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WO 2006/108127 PCT/US2006/012978 5 CRYSTALLINE FORM OF A
QUINOLINONE-CARBOXAMIDE COMPOUND 10 BACKGROUND OF
W‘g—&_lgnyxllh/gi\}TION 15 Field of the Invention The invention is gig%?]gggﬁgﬂmws
crystai ine salt forms of a quinolinone-carboxamide compound which aré
useful as 5-HT4 receptor agonists. The invention is also directed to
pharmaceutical compositions comprising such crystalline compounds,
methods of using such compounds for treating medical conditions
mediated by 5-HT4 receptor activity, and 20 processes useful for
preparing such compounds. State of the Art Commonly-assigned U.S.
Provisional Application No. 60/560,076, filed on April 7, 2004, and U.S.
Patent Application No. 11/100,113, filed on April 6, 2005, disclose 25
novel quinolinone-carboxamide compounds that are expected to be useful
CRYSAMB LN ROMN s &r POl BN SN oA IRP O NS G Bt 6T REIND
tract. In particular, the compound
1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
{(1S,3R,5R)-8-[(R)-
2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2.1]oe
t-3-yl} amide is specifically disclosed in these applications as
demonstrating 5-HBAGHGROAENDD BA HEIDNEINGIIIN ucture of
1-isopropyl-2-oxo-1,2-dihrydroquinoline-3-carboxylic acid {(1
Field 53R BRA:BR)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-
azabi(_:yclg%Z.'l]qct-B- [}amide is represented by formula I: 0 O N-S OH
OTHoNISUHGTLREHRE] (e TRidlker Tl REmscA dnuimplime sgdmeamide
comp¥¥RdI¢/RRIASIABIE R NaME fesglidisiataisall forpithalitanidadeaditied to

manufactured and that has acceptable chemical and physical stability.

pharmageulicah eorIPAsHGRT FHRINTGNG el cprialnsRg tisrapsitpd o using

such dhepvails Sahtetas xanplealtemperaliErsianceatingabsdt 280Gy, and
is noé%]%g oscgﬁic, nor dgli uescent, thereby facilitating processing and

Processid e WMHtEA I fi&%olids are generally preferred over
amorphous forms, for enhancing

State of the Art

Commonly-assigned U.S. Provisional Application No. 60/560,076, filed on April
7, 2004, and U.S. Patent Application No. 11/100,113, filed on April 6, 20035, disclose
novel quinolinone-carboxamide compounds that are expected fo be useful for the
treatment of disorders of reduced motility of the gastrointestinal tract. In particular, the
compound 1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid {(15,3R,5R)-8-[(R)~
2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl }amide
is specifically disclosed in these applications as demonstrating 5-HT; agonist activity.

The chemical structure of 1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic
acid {(15,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl}-8-
azabicyclo[3.2.1]oct-3-y1} amide is represented by formula I



purity and stability of the manufactured product. No crystalline salt forms

of the compound of formula | have previously been reported. Accordingly,

a need exists for a stable, crystalline salt form of the compound of

formula | that is neither hygroscopic nor deliquescent, and exhibits

favorable thermal stability. SUMMARY OF THE INVENTION According to

a first aspect, there is provided a crystalline salt form which is the

hydrochloride salt of I-isopropyl-2-oxg-1,2-dihydrog@inoline-3-carboxylic

a)c/id i % N/’\}\NT?S:J—— g

{(IS,3R,5R)-8-[(R)?Q(d/ro%y/-éi%mv\‘ha}ésuIfbiﬂyl-im@thyl-amino)propyl]-8-

azabicyclo[3.2.1]o _;-3,\-yl}a lide of a solvate thereof. According to a

second aspect, there4& prpvided a pharmaceutical composition

comprising a pharmacegtiqilly acceptable carrier and a crystalline salt

form as disclosed above. According to a third aspect, there is provided a

crystalline salt form as disclosed abdve for use in therapy. According to a

fourth aspect, there is provided the use of a crystalline salt form as

disclssedesbyis Hse thantranere bt aaniidrbstisntcaticdriing dda detirable to
havaspectidhere ispravidetha pracessdadiprapatingcaesysiallingat has acceptable

cheg%:{%%ﬁ‘éo_ﬁi%%séﬁ'ts&fbhlEQp%%'i%ﬁ%%ﬁ%;'i%%%ﬁ%%%%‘i‘éﬂ%’zi RE:REARPMNE a salt

form thpisir BRUGLIYRIDIh SRR ML HERRLa B Ry REsesH N M6l pylasd is
not aizabieyelel3 2ot |aetiqyitamidectheypracidissiagmpoisingn gaycontastiRgof the
-ISPPFORYI-2- 1,2-dihydroguinoline-3-carboxylic. acid -
mat%d'g% I@é%%ﬁ%é%%ﬁ)%ér g&%y%gtﬂﬂg&?&%dc@vgp a%&%p%%us forms, for enhancing
puriiy apdarEdlioRy In B S BrefyH-8-azabicyclo[3 2.1]oct-3-yl}amide
withNbyeseehlpricsatiddedforn meeastiptumixsdreiranda(b)isedagingithely been
rep(g%%.amggormgqﬁ?cQ_l%ﬂl—:%ee%?Fs ff(g)rlg E&%lrg?ﬁ%ﬁ I%Q(ggftefo'g‘ Ry go'igp%und of

aspect, there’is provided a process reparing a crystalline

fonﬁymétéh& ﬁﬁé’%ﬁbﬁﬁfﬂifé’%&élt@f deliquescent, and exhibits favorable thermal
stabitisopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
{(1S,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-
azabicyclo[3.2.1]oct-3-yl}amide, the process comprising: (a) dissolving
1-isopropyl-2- oxo-l.2-d Mﬁ%‘él E-BREBS X {1
S,3R&Rr)d8‘r{1(|fb)‘<2ﬂ“rydﬁw€3.{here is provided a crystailine salt form which is the
hydiganesulionyl-methyamingpropyll-8-agabicyclold e Alactsylamide,
yafwy&?}t{)&moride&m water atlsg)%pé:é)gentgt%n' r%% ér(ﬁ}(% gﬁ?%iﬂgellﬁ é%gbn%%%rlrgamgmd
{(1 ééerﬁm}ﬁeﬁ(R)-}h ydroxy-3-{methanesulfonyl-methyl-amino)propyl]-8-

azabicyclo[3.2.1joct-3~yl }amide or a solvate thereof.

According to a second aspect, there is provided a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a crystalline salt form as disclosed
above.

According to a third aspect, there is provided a crystalline salt form as disciosed
above for use in therapy.

According to a fourth aspect, there is provided the use of a crystalline salt form as
disclosed above for manufacture of a medicament.

According to a fifth aspect, there is provided a process for preparing a crystaliine

hydrochloride sait of 1-tsopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic

2



to form a suspension; and (b) isolating the crystalline hydrate from the
suspension. The present disclosure provides a crystalline hydrochloride
salt of 1-isopropyl-2- oxo-1,2-dihydroquinoline-3-carboxylic acid
{(1S,3R,5R)-8-[(R)-2-hydroxy-3-

. (methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2. 1]oct-3-yl}amid
26y o oA T I D A 0 O N e ERGS -+
azalisgltg 012 i$oatchygtathing:, nidrochiendersaltiemhthe( gompownd Of farmpulal-2 -

| her embodiment, the crystalli It f ' i \
o St T PSR lorc it of (e SO AT At Py >

e rate o (il&?ochloride salt of the compoun

(meBurpisifiglyl-thesloristaifintopdibSHierkleyshit HE thiediSejdsumédhas been with
hydﬁ%gﬂgﬁg %@i&h%[)m %%Stﬁb'l%a%'h@m Bﬁ%%?sagﬁea(ﬁ%r tﬂ@ﬁtﬂ%o U['ilgogr%talline

and to exhibit a weight change of less than about 0.2 % when exposéd to
hydzoehiyidepall dve hamsiitybEtWESR about 2 % and about 90 % at room

temperarg. Futhermaracneither the snetalipe Lydrochiosids, dqutcgfs&Qﬁine

disclosure nor the hydrate thereof is deliquescent when exposed to up to
hydegiep frEatvETRERAEIES St GorTRORToBY AT D& AHBHY StHBP lides taoxvlic
acicrystalling salt fAgymssaf the disglosire @retexrecteshiehetyseiulformpropyl]-s-
ﬁ]reparin pharmaceutical compositions for tr_eatinger isorders of reduced ,
aZa il Ry-bf tHE G O ARESinGF trEEE AL SOMIMGH) Sin' hOtREY B s sopropyl-2-
oxocomnaasitianuermbedimentsxthie disclasude provides BRI Ltiatiroxy-3-
mposjition, comprising a. pharmaceutically-acceptable carrier.and a
e e Ry LR G o oY Loty rars 2 Hoeb e
hydoxdlgRidlihydraguiaolinesS-aarioxy keeatid f@SaBR|ER) -&i[(iR)a2hydroriiBier
methanesulfonyl- -amino -8- icyclof oct-3-ylramide
o R R
disebservessonditidnsursguoidted svitty8aHMa hedeptordtiviny, @ d-aopropyl-2-

oxodi?@—rﬂﬁggcﬂ%ﬁ%%%—@gg}%x%itche gagigintestingl dragts I»%ﬂ%ﬁS@ﬂydroxy~3w

comprising administering to the mammal, a thrapeutlca fective
'(meélﬂﬁﬁw%ﬂ&lﬁwﬂaiﬁﬁ@ﬁymeﬁl&uﬁd@%@%m@ob}%ﬁ:zl{ﬁ@de or a solvate
therbcddiblydreauinplingArcarb exyliaiaaid L(1S:3f M) [(R11&ydi9%y Bystalline

(methanesuIfongsl/;l-methyl-amino)prop []-8-azabicyclo[3.2.]]oct-3-yl}amide

hydgpch opidats!tABIROFOMRAStheT MERHEH ety RTPRI 0 dr s ystalline

saltPrevifles ahpracesssier nrepalingaaicrypialline bydrechidrsepaltiofdie of the
disclo ugei: the pliocess comprising contacting

compound of formula [.

Surprisingly, the crystalline hydrochloride salt of the disclosure has been found to
be thermally stable at temperatures greater than about 200 °C and to exhibit a weight
change of iess than about 0.2 % when exposed to a range of relative humidity between
about 2 % and about 90 % at room temperature. Furthermore, neither the crystalline

hydrochloride salt of the disclosure nor the hydrate thereof is deliquescent when exposed

to up to 90 % relative humidity at room temperature.



1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
{(1S,3R,5R)-8-[(R)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2.1]oct-3
-yl}amide with hydrochloric acid to form a reaction mixture, and isolating
the crystalline hydrochloride salt from the reaction mixture. The disclosure
alsa\provideida opgstatiine Yiafochielidersaltdftiheldidepsaraaaxpected to be

useRESKHPEL hgtRin fanusa ddbarapypbatchinedicasant asyvedasoihesduced

g ot gystaline hydrochioride salt o dne disdlosurgln the mandiaciure,,
MO Med rﬁ%%f?espelc]:llaélly St thée'fianufacture' of A 'medicament for

emlypdiniania disordiselofyreduceridnvtilinpbithacqmsabintastiralieractamerising a
phamﬁm%al%l?d&%ﬂ%&QB{ﬁeT@w %‘Fg?ﬂﬁhﬁf‘r@ RAMINGRMHAWS aspaeisof-2-
the present invention, are illustrate reference, c in A
ool G RGP Btdor x P40 fract (R A} Lo g
(methyatatl] o ythydedotende yaimof }-8-azabicyclof3.2. TJoct-3-ylamide or a soivate
therkgSopropyl-2-oxo-l.2-dihydroquinoline-3-carboxylic acid

{(1S,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-
T BB o SRS of (oo 3OV SOURB s cerdion
assR@RW S2O06/61R0 TR cFigluris Bribhiowsta diffexaftial dcasthieny caloiitietsf the
gas@§f_€%ﬁ@_§eﬁﬁ@lttntometrac;ﬁ@ghﬂghtc%'&ﬂ§1"iéﬁﬁﬁcadlcliliﬁiﬁic‘isﬁiﬂﬁ1§ theramdl mammal, a
__gravimetric analysis (TGA) trace (top.trace,. left si vertical axis) for
e GFGUTI RS ECRIINOR oSkt o & e GGt oF 1A P2-oxc-
1,2dithydroquinmdiire33:eddokidic acid {¢id {(15,3R.5R)-8-[(R)-2-hydroxy-3-

(me%&%s@&ﬁﬂmtgyhﬂgfﬁﬁ)@%ﬁm%w@Bw.5. ijoct-3-yltamide or a solvate
methyl-amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl}amide of the invention.

theieplure 3 shows a dynamic moisture sorption (DMS) trace for a crystalline
hydinehlshigensethast arisegitopil-theodosd BLdihprogeirolifsssciboRpreng a
cryﬁ&l'ﬂnti(ll§d35%ﬁ§l€1)il'&'[@%}%foh%@@s@los‘iurg, the bprocess3 czompri.sting contacting
. -(methanesu -methyl-amjno)propyl]-8-.azabicyc|o[3. -3-
T T
hydpattern(ofethengsealiing meihatearning hyelpdHiordbieyitad. 2. Ljoct-3-yl tamide
with-ISORERRYSrZ-0%erd  ZodifyRiroguipRling:- ncatbRxyHeRGib iling the crystalline

S,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-
BRI nRh e e

-3-ylfami &8t he invention. Figure 5 shows a

diffeFbntizdcseanninigecaterivrets (DS abedish vade sieftaidlee disclosure as

described herein for use in therapy or as a medicament, as well as the use of a crystalline
hydrochloride salt of the disclosure in the manufacture of a medicament, especially for
the manufacture of a medicament for wreating a disorder of reduced motility of the

gastrointestinal tract in a mammal.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of the present invention are illustrated by reference to the
accompanying drawings.

Figure 1 shows a powder x-ray diffraction (PXRD) patiern of a crystalline
hydrochloride salt of 1-isopropyl-2-oxo-1,2-dihydroquinoiine-3-carboxylic acid
{(18,3R,5R)-8-[(R}-2-hydroxy-3-(methanesulfonyl-methyl-amimojpropyl}-8-
azabicyclo[3.2.1]oct-3-yl }amide of the invention.

s
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15 vertical axis) and a thermal gravimetric analysis (TGA) trace (bottom
trace, right side vertical axis) for a crystalline hydrate of a hydrochloride

wodll Rl dgisppropyl-2-oxo- 1,2- dihydroquinotine-3-carboxyli i
?(18,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl- CP%Q[SZOWOHWS

e SR S e EREnE BTHT D LR 150 o i
side vopililtei20anf a hiydrothiontedssalt ofalysis (TGA) trace (top trace, left side
. 1-isqpropyl-2-0x0-1,2-di uinoline-3-carboxylic.acid {{I
verticg] SRS AP G B A Co R S ARG propy -
dihydanpibiojiciof8 2ublogtis-yid rite, TR k) iBVERNich RBBRFEPAhEDmesul fonyl-
- DESCRIPTI OF THE Tl The lnventi Vi a crystalline
meﬂlﬁ} r(I)nc%Pgﬁ qg%%%"’(gg‘%%%yﬂ%‘%gglf%ﬁzg%ﬁg%%ﬁﬁ% |n8eﬁ-'3-carboxylic
adiigite 3 SRYBR) BaitRYinmyidroxysS1hvatHalvES)Lifare/for a crystalline
methyl-ami []- i : - ' es
e L S P S S A P AT
{(18, R SELrigR M botiperA dsnibamedionsmathyhenbesrsmid-fvention,
scabi {11215 EIMSHALG e pllaing meanings, urless otherwise

dicated. The term "therapeutically effective amount" means an amount

suffieat ehameepovieatmienditfiresior RkBidteatioagiamemt i inedydpte
of 2 Y ERURRRLIRG: Eﬁfmg@)ﬁﬁ%g})ﬁ%ﬁﬁ useghersipmass:thebsaineenriof a
IC

disease, disorder, or medical condition in a patient, such as a mammal
{(1S,@Baﬁﬁatﬁ&@)azﬁum&ﬁmﬁm%%%@%m%%mm@aﬁ%érse,

azabisjeRder,1fdnedigahaandition freengseurring, i.e., prophylactic treatment
of a patient; 10 (t?%ir%meliorating the disease, disgrder, or medic

conaitien, Paveh s&m&%&c&aﬁ@ﬁg#@&?@%@%@éﬁh@ﬂa&@aaé?%rs&ﬁé@e

verticQl MR ieAl congHionstadneaie MalpisUNEressing (betdinaase, digardeas, or
R R A S e R e
dihydfaeaysliptopcagidigidiacidsg 1 8)SRISRY. H{ (Mpdibatinondtionahmepatiant-
methyl Aenooprom b e f3 5P TR S AR RISH B LGBy one or more

Figure 6 shows a dynamic moisture sorption (DMS) trace for a crystalline hydrate
of a hydrochloride salt of 1-~isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
{(18,3R,5R)-8-[(R)-2-hydroxy-3-(imethanesulfonyl-methyl-amino)propyl]-&-
azabicyclo[3.2.1]oct-3-yl} amide of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention provides a crystalline hydrochloride salt of 1-isopropyl-2-oxo-1,2-
dihydrogquinoline-3-carboxylic acid {(15,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-
methyl-amino)propyli]-8-azabicyclo[3.2.1}oct-3-y1} amide and solvates thereof.
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molecules of a solute, i.e. a compound of the invention or a
pharmaceutically-acceptable 20 salt thereof, and one or more molecules

wBl-Aesalg - Such solvates are typically crystalline solids ha}‘@ﬂ@szﬂomuws
substantially fixed molar ratio of solute and solvent. Representative

solvents include by way of example, water, methanol, ethanol,
E@A@l%rsl@r’é%panol, acetic acid, and the like. When the solvent is water, the

soiaie dereriethisthspreiicatlyl iccmepbaitiydy aiel 26tTd tefthe ryaidimeahe
foll Xdrochlohlde al%' qs used haereln murz%gs a‘i% stalllne SO|Id that does not
olloviihy, [g&5 su‘bs an |any AR d HOfaFaCton of Solvent T mofecules in the

cryheabtamtthempemﬂmlmaiff&n@e arsoivdiien Solv atesnonspatificallyto effect
ireatnf YR IRAES SR, Ivention are denilisd exoligilyy It must be noted tha, as

espec ification appen ed claims, t e 30 singular forms "a",
a’th: Tm“‘tmurfétm’e"aﬁwmrﬁde ke et drenives] abtedisatre, dontdeit, or

medic%ﬁeé%ﬁ%i%ﬁ%%gﬁs &ﬁ"’éﬁ% 106 18I ATIA0:RL0 &ﬁ&tﬁ‘ﬁﬁ{%ﬂvﬂ&%"’lﬁa&‘des:

protecting grou wtable or preventing undesired reactions at an amino

nifedgenpReprese Haditcanidspasteetinpdicel condtiem bemaxcurring, ie.,
PCT/US?,Q’ ﬁé@é&@@e&%@ﬁ@%ﬂ%‘ﬂ%&tbm are not limited to, formyl; acyl

groups, for'example allcanoyl groups, such as acetyl; alkoxycarbonyl
gi®dips, sEnehioratien b tissEarBETeE 68 FosbprheaRdkinta isor Bligiriing or

such as hepadexycathanyt (fhaiand dslunenymataxysaiiRmvh a
(Fmoc); ii%Imethyl groups, such as benzyl (Bn) trityl (Tr), 5 and

1,1-di-(4¥ é’ﬂtmxyphenyl)methyl silyl groups, such as trimethylsilyl (TMS)
ang) tert-saphyidimeting sl ALBRMRL rapeheailkes attinAge HIdhm astive

agent in the gresent salt forms, i.e. the compound of formula |, is 10,
g4

designatBETiRbRbAgTeIoBms of &‘i’r‘?ﬂi?%ﬁ?rrﬁiﬁﬁ’@%‘zé’ér‘%%%?& ition in
{(1S,3R 55&@%}

2?11 drox meth nesulfo -amlno 8 -azahicyclo[3,2.1]oct

" an e R EORTE Iy SoEH R G A ARG 1

Informatigmi&ystems, GmbH, Frankfurt, Germany) The deS|gnat|on
3R,5R) descrjbes the relatlve orientation of the &)gnds associated with

(

th Ey@csr? ‘éaé?yé'feeﬁ{l e & n%(%ral‘ﬁ s%szerngf“ velyyd%l?ﬁeo%én 8¢ 15
moled\ﬂ@(ﬂaﬁmdﬂ)&%— [(R)astsmﬂmmxi Bfmmmmm%mmwm%
salt ae%g % uées of a salv solvat 08 are icall

-yI-I-(1- Inﬁ% els -0XO0- 1% dﬂﬁ -qumo ihecarboxamide.

crystallme sohds havmg a substantlally fixed mola:r ra’tio of solute and solvent.
Representative solvents include by way of example, water, methanol, ethanol,
isopropanol, acctic acid, and the like. When the solvent is water, the solvate formed is
specifically termed a hydrate.

