that the
crystalline form of solvated racemic ilaprazole is present in the formulated composition.
[0052]  Depending on the type of pharmaceutical composition, the pharmaceutically
acceptable carrier may be chosen from any one or a combination of carriers known in the art.
The choice of the pharmaceutically acceptable carrier depends upon the pharmaceutical Form
and the desired method of administration to be used. For a pharmaceutical composition of the
invention, that is one having crystalline racemic ilaprazole hydrate Form K of the invention, a
carrier should be chosen that maintains the crystalline form of racemic ilaprazole hydrate Form
K of the invention. In other words, the carrier should not substantially alter the crystalline form
of crystalline racemic ilaprazole hydrate Form K of the invention. Nor should the carrier be
otherwise incompatible with crystalline racemic ilaprazole hydrate Form K according to the
invention, such as by producing any undesirable biological effect or otherwise interacting ina
deleterious manner with any other component(s) of the pharmaceutical composition.
[0053]  The pharmaceutical compositions of the invention are preferably formulated in unit
dosage form for ease of administration and uniformity of dosage. A “unit dosage form” refers to
a physically discrete unit of therapeutic agent appropriate for the patient to be treated. It will be
understood, however, that the total daily dosage of crystalline racemic ilaprazole hydrate Form K
of the invention and its pharmaceutical compositions according to the invention will be decided
by the attending physician within the scope of sound medical judgment.
[0054] It may be desirable to administer the dosage in a composition where the crystalline
form of solvated racemic ilaprazole is released from the dosage form as a first and a second dose
" where each of the first and second dose contain a sufficient amount of the crystalline form of

solvated racemic ilaprazole to raise plasma levels to a desired concentration. Suitable
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[0055] Because crystallme racemic ilaprazole hydrate Form K of the invention is more easily
maintained during its preparation, solid dosage forms are preferred for the pharmaceutical
composition of the invention. Solid dosage forms for oral administration, which includes
capsules, tablets, pills, powders, and granules, are particularly preferred. In such solid dosage
forms, the active compound is mixed with at least ope inert, pharmaceutically acceptable carrier
(also known as a pharmaceutically acceptable excipient). The solid dosage form may, for
example, include one or more pharmaceutical carriers/excipients as known in the art, including:
a) fillers or extenders such as starches, lactose, lactose monohydrate, sucrose, glucose, mannitol,
sodium citrate, dicalcium phosphate, and silicic acid; b) binders such as, for example,
carboxymethylcellulose, microcrystalline celiulose, alginates, gelatin, polyvinylpymrolidinone,
sucrose, and acacia; ¢) humectants such as glycerol; d) disintegrating agents such as agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, sodinm starch
slycolate, and sodium carbonate; ¢) dissolution retarding agents such as paraffin; f) absorption
accelerators such as quatemary ammonium compounds; g) wetting agents such as, for example,
cetyl alcohol and glycerol monostearate; h) absorbents such as kaolin and bentonite clay; 1)
lubricants such as talc, calcium stearate, magnesium stearate, magnesium hydroxide, solid
polyethylene glycols, sodium lauryl sulfate; and j) glidants such as colloidal silicon dioxide. The
solid dosage forms may also comprise buffering agents. They may optionally contain opacifying
agents and can also be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Remington’s Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co.,
Easton, Pa., 1980), herein incorporated by reference in its entirety, discloses various carriers used
in formulating pharmaceutical compositions and known techniques for the preparation thereof.
Solid dosage forms of pharmaceutical compositions of the invention can also be prepared with
coatings and shells such as enteric coatings and other coatings well known in the pharmaceutical
formulating art, including formulations and coatings desi gned to provide for extended release of
the active pharmaceutical ingredient (API). For example, U.S. Patent No. 6,605,303,

incorporated herein by reference, describes oral extended release formulations for the proton
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pump inhibitor omeprazole. Accordingly, the solid dosage form may be an extended or delayed
release formulation. An exemplary delayed-release tablet formulation is described in Example 8
of U.S. Application No. 11/966,868.

[00546] Crystalline racemic ilaprazole hydrate Form K of the invention can alsobe in a solid
micro-encapsulated form with one or more carriets as discussed above. Microencapsulated
forms of crystailine racemic ilaprazole hydrate Form K of the invention may also be used in soft
and hard-filled gelatin capsules with carriers such as lactose or mifk sugar as well as high
molecular weight polyethylene glycols and the like.

[6057] The invention also provides methods for the treatment of the GI disorders discussed
above. Crystalline racemic ilaprazole hydrate Form K and pharmaceutical compositions
containing it may, according to the invention, be administered using any amount, any form of
pharmaceutical composition and any route of administration effective for the treatment. After
formulation with an appropriate pharmaceutically acceptable carrier in a desired dosage, as
known by those of skill in the art, the pharmaceutical compositions of this invention can be
administered to humans and other animals orally, rectally, parenterally, intraveneously,
intracisternally, intravaginally, intraperitoneally, topically (as by powders, ointments, or drops),
bucally, as an oral or nasal spray, or the like, depending on the location and severity of the
condition being treated. As discussed above, when administering a pharmaceutical compositions
of the invention via one of these routes, the pharmaceutical composition contains racemic
ilaprazole hydrate Form K of the invention. Oral administration using tablets or capsules is
generally preferred. |

[0058] In certain embodiments, the crystalline form of racemic ilaprazole hydrate Form K
according to the invention may be administered at dosage levels of about 0.001 mg/kg to about
50 mg/kg, from about 0.01 mg/kg to about 25 mg/kg, or from about 0.1 mg/kg to about 10 mg/kg
of subject body weight per day, one or more times a day, to obtain the desired therapeutic effect.
It will also be appreciated that dosages smaller than 0.001 mg/kg or greater than 50 mg/kg (for
example 50-100 mg/kg) can be administered to a subject. For extended release formulations, the
dosage may range from about 5 mg to about 80 mg, preferably ranging from about 10 mg to
about 50 mg ilaprazole, and more preferably ranging from about 20 mg to about 40 mg.
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Examples .
[0059) Example 1 describes the preparation of ilaprazole, From A. Examples 2-4 describe

the preparation and characterization of four crystalline ilaprazole solvates of the invention,
Forms C, D, G, and K. These solid state forms were characterized by various techniques. Each
technique is described below.

[0060]  Differential Scanning Calorimetry (DSC): Analyses were carried out on a TA
Instruments differential scanning calorimeter 2920. The instrument was calibrated using indium
as the reference material. The sample was placed into an aluminum DSC pan and the weight
accurately recorded. The sample cell was equilibrated at 25 °C and heated under 2 nitrogen
purge at a rate of 10 °C/min, upto a final temperature of 350 °C. Specific heating rates and pan
configurations are identified in the comment section above each individual thermogram. Non-
crimped (NC) pan configurations were used.