The term “crystalline hydrochloride salt” as used hereinc means a crystalline solid
that does not include a substantially fixed molar fraction of solvent molecules in the
crystal lattice, i.e. one that is not a solvate. Solvates, or specifically hydrates, of the
invention ar: identified explicitly.

it must be noted that, as used in the specification and appended claims, the
singulay forms "a", "an", "one", and "the" may include plural references, unless the
content clearly dictates otherwise.

The term “amino-protecting group” means a protecting group suitable for

preventing undesired reactions at an amino nitrogen. Representative amino-protecting
5
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Salt Forms of the Invention In one aspect, the invention provides
crystalline 1 -isopropyl-2-oxo- 1,2 20 dihydroquinoline-3-carboxylic acid

w2 RsaR)-8-[(R)-2-hydroxy-3-(methanesulfonyl- PCT/US2006/012978
methyl-amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl}amide hydrocF]Iorl e. A

crystalling hydrochloride salt of the invention typically contains between
erounsilte, BEAALF ABUFHIS Hiofr G LIS By GLMTAIE ALRTLEROREr
such mSQuivdienketiheneayhpauipd, ehfarm wahinstydinbdagh@er);about 0.9 and
out 1.1 malar equivalents of 25, hydrochlorj i molar equivalent
aryhn%gﬂz%cga% B@Lﬁ{ ugfs fg}lr{fh asl?. elor%lr%(izéli%rc’é (’ﬁ)@%ﬁ rgi(r:hloric acid to the
9-fluceatiimefenywamhe! Eadiby);detdrmiind drbypn ethids vaiddr) thigs€lr),
killed.in the art..For example,.such molar ratios can regdi g
end 1 R S I 85 PR A ) and e
butyldidtetmasiiglyTRIBvintalkdahalists, 'H NMR, and ion chromatography
methods can be used to determine 30 the molar ratio. In one aspect, the

crystalline hydrochloride salt of the present invention is characterized by
Activerfgsatier x-ray diffraction (PXRD) pattern having two or more diffraction

p%lé%&h%o%%?ﬁ't‘ﬁ?tﬁ@ leehLomed LG8, 88208 dPPrdor ket D 2. 6

WO 2006/108127 PCT/US2006/012978 14.4010.2, 16,420.2, 17.350.2,
desigrpped oigopropyld-oxa-d Sty dngginolmesh agboxyhg aab £1.53 R.58)B-1(R)-

2-hyd?&ﬁ%%%eﬁl%&é%gﬂrﬁéﬁﬁwa%ﬁx%&&pyﬂ%@@c?&o@i@:?}&?«ﬁ fnide

- 29.080.2, and 29.610.2. In particular, in this aspect, the crystalline form is
using ShpaereisdalyaadailadronigraineanH YHb i AR Ry BPEor

Frank@it astian.Reakenaliet Malues aalereaftamt dhed Ot 2:1h# 3R idnth A1t -the
19.040.2, 21.230.2, and 22.130.2. As is well known in the field of powder

bondsassRriifatiiG I HBER PESTHEY SPBXRES CPBRErS FurmTRIFedgroted as
N-[(3 Sensiive (D) oXpREMEAaiatalle sLchy Bsdaidil srafns el e paration
.and instrument geometry, than are the relative peak heights, Thus, in on
R eminL S M RS e s e P
characterized by a powder x-ray diffraction pattern in which the peak :
Qal Foositio e supstantially in accordance with those shown in Figure 1.
—i#%%"ggigﬁﬁ@%ochloride salt of the present invention is also
chiakactesget] the inighiiemperdtisecthsaihakst abifityopr evidented by its
dihyd%g&rr?o 111|1ae|— %%r%nc;l)rc] i(c::aalc(‘,)lrdr?&%%}{,SR)-S~[(R)—2~hydroxy~3-(methanesulfonyl—

methyl-amino)propyl]-8-azabicyclo[3.2. 1 Joct-3-yl} amide hydrochloride.

A crystalline hydrochloride salt of the invention typically contains between about
0.8 and about 1.2 molar equivalents of hydrochloric acid per molar equivalent of the
compound of formula I, including between about 0.9 and about 1.1 molar equivalents of
hydrochloric acid per molar equivalent of the compound of formufa I

The molar ratio of hydrochloric acid to the active agent can be readily determined
by methods available to those skilled in the art. For example, such molar ratios can be
readily determined by titration with a standard solution of silver nitrate. Alternatively,
elemental analysis, "H NMR, and ion chromatography methods can be used to determine
the molar ratio,

In one aspect, the crystalline hydrochloride salt of the present invention is
characterized by a powder x-ray diffraction (PXRD) pattern having two or more

diffraction peaks at 20 values selected from 4.410.2, 8.82+0.2, 9.08+0.2, 11.21£0.2,
6
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15 (DSC) trace which exhibits a peak in endothermic heat flow in the
range of about 230 C to about 260 C, as illustrated in Figure 2.

wbuiheimegre, the thermal gravimetrie analysis (TGA) trace shawshs/ 012078
significant thermal event below about 225 C. In yet another aspect a

rystalli r ri t r [ its jnfear. rption
G e e AR N B e
20.20295), 20.892).9420.9840.21 2948468, 21283+0.33241879,21253 74467,

o S B A S Ul Mt g
the ciystabline dorevisr siisladorized iide Sorpirr protietiuaniiom natsap oz ttower
more'hﬁﬁﬁlagé&’ [OREPHIY A J&é&é@%@?&&@i%% Wﬁ%%%gf‘iﬁi.@é@&z

umidity range of 25 2 % relative humidity to 90 % relative humidity ‘at
15.04d 8 2 aptiduned 38 EldWh in Figure 3. Additionally, the crystalline

hygegetleiida el Al dRereampund 9 ounuiad Aasn DseR IRINRIR bepxrD

stable upon exposure to elevated temperature and humidity for an
spectengahiddipelidessronpdiznaiplexmenainldetaty sucharieluivy smale 75
prepﬁﬁtf&%ﬁl@&rﬁh&@ﬂgg%;ﬁ@ﬁ%%ﬁf?&@ﬁﬂe%mﬁgaﬂ%é%?@Oﬁlus in one

degradation and there were no detectable changes in the DSC, TGA, or

aspech RRystalinediifrarterisie sepadithnecrmpantio R ldsshamatpsieed by a

powddysliale afRabiergmiande walkioiihe-armnoussk af deumstiatally MO
2006/108127 PCT/US2006/012978 In one aspect, a crystalline hydrate of

accorgaRon WihiB1ge LWBAHEHHSsEnt invention is characterized by a powder

X-rene diffeaatian kP RBIopE ek bavie g iaistiil aciiom paaksialdd,
. . values selected from_5,300.2, 7.430.2. 8.720.2, 10.520.2, 13.850.2,

high T@Ri‘@?ﬁﬁ%%ﬁ aPEl gy 6‘?‘2"1‘1_7?‘%#. E?' i@%%’? (61310 o %ﬂo%%%egy

(DS hrd&0xhi il QB Dids 2 2ERAendBiBdti?; REaP 802 12 hO6dhZs of 413D 230 °C
27. and 29.670.2. articular, in this aspect, the crystalline form,is,

to bR e e o e et P Pt

(TGAlfiraetdhopeaksigii Avathesnst wetedfiom SHnB22.2 °T3.850.2, 15.800.2,

B S e e S S A B AR B
absoyptiordsrextray: aifficiciorvpatiriifimwhishriiepbakd pasitions7ak 783, 795,
802, SHOIRNUANOIN REEOHIPNCE N IhPSE/SRONR N FA4 85 1566, 1575, 1615,
1672, and 3197 em™,

A crystalline hydrochloride salt of the compound of formula I has been
demonstrated to have a reversible sorption/desorption profile with an exceptionally low
leve! of hygroscopicity (i.e., less than about 0.2 % weight gain in the humidity range of
2 % relative humidity to 90 % relative humidity at room temperature) as shown in
Figure 3.

Additionally, the crystalline hydrochloride salt of the compound of formula I has
been found to be stable upon exposure to elevated temperature and humidity for an
extended period. For example, after storage for 24 weeks at 40 °C and 75 % relative
humidity, analysis by HPLC showed no chemical degradation and there were no
detectable changes in the DSC, TGA, or PXRD results,

In another aspect, the invention provides a crystalline hydrate of & hydrochloride

salt of the compound of formula L
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The crystalline hydrate of a hydrochloride salt of the present invention is
also characterized by its differential scanning calorimetry (DSC) trace

wihieh fRxhibits a substantial peak in endothermic heat flow idgntifisg,w, b?} 978
melting of the crystal in the 15 range of about 225 C to about 250 C, wit

d k endot tlo t trated in Fi
o RN e PR MLl AR CRLA) S BEceHe ke
is chaﬂﬁgaﬁzmitlgnatpnmmumr mMmmﬂﬁ@ﬁeA}@mlm bydrate of a
airra AR5l of e comaound of fomiad s besleTpestgled

Y revers A5 sorpt Hon/dessption profi peratiire
13.85608r thel £Abis targe®? aAbDHAs-200%, to7dseit DA 96 Belatly@hidnidily, as

21,065 RIS 510,80 e £xsigling hydiate sxbiblls Jess foap about 0.25

eight gair’ between *abolit a % rélative humidity.
27 .34&&@5@7@1)1#@&1 esdP e $8lE fdmsniktias, im/dnsiespest mmsmmmém 15

characpa%zga( gg]%) _{% %%l g% %@éﬂgﬂ /iE s %‘lk}{ meo?%g(x% 2889b60n peaks

1-isopr -0X0- roqw e-3- car xyI|c acl
at 26 {»@1&8@15@@)&[@)12 W%&&Mﬁa@gwaﬁllméw&mbﬂﬁaﬂp&
aza0ICHES [§s§ lt]%%rﬁstyi %ra?@ df% g&ge r%%ro&{ 8?91%%}4@{!@&?{8 of

startmg materiald sing t e”procedu scribed in the Exam

formubelosiorassimgahdprocelnes dysbifiisedion mﬁé%mm&%ﬁw@ﬁiéd u.s.

positiBRPIGAlRLS SIS iR 1he Backaround.SeelRn.al Hig; Applcation. 8 WO
2006/10812/7 PCT/US2006/012978 To prepare a crystalline hydrochloride

salbetrihdalinengiatarl M@g}@gﬁ%@t of the present invention is also
charaét&geﬁwfag Hineliogi g@ﬁﬁﬁﬁgl&ﬁ% @m&&&&%& Ry dioxy=3

(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2.1]oct-3- I}amlde

substagtighpsalyj codedeesninierabent deerAsd or meibng ool ars

range BEHHIRG HOR: aPRHuL 38 PROULiS brda slar e balenisnaheansentrated
hydrochloric acid. Generally ‘this reaction is,conducted in an inert dijuent

tempegiaris i IABREAGHE o ADBIE0PES P a eRsh €5V SHH i RITEHE

(TGA@%@B@}B%SIM% ﬂ@gﬁd@.ﬂdﬂ%ﬂﬂﬁm@m&@@dﬁ@wm tgpethanol, methanol,
isgpropanol, ethyl acejate, onlt a&t I fsatﬂe tetra ul;é(gllro an, an

CM%BH% Fiopt a by ochlorids s € compo ormula I has

been demonsirated to have a reversible sorption/desorption profile at room temperature
over the entire range of about 2 % to about 90 % relative humidity, as illustrated in
Figure 6. The crystalline hydrate exhibits less than about 0.25 % weight gain between
about 40 % and about 75 % relative humidity. |

These properties of the salt forms of this invention are further illustrated in the

Examples below.

Svynihetic Procedures

The active agent, 1-isopropyl-2-ox0-1,2-dihydroquinoline-3-carboxylic acid
{(18,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-
azabicyclo[3.2.1]oct-3~yl}amide, can be prepared from readily available starting materials
using the procedures described in the Examples below, or using the procedures described
in the commonly-assigned U.S. applications listed in the Background section of this

application.
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10 Upon completion of the reaction, a crystalline salt of the invention is
isolated from the reaction mixture by any conventional means, such as
ipitatign, concentration, centrifugation, and the like. Th i
W?y%@i%@%%@ be prepared by dissolving the hydrochloride saeﬁ%r%{rﬁ%mmgm
1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic, acidn ,
{(I%O, @ﬁgﬁs_%%ﬁtﬁ@}méw_hkglde salt of the invention, the 1-isopropyl-2-oxo0-
1,2-diBsdneibmeass! foarbamethyian i) propyil-Biazahiydiofd-aHoct-3-yllamid

e in water at a concentration above abou mL.,. which provides a
(et R A P ST i s A R ey
contaftyCatveniionaliondans | Bhashacguiici@oinpbsltignSR0 dboetdrysteibne

hydrochloride salt forms of the invention are typicall inistered to a
B hes s e L e AR O ol
condueted fo sititrest ihibyehice b teigsteted orpe o venebyub ) ¥oteptabidtdiie

.. ,af admjinistration includi iited 49, ol et MAYINA  RASHl01
Sulta?n%%é% B tlzupeiréttgl%lrltt?ﬁécﬁ%%gﬁlg%é@gééﬁrglﬁ%dqéﬁrgﬁ%eraI modes of o
isopregammbisthaliecst@s, Autontinglytolanse o itydorfipeitods ambéutionie
the i@F:/ention is directed to a pharmaceutical composition comprising a

Te0 . . .. . .

pharmaceutically-acceptable carrier or_excipient and a therapeutically
efiéetivearbtionsf sherpariinneasrariahns it oAhsfiay eBipptisalyed fom
the relfHBH Rk PPIPRA YoRHa HRATMARRULCA COMBABIHANS BNCERRIAIRN,
other th%:;feunp and/or formulating agents if desired. 30 The
centrifpeationcaidid 1é’é?npositions of the invention typically contain a
thesansylicaly. sifectiyeamauntpirchsialior salief ihe seepet salt of

_invention. Typically, such pharmaceutical compositions will contain from
L-isopieai & 9%y hBHHSE s HRTHCBIOGVHO Bob A D8R SH)-8-[(R)-2-hydroxy-
3-(m &Pt ARV BATSnThe Relive agenbindiuinng flece alhDulite abeuter at

70% by weight, such as from about 5 to about 60% by nght OIH{FHP?]

a congpairalian SRE VR AHMRYSRY M WaHR PEM G AiHPSRS P TRpy ke

resulPRRERaGEUHiCR/deampgpiionsiafdhB;irventaiorihametieice of a particular
carrier or excipient, or 5 combinations of carriers or excipients, will depend
on the mode of administration being used to treat a particular patient or

Pharrtypeutichl €tlinmlositiadiion or disease state. In this regard, the preparation

of a suitable pharmaceutical ¢ osition.for. a particular,mode of , . .

R AR T R Abine o o AT 5 (R hamnistered
to a paHaniiacketiosh afts pharmaceutical composition, 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) and parenteral modes of administration.

Accordingly, in one of its compositions aspects, the invention is directed to a
pharmaceutical compeosition comprising a pharmaceutically-acceptable carrier or
excipient and a therapeutically effective amount of a crystalline hydrochloride salt of a
compound of formula I. Optionally, such pharmaceutical compositions may contain other
therapeutic and/or formulating agents if desired.

The pharmaceutical compositions of the invention typically contain a
therapeutically effective amount of a crystalline salt of the present invention. Typically,

such pharmaceutical compositions will contain from about 0.1 to about 95% by weight of
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Additionally, the ingredients for such compositions are
commercially-available from, for 10 example, Sigma, P.O. Box 14508, St.

wb%h%/ﬁ{h%ﬁ?’lm By way of farther illustration, conventlonaﬂ&m@g}arﬁws

techniques are described in Remington: The Science and Practice of

e aSh AP O PRT: PRV OIAEl RS S TR

aboum%w&gt&msmamtﬁdm@mﬂlppmcott Wllllams & White, Baltlmore

Afpnd (1999), 15 Representaive examplessf matials which o
servélas pharmace&%alﬁ/ c% Paktﬁle carriers incly At not I|m|ted

comptositivasolfdhdngy¢disudhis, caurdm afalpotosday mnsenamc&;mcmsm' 2
comBHARIRDAUEN S Tﬁoe'fpc%tf%ﬁ%? &%8 e Cﬁ' e &P 'A%!ﬁi?ﬁgt%é’c 6l BRing

microcrystalline cellu and I'[S VatIVGS sucn as So

used dapsokgpwtisuleetialisseoetng @éﬁ@ﬁé@@@m@@m@sd@@@m@ﬁmﬂn this
regm@%gﬁf%%ﬂ%&lﬁl@m&@tﬁg %ﬁgh@ﬁ f@)aggﬂf&ﬁ@%g’%gf

as cocoa butter and suppository waxes; (9) olls, such as peanut oil

admipistrationdewill seafibyibe mpp@ey%thfé%ﬁlﬂélmﬁe%mwhﬁrwmcsbman oil;
AddiHAL I FRbSmBHEHAR RSP E’Méﬁ'&%@%&@dyoﬁ%&é@%ﬂﬁeﬂ%&%ﬁ% Hom, for

sorbitol, mannitol and oneth lene l%iycol (12) esters, such as ethyl

exanipleafican RiRyP 83(§§) Q)%BHBriRy ek fther dgstration,

convERAGAASHRNYEERSenARCLR LE RN iy HOXIABok: TrR!916 AGH 1 (16)
y en -free wategré%g) Isotonic saline; 1(58) Rin ers solutlon (M) ethyl

Practife ok hesmrnclh At BtAEPREIES VL AR 5
(200@@1%@ mba@mqw&m@s&ﬂ&w%&ga%mm@wn@a Bftems,

harmaceutlcal compositjons of the invention_are typically prepared by

h

"B SR RIS G SPAHERRT O RO SR o the invention
WIltbpre&mhamaae@upﬂ@awﬁamb;l&mm@r mebon @Mdm@mgn al

sccel e ERF PO AP O IR 5 B I £ TR SAEAA e

lactolikerlisiowg and vetiendlprocehiyascing eqmmnaﬁﬂi aﬂxﬂ) pMaraae;. (8127

uFCT/U 2006/01297 The thal maceatu?al com osmon%of th%mventlon
cellulose, si rfncroc stalline ¢ ;[3 Ves, Suc &10121
are’pre &fab packaged in‘a‘uni dosage orm - The term i age

cmbdmyméttef[admdc&qg Iagtalbm&jmébse rgte eptitlowit abieatty (dasimg aquatisrg anth,;
O e A e s
® Oxlathtslnwep@mbwd,wdtmmaﬂ oflitsafflomisk athsiesasuebilunlidoshgerfonhgnd
soybé&?&%?ﬁﬁpgi%%ﬁ, %%?pﬁ%ﬁeﬁ@%l%%ﬁ”@l) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's
solation; (19} ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic
compatible substances employed in pharmaceutical compositions.