[0061] Dynamic Vapor Sorption/Desorption {DVS): Data were collected on a VTI SGA-100
moisture balance system. For sorption isotherms, a sorption range of 5 t0 95% relative humidity
(RH) and a desorption range of 95 to 5% RH in 10% RH incremenis were used for analysis. The
samples were not dried prior to analysis. Equilibrium criteria used for analysis were less than
0.0100% weight change in 5 minutes with a maximum equilibration time of 3 hours if the weight
criterion was not met. Data were not corrected for the initial moisture content of the samples.
[0062] IR Spectroscopy: Infrared spectra were acquired on a Magna-IR 860% Fourier
transform infrared (FT-IR) spectrophotometer (Thermo Nicolet) equipped with an Ever-Glo
mid/far IR source, an extended range potassium bromide (KBr) beamsplitter, and a deuterated
triglycine sulfate (DTGS) detector. An attenuated total reflectance (ATR) accessory
(Thunderdome™, Thermo Spectra-Tech), with a germanium (Ge) crystal was used for data
acquisition. The spectra represent 256 co-added scans collected at a spectral resolution of

4 cm™. A background data set was acquired with a clean Ge crystal. Log /R (R = reflectance)
spectra were acquired by taking a ratio of these two data sets against each other. Wavelength
calibration was performed using polystyrene.

[0063] NMR Analyses: Samples were prepared for NMR spectroscopy as

102663045 15



73.551 Position: 1179.6 Intensity: 90.482 Position:
1202.9 Intensity: 34.082 Position: 1224.9 Intensity:

46. 371 Position: 1252.5 Intensity: 58.963 WO
WQ0a8E38341 PCT/ US2007/ 089137 Position: 12€31B2007/089137
Intensity: 57.765 Position: 1274.8 Intensity: 203.385
Position: 1306.0 Intensity: 169.771 Position: 1343.5
Intensity: 387.824 Position: 1391.0 Intensity: 73.318

Position: 1410.1

~5-50 mg solutions in the solvent indicated in examples. The spectra were obtained on an
INOVA-400 spectrometer. The spectra were obtained with the acquisition parameters in
Table 1.

Table 1: "H NMR Acquisition Parameters

Solvent: CD,Cl,y, DMSO-dg
Temperature: Ambient
Spin rate: 20 Hz
Pulse sequence: s2pul
Relaxation delay: 5 seconds
Pulse width: 7.0-8.4 pseconds
Spectral width: 6400-7000 Hz
Scans: 40
Acquired points: 32,000-35,000
Data processing:

Line broadening: 0.2 Hz

{0064] Thermogravimetry (TG): Analyses were carried out on a TA Instruments 2950
thermogravimetric analyzer. The calibration standards were nickel and Alumel™. Each sample
was placed in an aluminum sample pan and inserted into the TG furnace. Samples were started
directly from ambient and then heated under a stream of nitrogen at a heating rate of 10 °C/min,
up to a final temperature of 350 °C.

[0065] Raman Spectroscopy: FT-Raman spectra were acquired on an FT-Raman 960
spectrometer (Thermo Nicolef). This spectrometer uses an excitation wavelength of 1064 nm.
Approximately 0.5 W of Nd:Y'VO4 laser power was used to irradiate the sample. The Raman
spectra were measured with an indium gallium arsenide (InGaAs) detector. The samples were
prepared for analysis by placing the sample into a capillary. A total of 256 sample scans were
collected from 3600 — 100 cm™ at a spectral resolution of 4 cm’?, using Happ-Genzel
apodization. Wavelength calibration was performed using sulfur and cyclohexane.

[0066] X-Ray Powder Diffraction (XRPD): XRPD patterns were obtained using an Inel
XRG-3000 diffractometer, equipped with a curved position-sensitive detector with a 26 range of
120°. Real time data were collected using Cu Ko radiation starting at approximately 4 °26 at a
resolution of 0.03 °26. The fube voltage and amperage were set to 40 kV and 30 mA,

respectively. Samples were run for 5 or 15 minutes. Patterns are displayed from 2.5 to 40 °28 to
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Position: 2745.6

facilitate direct pattern comparisons. Samples were prepared for analysis by packing them into
thin-walled glass capillaries. Each capillary was mounted onto a gonjometer head that is
motorized to permit spinning of the capillary during data acquisition. Instrument calibration was
performed daily using a silicon reference standard.

[0067]  XRPD Peak Picking Methods; Any XRPD files generated from an Inel instrument
were converted to Shimadzu raw file using File Monkey version 3.0.4. The Shimadzu .raw file
was processed by the Shimadzn XRD-6000 version 4.1 software to automatically find peak
positions. The “peak position” means the maximum intensity of a peaked intensity profile. |
Parameters used in peak selection are shown with each parameter set of the data. The following
processes were used with the Shimadzu XRD-6000 “Basic Process” version 2.6 algorithm: '1)
smoothing was done on all patterns; 2) the background was subtracted to find the net, relative
intensity of the peaks; and 3) the CuK alpha2 (1.5444 A wavelength) peak was subtracted from
the pattern at 50% of the Cu K alphal (1 .5406A) peak intensity for all patterns.

[0068] Each table listing XRPD peaks for each form shows peaks selected by the peak |
picking method described above. The peak positions are reported in degrees 20 = 0.2°26. Ilo1s
relative intensity. The tables below listing peaks for each form shows peaks that are visually
present in the diffractogram. Only those peaks with an I/Io greater than 3 are listed. The ;-aeak
positions in bold denote the characteristic peak set for each crystailine form. Shaded entries

denote characteristic peak sets with a relative intensity greater than or equal to 10.

{00691  Example 1: Preparation of Crystalline Racemic llaprazole, Form A

[0070] 3% NH,OH/ Acetonitrile (MeCN) (6.00 kg, 15.0 parts) was charged to a flask. After
adjusting the temperature to 5°C (2-8°C), crude Tlaprazole (0.400 kg) was charged and the
contents were agitated for 1 hour. The slurry was filtered off and the filter cake rinsed with 3%
NH,OH/MeCN (2 X 0.400 kg, 2 x 1.00 part).

[0071] The filter cake was charged into the flask, followed by 0.5% NH,OH/EtOH (0.200
kg, 0.500 part) and concentrated at 20-25°C under reduced pressure, until distillation stopped.
0.5% NH,OH/EtOH (1.00 kg, 2.50 parts) was charged to the flask, followed by methylene
chloride (2.40 kg, 6.00 parts). The resulting solution was concentrated at 20-25°C under reduaced
pressure to ca. 1.0 L (2.50 volumes). 0.5% NH,OH/EtOH (1.20 kg, 3.00 parts) was charged and
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the mixture was concenirated at maximum 20-25°C under reduced pressure to ca. 1.2 L (3.00

volumes). 0.5% NH,OH/EtOH (0.200 kg, 0.500 part) was charged and the contents were
adjusted to 5°C (2-8°C) and agitated for 45 minutes. The shurry was filtered off and rinsed with
0.5% NH;OH/EtOH (0.200 kg, 0.500 part), EtOH {0.200 kg, 0.500 part) and MTBE (2 x 0.200
kg, 2 x 0.500 part). The filter cake was pull-dried for 2 hours, and further dried under vacuum at
maximum temperature of 53°C for 92 hours. Yield cryatalline racemic ilaprazole, from A: 0.338
kg (85%). Particle size: 206

[0072] Example 2: Preparation and Characterization of Crystalline 1,4-dioxane/racemic
ilaprazole Hemi-solvate, Form C

[6073] A solution containing 7 mL of 1,4-dioxane and 10 pL triethylamine (TEA, which is
used to stabilize ilaprazole in solution) was saturated with racemic ilaprazole Form A by
sonicating with excess solids for approximately 3 minutes. The resulting slurry was filtered
through a 0.2 micron nylon filter into a glass vial. The vial was capped and placed into a
refrigerator. The resulting white solid was collected by decantation approximately 6 days later
and left to air dry at ambient as Form C.

[0074] The XRPD pattern of solvated ilaprazole Form C was obtained using an Inel XRG-
3000 diffractometer. The data processing conditions are shown in Table 2. Fig. 1 shows the
XRPD pattern for crystalline 1.4-dioxane/racemic ilaprazole hemi-solvate, Form C. Table 3
reports the peaks identified in the XRPD pattern.

Table 2: XRPD Data Processing Conditions for Form C

Smoothing [AUTO]
smoothing points =47

B.G. Subtraction [AUTO]
sampling points =57

repeat times =30

Kal-aZ Separate IMANUAL]
Kal a2 ratio =50.0 (%)
Peak Search [AUTO]
differential points =31
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Intensity: 45.900 Position: 3122.3 Intensity: 25.130
Position: 3140.0 Intensity: 63.509 [O0080]Fig. 7 is
the DVS isotherm of crystalline 1,4-di oxane/racem c
i | aprazol e hem - solvate, Form C. The DVS isotherm
we buwsssasn approxi mate 1.2% wei ght | oss at 5oFRHUS2YR7/089137
approximate 1.1% weight loss from5 to 95% RH and an
approxi mate 4. 1% weight loss from95 to 5% RH.
[ 0081] Exanpl e 3: Preparation and Characteri zation of
Crystalline THF/ racem c i| aprazole heini vate, Form
D [ 0082] A JafwHROthr&bsidai ni rg0.85hidedf THF and 10 | LL
tri et hyl amiingehsiGAhrewRtd sat ur 3@ @drwil) h racenme

i | aprazol e {hogpmfrddy (8OPhcat+2g W th exces$ solids for
approximatedly 3 mnutes. WO

2008/ 08334 { Ot RRS (Mm@ resul tinglslurry was
filtered thr E& oo moyl on filter {into a
gl ass vi al . e vial was capped .and placedinto a

refrigerator. After approximately 1 day, the clear

sol uti on was . . md>was noted 3
days later. T @gg%@m%&gﬁggggs?ﬁmﬂy ice for
approxi mately 3 hours—te-tneneasetjhe yield. The white
solid was coll ected byo4 urnf'i@trati on as Form D.

[ 0083] The XRPD pattier &F 0o vai( d|laprazole FormD
was obt ai ned usi ng an T8 xpG-—_30 diffractoneter.
The measurement congitifhs ade Pepofted in Table 7.
Fig. 8 shows the XRPD p&Btern £49 cfystalline

THF/ racemic il aprazpl e I§ni sal vate | Form D. Table 8
reports the peaks ifentilfi ed|in & hel XRPD pattern.

Tabl e 7: XRPD ProceSsi ng.Xondi t Rdns| f or Form D.

Snoot hi ng[ AUTQl snopt hirag poijnt 42 21 B. G

Subtraction[ AUTQ sanplisng pdi ntis= 23 repeat tinmes= 30
Kal - a2 Separ at e[ MVANDACTTgRAT g2 nati p= 50.0 (% Peak
Sear ch[ AUTQ di fferentTgigpoiintgz 1y FWHM t hreshol d=
0. 050 (deg) intensi tHyeshord330 (par ml) FWHM

ratio (n-1)/n=2 Sys e Lot Corggecti on: [NJ Precise
Peak Correction: [ :Zt 8 z;%PD Peak Positions for
Form D. Position (20 v2123:/:. #H—3.3 4 4.3

22.2 56

22.8 32

23.6 17

24.1 12

25.4 13

26.3 10

27.2 45

28.1 33

29.3 19

29.9 12

31.0 5

32.7 6

334 8

34.5 5
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[0075] Fig. 2 is the TG thermogram of crystalline 1,4-dioxane/racemic ilaprazole hemi-
solvate, Form C. The sample showed 12.8% weight loss up to 100 °C.

[0076] Fig. 3 is the DSC thermogram of crystalline 1,4-dioxane/racemic ilaprazole hemi-
solvate, Form C. The endotherm onset was at 94 °C (max 111 °C).

[0077]  Fig. 4 is the solution state proton NMR spectrum of crystalline 1,4-dioxanefracemic
ilaprazole, Form C, in CD,ClL. A peak at approximately 3.65ppm was assigned to 1,4-dioxane
and the integration corresponds to ~0.5 moles of 1,4-dioxane.Accordingly, the solution state
proton NMR shows that the molar ratio of ilaprazole to 1,4-dioxane in Form C is approximately
1:0.5. Form C is, therefore, considered to be crystalline 1,4-dioxane/racemic ilaprazole hemi-
solvate. The peaks in the proton NMR spectrum shown in Fig. 4 are reported in Table 4. Peaks
near 5.32 are residual protons in the deuterated solvent - not to ilaprazole. Peaks near 1.0 and
2.5 are due to triethylamine (TEA), which is used to stabilize ilaprazole in solution, and not to

ilaprazole.

Table 4: Solution 'H NMR Peaks for
1,4 Dioxane Iaprazole Hemi-solvate, Form C.