The pharmaceutical compositions of the invention are typically prepared by
thoroughly and intimately mixing or blending a compound of the invention with a
pharmaceutically-acceptable carrier and one or more optional ingredients. If necessary or
desired, the resulting uniformly blended mixture can then be shaped or loaded into tablets,

capsules, pills and the like using conventional procedures and equipment,

10
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In a preferred embodiment, the pharmaceutical compositions of the

invention are suitable for oral administration. Suitable pharmaceutical
wBogIRAsHons for oral administration may be in the form of Cﬁ@fﬂ?ﬁms/ﬁizws

tablets, pills, lozenges, cachets, dragees, 10 powders, granules; or as a

solution or a suspension in an aqueous or non-agueous Jiguid; . or as.an

o SR A TPBTI TS Sher e B S PEer B A e
unit dik&ie @@ Chintadnn Guaip tedate hine defimonnt pliysicaliypdisndtefitisuitable

present jnvention ag an . active. ingredient. When intended fqor o
for doSpri el SHoh S QAA HRRNAEYE: reped aatited gty b

ﬁ%le agent
Biets, ﬁﬁs
calculated thelikde) ke dharadabeuticalicofiipo sitiorsabfrth erivermibmatitin with

typically .comprise.a compound of th sent inventi e.adli
one ormg%ediaé%q%@ onmétsdr r%?t}a? p fr’rﬁ%ccﬁeﬁ%t;%gﬁ%%c%g%%b@%a%i%%ﬂg%éh as
tabletsqdllﬁmmitlthﬁe%ﬁdicalcium phosphqte. Opti.onally or alternatively, such
SGlld 8p5801GHIS kRS0, CAIAUSE |l URID i BRI S U ASre

starches, microcrystalline celltlose, lactose, sucrose, glucose, mannitol,
suitabpofaneydrsitidic weide 2 Suitde ohstoncastirppmpsthgnschulese,
admi:ALGNRIE S SPIAND. cROAANYF DYERIAORSISUGIARE ANAUNI-AEKE Hragees,
humectants, such as glycerol;(4) d?s_mte_gratmg agents, suchas =~
powdeigagrarescaras mselHbom atd, ORSRSION M GAURaRERT HO5TAME eI iquid;
or as SEHAM SIIRAIGS +AN/e 3adiyiCcarkenate otk salulien RigringRUeR L.,
such as paraffin; (6) absorption accelerators, such as quaternary
each omiFHBING PEBHRISHTRES TPPYS RN BB e s RE et an
activedngiadighecerol monostearate; (8) absorbents, such as kaolin and/or
bentonite clay; (9) lubricants, such as talc, ,cdlalcium steara&te, magnesjum
lihansaig P ASRETGTIRERY ShaRAALaryee iR dnd et Rk tihes
tabletfSIROiNLA): BRI IRG ﬁ@@ﬂxﬁﬁe@ﬁéﬁ(%h@éﬂﬁffdﬁiﬁg @gaeﬁs;vdaeleasa]{ag@ms1ly
wetting agents, coating agents, sweetening, flavoring and 30 perfumin
comp A DR BN AT BRSPS W A5 BAOGEH P, e Tore
phamplietiatBuiicaherpasiiens et he snveniioirdxandiekiaim phosphate.

. rmaceutically-acceptable antioxidants include: (1) water-saqlyble
R R RO s R R
extentdiss) [fatd, sodinchay) etabisurifstitdlisedicinlesdilecarm, thetide, £2)coie] indftol,

2006/10812 T/US2006/012978 solub joxidants, such
o R RS e ot e TR, Al i,
polyvirydneprytdidiere (BrU5Y, Aedithimapioty) hatizeaiptradoesghorotldid the
aisintBii AP MGIAL EElaling. AQSn s e 3R AR AR UpYeRseliamne
alginic acid, certain silicates, and/or sodium carbonate; (5) solution retarding agents, such

as paraffin; (6) absorption accelerators, such as quaternary ammonium compounds; (7)
wetting agents, such as cetyl alcohol and/or glycerol monostearate; (8) absorbents, such as
kaolin and/or bentonite clay; (9) lubricants, such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures thereof; (10)
coloring agents; and (11) buffering agents.

Release agents, wetting agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the
pharmaceutical compositions of the invention. Examples of pharmaceutically-acceptable
antioxidants include: (1) water-soluble antioxidants, such as ascorbic acid, cysteine

hydrochloride, sodium bisulfate, sodium metabisulfate sodium sulfite and the like; (2) oil-
11
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(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like. Coating
agents for tablets, 5 capsules, pills and like, include those used for enteric

wh H&%l%’rmh as cellulose acetate phthalate (CAP), polyvi (
pma'ate PVAP), hydroxypropyl methylcellulose phthalate%ﬁ%@éﬁ?é” 78

acid-methacrylic acid ester copolymers, cellulosg acetate. trimellifate
SOl AT T B S LT ML S0 P BT
i ne il campoSdlon. Of o D6 et nention ey Alsa b
armacgutical compositigns of tk; ; .be |,
and (g R LA 15 PROB S o ol T s P PSSR a6l e
(ED’IUsjr@;rli_iydlvawﬁcemm plmdpiadrm@gidomﬁ thethijkcélhiisg ég_emy’urgablets,
capsISRAIHONS arolher polymer, mpkiees.iposomes. andior migieRheres,
on, the pharmaceutical compaositions of tffe’present invention may

phthalec(§tioRalhw bontzinaspeeifyitig lagd e/ ivdsobppionyiutatyiselitiase
phthafdfY ﬂ%@??@fﬂ%&ﬁuﬁetﬁhg{fﬁé%ﬁ@Eﬂ%’e&%ﬁ&‘ﬂ%ﬁ@&f‘@x%'}\fuf%é‘ SRHLRIN

portion of the gastrointestinal tract, optionally; in a delayed manner.

trimefitaim{STAETos enibvowtaityyd ofpositiviesidAES R s usaaap sehyl
celluRQVIP&HS §Hpa}g@§§?§?n@ %?g?;gﬁdﬂkelﬁglve ingredient can also be in

micro- encapsulate ppropriate, with one or more of the

abiéviesited cHisabauspration] SoNSHisasiRf e duesayt insint qomsnplso be
form@ERINIS FRHIR BhASR  RYeak Pl LUMSIEATIAN s PRAE @%F&ii@&@xﬁ'éii%%?%? gy

emulsions, microemulsions, solutions, suspensions, syrups and elixirs.

examglge BN RISE LB IBYh SRR CBRHNEsE FMErHENFOL AIERERIRETd an

matr iRl i ReRESHR S0 §RRRle, water or other solvents, solubilizing
agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl

calbaritiore fhyemaceiidca) SARAOSIESAS P LN AFet Fmetigt Siene
optic8MBAtokiAPUMIS NG HEOh PHTI(BHE-beCRHRNRACH -4 (B HBYI-RAED HBLEBve
. 0live, castor and sesame oils), glycerol, tetrghydrofury] alcohol,
mgreﬁf%‘e‘eﬂwe?rep&g%sr&%ﬂ:& f&ﬁf%%%ﬂ@ﬁ%}%@i ﬁ%ﬁogﬁasmfﬁ%
optioﬁ&@@@ﬁa;aaﬁ@e@m@ﬂﬁefmdﬁﬂm" tsfﬁaﬁjaa@aﬂ% f iagf@dl Mnmwéi@?@iﬁel

Su nding agents such as, for exa e, efthoxylated Isostea COoNnols,
used T ASE RIS SRTRET SR LB Tan Lt e WS ER, SEAIne S ieto-
encapsulabdubrmmeatapypespide, withtonite, ragar «fghs ain trdgaecinthexaipibnts.

mi tur%ﬁt ere EAIterl%atlve%ig}glg ar’mscetli'{t)'ﬁ%la QHépgsmons tEc})f the

invé‘lrlltt'ﬂlloﬁ3 arBomitiated for "aaministration By Rhaiation. Suitab]
illustphianpleenticabiortipasitipisbio eaulmions ratiam dyu kR W,C0RONE14,08127
suspegscgﬁg ‘?}%989 /a(l)l%i%?gc%s. Such liquid dosage forms typically comprise the active
ingredient and an inert diluent, such as, for example, water or other solvents, solubilizing
agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (esp.,
cottonseed, groundnut, corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.
Suspensions, in addition to the active ingredient, may contain suspending agents such as,
for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.

Alternatively, the pharmaceutical compositions of the invention are formulated for

administration by inhalation. Suitable pharmaceutical compositions for administration by
12
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inhalation will typically be in the form of an aerosol or a powder. Such
compositions are generally administered using well-known delivery
evi h as a metered-dose inhaler, a dry powder inhaler, a
WG TIsT S @ . . ’ W
g’e%ou??zer c&)lr{;a similar delivery device. When administered by"%%?é%%‘ 12978
using a pressurized container, the 5 pharmaceutical compositions of the

inhalaHoBGHmifap AR e fopHf AReA8Ha0 I Graafeht- Sifh Sumpgsisions are
generRIORAIAM sBUGRM diwBlpIedifit cramethapa clichimfuomethange

dichlorotetrafluoroethane, carbon dioxide or. other suitable gas.

imﬂl%ﬁ%ﬁ&?ﬁ?ﬁ@%@rrﬁgﬁl@ml EhipBEm ST ivaRsETirthe form of a

CamsidleAinkastcidasymadrtital exampisedsorvee Riinlisenpesing a
compound of the jnvention and 10 a pgwder suitable for use in a p_owdgr
pharmaceteak TP RO rgbea%’é@fiﬁ% &, WW&&%?"B%P%%T ° ilisggpdient

and astisiteble Dhepenmnpeutit ssofiifiddrodfiiiororrithalsy Hielddraihistenasdhane,

. . .tfransdermally using knowpn transdenpal delivery systems and excipients.
ot S e g SR B 8 O OB S AT BB i with
pesrhdidtionilgnihambersisstaticabcoropyiane ghygdic 1b theliethyleaeagiydobr
_.monolayrate, azacyclaalkan-2-ones and.the like, and incorporated into a
cart R e o, SR A S AR S AR e
a povalpeststaEmitsifiens apdwddardatonyhatalde pawdachasarisdedadly way of

exam ?@BQ@E@Q&%%%S"M' The following formulations illustrate
epresentative pharmaceutical compositions of the present invention: 20

FoFmdetiomBanishs Ankativyshaivisdpstfisfotord wemdeisediioniag
know GRANES, A% IRIRWS; g RGN SRISAMOURL S AEING '&B{vﬁs%&'&{h 3 g
Lactose (spray-dried)’200 mg Magnesium stearate 10 mg

inveniep easd1fativéxpd sed DpEnTHO e steltADFECRIAR DRI and
polydieieadrd intpahasd aglatinbansule (ZRR ma floamPeRIiRbRRkated into
capsule). 13 WO 2006/108127 PCT/US2006/012978 Formulation
a pat%ﬁifgpélg delivery system. Additional excipients including gelling agents,
emulsifiers and buffers, may be used in such transdermal compositions if desired.
The following fornmulations illustrate representative pharmaceutical compositions

of the present invention:

Formulation Exanmle A

Hard gelatin capsules for oral administration are prepared as follows:

Ingredients Amount
Salt of the invention 50 mg
Lactose {spray-dried) 200 mg
Magnesium stearate 10 mg

Representative Procedure: The ingredients are thoroughly blended and then loaded

into a hard gelatin capsule (260 mg of composition per capsule).

13
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Hard gelatin capsules for oral administration are prepared as follows: 5
Ingredients Amount Salt of the invention 20 mg Starch 89 mg

“}glg{reﬁ(}lrgstalhne cellulose 89 mg 10 Magnesium stearate

2m
épresthtative Procedure: The ingredients are thoroughly bfgqﬂgﬁzgﬁﬁmws

then passed through a No. 45 mesh U.S. sreve and loaded into a hard
gelatin capsule (200 mg of E6HIBBALH upgtile). 15 Formulation
xR g efafin &99%@&%&@@@1@&5@%@&%9@ RARRRAAsollows: 20
Ingredlents Amount Salt of the invention 10 mg Polyoxyethylene sorbitan
monooleate 50 mg Starch powder 250 mg 25 Representative Procedure:
The inggpdirats are thoroughly blended and then)gag@g into a gelatin

Caps e O.ma.o alanlala alallal= : AN 2006

PCT[@§EB@%@%‘Formulatron Example D Tablets f&? B?%I -.
admirfigirehion are prepared as follows: Ingredients Am&8megs Salt of the
inveniibinrbanygiSlimecke B@long Microcrystalline cellulose 8%y

Polyvm@wgﬂyggt@g«ﬂeo wi. % in water) 4 mg Sodium Cazt;@g(ymethyl

Procedure The actrve mgredlent starch and ceIIquse are passed
Representative Procedure: The ingredients are thoroughly blended and then

passed through a No. 45 mesh U.S. sieve and loaded into a hard gelatin

capsule (200 mg of composition per capsule).

Formulation Exammple C

Capsules for oral administration are prepared as follows:

Ingredients Amount
Salt of the invention 10 mg
Polyoxyethylene sorbitan monooleate 50 mg
Starch powder 250 mg

Representative Procedure: The ingredients are thoroughly blended and then loaded

into a gelatin capsule (310 mg of composition per capsule),

14
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15 through a No. 45 mesh U.S. sieve and mixed thoroughly. The solution
of polyvinylpyrrolidone is mixed with the resulting powders, and this

W@M@{);ﬁ}}pen passed through a No. 14 mesh U.S. sieve. %Hf%%@%gws

so produced are dried at 50-60C and passed through a No. 18 mesh
sieve. The sodium carboxyinethyl starch, maqnesium stearate and talc
(previously passed through &2 ! -S. sieve) are then added
toTthe @s aptdes. Afienistixing ihepmidtye aisfelopressed on a tablet

machine to afford a tablet weighing 100 mg. For ulatic%n Example E

T ‘frél?g*soral admini ' VS redients
Asgiuof tzaliahtie invention 25 mg Microcrystallifengellulose 400 mg 30
Siiegmdioxide fumed 10 mg Stearic acid 5 mg Rejprggentative

Prog ; i ts are thoroughly blende then 35
c%%(grr{%gsé?@ '!%S@%%nﬁgtgﬁ‘t (440 mg fcompositio%ﬁp%r tablet). 15 WO

2 o}:5lea s, /6‘1%‘7@ “Formulation Exa%le F Single-scored

i
e
ta PRt FBPPYBIAINE AN are prepared as folloWs ™Eingredients
AlvagnesiSaltstfathts invention 15 mg Cornstarch 50aga&roscarmellose

g

gle-scored taletg'r mg of composition per
pesenlativeReoseure Hs eoRve dupsfiG § %}&P%&ﬁ%%wﬁsm%sed
prepascH AN EoOUSWEs20 Mgiecients AalMoroughly. The solution of

polyvinylpyrrolidone is mixed with the resulting powders, and this mixture is then
passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at
50-60°C and passed through a No. 18 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stearate and talc (previously passed through a
No. 60 mesh U.S. sieve) are then added to the granules. After mixing, the mixture

is compressed on a tablet machine to atford a tablet weighing 100 mg.

Formulation Example B

Tablets for oral administration are prepared as follows:

Ingredients Amount
Salt of the invention 25 mg
Microcrystalline cellulose 400 mg
Silicon dioxide fumed 10 mg
Stearic acid 5mg

Representative Procedure: The ingredients are thoroughly blended and then

compressed to form tablets (440 mg of composition per tablet).

15
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Salt of the invention 0.1 g Fumaric acid 0.5 g Sodium chloride 2.0 g 25
Methyl paraben 0.15 g Propyl paraben 0.05 g Granulated sugar 25.5 g

W 0{{%‘%}3'@907% solution) 12.85 g Veegum k (Vanderbilt Co.) 11!'1%{?[;?%%30@@12978

Iavor|n916.035 mL Colorings 0.5 mg Distilled water g.s. to
Representative Procedure: The ingredients are mixed to form a
suspension containing 10 My ERAEHeE mgEadieat per 10 mL of

SUSRBISIRBrR MG 4005/A108e 4 B atibd SAOPRIOP 4 St drrmulation

Example H A dry powder for administration by inhalation is prepared as

follpwsaiadhgredients Amount Salt of the inventigp,d#ng Lactose 25 mg
éz : I : o ot e —od and

1 ,

thealb B vERtiPTactose. This blended mixture i$H¥h loaded into a

gelatinsiatehiation cartridge. The contents of the caftfidhe are

admiuisteretdssingi@powder inhaler. 15 Formulatiphrxample | A dry

poMydglsfor administration by inhalation in a metereg) dgse inhaler is

pr@@:?%rﬁ& lows: Representative Procedure: A %Jﬁ%ension containing

5 wit.-%%-of-a-salt-of- the—invention-and-0-1-wi-%-lecithin-i ared by

dispersing 10 g of active 20 compound as micronized particles with mean

mwgméﬁﬁ%%ﬁ%%%Q&@rgu%ﬁy%@%%'&' ¥R sed
to form a single-scored tablet (215 mg of composition per tablet).

ngr

o 5 b

Formulation Bxample G

A suspension for oral administration is prepared as follows:

Ingredients Amount
Salt of the invention Olg
Fumaric acid 05¢g
Sodium chloride 20g
Methyl paraben 0.15g
Propyl paraben 0.05g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285 g
Veegum k (Vanderbilt Co.) 1.0g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water q.s. to 100 mL

Representative Procedure: The ingredients are mixed to form a suspension

containing 10 mg of active ingredient per 10 ml. of suspension.
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suspension is spray dried and the resulting material is micronized to
particles having a mean diameter less than 1.5 m. The particles are

WepslRd ine,sartridges with pressurized 1,1,1,2- tetraﬂuoroeth ﬁ;w 6/012078
Formulation Example | An injectable formulation is prepared as f

30 Ingredients Amount Salt of the. invention 0.2 g Sodium acetate buffer
solution (0.4 M) 40 mL Hgi%%%ﬁ%%@%@%.5 N) g.s. to pH 4 35
Watedfdistitield; fiesde)igisrdtiodbminhRefsesepaivePiocetiue: The
above ingredients are blended and the pH is adjusted to 4 0.5 using 0.5
N HEtred®BsN NaOH 40 17 WO 2006/108127 PC%M&QOOG/OHWS
Forglhlt% QILEXAMDIE ' Ruonare epared as
follows: ngredlen S }Amount 5 Salt of the Invention 4705 mg
Mchr@EW/%Eialllne cellulose (Avicel PH 103) 259.2 m%s M&gnesium stearate
0.75 mg 10 Representative Procedure: The ingredients are thoroughly
blended and then Ioaded into a gelatin capsule (Size #1, White, Opaque)
SR, dugsr Eepaciiey er |mm5¢é angghen blended
Capwiﬁsaaa@raﬁ*ﬁma@@@ﬂﬁw@ iRreRAdRa [RlloNvs: JAYRAICRTS

Amount Salt of the Invention 8.2 mg Microcrystalline cellulose (Avicel PH
10334848 G 2ePRisIR a5 st gty PAHiBi Heapt asiigt gty der inhaler.

Procedure: The ingredients are thoroughly blended and then loaded

Formulation Example I

A dry powder for administration by inhalation in a metered dose inhaler is

prepared as follows:

Representative Procedure: A suspension containing 5 wt. % of a salt of the
invention and 0.1 wt. % lecithin is prepared by dispersing 10 g of active
compound as micronized particles with mean size less than 10 pm in a solution
formed from 0.2 g of lecithin dissolved in 200 mL of demineralized water. The
suspension is spray dried and the resulting material is micronized to particles
having a mean diameter less than 1.5 um. The particles are loaded into cartridges

with pressurized 1,1,1,2-tetrafluoroethane.

Formulation Example J

An injectable formulation is prepared as follows:

Ingredients Amount
Salt of the invention 02g
Sodium acetate buffer solution (0.4 M) 40 mL
HCI (0.5 N) or NaOH (0.5 N) q.s.topH 4
Water (distilled, sterile) q.5. to 20 mL

Representative Procedure: The above ingredients are blended and the pH is
adjusted to 4 £ 0.5 using 0.5 N HCl or 0.5 N NaOH.
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into a gelatin capsule (Size #1, White, Opaque) (148 mg of composition

per 25 capsule). Utility The compound of formula I,
-2-0x0-1,2-dihydroquinoline-3-carboxylic acid

{?I)SS 3R S)I%%S -[(R)-2-hydroxy-3-(methanesulfonyl-methyl- amlr%’g)Tr;Pgrzj()}/ 1078

30 azabicyclo[3.2.1]oct-3- am!qe |§ a5- HlT:i ;eceptor agonist and

therefore the present crygf’j e compound of formula |

areCeppaeiatrtorbieadseiisifot dreatpgepnediealisiodiions mediated by

5- T4 r cetptors or assouated with 5- HT4 recepto ct ity, i.e. medical
) eceptor

H-H
agﬁaishf&tchmeﬂﬂmal condltlons mclude but are ddddimged to, irritable

gow&&@éwb&amﬁe%%zﬂ@o% (@tvzeewgpnﬁ;uoau?n fflgsm:(%ora@g dﬁnggss?
e GRS GSMpLying, gastroesophageal refluxydigegse
&g fid Jastroes lgdiseas

ive ileus,
mtestlnal pseudo -obstruction, and drug-induced delayed transit. In

addiigmedtitagtecto sdgge Stedithatd emteSeHiivtredd pldeadponist then
po ds.18 W 2006/1 8127 P 006/01
e DRI SeR R S e SR ey R R on
disgretara;dodbhavioral disorders, mood disorders, and disorders of control
of autonomic function. In particular, the salt forms of the invention
increase motility of the 5 gastromtestlnal (GI) tract and thus are expected
to be useful for treating diseraeratsithxampigdet caused by reduced
éxammmlédﬁﬁﬁiyﬁmm@mmm hisgylity disorders
|ncIu e, by way of illustration, chronic constipation,
corﬁ%ﬁ‘iﬁ’éﬁﬁﬂﬁspredomlnant irritable bowel syndromél{’@uIES) diabetic and

|d|mg%@%gss and functional dySpepsigg JUh[g one aspect,
lt;%%rght%l Wer R&@ﬂ%ﬁ@fﬁ%@d o ooty of e

g astrointe final tract In a mamma thod co ]}l ng
to i J
composmon comprlsmg a pharmaceutlcally acceptable carrier and a

cryRiafline satefthe davention i\Whanreeddenlraldisvdstscidedusedaded

motility of the GI tract or other conditions 15 mediated by 5-HT4
recEfrEeHECarYmISieR e SR fORPEHM IS B§°%mﬁ fiqeisd
oraé%g@;@).smgle daily dose or in multiple doses per day, although other

The compound of formula I, 1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic
acid {(1S,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-
azabicyclo[3.2.1]oct-3-yl}amide, is a 5-HT4 receptor agonist and therefore the present
crystalline salt forms of the compound of formula I are expected to be useful for treating
medical conditions mediated by 5-HT, receptors or associated with 5-HT4 receptor
activity, i.e. medical conditions which are ameliorated by treatment with a 5-HT, receptor
agonist. Such medical conditions include, but are not limited to, irritable bowel syndrome
(IBS), chronic constipation, finctional dyspepsia, delayed gastric emptying,
gastroesophageal reflux disease (GERD), gastroparesis, diabetic and idiopathic
gastropathy, post-operative ileus, intestinal pseudo-obstruction, and drug-induced delayed
ransit. In addition, it has been suggested that some 5-HT, receptor agonist compounds
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forms of administration may be used. The amount of active agent
administered per dose or the total amount administered per day will

WPisallY e fetermined by a physician, in the light of the rele
c)?rocumstances, including the condition to be treated, the chos[;éér\]pé’glr%ﬁg{%uws

of administration, the actual compound administered and its relative
may Redit IRBe dgainraighh caHE t SSpers S BT e divarirra Argutins cogaitive

disoSRYE Bhofithe gakents, Suoytainsdanhilieiliiedquitable:denesdabnomic

fun treating disorders of reduced motility of the Gl tract or other disorders
el diated by 5-HT4 receptors are expected to range from about 0.0007 to

ab@upa2RRpdald ok adiiie iagentipinticding fronigboefihg.0007 to
abqut 1 day. For,an average,70 kq human, this wauld amount t
st R ARy s R g R el b b B e e b
GI trthe danvedtionethe ghib doilinsiohtheimie ntioivdiesisecbte. tréath CHromwid!ity
. nstipation, When d to treat chronic constipation, the salts of the .
o Ty s S R g
irritdblerhotiplsidsespEE-dBf), Thebdos enfbidiesathy chsunipuesisstipdtiomional
dyspgéggcted to range from about 0.05 to about 70 mg per day. 19 WO
2006/108127 PCT/US2 00 6/0 129 7 8 In another aspect of the invention,
thesanefespesiothereecivonvantionptpriddee atireitul e bowetsypadrotitsy of

the %%éﬁ%&fé%i‘%r%% SanshpAloRPrRdAsRARHLAb s haaL SynEY arDe.

e salts of the invention will typically be administered orally in a single
mangaihe heswartinathunifielios sewpst oA e erssdivel epampsiion comprising a
pharfRsiRaligNsRLEdanNNaRt & kHiaPle RAYRILUIEP IS iis 8xR&sted to range

from about 0.05 to about 70 mg per day. In another aspect of the

invEfristie R srabliRe e Redarfbreait isddhe Geatctraiste epngitions
medi QPRI ERSEORAGRS dMhenHaed it aldiphetic pRdiidiopathic
gastroparesis, the salts of the invention will typically be administered orally

admipisterpd M am doRE DI RIaRTAE HIRBLPls deses reietancirhoraealsg

forn@iaplieigastsaparasists dREXPREgtbiot angefen:ahadha AR dRapeUose

70 mg per day. In yet anpther, aspect of the invention, the salt forms of the
or th IR RORTL W%?gaﬁfﬁ?&raﬂiﬁi@@&%dww@\a%Bfw&’atm in

the Ifgmosionakelyspensieuthe-eoespaunisngf dfecdnuriian wdlimiaatieRosen
eSSBS g Slle Sal e n P oot B
age, %:E¥ght, and response of the individual patient, the severity of the patient's symptoms,
and the like.

Suitable doses for treating disorders of reduced motility of the GI tract or other
disorders mediated by 5-HT4 receptors are expected to range from about 0,0007 to about
20 mg/kg/day of active agent, including from about 0.0007 to about 1 mg/kg/day. For an
average 70 kg human, this would amount to from about 0.05 to about 70 mg per day of
aclive agent.

In one aspect of the invention, the salt forms of the invention are used to treat
chronic constipation. When used to treat chronic constipation, the salts of the invention
will typically be administered orally in a single daily dose or in multiple doses per day.
The dose for treating chronic constipation is expected to range from about 0.05 to about

70 mg per day.
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15 to about 70 mg per day. The invention also provides a method of
treating a mammal having a disease or condition associated with 5-HT4

‘,g%%%%%t}vity, the method comprising administering to thep@ﬁ%ﬂ%ums

therapeutically effective amount of a salt form of the invention or
pharmaceutical composition comprising a salt form of the invention. 20 As

dedeiBetLsRest of e HATEHtaR e validorms afaha 1y Fatien p Arshiedscat

irritabieb o BliaR dpidhey peaises:d here lengipaiethpe afaaianiZing.819 Hd ¥4l

eceptor in a mmal, the method.c rising administering a salt form of
Sy B TR 5 AT R R L B C A GHEH I8 IR R S

dosdyditontulititieisadt fesndanf The absinfentianngavhgisieionnstiiedhusing

. ..\various in vitro and.in vivo assays well-knoyn to se skil in the art.

it D e S e A R R T e .
exdmipletieBEsEXirdd BiES chtierfoltewiigfsyntheftibcainc dpiddmgiealised to treat

diab% 19 0 l?%o?gzzgh%feggtgo?a{":élsjzsst.r&\]'kﬁ'l]}t%%eusgh\/%nttrlg?% (ﬁ%jegfg%}? It O bﬁ%bic
construe anyway as limifing the scope of the invention. niRe

gastenramgiie $hb etdiw ofltbef oitowninen abibreyisttind b admihietéottburily imeasings

. 200 “PC 0 1y ise. indicated,
S b o e e SIS S RIS
expRtnd o wareh Ftosyd2aBoRPd (BebyRr07O giaercida dicarbonate 5 DCM =

dichlarameiansFMi FNIIRELAY oy Ramide BMRQS et gsed to

sulfoxide EtOAc = ethyl acetate mCPBA = m-chlorobenzoic acid 1

treaf\facRpaahdwtpritine NMirsrusctte- oty fineieprb dispmyBofecompounds of the
inveRGBE QPRI BYAIRYHRHHROSRIP IR RORLID DEKAIBLAPRISRRAIR doses
per day. The dose for treating functional dyspepsia is expected to range from about 0.05
to about 70 mg per day.

The invention also provides a method of treating a mammal having a disease or
condition associated with 5-HT receptor activity, the method comprising administering to
the marnmal a therapeutically effective amount of a salt form of the invention or of a
pharmaceutical composition comprising a salt form of the invention.

As described above, salt forms of the invention are 5-HT4 receptor agonists. The
invention further provides, therefore, a method of agonizing a 5-HTy receptor in a
mammal, the method comprising administering a salt form of the invention to the
mammal.

There properties, as well as the utility of the hydrochloride salt forms of the
invention, can be demonstrated using various in vitro and in vivo assays well-known to
those skilled in the art. Representative assays are described in further detail in the

following examples.

EXAMPLES
The following synthetic and biological examples are offered to illustrate the

invention, and are not to be construed in any way as limiting the scope of the invention.

In the examples below, the following abbreviations have the following meanings unless
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Rr = retention factor 15 RT = room temperature TFA = trifluoroacetic acid
THE = tetrahydrofuran Reagents (including secondary amines) and
Wsa%%gl;ﬁ,gyge purchased from 20 commercial suppliers (Aldqﬁprfﬁg%&muws
Sigma, etc.), and used without further purification. Reactions were run
under nitrogen atmosphere, unless noted otherwise. Progress of reaction

otheryrieindisainss Mnruieippynatsleined bslomatogisisertely 2eeRih

meanﬂng performance liquid chromatography (anal. HPLC), and mass

spectrometry, the details of which are given below and separately in
s&%‘ﬁic examples 6f ?@%ﬁﬁ@?@é‘ﬁ}:tion 25 mixtures were worked up as
d specificAiyar-&4b fReP R R ommonly they were purified by
extaMion and othiBRIREFBR hethods such as temperature-, and
soRrht- dependent ;'/Sht%[ﬁ i _mﬁﬂﬂ%recipitation. In addition, reaction
mi were rou P ‘H‘H{? preparative HPLC. Characterization of
re 56N roducts W A&ly carried out by mass and 'H-NMR

s try. For RIVR He %%/?é%igh , samples were dissolved 30 in

= e .
d ]é ed s:(“)lver_lt?g;,‘;%?l ). CDC13, or DMSO-Q, and 'H-NMR spectra
w quired Wltlga arn { _%flnl 00 INsument (300 MHz) under
standard observation ¢ 4

o

(8]

0%; ég'on% ef/f gfggﬁg%%g{gtric identification of

cogipounds was p%’(_r} %ﬁ?&lf &an electrospra Ionization method (ESMS)
wigran Applied Bi% ASier City, CA) model API 150 EX

in ?%i:nent or.an Ag{j}X pLisala. Allg sCA) model 1100 LC/MSD instrument.
R

W 35 content g4 y Karl Fischer titration using a

Brinkmann (Westbury, Metrohm Karl Fischer Model 813 coulometer.
21 WO 2006/108127 PCT/US2006/012978 Preparation 1:
(1B 8RBR)BoinG Bardpirpeiines? Ao seavrnB- warpsRyassdifom

comﬁ%ﬂ&i%{)ﬁﬁéﬁr @1&%‘8&6&5911&0 QL Rrbenzy Brgali YRR Zileeiann3Raton.

Concentrated hydrochloric acid (30 mL) was added to a heterogeneous

ReacoRainare fus PogcaifetBengtranshyaroliest noxs ghergis nfonemhfer

reacti ShilhahAhiles SHAGr S, aPRRRIEHlAsk 460 ehia DLC) o pytval high
concentrated hydrochloric acid égﬁ was added slowly to a oléjtlo of
i

perfosEIEge AECRIONHOT A B r PASEAE FPTFEPBIELY, the detarls of
whicHiRelesy tRla YdaofaRsBl wispenias stisresi 4o bapacusimateigcidmin,

mixtg;irlelét\ehr%r\é\/i‘gz)rked up as described specifically in each reaction; commonly they were
purified by extraction and other purification methods such as temperature-, and solvent-
dependent crystallization, and precipitation, In addition, reaction mixtures were routinely
purified by preparative HPLC. Characterization of reaction products was routinely carried
out by mass and 'H-NMR spectrometry. For NMR measurement, samples were dissolved
in deuterated solvent (CD;0D, CDCly, or DMSO-ds), and Y.NMR spectra were acquired
with a Varian Gemini 2000 instrument (300 MHz) under standard observation conditions.
Mass spectrometric identification of compounds was performed by an electrospray
jonization method (ESMS) with an Applied Biosystems (Foster City, CA) model API 150
EX instrument or an Agilent (Palo Alto, CA) model 1100 LC/MSD instrument. Water
content is determined by Karl Fischer titration using a Brinkmann (Westbury, NY)

Metrohm Karl Fischer Model 813 coulometer.

21



10

15

20

25

30

water (250 mL), and then the benzyl amine solution was added, followed
by the addition 10 of a solution of 1,3-acetonedicarboxylic acid (100 g,
ﬁw@t |p water (400 mL) and then the addition of sodium l?/dro
osp ate (44 g, 0.31 mol) in water (200 mL). The pH was a SEF Y78
pH 1 to pH - 4.5 using 40% NaOH. The resulting cloudy and pale yellow
solBtieprvatioBth LSRRI - Trma eSharehigkdalfeh HemtmedSe phazylic
froﬁF’ﬂ-{e’F“B'{Mr?QtSO% hydrochloric acid, heated to 85 C and stirred for 2
a. Blgﬁ&irasﬂoy'&§q$ 12088, d tp room4emperature, basified to pH 12

and extracted wi ichforomethane (3 x 500 mL). The

co @m@a@éh@r&y@@wéﬁ&h&ﬁ&) Withaskise toribel ooy satekiey of
2,5- aia%mga@&rﬁiﬁmm%r(@dy ged.gressuaiaRiieres the crige Weing, na

intermediate as a viscous brown oil. To a solution of the crude

sepaate asingelsn 1nSthaiet prdvosaorEcdduehioghlene s8dKy/mL) was added
s}o“dmrbgaﬁ&%wf@@wﬁ 3tdnnoiDa0rd3Bhecpldticndessaliavedrig warm

tg room temperature and stirred overnight. The methanol was removed

d‘mﬂha’gﬁ?%ﬁ%@&%@ééﬂlﬂéﬁ%‘éf%ﬁé%%@ﬁ&ﬁﬂ?%ﬁf‘é%&%‘&l}ndﬂufed with
watddictio ﬁﬁEﬁHﬁﬂﬁﬁeﬁi@ﬁQ}éﬂkﬁ dperindelimiediates wade&bieked titeht Mdition

of 0 A0 ey BRSBTS i L SOl G A DLt g
thenwligha28itliehddradiath iydr (oo pHio sptaxe THe gl md)ofgxamﬂer I@ersmiVerghe
pH vgf%eéj u](us%?% %hg&elr?o Pd g%nl(l:seuqtr%g/d N %f[ B g?‘ee d r%éétfoand pale

nterm |ate as a SCOUS own Ol

yellr(ﬁl BOUR)BRppstiyrddveRnight 5 mhm&ismxsvva@mmacmm@m Efrom pH

7 B D s SR e SR eI T i

was @atdddfct.rr TBOUCEAHANG, Jngifiad foumtl] 2 16105 bO%réﬁa@Eéimd@ﬁctracted with
dwhi”o%?eﬁxéf?ea@' ‘}cy%%' ) ”O%x%’?:%r@t[%%"i’é@ 8%%’;!&%@%9&? B%LXJ ?%é? wﬁﬂ

solution of 8-benzyl-8-azabieyclo[3.2.1]octan-3-0ne 8 mol

dried (a2 Q30bikisrohend eansenteisd unde WWW@F@QM&QM@ﬁﬂ@

1nt€:19n§§1%tg1£§1a 92 M+4006/498127 PCT1US2006/012978 1.1 eq) in EtOAC
0 mL). The resulting solution and rinse (100 mLBEé(Hm was added to

a 1TL0 P AP 06 BiratiBfevstaarchitiainmghang It asydisd dérert-
butyf2R LI Re d(ﬂrxs Bagis4 PHEHRAMCOAHWETNYIR WaleH%-£ BSRAMAN Rom

catalyst) under a stream of nitrogen. The reaction vessel was degassed

temperegiranhstacdaeEgRk 2 Thea e bas topress wdsd 1rBerp srerHrs
and BRSedBALBANOR: INLLIQBIVARRRIAMRELIRIAYE 08 @M UThe intermediate was

extracted into 1 M HaPOy4 (1000 mL) and washed with dichloromethane (3 x 250 mL}

The aqueous layer was basified to pH 12 using aqueous NaOH, and extracted with
dichloromethane (3 x 500 mL). The combined organic layers were dried (MgSQy),
filtered and concentrated under reduced pressure to produce the title intermediate as a
viscous, light brown oil. "H-NMR (CDCls) § (ppm) 7.5-7.2 (m, 5H, CsHs), 3.7 (s, 2H,
CH,Ph), 3.45 (broad s, 2H, CH-NBn), 2.7-2.6 (dd, 2H, CH;;CO), 2.2-2.1 (dd, 2H,
CH,CQ), 2.1-2.0 (m, 2H, CH,CH>), 1.6 (m, 2H, CH,CH,). (m/k): [M+H] caled for
C14H(7NO 216.14; found, 216.0.

b. Preparation of 3-oxo-8-azabicyelo[3.2.1]octane-8-carboxylic acid tert-buty] ester
To a solution of 8-benzyl-8-azabicyclo[3.2.1 Joctan-3-one (75 g, 0.348 mol) in

EtOAc (300 mL) was added a solution of di-ferz-butyl dicarbonate (83.6 g, 0.383 mol,
22
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recharged with H2 as needed to keep the H2 pressure at 60 psi until the
reaction was complete as monitored by silica thin layer chromatography.
v;}'(heomal%ﬁglutlon was then filtered through a pad of Cehte(r%gg%sm“mn”s
concentrated under reduced pressure to yield the title intermedia
quantitatively as a viscous, yellow to orange ojl. It was used in the next

1.1 ctepREO MtFE in SrheSatRiERE sohiiom rafamen 608 B ) reided

to a 1404t Aidn @gea%%ta&%%@)@%%a&q@e@amwv
(broad In, CH2CO0), 1.7-1.6 (dd, 2H, CH2CH?2

dry beigy 9}3@@@9% “ﬁFé’b‘éﬁa‘Y%}ﬁro? & BogEinamy S5k ?#{ﬁ%s‘glg%%%&?%%fz
nitroMQE 1 ANR-RepArhovudiciBeid &rga@@&\daﬁaiﬁath’;'gﬁxa@ﬁel ettio mgﬁt}ﬁm@mﬂ
of the previous step (75.4 g, 0.335 mo n methangl é.c)r\@gs&dd
PressyRfisth %H%rﬂ%%é?@fzz%‘@gf%“’?‘?ﬁ&ﬁ 8%‘?"(’1?%‘ ‘é;’ Ad 65 §df
rechRRIBRHENRAEEERIEH crspond H) Yramaeabesissi-biiibtnetoaitiowerer;

Degussa ty e E101 E/ inder a stream of N2, while stirring,via
Comm?&ﬁ%ﬁ‘&%}l lFt“‘ear }g%‘gh‘éeﬁ%hrﬁgl %‘Pﬂ o’rflléf3 é)%r |or51(2%?°n was then
filter@dHONMM ﬁ@dmﬁtee(ﬁe%gd&dnmaﬁaaﬁrmﬂﬂd sdlleadptiveere @ Qisbbthe title

reaction progression ceased, as monit red b .HPLC I|t
L T R R A T PR

spenS|on was Iter

withdnenthecsliaaiesd stidwva (i) \&{ﬂpm)ettmﬁnb@esaminC}I 'I‘ﬁé:ﬁ]tr%xfes

da educe r I
(bm#’eztﬁaﬁqrﬁ%@b?égg rg ?‘n ﬂga&h% reéil%r?g@:ﬁoucgﬁ aS|c h?tlgrf A%,
2H, theCHiYted @itbiL NOphesphodNagid to a final volume of -1.5 to 20L at

25 pH 2 and Washed Wlth dlchloromethane (3 x 700 mL) The aqueous

_Emitm@methane (3 x 700 mL) The comblned organlc Iayers were drled

over, Masabqfifeirt,anaconaantiaieshbyEatary sy anvratost) Eh&ﬂethanol
high-vacuum leaving 52 g 70%2 of the title intermediate, cammo

(1 Lstses efdrsl sramnnims fame %1543 6 paf yeateik Soit 389 n%
paliarcﬁﬁﬁl Sherdoatedluewa @U%%QH@%&@MW&&W&W&Q@ OregiidsNliviie

analysis (>96% purity by analytical HPLC). 1H NMR CDCl%)gs pm
F10ERBAY vorisaa thoset CANB LT ST LT 2 bt A 4
hourd; Q(ﬁﬂ’acaid]) difldis SHntabig)sOCeN)e 11323, 2 (brosil w2k 223\GECh time.