PPM
8.3
7.7
7.6
7.4
7.1
6.8
6.3
4.8
4.6
3.9
3.6
2.2

[0078] Fig. 5 is the IR spectrum of crystalline 1,4-dioxane/racemic ilaprazole hemi-solvate,
Form C. Table 5 reports the absorbance peaks in the IR spectrum.
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Position: 069.7 Intensity: 0.0142
Position: 1023.8 [ntensity: 0.0969
Position: 1047.9 Intensity: 0.0085
Position: 1069.3 Intensity: 0.0182
Position: 1080.1 Intensity: 0.0216
Position: 1098.2 Intensity: 0.0211
Position: 1117.0 Intensity: 0.0435
Position: 11323 Intensity: 0.0096
Position: 1155.8 Intensity: 0.0063
Position: 1170.7 Intensity: 0.0038
Position: 1223.0 Intensity: 0.0120
Position: 1251.7 Intensity: 0.0238
Position: 1262.7 Intensity: -~ 0.0181
Position: 1273.4 Intensity: 0.0138
Position: 1302.1 Intensity: 0.0324
Position: 13429 Intensity: 0.0066
Position: 1361.2 Intensity: 0.0093
Position: 1382.4 Intensity: 0.0066
Position: 1391.2 Intensity: 0.008C
Position: 1407.2 Intensity: 0.0158
Position: 1437.1 Intensity: 0.0141
Position: 1450.8 Intensity: 0.0091
Position: 1460.4 Intensity: 0.0087
Position: 1479.7 Intensity: 0.0176
Position: 1518.1 Intensity: 0.0147
Position: 1582.0 Intensity: 0.0224
Position: 1626.5 Intensity: 0.0107
Position: 1696.1 Intensity: 0.0019
Position: 2575.8 Intensity: 0.0024
Position: 2803.0 Intensity: 0.0040
Position: 2851.9 Intensity: 0.0067
Position: 2883.6 Intensity: 0.0056
Position: 2911.0 Intensity: 0.0057
Position: 2965.0 Intensity: 0.0070
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[00861Fig. 12 is the IR spectrumof crystalline
THF/ racem c il aprazol e hem solvate, Form D. Table 10
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[0079]

10: Peaks in IR Spectrumof Form D. Position: 705.9
Intensity: 0.0109 Position: 726.9 Intensity: 0.0791
Position: 757.8 Intensity: 0.0046 Position: 781.9
Intensity: 0.0095 Position: 815.7 Intensity: 0.0532
Posi t ipQBitioB28. 3248t ENSi t VinteBsify252 PASOEY on: 851.5
I nt engghiyion:0. 024d52.8 Intensity: 0.0081

Position: 3081.5 Intensity: 0.0081

Fig. 6 is the RAMAN spectrum of crystailine 1,4-dioxane/racemic ilaprazele hemi-

solvate, Form C. Table 6 reports the absorbance peaks in the Raman spectrum.

Table 6: Peaks in the Raman Spectrum of Solvated Hlaprazole Form C.

Position: 416.7 Intensity: 14.205

Position: 443.0 Intensity: 17.84%
Position: 466.9 Intensity: 6.773

Position: 486.9 Intensity: 8.740

Position: 498.4 Intensity: 12.577
Position: 507.3 Intensity: 16.005
Position: 531.9 Intensity: 11.313
Position: 543.4 Intensity: 7.302

Position: 574.0 Intensity: 9.796

Position: 607.0 Intensity: 92.240
Position: 640.3 Intensity: 3.518

Position: 665.0 Intensity: 7.185

Position: 690.9 Intensity: 36.389
Position: 707.7 Intensity: 95.182
Position: 717.7 Intensity: 101.517
Position: 758.6 Intensity: 4.166

Position: 7829 Intensity: 48.570
Position: 821.0 Intensity: 47.913
Position: 831.9 Intensity: 68.359
Position: 852.5 Intensity: 11.437
Position: 873.2 Intensity: 11.618
Position: 892.4 Intensity: 16.041

Position: 904.3 Intensity: 18.712
Position: 955.0 Intensity: 26.683
Position: 967.5 Intensity: 92.863
Position: 1019.2 Intensity: 81.462
Position: 10670.3 Intensity: 20.919
Position: 1080.5 Intensity: 12.424
Position: 1099.0 Intensity: 27.385
Position: 1113.0 Intensity: 21.472
Position: 1134.0 Intensity: 73.551
Position: 1179.6 Intensity: 90.482
Position: 1202.9 Intensity: 34.082
Position: 1224.9 Intensity: 46.371
Posifion: 1252.5 Intensity: 58.963
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Position: 869.1 Intensity: 0.0227 Position:

Intensity: 0.0207 Positi gn: 902.1 Int ensiotny: 8(9)06253

Position: 954.7 Intensity: 0.0123 Position: 969. 6

Intensity: 0.0225 Position: 1026.0 Intensity: 0. 134
wcPmei/0d3en: 1056. 3 Intensity: 0.0326 WO 2008F GRS 089137

PCT/ US2007/ 089137 Posi tion: 1068.1 Intensity: 0.0340

Position: 1098.9 Intensity: 0.0247 Position: 1117.5

I ntensity:

Position: 1263.1 Intensity: 57.765
Positiomn: 1274.8 Intensity: 203.385
Position: 1306.0 Intensity: 169.771
Position: 1343.5 Intensity: 387.824
Position: 1391.0 Intensity: 73.318
Position: 1410.1 Intensity: 54.936
Position: 1437.8 Intensity: 117.225
Position: 1469.7 Intensity. 79.147
Position: 1434.9 Intensity: 51.522
Position: 1514.5 Intensity: 123.228
Position: 1577.9 Intensity: 57.554
Position: 1591.7 Intensity: 65.022
Position: 1628.0 Intensity: 142.296
Position: 2520.5 Intensity: 1.451

Position: 2663.9 Intensity: 4214

Position: 27179 Intensity: 11.387
Position: 2745.6 Intensity: 7.485

Position: 2773.2 Intensity: 7.385

Position: 2852.2 Intensity: 70.064
Position: 2867.9 Intensity: 39.738
Position: 2882.9 Intensity: 35.868
Position: 2894.0 Intensity: 36.531

Position: 29036.2 Intensity: 79.432
Position: 2966.1 Intensity: 108.294
Position: 2984.8 Intensity: 65.967
Position: 3017.1 Intensity: 38.215
Position: 3068.2 Intensity: 70.018
Position: 3105.1 Intensity: 45.900
Position: 31223 Intensity: 25.130
Position: 3140.0 Intensity: 63.509

{0080] Fig. 7 is the DVS isotherm of crystalline 1,4-dioxane/racemic ilaprazole hemi-
solvate, Form C. The DVS isotherm shows an approximate 1.2% weight loss at 5% RH, an
approximate 1.1% weight loss from 5 to 95% RH and an approximate 4.1% weight loss from 95
to 5% RH.