2006/108127 PCT/US2006/012978 ( ¥) +11i'{1t63#q {% &éégl %;',»\31%02
Once spof e BIRRTess o SCRR% 3 CAPTHIBTE (6%Fatc. method: 2
addcAQHDHA ﬁémuﬁg m»s;ﬁmiMWMtaaimdnhenahe patkiita gohd was
rmse%l I\?’lo rop 13110 %021’['9{51 yc}rheqﬂtr}gtlclars] %vgrg %gb 8 acad concentrated under
reduced pressure until all methanol had been removed. The resulting cloudy, biphasic
solution was then diluted with 1M phosphoric acid to a final volume of ~1.5t0 2.0 L at
pH 2 and washed with dichloromethane (3 x 700 mL). The aqueous layer was basified to
pH 12 using 40% aq. NaOH, and extracted with dichloromethane (3 x 700 mL). The
combined organic layers were dried over MgSQy, filtered, and concentrated by rotary
evaporation, then high-vacuum leaving 52 g (70%) of the {itle intermediate, commonly N-
Boc-endo-3-aminotropane, as a white to pale yellow solid. The isomer ratio of endo to
exo amine of the product was >99 based on "H-NMR analysis ( >96% purity by analytical
HPLC). 'H NMR (CDCls) § (ppm) 4.2-4.0 (broad d, 2H, CHNBoc), 3.25 (¢, 1H,
CHNH,), 2.1-2.05 (m, 4H), 1.9 (m, 2H), 1.4 (s, 9H, (CH3);:OCON), 1.2-1.1 (broad, 2H).
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First, acetone (228.2 mL, 3.11 mol) was added to a stirred suspension of
2 5 aminophenylmethanol (255.2 g, 2.07 mol) and acetic acid (3.56 mL,

vig Inekin.water (2 L) at room temperature. After 4 h, the /%g%%} 12978
was cooled to 0 C and stirred for an additional 2.5 h and then filtered. The

solid was collected and washged with F;V‘\flat r.and the wet.so iﬁlgoglsd and,
(/2B (RIS FRR S k3 2 iU 24 A liFyTSSH) FIVLC (isocratic
mettRaN2oid Glexpaine (33A BY o9& Yonas)arwiftvhitgrotd. THMNMR (CDC13;

300MHz): 10 1.48 (s, 6H, C(CH3)2), 4.00 (bs, 1H, NH), 4.86 (s, 2H, CH2),

6.6Brtghathtiohrpt)1 GsBidpylid;- o), BAB YAy ddriivotitie-3-8ritpiicintitl. A
solytion of 2,2 -dimethy]-1,4-dihydro-2H-benzo[1,3]oxazine (125 g, Q, 77
e S b oL R AR AR ER o B
amimgdenytirepiwisd {A85ahgatldition firmnthcotienaid 366 i 2@ Imtowh stiwedr (2
solution of 1.0 M LjAIH4 jn THE 15 (800 mL) at T eaction wa:

L o P A e R S S E L o Tty T o
additiquetind bfatbthenfiBe@dThecradotivrnexiarted asdstmsbdd ovignvight; and the
filtered and the solid, salts e washe Ay with THE: filirate

et o o S S AR D SR DR

ben@lbprapsiEniiIseheRHg thamobEa0kde 65ids N NREACL J0ONFIR:

( : . 1,24 CHECH3)R), , .
WESERENc: ( EGISH) A1 Byl M 81
1H, ArHl), 62994 dl BHAEHY, 10 16 [ELIIATEIH). Manganese dioxide (85 % 182.6

9, L iimed wes 2ddeddn gl sYWIOR Qf-or 1 3joxazine (125 g, 0.77 mol)
2-isopropylaminophenyhrethanol (118 g 0.71 mol) in toluene (880 mL)

in THE tHe remschiliprehirovehvessinsdiadip lcdrthen 2dfiRd drgetdse via an
addifiSHIEMAsRIQWEHI® 005 10 IBARRISMRERIYE Qvernightand Then

filtered through a pad of Celite which was eluted with _toluene. The filtrate
(80Gyak) B AcEntroi dCariaT Yea GBCHRIS SR Bpatpnwise addition of

Na,059prpRy@mingharzaldaiyde (18m0a0P 0h) B aheian a8:aikey VR red
(CDC13: 300MHz): 1.28 (d, 6H, CH(CHsgf), 3,76 (%e%, 1H, CH(CH3)2),
overgight{iliered Ayt ahaaqhd sais At vashed dhdiaighi v LHE: fiie Nijtgte was

bl LGSy e et men .
%) 5 R mﬁf&qaéiyf’eo?%%%z bR AR SRR
e SO ZODS 08157 CTIUSZ000/012075 reaction miure was
699 ri}g’f’c{%ﬁﬂt h aﬁ)@ aﬂrir

1 at room temperature overnight. The
 Manganese dioxide (85 % 182.6 g, 1.79 mol) was added to a stirred solution of

2-isopropylaminophenylmethanol (118 g, 0.71 mol) in toluene (800 mL) and the reaction
mixture was heated to 117 °C for 4 h. The reaction mixture was allowed to cool to room
temperature overnight and then filtered through a pad of Celite which was eluted with
toluene. The filtrate was concentrated under reduced pressure to yield
2-isopropylaminobenzaldehyde (105 g, 90 %) as an orange oil. 'H NMR. (CDCl3;
300MHz): 1.28 (d, 6H, CH(CHs)), 3.76 (sept, 1H, CH(CH,)y), 6.65 (t, 11, ArH), 6.69 (d,
1H, ArHD), 7.37 (4, 1H, ArH), 7.44 (t, 1H, Ar3l), 9.79 (s, 1H, CHO).

2,2-Dimethyl-[1,3]dioxane-4,6-dione, commonly Meldrum’s acid, (166.9 g, 1.16 mol)
was added to a stirred solution of 2-isopropylaminobenzaldehyde (105 g, 0.64 mol), acetic acid
(73.6 mL, 1.29 mol) and ethylenediamine (43.0 mL, 0.64 mol) in methanol (1 L) at 0 °C. The
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resulting suspension was filtered and the solid washed with methanol and
collected to yield the title intermediate,

V‘;Oi%&;gy%yk—;-oxo-l,2-dihydroquinoline-3-carboxylic acid (146 /%gz({ﬂ);/@fzws
an off-white solid. 'H NMR (CDC13; 300MHz): 1.72 (d, 611, C&f H)2),

5.50 (bs, 1H, 5CH(CH 2), 7.44 (t, 1H, ArH), 7.75-7.77 (m, 2H, A[ER 7.82
reaction n¥KtARAYARSHY R T, T B et Hismatsnm iLpp giptute overnight. The

resulﬂn@@@iﬁ&?ﬁé'r@t%‘ﬁl%@dﬁéﬂf @%Jéﬂﬂﬁnﬁa%@dﬁbﬂmﬁh@tmﬂ and collected to yield the

{(1S,3R,5R)-8-[(R)-2- h drox t nes lfon amin 0
title Iaje?aséfﬁﬂszézla%few [@?@2. f@i}q E%{f}gh%%%‘? 146528 %) as
a.nofﬁR&tﬁe[QolﬁDﬂPDM{ﬂ{DGl@?ﬂh@ﬁyﬂmﬂwﬁﬁlI(ﬂE{S{-Il,@H(CHj)z) 5 50 (bs, 1H,

cu s m'“%sﬁfﬁzﬁ?d&ﬁﬁ S R ST, o
a 112 4 i c e
i @%ﬂ%& ﬁ?@ﬁ‘*‘ %9@%,% s

al 3%

%ﬁ ﬁ gﬁgg v Wagideated at 9 Cfor1l.5h

wit stlr ing ena Iowed to cool to room temperature 15Ina

a. Praep * i Rpgl-anruine-Baddbiydaii iukldetane- 8-
ca@hﬁb@l@nmﬂmmmh atio[Esd g r(02 6 8],
" RS ddeld) 1806b MR i‘b%ge@é %@e&eﬂweﬂm I{é matm@,dg

at room temperaturé for'10 min and then. cooled to about 5 C. The acid

0.48¢metidel sesthiion swensadricia SiweWith) sHREABIEYEr Wesift iR épfy thand
ihxoﬂé)f%fﬂélll&% AW PRIGHLAQ/Ss ARIMMEPHRWRSLA IR Bledmh&ufefvas

0 min an he layers were allowed to separate overnight. The toluene

heatqdyé P 20510n Wbl WM%W&%%M@&B&H%&F?W%‘WWW

evapralionans sgskdimectly, M}@ﬂ%@&é@a@&@ﬂ@@ﬂ%@he&
1-isopropyl-2-oxo0-1 2-dihvdroquinoline-3-carboxylic acid

Carb@i&%%?é‘}éfdi Poiyiorstes iR de 5T 3l 16t §3f@ﬁa{ﬁ1§ 3Raﬁé%1ﬁq(l L

and 319 NRYIDYS SipR 4shdibd, Waik asldad. iwlsiereraeticasitiéaRRamequen @0
min at 20 C with stirring. The mixture was stirred. at 20 C f r2 h‘é‘XVate
min paciihen RGeS BRIZRPHTR e TARESHE G KRB HIP St ARGRE 315 tY A
stirriag &R, Mmmik&manemteaanteﬁbwwmme finttThe fajeiré-859
a Viscous brow alned the.crud nterme |ate 30 To 12 L
Stmﬁﬁ%@%@cﬂa a%\(}fﬂ*m efﬁ,“fﬁlee }ﬁo e gnfo SRPaTe YRy (ﬁ/her 1h
toiu@ieﬂa@*&(%ﬁ N ﬁﬁﬂgr:o'[]aet&ﬂ;smen&iﬂmtwhﬁl Sﬁuwedimtﬁhd Saméyeniperature

for 1 han %ndglé(etrled eng}lg{%gg was washed with MTBE (2 x 300 mL)
eVaPOTR o REfS VRSl p-

b. Preparation of 1-isopropyl-2-oxo-1,2-dihvdroguinoline-3-carboxylic acid {(18.3R.5R)}-
8-azabicyclof3.2.1%oct-3-yltamide

To the toluene solution prepared in the previous step (~1.2 L) was added
trifluoroacetic acid (200 mL) over 20 min at 20 °C with stirring. The mixture was stirred
at 20 °C for 2 h. Water (1.55 L) was added and the mixture was stirred for 30 min at
20 °C. After 30 min, the mixture separated into three layers. The bottom layer
(~350 mL), a viscous brown oil, contained the crude intermediate.

To a 12 I, flask charged with MTBE (2.8 L), the crude brown oil was added over
1 hat 1-2 °C with stirring. The suspension was stirred at the same temperature for 1 h and
then filtered. The filtrate was washed with MTBE (2 x 300 mL) and dried under vacuum

25



10

15

20

25

30

WO 2006/108127 PCT/US2006/012978 at room temperature for 4 days
to provide the trifluoroacetate salt of the title intermediate (163.3 g) as a
gliQyy-powder. c. Preparation of
N-methyl-N-[(S)-2-oxiran-2-ylmethyllmethanesulfonamide A 12 L flask
was charged with water (1 L) followed by the addition N ﬁwﬁﬁo % 5i
ol rooRAGTPIIRAER K £ 95 1 GR0HHB B AR RORESIRG N0 cate
(163. gvgha\glgtle‘ﬂé%,g;@ @nd the washings were added to the flask. The
mixture was stirre at room temperature for 10 min and cooled to -8 C.
; gt Ba& mndibfaraterdS 00 mL)

\ 5 iur d .

(S?éa%ﬂ%% Vitiasyt ana’t&ig'xa@ e S B otign S0 g0
in wanas116 8lirgedl. £66 2601, a’t[‘Reb@k@mmmhhﬁ&T(m@ viesb el siridrthe
2x gHB(m §t AL A Stlrre&mor g’NO rrep rﬁlecte Cﬂaslﬂe 44 laugIS wniealwed i8m

separate over 10 min e organic layer ((2.5 L) was added

tempbrad:m:cﬁih &0l ﬁa@kcwhwms&&a W%m@tmmmq%@@m@@m&
1834509 ymL %&t‘%ﬁpen RANS AT 560 QYA YA ENARN LR T 1B at

cruc pro (400 mL) was added and removed by rotary 15

~4 °(émqbé?hamhlmefremmtgt@l@ﬁt(éa&ﬁ@c%f%ﬂ%Wéﬁﬂée%r J8iNHELHIRS
stlrre@tt%%rgg digte;_was aRiaineaLicad % 8) Yel Waskn9ed ihauh i thar stirred

purification in the next step. d. Synthesis of 1-isopropyl-2-o0xo-1

for 30 iy b QieliTdstuansysiv der T SIdR ssrtate pren 10 min and

conet}bé‘arolt}{a%ﬁgaﬁt@ %1%?@@@&)%%&@@1{&@1&@%1& BaaNuadloR®d with
lloct-3 | amide 20 In a 3 L flask

1 M H3BBk(§pYimloasd bring tﬁ%ﬁ’é’&h}n&ﬁ’?@? PEhsRAE AR fgmoved by rotary

evaptraBoa Phih8 @sabinvelald Biless- @m}ﬁmyd@atmﬂﬂw@aﬁetamo@dasag @tary
O 232 mol) was suspended in absolgxte&gthanol (40 &f% 't(éo é date

evapgratisEnsiieren FIS I ORA PRIt AT BISILI R PEASS e aldeoEETS

was a@e&ta&e(@zhan@l W Rds Juseasva e fatttee Putidinpiemiuthe Tbe bepker
contalnlng the NaOH was Washed with ethanol (2 x 50 m_L) and 25 the

yi g 1®eg 1.5 eq) in absolute ethanol (100nL) was added The mlxture was

refiixed fo %lp IC%%Egp%% SRR, fWHE&tﬂgﬁtﬁe?@agw I3 githe title

compoun Wer’e d- After about 5 min of stirring a whitesolid formed.

{(1LSARSRGrerbiarclddied e 8358 anidastifirrencetaiehasdafrd o was
R L e T
0.244tmaol. 1 05 eq) dissolved in absolute ethanol (100 ml) was added at room
temperature. The beaker containing the NaOH was washed with ethanol (2 x 50 mL) and
the washings were added to the reaction mixture. After 30 min of stirring, a solution of
N-methyl-N-[(S)-2-oxiran-2-ylmethylImethanesulfonamide (62.0 g, 1.5 eq) in absolute
ethanol (100 mL) was added. The mixture was refluxed for 2 h, cooled to room
temperature and seed crystals of the title compound were added. After about 5 min of
stirring a white solid formed. The niixture was cooled to 3-5 °C and stirred for 2h. The
white solid was filtered and the wet cake was washed with cold absolute ethanol
(3 x 50 mL). The solid was dried under vacuum at 30 °C for 60 h to provide the title
compound (93.8 g, water content by Karl Fischer method 2.03 %). "H NMR (CDCls)
8 ppm 10.52 (d, 1H), 8.83 (s, 1H), 7.75 (d, 2H), 7.64-7.60 (m, 2H), 7.28-7.26 m, 1H),

26
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compound (93.8 g, water content by Karl Fischer method 2.03 %). 'H NMR
(CDC13) S ppm 10.52 (d, 1H), 8,83 (s, 1H), 7.75 (d, 2H), 7.64-7.60 (m,
P 28526 M, 1H), 26 WO 2006/1.08127 PCT/USZOOG/(%;I%P
4.33-4.26 (m, 2H), 3.78-3.75 (m, 1H), 3.27-3.20 (m, 4H), 3.01 s,%%l?f]ﬁf’éém
(s, 3H), 2.58- 2.53 (m, 1H), 2.30-1.81(m, 11%1.68 %d, 6H). The seed
4,33t 26187k FBxheéd EortRphevicrd SrapEBtion b &t fiptihd-S"

2.53hEsmethed @f this ednpky e sspgller scale, in which crystallization
occurred 5 spontaneouslg. Example 2: Synthesis of crystal

line .
hydFBeRrsHEEYERIS TS @69|f§1wff}ﬁ9d1ﬁ§6?6%faﬁ%1iﬂgg‘ée-é‘éi%%%%?%m
by 861 ditdod, SRS Briite - feinexycdle, in which crystallization occurred
(methanesulfonyl-methyl-amino)propylJ-8-aza-bicyclo [3.2.1] oct-3-yl}
SPOLIERERYSIN-a 1 L flask, 1-isopropyl-2-oxo-1,2-dihydroguinoline-3-carboxylic

acid.10 . . ) . .
{(1%?%)&2{; E{.ﬁ%‘t{i ls_(fo%?gi&neﬁﬁgglocgloni;e S%EO _iﬁﬁu 30 E-?éﬁ%?-
Ly aydepatifdling-reathg C%ﬁ%%‘y i
5w bR A b L D S
temlﬁi&{atﬂ,rﬂaé{ﬂ;h3HH§P@yTnamdniX§mﬁh(¥ﬂm%lﬁmﬁimu%6%&¢ﬂymmft i " a\nt(JI:I
tor t erature and stirr. r . 1he solid was, filtered an
(0 e G 2k Do B SISt e
bicglitb WwAadtiadynaddy éotling a080 B8 kugpprdsdde theolitke ethanol
d (34.5 9,.93,7.% yield ' ﬁm'ﬂfj
(21(3%@8’%&&%%%% Ié?éé% 31¥eg§i %W%%(tg%lggégl%%a e %%F%%r%ﬁoride 'sglltle
mixofub-viseptipyl-@-mibet Rrdifydroedreoiied 3o tsmpeeiyre and stirred for
Zhiq'gﬁ]%gl_ig@_ég%@}éﬁ g%&;fi]ma-Q@&t@mgﬁa%memmgem@ahm

ropyl]-8-aza-bicyclo oct-3- 20 yl}amide

(3 #-56opEdpylite-exid wasdlripd et iaacs a3 Syl 48 to provide the title

ﬁﬁ{ ?Bk '[él;%)fzf jeld, water content by Karl Fischer method .13 %).
o0 %"rox;g-&(rg’ethaneosﬁllfonyt-methyl-amigo)propyl]-8-aza-bicyc|o[3.2.1

loctBeyhanide shxiiesh orids it By Srat DR aRIBiseo bt -
sterfligeth WALEL Qb NLCHRPI i ol fA¥e-Bai9ys B il §(39|BRBR)-8-[(R)-2-
becgm A §lauGNephsRQNNoRyIl etRYERRISION MRS ISE Lo Hlcgd 3l ec:-3-

to si l?yﬁﬁmght at ambient temperature resulting in a white precipitate. The
solid was collected by filtration and dried for 2 min at ambient conditions

(apprdserrarsiy245as0.840ibNskios g o rodigedib ihe YoripotHe %
hy%\?gﬁ%gﬁl%a%&ﬁﬂgﬁyﬁ%ﬁm%%ﬁmﬁ%@ﬂﬁﬂ’@%ﬁ—@fé@ﬁ B M5efthe amide
hydrochloride (139 mg, 0.28 mmol) was dissolved in sterilized water for injection (2 mL).
Over a few hours, the solution became a cloudy suspension. The suspension was stirred
and allowed to sit overnight at ambient temperature resulting in a white precipitate. The
solid was collected by filtration and dried for 2 min at ambient conditions (approximately

40-50 % relative humidity) to provide the title compound (130 mg, 91 % yield).

Examples 4 — 9: Properties of Salt Ferms of the Inventioﬁ

Samples of the crystaliine hydrochloride salt of 1-isopropyl-2-oxo-1,2-
dihydroquinoline-3-carboxylic acid {(15,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-
methyl-amino)propyl]-8-aza-bicyclof3.2.1}oct-3-yl}amide (compound of formula I},
prepared as in Example 2 and of the crystalline hydrate of the hydrochloride salt of the

compound of formula I, prepared as in Example 3, were analyzed by powder x-ray
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Samples of the crystalline hydrochloride salt of 1-isopropyl-2-oxo-1,2 30
dihydroquinoline-3-carboxylic acid

V{,@%&(ﬁ@ﬁ)ﬁ-[(m-z-hydroxy-3-(methanesu|fony|- PCTIUS

methyl-amino)propyl]-8-aza-bicyclo[3.2.1]oct-3-yl}amide (compound of "

) formulg@allql?lg#ﬂprep_ared as in Example 2 and oééhe crystalline h%/drate of the,
diffrpchinn ot SHiEETiR SCBMRBRSRICORS R (RO B Hred 3 B e
(TGA) WEre ANPGRS PARY e K iaih et AN\ RAD6/1081.27

PCT/US2006/012978 diffraction (PXRD), differential scanning calorimetry
(D EE)nipkrdhayradin &irRarBiyRiscifdic A) infrared spectroscopy (IR) and
elemental analysis. Example 4. Powder X-Ray Diffraction P -ra
AR TS 01 BBEHad S R MOtA R B HR AL X Re)
Difflatfisaciemedele MOTRIA(TRANGS PRI G ARwSAe fandiresian Quusingdatikiaat
adiafi t . 1.542 A (45 40 mA) with a Si(Li) solid-state detector. The
st T A A B e R e R R e
perfm_ﬁaﬁh@ﬁtmacm_'mtmmmnﬁ Q@ep sBs irf Wik thetepany Iev&anﬁnlgsg)f 2° to
3s» SIeL AR esehedor groundho afine-powderwers enti Ragked Dig.a

custom smali?volume’insert désigned to trument top 1
gentlyaditgbintoplectpionaliaipdisnd edristesigent wafibistichadsithies. 0-

’ " . b sil
toacAPEHIEAR QRGOS R MR ot CRIBRAILEON Wity SWeo Mbifkis
anglhydroeeriditdevselinhi eiperimptrateior &H@Ohyqﬁ@ﬂm@ﬂ@l@cbaﬁ%@pmntaﬁve
PX]iTE?‘]’gﬁ{nlag{?sA%r?g Ii}g@m g BF?&QnHI&%?dJ&%@@&Hg it doi GXRPRYIRte of the

_ Differential scanning calorimetry (DSC) was performed
hydrgstHerdarmlirmdttbederrstivmode swodniaiurs, Dad wereresiedied and
analyzed using TA Instruments Thermal Advantage for Q SeriesTM

software. A sample of about 1-10 mg was accurately weighed into an
alufaomipan Thesmal ARalsifple was evaluated using a linear heating

ran @R CARIAL QM PutettQ (YD As $eRrsemEN G TallMidSiments
urraed with dry nitrogen during use. Representatjve DSC traces for
Modg] pIad Betdecatamseerodrstiondeehirshmaié drsamensPhrams!
Adv@ﬂ@éé%ﬁqlgm&ﬁr:&@%@ﬁﬁxfa@@ﬁm@hmﬁilb @ﬁ%@!?l@rﬁ@ﬂéf@%c&%ﬂélﬁweighed
. . respectjvely. Thermogravimetric analysis (TGA),was performed usinga
into £ APHCHEHHR RES Waﬁﬁ-z%.w}ﬁ 8\’&&@?%@%%&9&@% HOEEBReHE Temp of

10 canakyzeehnising hApRIsuMents Therppab slyantagepiopéd Sefesy Mirogen

software, A sample weighing about 1-5 mg was placed.in an )
during use. Representg)tive BS% tragces for samplesgo\tt\{tha grystaﬂme ﬁydrochlonde sali

and of the crystalline hydrate of a hydrochloride salt of compound I are shown in Figures

2 and 3, respectively.

Thermogravimetric analysis (TGA) was performed using a TA Instruments Model
(Q-500 module. Data were collected and analyzed using TA Instruments Thermal
Advantage for Q Series™ software. A sample weighing about 1-5 mg was placed in an
aluminum pan on a platinum cradie and scanned from ambient temperature to 300 °C
with a linear heating rate of 10 °C/min. The balance and fnnace chambers were purged
with nitrogen during use. Representative TGA traces for samples of a crystalline
hydrochloride salt and of a crystalline hydrate of a hydrochloride salt of compound I are

also shown in Figures 2 and 5, respectively.
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aluminum pan on a platinum cradle and scanned from ambient
temperature to 300 C with a linear heating rate of 10 C/min. The balance

\%geqo%m%??(chambers were purged with nitrogen during useP T/US2006/012978

presentative TGA traces for samples of a crystalline 30 hydrochioride
salt and of a crystalline Qﬁlrate of a hydrochloride salt of compound | are

alsd Shbi FPESdFag ety Fedpdetithal e By dmeniuids/adkabie present
inveRfol/ Wi 200610HiA948q4 RERHS ¥k Q kgt 20RAASHAEB AR in the

hydrochloride salt of the present invention has excellent thermal stability

rangy;ioh SbAaRitH M heRRBLIRE i HERR ASRfiPas themd Srabrr2¥6 s h
225 about ZhRaEend MR-SHfisantrihArMakLe Yot Re oW abQut2BR&de salt of the

Comparison of the DSC and TGA traces indicates that a hydrochloride
PreseRiBY RO L arRs MARTHRI AR YRS A Sreamarmiiniomi i epiures
aboGlCSNRPDSItGN at temperatures above about 230 C. The DSC trace in

Figure 5 for the present hydrate form exhibits a substantial peak in

enddth ARG Re IO ITeh iRt RERSAIE R e doare Arbibr A subpintial greak
in cAOltAd0 kedOrRROMeRHRG Wi RIQAEsWRAk QASIGNSINIEHE OMVebut

temperatures, 10 Comparison of the DSC and TGA traces indicates that

225 decompuditol ¢ tRe ARihes YRS el % RStsiHRERTES the
ConigBHerad8 tRedb YreafrettGransitia inExampia-f debdapbis Mot we parpiéon
Assessment Dynamj¢ moisture sorption (DMS%assessme_n_t was
GWS&EP%%E%*& 528 %%Bk%fﬁ@‘%aﬁ PR REBATSHE: SGA-100
system (VTI Corp., Hialeah, FL 33016). A sample size of approximately
5-1}% mgﬂ\%as. ed and&e_hur&i\%gwas set at the ambient value at the
start ot ea% LU ISR z&'ﬁlé’l%ﬁ%ﬁﬁg%d of three scans:
ambDigniridc2foikelatise fuom AR khsc2Sm it iaOa iRk OAYSRE deidda
RH at g scan .rate of 5 % RH/step. The as aueﬂ:vr o]
VT R S TS RS SR B B Ll A DA ot A
samifie sirase effhecsaesviasistable teed/ithintBe0Zifidity Wwacoasaatitivenbicnt
oints. Representative . DMS tracae]ﬁ:[ amples of a.crystalline )
vl BP0t o LTS B Ry D e 8ot
amboerhfpoliiddlaiee shaudty(Figy s Bldnd B)YeBpE e R Ttoc5% R at a scan
hvdrg g!ﬁyi(?]e salt exhibits a reversible sorption/desorptio rg{%; with
ro R o T G U O T DL At SO0 Vi fpeea
to tiRHeMhalhg ¢t & RotirmdxhiBitsroase vdithib kerspipticw/debbr ptionprodiRe Wit fior
5 coﬁ?&lﬁtt@ezp&%’swﬁé%%é%gﬁ DMS traces for samples of a crystalline
hydrochloride salt and of a crystalline hydrate of a hydrochloride salt of compound I are
shown in Figures 3 and 6, respectively.

The hydrochloride salt exhibits a reversible sorption/desorption profile with a
weight change of less than 0.2 % over the entire range of 2 % to 90 % RH., The hydrate
form exhibits a reversible sorption/desorption profile with about a 2.3 % weight loss as
the sample was dried from ambient to 2 % RH which was regained as the dried specimen
was exposed from 2 % RH to 40 % RH. The hydrate form had less than about 0.25 %
weight gain in the range of 40 % R to 75 % RH.
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the sample was dried from ambient to 2 % RH which was regained as the
dried specimen was exposed from 2 % RH to 40 % RH. The hydrate form

\%gd&ﬁiﬁggqu about 0.25 % weight gain in the range of 40 % & Q
RLF 58 98 O 2006/108127 PCT/1IS2006/01.2978 Examplt :’ﬂsrgtzrztfrﬁe’:é2978

Analysis The infrared (IR) absorption spectrum was determined over the

frefyameleranidrasdoadsem -1 using an Avatar 360 FT-IR
spesiyamates anyipRehnithpdlinalet-attencaiasintabrelle aighey Rhge

sample holder. A representative IR absorption spectrum 5 for g sample of
4000 15 S ORI SAR Brh SRFRUBNEG S SRR e A< tion

attenDA S0 1084613 W TTOSENG02 ho Rk 1 ANBDcstathlile IR 28d0rpAMT dpectrum
13321, 13771, 14531, 14671,.14871, 15251, 15661, 15751,.161 .
for 2 pgepple Qe Ipe }@ﬁ%ogésﬁ%ﬁgﬁ%m@%%héé%ﬁ%ﬁﬁ R ssrRion
bandSanpkas pf $helhydrachkiodde cxpof 108 invehlidt-lerbs8tdrel? iv-multidie:1,
ope SVj t4 % t ific i Is ontents
7R MRAE (R LI, B I lE T e,

3197and:4ny HPLC for chemical purity. After 24 weeks of storage, there was no
detectable change in the DSC. or TGA 15 thermograms nor in the PXRD
pattern. The chemical purity of the stored sample was 99.6 %. Example
9: PrempinSitiSolidf aerftaivlitkAkseRut8The counterion molar ratio of

hy‘é‘,%gﬁél'é’s’ '&'ﬁ%% Mﬁ%&d&%ﬁﬁf&%é%ﬁ%ﬁﬁ%&% stored in multiple open
dihydroquinoline-3-carboxylic acid {(1 )
glasss/Bis, BRCST (R T hYaRdky Bt @pretiisriatualsy the contents of a representative
vial Qﬁt%mwm 'pRKL:Srazakicysials, ptlest-anulantee copruRpneh Opurity.
ormula 1) was calculated according to the following formula; Counterion

AfterRiveeknnd ataveaertbery wan maigieriRRieohmnssitnie WelgRt péitentage
therRb 5l RdDE: SRBIRIMPNIEA Istthe malgsal ansighind sttty W ds

the molecular weight of the compound of formula | (504.6 amu), and W1
99.6igothe weight percentage of compound of formula | in the sample,

calculated according to the formula: WI=100-W1ix-WH20-WRS

Example 9: Determination of Counterion Molar Ratio

The counterion molar ratio of hydrochloric acid (HA) to 1-isopropyl-2-ox0-1,2-
dihydroquinoline-3-carboxylic acid {(15,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-
methyl-amino)propyl]-8-aza-bicyclo[3.2.1]oct-3-yl}amide (compound of formula I} was
calculated according to the following formula:

Counterion Ratio = (Wya/MWia) / (WYMW1)
where Wi is the weight percentage of HC1 in the sample, MWy, is the molecular weight
of HICI, MW is the molecular weight of the compound of formula I (504.6 amu), and Wi
is the weight percentage of compound of formula I in the sample, calculated according to
the formula:

Wi=100 — Wyx — Wrzo — Wrs
where Wizo is the weight percentage water content, Wrs is the weight percentage residual
solvent, under the assumption that compound T hus no impﬁrities.

The molar ratio of hydrochloric acid to compound I for a sample of a crystalline
hydrochloride salt of the invention was calculated as 0.94:1 using the weight percentage

of HC1 (Wya) of 6.3 % and the values Wipo= 0.26 % and Wrs = 0.47%. The HCI content
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where WH20 is the weight percentage water content, WRS is the weight
percentage residual 30 solvent, under the assumption that compound I h,

' ies. The molar ratio of hydrochloric acid to compgyl
WD IRARHTY BURA IR R 12075

sample crystalline hydrochloride salt of the invention was ¢

as 0.94:1 using the weight percentage, of HC1(WHK) of 6,3 % and the
was RS A 00T OH IR SB b HH PGPl v reent

Wino2RRGlR8A%P G TUMEIRABOLIA T8svas eeierminthdyctifaiDowéit eontent
standard solutjon of sjlver nitrate, the water content WH20 was

Wrs Watdisramegesb SR TP RE Eher titration and the residual solvent

content WM was determined by gas chromatography 5 Comparatlve

5::@@%3 ]ﬁqséigggsg Ofc rIC Cldis %{%ﬁ ISQ- i& -ISO r;%v -2~0x0-1,2-

an(fféf’é i%sd%%%;;i% EE |-ol-|n@e§§-c rboxylic ama irabhiae

{(]1515%81?5@) B-Hk)192- d1hydxoqumolme -3-carboxylic ac1d {(1S 3R SR) -8-[(R)-2-
hydroxy- -(meth nesulfc%)il meth Iam| proapgg

hyd“]ﬁ‘é?sﬁw Bopyl By PR oﬂp\% S suspenglcea in e “ 'ﬁ}zmlﬁ)de
(0.1 do. mmusmoﬁpmmam ®autidn ﬁﬁmﬂmpmwwamd&@ﬂ alM

sototfi yE A8 1S AR Q% A, e bce 3z diyedepiaied

capped, to 'sit overnight cap was t en
bneﬂmmmwauwmmxua@pﬂé&addhmt@wéﬁo rtevardiehbnibieptp was

then rceozg;%gnséj {%} Il SQligh %V%/V%r %ﬁ%{({\{g%v% o & Wasi e P iRGARNREtht

owed 0 SI 5resu was filtered and washed
sohdsmhreolhjsmfmhdfh@ wivéthevat sheomaseppril aohaliotiad fus fagy2 h. The

om t I
s ITREE AP Sl dlociaplyg Smapdigunt -

SOhd(ﬁ%ﬂwm@é-s ulfonyl-methyl-amino)propyl]-8-a%a-bicyclo [3.2.1 ] oct-3-yl}
amide 20 Following the procedure of Com aratlve Example 1, the

)
fg@‘@g‘?ﬁﬂ%ﬁf@ P ﬂsg‘ﬁ%ﬁ d {18, 3.?{ 5R)- %Q;?R %ﬁcﬁ%‘@ﬂ&yhc
mwwfé

3- (methanestfiong srapirtsazazbines a3 Alessardionuns

ey REARA SIS 'foe%ﬁﬁﬂ&é@cﬂiﬁﬂétﬁ%%lmﬁé%&%ﬁlﬂ; of

(product weight'in second parentheses): adipic 48.5 m
LisoprRrsprRom b B G eI & e o (53 b IR s
3-(mEALAEE BRI BANE- A RSB dE13s0a0a: BBt ol esnis- (1 aldd6%R
prepaxecz in solid form using the indicated equivalents of acid (product weight in second
parentheses): adipic (0.5 eq) (48.5 mg); phosphoric (0.5 eq) (86.6 mg); sulfuric (0.3 eq)
(27.0 mg); tartaric (0.5 eq) (66.3 mg); malic (0.5 eq) (25.3 mg); and hydrobromic (1 eq)
(62.9 mg).

Comparative Example 3: Synthesis of methanesulfonic acid salt of 1~
isopropyl-2-oxo-1,2-dihydroguinoline-3-carboxylic acid {(15,3R,5R)-8-[(R)-2-
hydroxy-3-(methanesulfonyl-methyl-amineo)propyl]-8-aza-bicyclo{3.2.1 joet-3-
yijamide

To a solution of 1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
£(15,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-
bicyclo[3.2.1]oct-3-y1} amide (0.1 g, 0.2 mmol) in 50 % acetonitrile/water (1 mL) was
added a 1M solution of methanesulfonic acid in ethanol (0.2 mL, 0.2 mmol, 1 eq). The
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Comparative Example 3: Synthesis of methanesulfonic acid salt of 1-
isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
&GW(@B}'S'[(R)'Z' , . PCT/US2006/012978
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyc o[(3.2.1]oct-
3- 30 yl}lamide To a solution of . . .
mixtupe sy fesRadd e lifSE dmhimess eurBislic tagegyting solid was
dissoﬁeﬁﬁnﬁ&pﬁs{{ﬁh?(mrfm@g@ﬂﬁ@ham@wﬂwmemmﬁm Propydkathn
__a- bicyclo[3.2.1]oct-3-yl}amide f\o{% a, O.Z#émol in 50.% acet%gnit[{'# /water
soli e e B TSRO BTG At P A KR 81 o 2
compdindlag 16HA (Joedy). The 31 WO 2006/108127 PCT/US2006/012978
mixture was then frozen and lyophilized to dryness overnight. The
resltinguasiiveFaangits el thésisprbpeidcialts ml ] -isithrgputié-weerhikg
andilsyidmwgditminel-ThadeylitingidHIF BB SSOHRHEN b filtratipd-and
waakehavittuliold/leapthpamoito)guepi i Siteadoiaysinidd dioatsbiil) oude

maq). .5 Comparative Example 4: Synthesis of acid salts,of . .
1-%@3983%@1%%.%@8 %{/%P%%Xcﬁ?’nee- Bl e Sofging acid salts of 1-
isopri{f3.3BxoR) Bt duyalstiny-B-carboxylic acid {(15,3R,5R)-8-[(R)-2-hydroxy-3-

methanesulfonyl-methyl-ami ropyll-8-azashi ] oct-3-yllamide
(et GG I BRI B e B e e
prepsattsrofolidsiopnopsik@ thxdadieatiit pdrdeplimstin€ Bid dpvesyttcrsisditfin second
3R -8-[(R)~2-hydroxy-3- . . ;
P S e SO S et
(1 eqaif9i0lé meye prepared in solid form using the indicated equivalents of acid
(product weight in second parenth_ese%): fimaric (1 eq) (107.2 mg);
befesipLratiyr Brmmping); Brepgriisn o fomenevags Galrmpgrative
cdaxgaralesd Bixample 5: Properties of Compounds of Comparative 15

E T i g&g] 3%%!6
Cﬁ%ﬁf\%&éﬁié&%ﬂ[%g{? é:#i}%vere anal?zge%%%ﬁp%(RD, DS ,ﬁﬁ%ﬁﬂ%ﬁs

1-4 wére andlyzed baiBRRBs DR asrol e dlpylirairs piempdiothEatRhstyved by
TG AARUD O Cre RS RBY A dieiving: atiipuiad tRdassoalitsoivalto 88 of

temperature(s) at which endothermic heat flow was observed by DSC, 20

solveskc|T5R e wPeRE R ehTFEERereThstisheatBoTe i 36 LsRRAE 5D 3ong
exchtl GoRfnptonRl-anstalinkys RyRBURI @y obeiniMaiizadp wable |

where the stoichiometry is indicated by the number of e uiva{ents_of,acid

confiyaeiion pfepatalint P SRP are summarized in Table I where the stoichiometry

is indicated by the number of equivalents of acid used to prepare the acid salt.
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32 WO 2006/108127 PCT'/US2006/012978 Table I: Comparison Salts

Acid Equivalents of DSC endotherm PXRD acid citric 0.33 -125 C,
wooRldRcrystalline adipic 0.5 -150 C crystalline phosph 1?1%52006/012978

-215-220 C crystalline sulfuric 0.5 -150 C, -190-205 C, crystalline -240 C

* tartaric 0.5 140 C, 18%(:6? II|ne mall 5 -110 C, -185 C crystalline

hydrobromic 1 --155 C E‘t)ifcryg{lgﬁme fanesulfonic 1 -175 C, -235

%Wme—fm HL,.J. oryst nzoic 1 <ip0-€ um’w’ e
(R)-mandelic 1 jz%lq& grygta I|ne Tﬂ%‘g p%ﬁyrghorp S, xotherm
nhcnr\lod nncai‘ r'F mnlf on rlnnnr nnol'hnn 1Vi Y TaY
&G on 5-HT4 Humgﬁ’%?eceotorsl%? I\Wemb‘?g (Ibr%o ratloﬁ%s‘iﬁﬁme
HEliGR293 (human embrybhic kidney) cells-st&BRCiransfedted witysiaiiem
SﬂﬂJ@Qfﬁcepto cDNAgBmax =+ 6.0 pmoBmgrgtein, as deterisitide

ﬁpﬁ]ﬁ.&l—l FGRTIZ808 THgmbran raﬂ@u@anq%nﬁgg@s;ay) vg%lgcﬁﬁ%m
in T 225 flasks in Dulbecco's Modlfled 105@9I%Med|un

nnnnnnnnn AN Nl Hln

(G -I?\\/lfmnpn %‘nrnog(‘arlqh d (‘A)‘%0 \q; ig S suy nlpmgﬁﬁtﬁlm%
10%ifetal bovind serurrp(ﬁ-BS) (diBCOLhitrods? €orp.1 Cat #1psaline
niideeflotainine and (100 units) penlc—lﬂlﬂS(?KD,C%Q)(%ﬂ(éptomyGnényhtallme
((ﬁla{;c@egmg&ggen Corp.j Cat #19 14011@ 0@54355@@ murnldlfle%@%or

at bEIIb were growil UllUb‘I LU”U”UUU LIUII 151pressy
: growy oy FetpCtion 151 e

ad :t:on of-800-tghml—geneticin{G} BG@—Iwﬁregfg Corp- Cat# Vi 1t
_ tR¥M%ium. Cellk were grown to foughly B339 conflu oy (SgHalime
stBrtanéchassages). Atl ~120°C crystalline