[0081] Example 3: Preparation and Characterization of Crystalline THF/racemic ilaprazole
hemisolvate, Form D
[0082] A solution containing 6 mL of THF and 10 uL triethylamine (TEA) was saturated

with raceme ilaprazole Form A by sonicating with excess solids for approximately 3 minutes.
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0.0213 Position: 1134.2 Intensity: 0.0127 Position:
1155.4 Intensity: 0.0097 Position: 1170.3 Intensity:
0.0073 Position: 1221.6 Intensity 0.0175 Position:
wb2od/0b3dant ensity: 0.0217 Position: 1262. 4 | nPEIBsY7/089137

0.0300 Position: 1273.1 Intensity: 0.0244 Position:
1301.2 Intensity: 0.0474 Position: 1342.4 Intensity:
0.0112 Position: 1360.2 Intensity: 0.0126 Position:
1381.8 Intensity:

The resulting slurry was filtered through a 0.2 micron nylon filter into a glass vial. The vial was
capped and placed into a refrigerator. After approximately 1 day, the clear solution was moved
to the freezer. Solid was noted 3 days later. The sample was placed in dry ice for approximately
3 hours to increase the yield. The white solid was collected by vacuum filtration as Form D.
(0083]  The XRPD pattemn of solvated ilaprazole Form D was obtained using an Inel XRG-
3000 diffractometer. The measurement conditions are reported in Table 7. Fig. 8 shows the
XRPD pattern for crystalline THF/racemic ilaprazole hemisolvate, Form D. Table 8 reports the
peaks identified in the XRPD pattern.

Table 7: XRPD Processing Conditions for Form D.

Smoothing [AUTO]
smoothing points =21

B.G. Subtraction [AUTO]
sampling points =23

repeat times =30

Kal-a2 Separate [MANUAL]
Kal a2 ratio =50.0 (%)

Peak Search [{AUTO]
differential points =17

FWHM threshold =(.050 (deg)

intensity threshold =30 (par mil)
FWHM ratio (n-1)/n =2

System Error Correction: [NO]
Precise Peak Correction: [NO]

Table 8;: XRPD Peak Positions for Form D.

Position
(°20 = 0.2 I,
°268)
33
43
6.2
7.1
8.2

L] QSR IN-

L o0
| 0O
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0. 0098 Position: 1406.8 Intensity:
1437.9 Intensity: 0.0205 Position:
0.0284 Position: 1517.9 Intensity:
1581.4 Intensity: 0.0338 Position:
wO203808233P0si tion: 2578.1 Intensity:
2803.2 Intensity: 0.0060 Position:

0. 0080 Position: 2872.3 Intensity:

2976.6 Intensity:
8.7 3
11.1 3
11.5 18
13.1 4
13.4 31
14.0 16
14.3 44
14.8 8
15.6 13
16.4 25
17.0 5
17.3 4
18.6 13
19.5 42
20.1 34
20.5 8
21.4 100
22.3 43
22.8 27
23.2 33
24.1 4
27.1 18
27.3 28
279 19
28.2 13
29.1 12
29.5 6
30.8 3
32.6 6
33.0 4
33.4 4
34.2 4
34.4 3
36.3 4

[0084] Fig. 9 is the TG thermogram of crystalline THF/racemic ilaprazole hemisolvate, Form
D. The sample showed an approximate 9.8% weight loss up to 100 °C.

0. 0219
1480. 2
0. 0270
1626. 4
0. 0034
2852. 8
0. 0081

Posi ti on:
Intensity:
Posi ti on:

SRt

Intensity:
Posi ti on:

[0085]  Fig. 10 is the DSC thermogram of crystalline THF /racemic ilaprazole hemisolvate,
Fonn D. The endotherm onset was at 87 °C (max 96 °C).

Fig. 11 is the solution proton NMR Spectrum of crystalline THF/racemic ilaprazole hemisolvate,

Form D which shows a ilaprazole to THF ratio of approximately 1:0.5. Peaks at approximately
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0.0117 Position: 3014.1 Intensity: 0.0109 Positi on:
3062.0 Intensity: 0.0122 Position: 3081.0 Intensity:
0.0127 [0087)Fig. 13 is the RAVAN spectrum of
wonhyiogdssi ne THF/ racenmi c il aprazol e hem sol vate/u007mse137
D. Table 11 reports the absorbance peaks in the Ranman
spectrum Table 11: Peaks in the Raman Spectrum of
Form D Position: 100.2 Intensity: 1.737 Position:
1.;%&5; Intensity: 1.095 Position: 173.2 Intensity:
‘ ) . H Y by ided -0, 2881eb of
1 gppr?nt engﬁ?}i%}godg% ng ?t [ onﬁtﬁ%édg%gra?%%gﬁrse?ﬁ&% 6551%879!&
THF. Pbspeakoin thépdicad NRepe¢trun are reported in Table 9. Any p near 5.32 ppm

are residual protons in the deuterated solvent - not to ilaprazole. Peaks near 1.0 and 2.5 ppm are

due to TEA, which is used to stabilize ilaprazole in solution, and not to ilaprazole.

Table 9: 'H NMR Peaks for Form D.

PPM
8.3
7.7
7.6
7.4
7.1
6.7
0.3
4.8
4.7
3.8
3.7
2.2
1.8

[0086] Fig. 12 is the IR spectrum of crystalline THF/racemic ilaprazole hemisolvate, Form
D. Table 10 reports the abserbance peaks in the IR spectrum.

Table 10: Peaks in IR Spectrum of Form D.

Position: 705.9 Intensity: 0.0109
Position: 726.9 Intensity: 0.0791
Position: 757.8 Intensity: 0.0046
Position: 781.9 Intensity: 0.0095
Position: g15.7 Intensity: 0.0532
Position: 828.3 Intensity: 0.0252
Position: 851.5 Intensity: 0.0241
Position: 869.1 Intensity: 0.0227
Position: 890.6 Intensity: 0.0207
Position: 502.1 Intensity: 0.0253
Position: 954.7 Intensity: 0.0123
Position: 969.6 Intensity: 0.0225
Position: 1026.0 Intensity: 0.134

Position: 1056.3 Intensity: 0.0326
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1.312 Position: 706.5 Intensity: 1.207 Position: 7
_ .5 o1, : 716.8
Intensity: 1.109 Position: 781.2 Intensity: 0.483 WO
IZO?8/ 0_8;33410 PCl M52007/ 089137 Position: 818.0
ntensity: 0.571 Position: 908.4 Intensity:

WRHRPEH: 954.0 Intensity: 0.496 Positi on?/ 5@]}&%%07{(}89137
Intensity: 1.118 Position: 1017.8 Intensity: 1.075
Position: 1028.1 Intensity: 0.815 Position: 1072.2

Position: 1068.1 Intensity: 0.0340
Position: 1098.9 Intensity: 0.0247
Position: 1117.5 Intensity: 0.0213
Position: 1134.2 Intensity: 0.0127
Position: 1155.4 Intensity: 0.0097
Position: 11703 Intensity: 0.0073
Position: 1221.6 Intensity: 0.0175
Position: 1252.1 intensity: 0.0217
Position: 1262.4 Intensity: 0.0300
Position: 1273.1 Intensity: 0.0244
Position: 1301.2 Intensity: 0.0474
Position: 1342.4 Intensity: 0.0112
Position: 1360.2 intensity: 0.0126
Position: 1381.8 Intensity: 0.0098
Position: 1406.8 Intensity: 0.0219
Position: 1437.9 Intensity: 0.0205
Position: 1480.2 Intensity: 0.0284
Position: 15179 Intensity: 0.0270
Position: 1581.4 Intensity: 0.0338
Position: 16264 Intensity: 0.0162
Position: 2578.1 Intensity: 0.0034
Position: 2803.2 Intensity: 0.0060
Position: 2852.8 Intensity: 0.0080
Position: 2872.3 Intensity: 0.0081
Position: 2976.6 Intensity: 0.0117
Position: 3014.1 Intensity: 0.0109
Position: 3062.0 Intensity: 0.0122
Position: 3081.0 Intensity. 0.0127

[0087]  Fig. 13 is the RAMAN spectrum of crystalline THF/racemic ilaprazole hemisolvate,
Form D. Table 11 reports the absorbance peaks in the Raman spectrum.

Table 11: Peaks in the Raman Spectrum of Form D

Position: 100.2 Intensity: 1.737
Position: 122.2 Intensity: 1.095
Position: 173.2 Intensity: 0.756
Position: 244.7 Intensity: 0.385
Posttion: 288.6 Intensity: 0.534
Position: 502.7 Intensity: 0.517
Position: 605.6 Intensity: 1.312
Position: 706.5 Intensity: 1.207
Position: 716.8 Intensity: 1.109
Position: 781.2 Intensity: 0.483
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Intensity: 0.465 Position: 1134.9 Intensity: 1.173
Position: 1178.8 Intensity: 1.425 Position: 1225.8
Intensity: 0.601 Position: 1253.3 Intensity: 0.765
w@omsse: 1275.0 Intensity: 3.032 Position: pt3M82007/089137
Intensity: 2.499 Position: 1343.4 Intensity: 7.169
Position: 1391.2 Intensity: 0.701 Position: 1409.8

Intensity: 0.818 Position: 1436.6 Intensity: 1.821
Position: 1468.9

Position: 818.0 Intensity: 0.571
Position: 908.4 Intensity: 0.578
Position: 954.0 Intensity: 0.496
Position: 967.1 Intensity: 1.118
Position: 1017.8 Intensity: 1.075
Position: 1028.1 Intensity: 0.815
Position: 1072.2 Intensity: 0.465
Position: 11349 Intensity: 1.173
Position: 1178.8 Intensity: 1.425
Position: 1225.8 Intensity: 0.601
Position: 12533 Intensity: 0.765
Position: 1275.0 Intensity: 3.032
Position: 1306.0 Intensity: 2.499
Position: 1343.4 Intensity: 7.169
Position: 1391.2 Intensity: 0.701
Position: 1409.8 Intensity: 0.818
Position: 1430.6 Intensity: 1.821
Position: 1468.9 Infensity: 1.309
Position: 1515.2 Intensity: 2.680
Position: 1579.7 Intensity: 1.068
Position: 1591.1 Intensity: 1.362
Position: 1630.2 Intensity: 3.040
Position: 2873.7 Intensity: 0.990
Position: 2936.6 Intensity: 2.167
Position: 2960.7 Intensity: 1.503
Position: 2984.1 Intensity: 1.665
Position: 3069.9 Intensity: 1.662
Position: 3103.1 Intensity: 1.073
Position: 3140.6 Intensity: 1.154

[0088] Fig. 14 is the DVS isotherm of crystailine THF/racemic ilaprazele hemisolvate, Form
D. The DVS isotherm shows an approximate 0.6% weight loss at 5% RH, an approximate 0.6%
weight gain from 5 to 95% RH, and an approximate 1.2% weight loss from 95 to 5% RH.

[0089} Example 4: Preparation and Characterization of Crystalline Methanol/racernic
ilaprazole Solvate, Form G.

{0090] A solution containing 3 mL of MeOH and 10 pL. triethylamine was saturated with
Ttaprazole Form A by sonicating with excess solids for approximately 3 minutes. The resulting

slurry was filtered through a 0.2 micron nylon filter into a glass vial. The vial was capped and
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Intensity: 1.309 Position: 1515.2 Intensity: 2.686
Position: 1579.7 Intensity: 1.068 Position: 1591.1
Intensity: 1.362 Position: 1630.2 Intensity: 3.040
Position: 2873.7 Intensity: 0.990 Position: _2 %

WQ HORASE4ly: 2. 167 Position: 2960.7 Intensi ty.PC?. g%@msmw
Position: 2984.1 Intensity: 1.665 Position: 3069.9
Intensity: 1.662 Position: 3103.1 Intensity: 1.073
Position: 3140.6

placed into the freezer. The resulting white solid was collected by vacuum filtration
approximately 2 days later as Form G. _

[0091] The XRPD pattern of crystalline methanol/racemic ilaprazole solvate, Form G was
obtained using an Inel XRG-3000 diffractometer. The measurement conditions are reported in
Table 12. Fig. 15 shows the XRPD pattern for crystalline methanol/racemic ilaprazole solvate,
Form G. Table 13 reports the peaks identified in the XRPD pattern.

Table 12: XRPD Processing Conditions for Form G.