* multiple polymorphs, exotherm observed
* onset of melt and decomposition

5 Assay 1: Radioligand Binding Assay on 5-HT,,, Human Recepiors

a. Membrane Preparation 5-HT s
HEK-293 (human embryonic kidney) cells stably-transfected with human 5-HT 4
receptor cDNA (Bmax =~ 6.0 pmol/mg protein, as determined using [*H]-GR113808
membrane radioligand binding assay) were grown in T-225 flasks in Dulbecco’s Modified
10 Eagles Medium (DMEM) containing 4,500 mg/L. D-glucose and pyridoxine hydrochloride
(GIBCO-Invitrogen Corp., Carlsbad CA: Cat #11965) supplemented with 10% fetal
bovine serum (FBS) (GIBCO-nvitrogen Corp.: Cat #10437), 2 mM L-glutamine and
{100 units) penicillin~(100 pg) streptomycin/ml (GIBCO-Invitrogen Corp.: Cat #15140) in
a 5% COs, humidified incubator at 37 °C. Cells were grown under continuous selection
15 pressure by the addition of 800 pg/mL geneticin (GIBCO-Invitrogen Corp.: Cat #10131)
to the medium.,
Cells were grm;vn to roughly 60-80% confluency (< 335 subculture passages). At
20-22 hours prior to harvesting, cells were washed twice and fed with serum-free DMEM.
All steps of the membrane preparation were performed on ice. The cell monolayer was
20 lifted by gentle mechanical agitation and trituration with a 25 mL pipette. Cells were
collected by centrifugation at 1000 rpm (5 min).
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20-22 hours prior to harvesting, cells were washed twice and fed with
serum-free DMEM. All steps of the membrane preparation were

vﬂg&%rﬁln@éjgn ice. The cell monolayer was 20 lifted by gentlei;'egfg%@ij%lugm

agitation and trituration with a 25 mL pipette. Cells were collecte
centrifugation at 1000 rpm (5 min). 33 WO 2006/108127. .
PET/bsRB0BTre P ardiahe Rl SRR BRIt 5aimals e

4{24&&@&9@@9@0& i%ﬁ&a&ﬁi&éﬁx{ed\éhphomc acid (HEPES), pH 7.4 (membrane
-(2-hydroxyethyl)-1-piperazineethanesul hfé]éﬁ Ci (HEEE%}I, gH.?.
prepayaerbi D GRIBAIREN B AOTUEA0al e DRk haT, BoaEers
usmgfﬁ%hﬁr?riﬂ@i@%’t?g@@%ﬁg 10sihg mm)lyﬁrﬁge.di&rm;?mm(?eﬂﬁmgdé@nﬂes $63)
on ice. The resultant hom tes were 5 centri _ min
contrdhi o1 A SR R e e e et g el th{Bh
contrdh008: 2 (200minL0 himpalietpvis was edhedosby e sesppsrsion with
membrane preparation huffe d centrijf ion 0 [ e
mom AT BEARA WA TECHCE GO B O IO J0 et By
was réstpvadentid STCRBIMEBRER b} Prbleimaydndéniréaiprivelattd membrane
suspensi as determined.by 10.the r
s bt e T S
the ni3iheling BsstHysiRAdidRgdntPBidivabsanes were feidd Fiosenin EHIRAisas -

_g0 <geep well polypropylene assay plates (Axygen) in a total assay volume of
00 L containing 2 gg 15 membrane protein in 50 mM HEPES pH 7.4,

b. RO R, 3 o%RQvine serum albumin (BSA). Saturation binding
"Tstudies for detérmination of K.a values of the radiol%argjd were performed
a

uskegidligpeivindin gseArs Srarcaarinecs diks ! i WalerrIdY44; specific
polyﬁ%iyi%é%gsg/gfﬂ%llﬁ}%’% differentaenceptiationsianging framifzd0le
nM - 5.0 nM. Displacement assays for determln%g%r)ggm values of in
e BERMpBIINEIS WeTO BOHBRRES A do (ST iR 1 SR0t SO0 S SRR v
(BS '.es’t&@r%%rﬁﬁaﬂﬁ@ﬁaaﬁm_ dt&-@@iial ﬁmwm&w@u?gs_mmw%ﬂmm
est compounds were received as 10 mM stoc ution QO an
Der UL 07 b B AP EPES i PR Ao Con Loy GV
activgﬁﬁfizaﬂﬂrﬁﬁgﬁj @Hlsxtigr(tjsff&ﬁﬁ) theccmadienin thegsanfeio 0] Nh-speelit
. binding was determined.in the presence 25 of 1 M unlabele .
DispRCESIVRHET IE QA BP0 T e s ey Rt b i
(1] R IBR0SAGID IS 1ig revderiminat fdyyniapivchitaion oversg ol GRE NS
las
fromgl?)1 p?\/[ - 100 pM.

Test compounds were received as 10 mM stock solutions in DMSO and diluted to
400 pM into 50 mM HEPES pH 7.4 at 25°C, containing 0.1% BSA, and serial dilutions
(1:5) then made in the same buffer. Non-specific binding was determined in the presence
of 1 pM unlabeled GR113808. Assays were incubated for 60 min at room temperature,
and then the binding reactions were terminated by rapid filtration over 96-well GF/B glass
fiber filter plates (Packard BioScience Co., Meriden, CT) presoaked in
0.3% polyethyleneimine. Filter plates were washed three times with filtration buffer (ice-
cold 50mM HEPES, pH7.4) to remove unbound radioactivity. Plates were dried, 35 L.
Microscint-20 liquid scintillation fluid (Packard BioScience Co., Meriden, CT) was added
to each well and plates were counted in a Packard Topcount Hquid scintillation counter

(Packard BioScience Co., Meriden, CT).
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fiber filter plates (Packard BioScience Co., Meriden, CT) presoaked in
0.3% polyethyleneimine. Filter plates were washed three times with

wiRliembutfer (ice- cold 50mM HEPES, pH7.4) to remove u 006/012978
radioactivity. Plates were dried, 35 L 30 Microscint-20 liquid scintillation

fluid (Packard BioScience go., M ridené CT)was a dsgd totﬁaa{:ehd}/elk@gg
ol BB IR TR SR AP &&?FH%}%%EO St hguid Scintilation counter
Prism(Raftkard [Bikagiefee b ad\letidens, ), S4AND@ROUBA) 0812 the 3-parameter

T/US2006/012978 Bindi re analyzed lj
mode) 3l UG SRR RS E A S Al SR ot vatue
for ndtBreptileathSofywardstmmiBdmDiegus CAeus] dg}Me(Eibb?r&%e_t& vedbeiefor
23, 0 BMCHRRANIRIP VAN AR EXRIND Hafte

test cg%r)[ %Qt%fass' (€50 E@Pc%?
value T1or nonspecitic Dl Ing, as etermined in the presence o

of the3RIIEB08, winathe Slomg-Rrusedepotingd Wrare cark Brased? iR ipHeical
fr fi IHes, and the Kdval f iqli Pala
P i o (Chery and Pt Blogiae Eh conéifion
PH]-BRAMISI Repulto 73 prevod asohynreatincsisoadic pgprthpakthe (L] =
K va%%%ﬁ_ration [BH]-GR113808. Results are expressed as the negative
decadic logarithm of the Ki values, pKi. 10 Test compounds having a,
hidieek qoranramds ketAnge adsaha ale g e MBHRsHY ﬁaﬁﬁﬁt@ﬁhﬂ (RS iReT 4
affinf§GEPIRE-sTHE CRmBRINARE tRHda kAT R iNE Yalbie OSBRI aftatl Ghtin
.5 in this assay. Assay 2: Radioligand Binding Assay on 5-HT3A Human
abouRpe éhtBI%as#9¥termination of Receptor Subtype Selectivity 15 a.
Membrane Preparation 5-HT3A HEK-293 (human embryonic kidney) cells
statiyatran Hediekbaid Bimdbng 24438 An eEEDip bk Kerepstntsined
frobeirnlitistios loB Resp {Girfvdntgipe SEBolinitGDR) (Bmax = - 9.0
_ ermined using [3H]-GR65630 membrane

: rg-assay). Cells were grown in T-225 flasks or cell
faci@iea9n AGDhtheccdsiMellifidd SahjlesMmeltivied (DI BEM)an 5-HT34

Gl Invitrogen Carp, rI?facq;‘“&a e %g@ %gjé % P’
’eceﬁﬁ‘iffa‘geﬁ)é8’65?%3?819%8?8‘(-5%9? alt ig{? 5‘5% §uﬁ§r§%lemer§?e w%’lO% eat
(Bminact\Blauifelial ppuitrins estriEB S HyephE IHGBERO I Teralrane

e 079 32 @5%5 @%ﬂ'ﬂ@ M‘Hﬁ*ﬁ%%&@ﬁ@&?%&%&ehw in 50%
radm?g@%%ﬁr%\r}%rosge “Corp.: Cg%ngMO) in a 5% CO2, humidified incubgtor
Dulbet®7sodified Fagles Medium (DMEM) (GIBCO-Invitrogen Corp., Carlsbad, CA:
Cat #11965) and 50% Ham's F12 (GIBCO-Invitrogen Corp.: Cat #11765) supplemented
with 10% heat inactivated fetal bovine serum (FBS) (Hyclone, Logan, UT: Cat
#SH30070.03) and (50 units) penicillin-(50 pg) streptomycin/ml (GIBCO-Invitrogen

Corp.: Cat #15140) in a 5% CO,, humidified incubator at 37 °C.

Cells were grown to roughly 70-80% confluency (< 35 subculture passages). All

steps of the membrane preparation were performed on ice. To harvest the cells, the media

~was aspirated and cells were rinsed with Ca®*, Mg?"-free Dulbecco’s phosphate buffered

saline (dPBS). The cell monolayer was lifted by gentle mechanical agitation. Cells were
collected by centrifugation at 1000 rpm (5 min). Subsequeut steps of the membrane
preparation followed the protocol described above for the membranes expressing 5-HTu)

receptors.
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25 Cells were grown to roughly 70-80% confluency (< 35 subculture
passages). All steps of the membrane preparation were performed on ice.

J&ﬂ%ﬁﬁéfﬁe cells, the media was aspirated and cells Were%%'q?[%iwgﬁugm

Cat+, Mgz+-free Dulbecco's phosphate buffered saline (dPB ece
monolayer was lifted by gentle mechanical agitation. Cells were collected
Y E AR B AEEID00 rpm (5 min). Subsequent steps of the membrane
RREGHAAOR Jeloveskiarre sl wesCibasl wb yelipripelane g neses
. expressing 5-HT4() receptors, 35 WQ 2006/108127 PCT/US2006/012978
in a tgfaFeaemp NGRRESInEANg h SO BRI o B S S5 WRre

50 mPEHBINS$INR5-vielRalp ENIeH B BssayY Bigsrin Suintal @sbayting wmdes

of 200 pL containing 1.5-2 .Lg membrane protejn in 50 mM
for A h Lo ODST B S L PRU P C REOIATBR AR, gk B & for
(Perkigtenminai@riehics kalyenabiheraditligaNEWEYel peréoifivesttising-3H]

.. -GR6563Q (PerkinElmer Life Sciences.Inc., Bost A, ET1011,
il ey T o Bt R g
DispliesménDa5aiso REenvinabispidgdinenvassiysrfpodede mweraiafronpkwith

fc ounds were perfarmed wit ]-

R e e L B RE bl 0 Bl i Btk
10 pXI06 MO@MNBoumdsniemereceirickdss T miv stock soltimssibMSdsee

. ' . il [ C,
s e T e e e

0.1%d0B%ar absexpeldific Giltivrs thes maderimihegamerty frestittesgedfiqpinding
was RIgheled MBE%?&%&M?%M‘%&%AB%QWL@Q@ MIRALIRBI incubated

temperature, then the binding reactions were terminated by rapid 15 |

for 6flmanietroverigBprEiveribenhebinlipaRecHeRe & eriormigatd Simid

filtraGSh oMESEISR R/ Breneaked: if At Ra petbyiensivieRnEdies plates
were washed three times with filtration buffer (ice-cold 50mM HEP%IS,

Merigery QT omwsntbed i fbatrer adigiserimin o Bibepliissdigy vashpd three
timeMISIOSEIREAA Votid geint¥rtisn,vidifRaskem7 BiaSeciense GavoMariden,

rdicpgtibont RAY S AETCR LbONIE R A EHLED R

Bios@iacegieg ilgﬁa@@ég, %mb @%W@%ﬂt@&m mﬁzmﬁ;—ﬁm;fegfesamm 11(1 a

procedure described apoye to determine Ki s. The. BOJITO e

Pack AR USRS S B TARTERSF (LSRN BTG ae VETAh n
thespiesenteaaicdd MAWRIdN2222 theheeliantityegression procedure described

above to determine K; values. The BOTTOM (curve minimum) was fixed to the value for

nonspecific binding, as determined in the presence of 10 M MDL72222. The quantity
[1.] in the Cheng-Prusoff equation was defined as the concentration [*H]-GR65630.

Selectivity for the 5-HT, receptor subtype with respect to the 5-HTj receptor
subtype was calculated as the ratio Ki(5 ~H T34V Ki{(5-HT 4. ‘The compound of formula I
had a 5-HT/5-HT, receptor subtype selectivity greater than about 1000 in this assay.

Assay 3: Whole-cell cAMP Accumulation Flashplate Assay with HEK-293
cells expressing human 5-HT ) Receptors

Tn this assay, the functional potency of a test compound was determined by
measuring the amount of cyclic AMP produced when HEK-293 cells expressing 5-HT4

receptors were contacted with different concentrations of test compound.
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[L] in the Cheng-Prusoff equation was defined as the concentration
[BH]-GR65630. 25 Selectivity for the 5-HT4 receptor subtype with respect
%ﬁeﬁdéir 3 receptor subtype was calculated as the ratio
‘%%(5-HT3A§/Ki(5-HT4( ). The compound of formula | had a S_Wéyggﬁlf.@izws
receptor subtype selectivity greater than about 1000 in this assay. Assay
a. Cell. Qi -cell cAMP Accumulation Flashplate Assay with HEK-293 cells

exXIessing mandabh40iReaapo e @staukisrassayeth@ittirgtionbhuman
Tpotency of a test compound was dete,rmiréed by measur&]%i{pe ount.of
S-H Ty R oRMp O EEET RN eSS4 B8 L ormieith B A Teegsapiics
(1) aiveiensRptIcslih-cifpresiepnaentntionriiastcospou I BERY (3808
2006/108127 PCT/\)S2006/012 a. Cell Cultyre HEK-293 (human . .
mem@’ﬁﬁ‘ﬂ)‘?%‘?ﬁéhﬁ%fl ag?gﬁlﬁﬂga@%categnv%}i %%gng'élgkgif 5%49%?35%61&
The ¢€ibeRias gMA Wware i éhake dneRpliessiotg Mo décd taglas MealdiffefoMEM)
densitjes.. (1) at nsit 0.5-0.6 pmol/mg. prete
ot D A R SO B A e amentod
with 48%ayktalinb(2)ecteaune@i@Hy) (CABON-B10i prssintiproteih # IR0 el (Iék
.. grown.in T- flasks in Dulbeccp; ified EaqlesMedi
it e R D T R U R
T

5% Dpptemidified iwitbakO% AFAT hovihoses e EBBJEGIBTGMSisdesiP

Corp.: Cat 437). and (100, units) penicillin=(100 ) str. YG

press R S A Bt A ST A R s SR ot

to thinewbatar at 37C. Cells were grown under continuous selection pressure
by the addition of geneticin (800 g/niL: GIBCO-Invitrogen Corp.: Cat

b. Cell Brepadationthe medium. b, Cell Preparation Cells were grown to roughly
60&@&&@?&%}{0 I&@ﬂty 0 3venBERNEROY STHEnBY 9Tt iPeaBSaYo GBllss

were washed twice, and fed, with serum-free DMEM containing 4,500

priorpypsspy.ialo ST Bes- FiifFolsh s Tesrurferssy M SRR RE

4,506 g1t smsskia as RS irFesban ¢34 mtay 213668 (GO davilengsss, the
Corp.: Cat #15040&0was added tg each T-225 flask, Cell W%re &ir@ bated
el S AR e 0 i YR EIGEE SN THATTRESR by o el S0 tfon.

added N6 el JUspensianovaEs WansieiBskdo Reentifug® TUhel Zh-aehiaitiRg Aom
equal volume of pre-warm gﬁ(S? é,deBS and centrifuged, for 5 min at

the SEQl RO RIS RSt 58 BB AR LTETa, S cotitfige tube

contigrigspendatishare-sipraethirmed (37°C) dPBS and centrifuged for 5 min at

1000 rpm. The supernatant was discarded and the pellet was re-suspended in pre-warmed

(37°C) stimulation buffer (10mL equivalent per 2-3 T-225 flasks). This time was noted

and marked as time zero. The cells were counted with a Coulter counter (count above 8
um, flask vield was 1-2 x 107 cells/flask). Cells were resuspended at a concentration of
5 x 10° cells/ml in pre-warmed (37°C) stimulation buffer (as provided in the flashplate
kit) and preincubated at 37°C for 10 min.

cAMP assays were performed in a radioimmunoassay format using the Flashplate
Adenylyl Cyclase Activation Assay System with 2L.cAMP (SMP004B, PerkinElmer Life
Sciences Ine., Boston, MA), according to the manufacturer’s instructions.