Smoothing [AUTO]
smoothing points =9

B.G. Subtraction [AUTO]

sampling points =11

repeat times =30

Kal-a2 Separate [MANUAL]
Kal a2 ratio = 50.0 (%)

Peak Search [AUTO}
differential points =11

FWHM threshold ={.050 (deg)

intensity threshold = 30 (par mil)
FWHM ratio (n-1)/n =2

System Error Correction: [NO]
Precise Peak Correction: [NO]

Table 13: XRPD Peak Positions of Form G

Position (°20

+0.2 ©20) VL
49 7
62 700
94 3
125 54
13.6 3
148 37
5.1 3
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Intensity: 1.154

crystalline THF/ racem c il aprazol e hem sol vat e,

100881Fi g.

14 is t

he DVS i sot her m of
Form

D. The DVS i sotherm shows an approxi mate 0. 6% wei ght
wb oms/oss415% RH, an approxi mate 0. 6% wei ght gacmuseoms137

to 95% RH, and an approxi mate 1. 2% wei ght
[ 0089] Exanpl e 4: Preparation and

to 5% RH.

| oss from 95

Characterization of Crystalline Methanol/racemc

i | aprazol e Sol vat e,

Form G (00901A sol ution

containing 3 nL of MeEQgigand {10 ft tyi et hyl am ne was
saturated with || m—e—ﬁulr‘rrrf{by’soni cating with
excess solids for -appt ‘7”4' fret ciy3§ mput es. The
resulting slurry pwas—fittered—+ftotgh a 0.2 mcron
nylon filter intola n|1§2¢ \“faJ—.—ﬁme—J/i al was capped
and WO 2008/ 083341P(\T?{&Q?007/ 0sh1 pl aced into the
freezer. The resultingl®hitel sol¥d was col |l ected by
vacuum filtrati on|app2d%i mately ® days |later as Form
G [0091] The XRPD|pat¢mn of} crystal line
nmet hanol | racem ¢ iTaprazol e kol vat e, | Form G was
obt ai ned using an |ne|23)(§R(:3 O0 i ffractoneter. The
measur enent condi tToms gre TEporged in Table 12. Fig.
15 shows the XRPD pat LZEISII fo ngb'ldl i ne
nmet hanol /racem ¢ iH ap:"zé"'ol e—pol \g%t et1Form G Table 13
reports the peaks-de f-ed--A—tHhe—XRPD pattern.
Table 12: XRPD Prnr‘ncgﬂs“ Copdit+ens{for Form G Tabl e
13: XRPD Peak Posiltior8ht Ebrm!d Pogition (20 0.2
020) 4.9 7 6.2 100 92433 12/5 54 1316 3 14.8 32 15.1
3 WD 2008/ 083341FPCT/ 2¥32007{ 089337 16.6 14 17.2 3
17.4 33 18.2 21 27.9 10

29.9 7

31.5 3

34.4 5

35.2 3

[0092]

Fig. 16 is the DSC thermogram of crystalline methanol/racemic ilaprazole solvate,

Form G. The DSC thermogram a broad endotherm at about 62 °C and a second endotherm onset
occurred at 114 °C (max 133 °C). First endotherm is likely due to desolvation (loss of methanol),
while the second endotherm/exotherm is melt/decomposition of the desolvated material.

[0093]
ilaprazole solvate, in CD;Cla. A peak at approximately 3.4 ppm has been assigned to MeOH and
the integration corresponds to ~0.3 moles of MeOH. The peak for the —OH group in MeOH is
hidden under the TEA peaks at approximately 1.0 ppm. The spectrum in Fig. 17, therefore,

shows Form G to have an approximate 1:0.3 ilaprazole:methanol ratio for this sample. The

Fig. 17 is the solution state proton NMR spectrum of crystalline methanol/racemic

peaks in the proton NMR spectrum are reported in Table 14. Any peaks near 5.32 ppm are
residual protons in the deuterated solvent — not to ilaprazole. Peaks near 1.0 and 2.5 ppm are due

to TEA, which is used to stabilize ilaprazole in solution, and not to ilaprazole.
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19.8 3 21.2 5 21.6 6 21.9 4 22.3 45 23.0 12 24.3 11
24.5 8 24.9 38 25.4 9 26.0 11 27.3 4 27.4 3 27.9 10
29.9 7 31.5 3 34.4 5 35.2 3 [00921Fig. 16 is the DSC
t her nogram of crystalline nethanol/racemc i
W@ 20§/883841 Form G The DSC t her nrogyam a br oad P&ﬁ%?‘ﬁ@)}ﬁ?ﬁm
at about 62C and a second endotlienn onset occurred at
114C (max 133 C). First endothermis likely due to
desol vation (loss of nethanol), while the second
endot henn/ exothermis nelt/deconposition of the
desol vated material. [0093]Fig. 17 is the solution
state proton N 15! f e
met hanol / r aceni “"ﬁ?g‘gr azol e %%%%Fgfﬁdi n CD2C12. A peak
at approximately 3.4 ppm IP8¥ been [assi gned to MeOH and
the integration corrlespondg3to -0.13 noles of MeOH. The
peak for the -OH grdup 1Tn #80H i s hidden under the TEA
peaks at approxi mate T.07gpm Thle spectrumin Fig.
17, therefore, showgFormiT0 have an approxi mate
1: 0.3 il aprazol e: metjranot—xgtio fof this sanple. The
peaks i n the proton INWR opggtuuuld e reported in Table
14. Any peaks near 5-32 ppg‘arc r+epi dual protons in
t he deuterated sol vent ALt teo—t+pprazol e. Peaks near
1.0 and 2.5 ppm are FEA; ch is used to
stabilize ilaprazol e in sofdtion-—and not to
il aprazole. WD 2008/.08334H6CT/ US2007/ 089137 Tabl e 14:
11-1 NMR Peaks for Horm G_3.9
3.4

22

[0094] Fig. 18 is a different solution state proton NMR spectrum of crystalline
methanol/racemic ilaprazole solvate, in DMSO-ds. In this spectrum, methanol peaks are
observed at approximately 3.2 ppm (-CHa), which integrates to ~6.6 moles of methanol.
Compared to Fig. 17, the crystalline methanol/racemic ilaprazole solvate in Fig. 18 contains
significantly more methanol, indicating that the crystalline methanol/racemic ilaprazole solvate
is a variable solvate. _

[0095] Fig. 19 is the DVS isotherm of crystalline methanol/racemic ilaprazole solvate, Form
G. The DVS isotherm shows an approximate 4.6% weight Joss at 5% RH, an approximate 3.9%
weight gain from 5 to 95% RH, and an approximate 3.9% weight loss from 95 to 5% RH.

{0096} Preparation of unsolvated racemic crystalline ilaprazele, Form I, from
crystalline methanel/racemic ilaprazole solvate, Form G: A small spatula full of Form G was
placed in a 1 dram glass vial. The open vial was exposed to ambient temperature under vacuum.

A white solid resulted approximately 1 day later as unsolvated racemic crystalline ilaprazole,

Form I. Fig. 20 shows the XRPD patterns of initial Form G and the resulting Form 1.

[0097) Example 5: Preparation and Characterization of Crystalline Racemic ilaprazole

hydrate, Form K.
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PPM8.3 7.7 7.6 7.4 7.1 6.8 6.3 5.3 4.84.6 3.9 3.4
2.2 [0094]Fig. 18 is a different solution state proton
NMR spectrum of crystalline nethanol/racemnc
w2808l e solvate, in DMSO d6. hi this specearinsz007/089137
met hanol peaks are observed at approximately 3.2 ppm
(-CH3), which integrates to -6.6 noles of nethanol.
Conpared to Fig. 17, the crystalline nmethanol/racetnic
il aprazol e solvate in Fig. 18 contains significantly

{0098] 70" % 1@?5&%@1@1 BENGRIARGF A (SeOBx SIS Bpkhd fifoed in 2 1 dram
met hanol /faceinic il'aprazole solvate is a varj a%l C.ditv. A
glass \dall The epen[vid) 965 Frrpsed ® qmbigmy W@ﬂ%@fﬁ%ﬂve umidity.
., crystalline ng | 4K 15 ta¥ifeSacetid M
white @il RS BRI G TREUR Ao AREEREL 8 Pl
ilapradobsisydedte, FomiRK, The hygiatedx believed ®. @ Fmwmioghydraiai n from 5

oo S 550 RS SRR T AR P PO T B

using &l ]t‘hﬁﬁ ﬁklt}l/-ﬂ)@() Hifﬁﬁk[t@:lﬁ&laﬁ ,’I'iﬁleﬁdﬁkllrrm&ftm‘ﬁﬁwm reparted “ll Table 15.
met hanol /racem c il aprazol e sol.vate, r ' S

Fis. 25 phamailee KB PoNerr G frseline PRt Qoaols TyOK FPGF Reg ol 16

' 3 NV %posed to anbi ent tenperature

repo“%{rl?ggsak\gg%gg?n&ﬂﬁwﬁ?@glﬁi d resulted approximately 1
day | ater as unsol vated racem e crystalline
il aprazol e r gmplﬂ : S Ratterns of
initial Fo;rr% @;lgln t hegiogésgwggt%g&ggﬁoﬁﬁﬁjﬁmg?] Exanpl e
5. Prepar at | BmoaththgChar act BXWE@l i on of Crystalline
Racem c i | apsmashiagpyuitsat e, =form K WO
2008/ 083341PCM S2007/ 089137 [ 0098] A smal | spatula full
of 11 aprazol g.@uhirketiosee ExeipOE 4) was placed in a 1
dram gl ass Viahplingheisgpen v al was exposed to anbi ent
t enperature t relatizvg) humdity. A white solid
resulted approximately 1 day |ater and was j|dentified
as crystalliggLaeemrie | apfmaditeaydrate, Form K. The
hydrate is beiigyggiot 0 be -asgppm) hydrate. [0099] The
XRPD pattermn of crystalline racemic il aprazole

hydrate, Form.kik nobt ai neggsi ng an | nel XRG 3000
i

di ffract onef urengnt “condi ti ons are

reported in ‘%g'g. 21 M/(a he XRPD pattern
for crystalli ne ?a&sﬁfﬁé?di I agggé Eﬂﬁé)dr ate, {Form K
Table 16 rep?&ﬁ%&e g@sim Ifred in the XRPD
pattern. Talp e t ocesSing Conditions for Form
K. Table 16} XRPD Pea%gPo iti of Form K IPosi tion

TT| T %Gg]

(21 PLC 5.1 §y.<§e1§ H 1 61 14.2 5
Precise Peak Correction:

Table 16: XRPD Peak Positions of Form K

Position ¢
20 | "
5.1 4
6.5 100
9.8 3
13.0 61
14.2 5
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15.4 29
15.7 5
16.8 3
17.1 18
17.7 47
18.1 9
18.6 19
20.5 7
21.3 11
22.1 5
23.0 36
23.2 4
24.1 21
24.6 9
24.7 13
24.8 15
25.3 18
26.8 5
27.0 4
274 9
28.0 3
30.0 3
30.1 4
31.1 6
31.9 3
33.0 4
33.3 4
34.3 3
35.6 3
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30.1 31.16 31.9 3 33.04 33.34234.3335.63
10266304. 533 The clained invention is: 1. A
crystalline racem c il aprazole hydrate, characterized
by a powder x-ray diffraction pattern havi ng peaks at
6.5 020 0.2 020 and 18.6 020 0.2 020. 2. The
crystalline ilaprazole hydrate of claim1l, wherein the

Cﬁ}ﬁékﬁh},&rﬁwgﬂ ic 5ilaprazole hydrate is crystalline
racemc Il aprazole hydrate, FormK 3

A
phar macewyt Lol . TININeS i 1
D
adiffattionf pattes leavitsd pdaks @ie6.5 P2pr 820126 ahy dB#t°2066f0.2P20. m
1 or 2 and a pharmaceutically acceptable carrier. 4.

The ph%ereg@tammqlapeeﬁﬂrm%ldtdt@af &lhin€ | Avherdin th@Qtyaialine@acemic
about 10 to about 50 Ong of ilaprazole. 5. The

pHapraeale hggr@w is gonipdierpesmigflapragelghydigte, FormKer ej n

t he pharmaceutical conposition is a delayed rel ease o
pBar madepitarmateutiostponippsitinn forgnhibgmgastaic acid secretion, comprising a

t her apeut i.cal .effective,anpunt,..of ..t he erystalli-ng.

| SRRl B PR B PPl of fim 1 or2 and
gaphhihRb@sdall0abcdptiblesimaéror y di sorder in a mamal . 15

7. The use of claim6, wherein the anmount of il aprazole

agm ni ' i #ehot BoBP N0 about 50
ng'/ kg g?%ﬁ%]“??%%%ﬁ?%%%&%@%@%? Bﬁéﬁ Ig’t2621)3844_f about

10 ( Gid\viitilapragple080570

15

5. The pharmaceutical composition of claim 3 or 4, wherein the pharmaceutical

composition is a delayed release pharmaceutical composition.

6. Use of a therapeutically effective amount of the crystalline ilaprazole hydrate of

claim 1 or 2 for treating a gastrointestinal inflammatory disorder in a mammal.

7. The use of claim 6, wherein the amount of ilaprazole administered ranges from

about 0.001 mg/kg to about 50 mg/kg of subject body weight per day.
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