Cells were grown and prepared as described above. Final cell concentrations in
the assay were 25 x 10° cells/well and the final assay volume was 100 pL, Test

compounds were received as 10 mM stock solutions in DMSO, diluted to 400 M into
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(37C) stimulation buffer (10mL equivalent per 2-3 T-225 flasks). This time
was noted and marked as time zero. The cells were counted with a
ePuier coynter (count above 8 m, flask yield was 1-2 x 107 .
Cehﬂs V\lslere resuspended at a concentration of 25 5 x 105 Cellgﬁ#ﬁ%@@@mzws
re-warmed (37C27 stimulation buffer gafﬁpir[gvided int f fisﬂﬁgolate k}ip and
>0 RIG G 878 16r SR e AMP Sy AN SrE P oniEntiag then
madd agiplRmuneageryd oot Meng dhenblakhpiateyAdenyiyHGiyetaseith 11
.. Activation Assay System with 1251-CAMP, (SMP004B, PerkinElmer Life
e R OB RS DS B U5 L A I, TS Eons
concath@tdiss)veré-giowmmeand:piepatedoasceasetiljed sidaed OBipM ) cells included
concentrations in the ass re Q3 cel | and.the final assay
on o R G T R TR AR A 42 10 i S
reactBolutioninaeO MO diuted] 9 400 Neinto18 AR 080T iR Frovided in the

PCT/ 0 78,50 H inj .19
e T
Bourstradiataitidly sssaysnificd pgdontitatinitipkigitiesertiasnepnusitie fiecof
To G% 9%{ &i@g‘s gi ) 111% i Inal assay concentrations).

o GAMRBUAELIARAIRG ERIAD RILIDOOM (inal ons). A

T concentration-response curve (10 pM to 100 gM) was included 5 on

evéhg pragait hEcdeVi® weadnpsdutsaed; withrsHarings sxBaroised Bomithand
cAMPSIRAHANARMIDISH DY addition efid Q0 Rdaidgescnld deteeiandufiae:

(as provided in the flashplate kit) to each well. The plates were sealed

mangg d Prta et e bl AsyreaB e TR gaativl Wik armpdgdyrism

SoftRGltHRIORRIGX Y SRRGHRBSORYHSING HRe TaRRRAHOMERT K
BioScience Co., Meriden, CT). 10 The amount of CAMP produced per mL
consgpiesciiniids BRtrapbiadaRR el GARIE st e mRsrHE ity Go

logatiieinsteyetiang PIRAeEE HR Manufapghuersddseenmanyahrlaayere
analyzed by nonlinear regression analysis with the GraphPad Prism

X iesPEMSckage using the 3-parameter sigmoidal dose-response model
(slope: conpisainRe:inibiitg) a RplengyPdatay ake:lephiiedsas nEb8iyaddes,
the pegative decadic_15 logarithm of the ECsO, value, where EC50 is the
poteR O At A S Pb, TR IO E A CHIFp SR od
in thizxdaiifing thenigh ¢inp BC boviratuadimiits eatayhage)s pighEmpptetedy, foid a

iZzin the EHHT4 reﬁgtor. The compound of formula | which was
ﬁ§ s

ago
pECf%%?[eﬂée rgsaéla%}j?ﬁl e cell line (1) having a density of about 0.5-0.6

pmolmg protein, had a

Assay 4: In vifro Voltage Clamp Assay of Inhibition of Potassium Ion Current
in Whole Cells Expressing the hERG Cardiac Potassium Channel

CHO-K1 cells stably transfected with hERG ¢cDNA were obtained from Gail

n

Robertson at the University of Wisconsin. Cells were held in cryogenic storage until
needed. Cells were expanded and passaged in Dulbecco's Modified Eagles Medium/F12
supplemented with 10 % fetal bovine serum and 200 ng/mlL geneticin. Cells were seeded
onto poly-D-lysine (100 pg/mL) coated glass coverslips, in 35 mm?® dishes (containing 2
ml. medium) at a density that enabled isolated cells to be selected for whole cell voltage-
clamp studies. The dishes were maintained in a humidified, 5% CO, environment at 37°C.
Extracellular solution was prepared at least every 7 days and stored at 4°C when
not in use. The extracellular solution contained (mM): NaCl (137), KCl1 (4), CaCl; (1.8),
MgCly (1), Glucose (10), 4-(2-hydroxyethyl)-1-piperazinecthanesulphonic acid (HEPES)
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20 pEC50 value greater than about 7.5. Assay 4: In vitro Voltage Clamp
Assay of Inhibition of Potassium lon Current in Whole Cells Expressing

‘,&Bezmg)‘ﬁglgardiac Potassium Channel CHO-KI cells stably tr %@f‘f‘ﬁﬁg&m 2978

with hERG cDNA were obtained from Gail Robertson at the Universit o
Wisconsin. Cells were held i (f nic stor g& ntil 25 needed Cﬂ
(10), REbreAc B N D ECSUATRY TSR MRS A TS G 12
compSuiRIemeedinathid te{elal, lfmtm]&ehﬁmaﬁlﬁcgﬂﬁteqaﬂ&t@wmnber
Celjs were see /ml,) coate SS lips,
P MG R T e R G R
stored S@|2EE ealil tﬂebﬁysetam‘@d?fmnmfmlﬁlomr voltaipa-coistaipest (ulles: X (130),
ishes w a_humidifi 0 Iy 30
MgCIE:C a%@ﬁ’u?a?mgfu ion \K/gfsa'%gl%?g%l F%fhéé 1&’2@ d%% Eﬁ%&g%% al% 4AC

(EGTWh €, MEATRSE), ﬁﬁémﬁmf)ﬁowﬂmm@%mMﬁNm (HEPES)
(10), a’ﬁ%‘é‘% %ﬁ%ﬁ (%xl? x%ég%%&s(:]v)ﬁ% 584k room temperature (20-22°C).

roxye erazineethanesulphonic acid (HEPES) 38 WO
2%@/@@&:@@@Wl@dﬁ@@/@@l@9ﬂ@e(wwra VAniREdip Freording

chamB&": Cdeé%ﬁ{séf? e AR N1 é@%ﬂﬁ?s@ﬁl@ SRR RIS RN BRURE, A@%he
n

contal in reservoirs, fro ch it flowed into the recording chamber at

patchaghysiendmAVeRe 6. Sable/mHis P AshiEvElu TSP SIS WRSTSY g Voltage

clamPHHRRLSH BNl HAESCHBE lggdééméhadm afwsg Athe dnRoptelatee!l
solution contained (mM): KCI (130), 5 Mgp 12 (1), et glene

currepyesst astaigysth-Binmsdatpiectrersad 1 lshoompauadetbsErndan toles)

protolel WBAER RmArHivdmpysatindii kpise Eﬁﬂﬁ@elﬂ&ﬁ%lﬂdﬂmb%@@@olanm
(HEPES) (10), pH 7.2 with KOH. All.e ents were pe or dg room
fo -SQanp PRt e I SR PRI B SR A RARHE UL LR B

voltag@@ﬁ)%aamﬁdﬂ@@ée%ﬂﬂmsebmmﬂ m&mlmzﬂpmmsmmng
igaohm seals were formed béweent cell and the i,%fatchéele rode
%ﬁé&%@?&&@%ﬁ%ﬁ%@eﬁﬁg S5 refording ¥ (?h & VS age

concaiamfbmpmma%wmaém@wmmmﬁa RinBtes)oAiiera Siatfeminute
whole-cell current was achieved, Cfp ;%{161”5 were exposed ?ﬁtest

washgBhRSHAR A P RtaR-RH SBIRgE RSTLYE SPET {RAREI R g0 =M
was JteNiiahefy @8 to thr0s YafetidnBoses teflolitzaeddn B/l © seo

and then retu nto the original holding potential 80 This.15,volt
mV %Fﬁfﬁtﬁﬁ%ﬁ %{v% %%8%:‘”’?6%%‘7 g ea ?;ﬁl)}rre‘?] gmclﬁlﬁu
resul@UrRG dﬂﬂﬁv@@@dﬁmmtmq pnhaeezmidebemm édmsmagip@tm pnsbftvvare

4 Test compounds at a concentration of 3 M were perfused over the cells
¥ ESminutes, followed by a 5-minute

Peak current amplitudes during the repolarization phase were determined using
pCLAMP software. The control and test article data were exported to Origin® (Originl.ab
Corp., Northampton MA) where the individual current amplitudes were normalized to the
initial current ampiitude in the absence of compound. The normalized current means and

standard errors for each condition were calculated and plotted versus the time course of

“the experiment.

Comparisons were made between the observed K" current inhibitions after the
five-minute exposure to either the test article or vehicle control (usually 0.3 % DMSO).
Statistical comparisons between experimental groups were performed using a two-
population, independent t-test (Microcal Origin v. 6.0). Differences were considered

significant at p < 0.03.
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washout period in the absence of compound. Finally a positive control
(cisapride, 20 nM) was added to the perfusate to test the function of the

wshoddhpstep from -80 mV to +20 20 mV activates the hERGLhapash 012073
resulting in an outward current. The step back to -50 mV results in an

outward tail current, as the nnel recovers from inactivation and
ol eanle ERPCER R AN GO eH o A Ths 5
the sofigterthinsdansisifopEiAMBreaftitirechEngectretpaltandabstrditicterddarization
were exported to Ori 'n(r)qﬁOri inLab .2 t here.
when e R G AR SEan b iR R W M
conceRrylindé IndVierab senibéaf aomjubiteh dHtbapomsiined ourenninedass
dard errors for each condition were calculated and plotted versus

nd
than i&%uﬁ e’€ourse of the experiment. Comparisons were made between the
observed K~ current inhibitions after the 30 five-minute exposure to either

théseast Sifeleise Mpabaf s Ripayailpblity, Sarsd Peapeadintypssay
CofpriRereREEsi Xos manalgiauRtREaReoIRY Uelng a two-

population, independent t-test (Microcal Origin v. 6.0). Differences were
compoundidereass siypitbeathe intpstiis ead 89t W Dodeprdairsam after oral

adm iR SR 2 QR0 /02A  Enilh e snaaliglthRiPercenigae Jnnikiien sihBonolayer

_ potassium ion current in this assay, the smaller the potential for test
desigpedipounds thedieht jaasopaibrmest suall B rehHPRebH SRR used as
deterti§E@peutic agents. The compound of formula | was tested in this assay at

a concentration of 3 M and exhibited an jnhibition of the potassium;ion
RS 9Bl S RACHSOES DRSS A5 6: WP FB RRRISFOF Al C

(AmBicaraipbilitinfocerRRRHTRIOAIRS SaY). Ther@arssa-Rerinesiiay, astay
was performed to model the ability, of test com oundsﬁ\fg Baﬁg t%@qh the

were st & AETGRY M5O BRSYY ?ﬂeWﬁ%@’FGP£ RSP T HE Fate

filter@tAaiGH BehBAMRRONIS IA selLiiondieyemeatefarael afandlagay<d culture.
designed tQ mimic the tightélgréition gf human small 'ntestiqgé mcﬁnol

Folloyi R SHINE B O T\ Blbh BPEOTUHAR) o T
was dbighaadriienhATtewiApRrican Typeddilityehe dilkfetion cRocker (€,08).
con S B R I AL v
equipped with circulating external, thermostatically regulated 37 °C water for temperature
control. The air manifold delivered 95% /5% COj3 to each half of a diffusion chamber
and created a laminar flow pattern across the cell monolayer, which was effective in
reducing the unstirred boundary layer.

The permeation study was performed with test compound concentrations at
100 oM and with M _mannitol to monitor the integrity of the monolayer. All
experiments were conducted at 37 °C for 60 min. Samples were taken at 0, 30 and
60 min from both the donor and receiver sides of the chamber. Samples were analyzed by
HPLC or lquid scintillation counting for test compound and mannitol concentrations.
The permeation coefticient (K;) in cm/sec was calculated.

Tn this assay, a K value greater than about 10 x 10 cm/ses is considered
indicative of favorable bioavailability. The compound of formula I was tested mn this

assay and exhibited a K, value of greater than about 20 x 10 cm/sec.
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15 filters (Costar; Cambridge, MA). A cell monolayer was formed after 21
days in culture. Following cell culture in the transwell plate, the

woemMkrarRe sontaining the cell monolayer was detached fron}-H’ﬁﬁé%h%‘/Hﬂbm

plate and inserted into the diffusion chamber (Costar; Cambridge, MA).
The diffusion chaml?fr as.inserted.intg the heating block which was
eIt FRRrEASS W%%Ef‘e‘sfir?a'l‘,‘t 11¢=f\3rtrﬁnirlatstaticalIy regulated 37 C water
foad@sope saluti2 fhemntatlohe tistmanifoitideliveraudepsositn G/ Ciatito
. . each half of a diffusion chambe r lamipar flow eaitat,
acid a&@r@%é%l?g%ge nn?gﬁg?a%yael}?%%gﬁéqu;ﬁs% e gggéaien reduging t$1e unstirred

Chaﬂmmai}awmﬁsewdmmnnnw&wméq@eﬁmégmm@mﬁpund
immvg%‘%é‘&seé‘&%f%&’s%%@%% Wit 214G R0Big t&mgga%gcget fegriobe

€ monolayer. xperiments were conducted at 3 for 60 min.

5 mg/Bauiihtedosingevtiimn wed | 30Ldkel fB0TNienHarbotE PRl AbrERtIAESEver
SeriaﬁlaqoeS%%&W?e%%@@%}l%ﬁ%ﬁ%ﬁﬁ@ﬂ&%é),%n'fﬂ RLE(EY b 5, 15, and

scintillation counting for test compound and mannitol concentrations. The

30 mipermbattioR.chetfieidrRdkopTn pefislossydonsraimateas pf 1R crsapgrngliin
mood;@%ﬁagRﬁé@ﬁé@%@%&&é%ﬁ{%@a&maﬁ@p@e@mmy@g@f

vorable bioavailability. The compound of formula | Was()ggzste in this

(LC-MSHP nARRISERES A8 4l fe sriirsaiir shstimah 5955 %o ATEBa 40

lower MR 2P EMREL HPaR006/012978 Assay 6: Pharmacokinetic Study
in the Rat Aqueous solution formulations of test compounds were
1SRG RTSa S IRE HRIE R TS Y BAERTEER RO SIS,
analyMalfreRipesesbiawieydsts 48 Rosti R OF haingsWRinesdlab0ratsitied, 0.1,
Wilmington, MA) were dosed with test compounds v'g, ? intravenpus
Phar%%‘ﬁaiMﬁf%%YlWa@é)do?éeéiF%%%/%r%? Brera gavage (Pof at a
concERRE& iB Tl glakhe: desing: o sme s |.m kg dea dmdi2 noodeyifetion
.PO admipistration. Serial blood samples were collected f [ :
Lt e R S P
was QSO irdastinGonepatrafanslof @stl tomapailetdEtin(iiiedd s abmdosrere
determined Quj romatography-mass.s ]! j :
U T Tt e R
was daRyplaigd as:lower limit of quantitation of 1 ng/mL. Standard
pharmacokinetic, para r e e no -Wartmental
analysis (ModgL f%‘gﬁm%ﬁ%ﬁ@%&’ gsmg WinNonlin
(Versiarndihinds which exhibit larger values of the parameters Crux, AUC(0-1),

and F(%) in this assay are expected to have greater bioavailability when administered
orally. The compound of formula I had a Crex value of 0.16 pg/ml, an AUC(0-t) value of
0.46 pghr/mL and oral bioavailability (F(%)) in the rat model of about 19 %.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by ‘;hose skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt a
particular situation, material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All such modifications are intended
to be within the scope of the claims appended hereto. Additionally, all publications,
patents, and patent documents cited hereinabove are incorporated by reference herein in

full, as though individually incorporated by reference.
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Pharsight, Mountain View, CA). The maximum in the curve of test
compound 15 concentration in blood plasma vs. time is denoted Cmax.
The area under the concentration vs. time curve from the time of dosing

tot L]n}%a!? r ntration (AUC(0-t)) was calculated by the
Iinegﬁf/tir_ale%oezoi g:“%ﬁ@%ﬁf%ioavailability (F(%)), i.e. the dose- normalized
ratiojof AUG (O}ttt RO Adminisiraiin $chA b Odh kai dY satdminiskasiony -2 -
was calculated as; 20 F(%) = AUCpo/AUCN x_Dosew/Dgasepo x 100%
OXOrgst HBRPEHRTEY 'c’ri%’%h%%lféir@‘ég é&li@%?ﬁ-@%&é‘@a@@ﬁfax
(mAhHa{Qutforangne{R0)-iniiis) pasaY e axieard 10 have-greptehide or a solvate
bioavailability when administered orally. The compound of formula | had a
thegspfax value of 0.16 g/mL, an AUC(0-t) value of 0.46 pghr/mL and oral
bioavailability (F(%)) in the rat model of about 19 %. 25 While the present
invention has been described with reference to the specific embodiments

theréof, it shtpifdsEingerdidemby théar dkinbarsinthis sy titivaseiéorm is a

crySRRRIEs Y IRE-adg.and equivalents may be substituted without
departing from the true spirit and scope of the invention. In addition, many

modifications may be made to adapt a particular situation, material,

compositionof MAlAr; QI OGeESP RERHR RGP i NG RO IRV i

spirit and scope of the present invention. All such modifications are
chirpendeet ty bowithin thesedfeciomaatiaimeaappeiidedrivepegoliffiraction peaks
ot fAditionally, all publicafions, %‘.%Q@i‘”%%ﬁﬁﬁ ?‘i’.%%&@.‘% gied o
ereinabove are’'incorporated by réferénce herein in “full, as though
16 #itiividuaiy coPpbiaté by, refdrerte, 1L0AHKT IS . CUHAIMEDIGEA2A

2 PR A e (L SH L Ry S i ony 3
26.0netiansittangl-pvedBybamind)prapwi-8-azabicyclo[3.2.1]oct-3-yl}amide

or a solvate 5 thereof. 2. The crystalline salt form of Claim | wherein the
crystalline salt form is a crystalline hydrochloride salt. 10 3. The

crystalline gal tevai0fkaim RArwhereinhe orystalinBesaitiesmisay diffraction
characterized by a powder x-ray diffraction pattern having twg or more

PAiF SCHEN FeERE At PP atlidiashidcheakfahtd My seladpddionp gt 4002,

1732:219.27 144002016480, 21173350, 21117261029 28.140.2, 19.040.2,
19.950.2, 20.200.2,

5. The crystalline salt form of Claim 2, wherein the crystalline salt fornt s
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 Figure 1.

6. The crystalline salt form of Claim 2, wherein the crystalline salt form is
characterized by a differential scanning calorimetry trace which shows a maximum in

endothermic heat flow at a temperature greater than about 230 °C.

7. The crystalline salt form of Claim 2, wherein the crystalline salt form is
characterized by a differential scanning calorimetry trace substantially in accordance with

that shown n Figure 2.
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21.230.2, 22.130.2, 22.480.2, 22.830.2, 24.160.2, 25.370.2, 25.560.2, 15
26.220.2, 27.330.2, 29.080.2, and 29.610.2. 4. The crystalline salt form of
. Claim 3 wherein the powder x-ray diffraction pattern comprises two or
morg diffragiienpeaitntl0 vaes selaaieddneme kO dtali e 8¥form is a
17.610.2, 19.040.2, 21.230.2, and 22.130.2. 20 5. The crystalline salt form
hydp@iaim 2, wherein the crystalline salt form 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 Figure 1. 25 6.

The Erystaififie Gai#dins seiclami of wivareh et mestaline seltorm is
chtRAREIENB By eiferepiakseanming cAOHMAIY AGS WRICTFRAMSR peaks

maximum in endothermi¢ heat flow at a temperature greater than about

at 2¢30a{Dey satbetashyruliné (saltXormiaiClafn 2-hvheleiptHbZerys@iltelsalt

rm i racteri ifferenti in rimetry tr
R el e e e T
21.68zd1alline. S2ViarPRd CSlain 2B Whebdln 2he Sxjstalimé Gdlt XoRmisd) .2,
h e.9 alline salt form of Claim 8 wherein the crystalline salt
27'?(;4%6?%’ B &Eagr]a%ggégéd by a powder x-ray diffraction pattern having two or

more diffraction peaks at 20 values selected from 5.300.2, 7.430.2,

8.720.2, 10.520.2, 13.850. 4.110,2, 15.800.2, 15.990.2, 17.260.2,, .
19.530.2, g@@éﬁﬁ inﬁéﬁ%%ﬁ%’ﬁ’i%gé?‘% &gﬁrfnb 856" 3@(_@&5_(%&&01‘1011
pat?hr’&nhridBs000. dr 2oRAdiffiadTob M dsan A @ il 2ekOdDirdRL10.52+0.2,

crystalline salt form of Claim 9 wherein the powder x-ray diffraction

13 'ééﬁ% !:61%%’?%35lt\Zv%Wr%oﬁ‘E%rQéﬁQ@peaks at 20 values selected
from 10.520.2, 13.8502, 15.800.2, 17.260.2, and 21.060.2. 15 11. The
crystalline salt form of Claim 8, wherein the crystalline salt form is

charbbterizEHay ¥wisHingsal-feirafiataiBhdp athensim hmeersipdippsalt form is
chBoSHionI e, pubriantially insceariangewith (e aeal positignshing.

pattern shown’in Figure 4. 12. The crystalline salt form of Claim 8, wherein
sulpanigiyamnecesdafmmyigh the peak positions of the pattern shown in Figure 4.

12. The crystalline salt form of Claim &, wherein the crystalline salt form is
characterized by a differential scanning calorimetry trace substantially in accordance with

that shown in Figure 5.

13. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and a crystalline salt form of any one of Claims 1 to 12.
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20 characterized by a differential scanning calorimetry trace substantially
in accordance with that shown in Figure 5. 13. A pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a
crystpline sail foum ol a0k A%, AfCIAMS 042082 PRATA B 12 for use n
crystalline salt form as claimed in any one of Claims 1'to 12 1or use in
thettapsapy. 15. Use of a crystalline salt form of any one of Claims 1 to 12 for
manufacture 5 of a medicament. 16. The use of Claim 15 wherein the
medicament is for the treatment of a medical condition in a mammal
assobiated Wisthob dTvsrdtieptarn aktivityf 2vlohelde isienefl Glalm b6 manufacture
fwherF{sin the medical condition is a disorder of reduced motility of the
oF 4 A FOTRIBEhal tract. 18. The use of Claim 16 wherein the medical
condition is selected from chronic constipation, constipation-predominant
irritable bowel syndrome, diabetjc and 15 idigpathic gastroparesis, and
funchnal cyepuBSE CL8A prOKBEE ol b BiSH) T Er iR reatment of &
mdayeachianine sali phidsebiapde0xath 2-gilydrogpinoling gycarboxylic
acid {(1 S,3R,5R)-8-[(R)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2.1]oet-3-yl}amide,
the processiZ0,ceMRrising 1 (A AeRIAGIRNedical condition is a disorder of
1-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic acid
red{‘{i@,@F@,@%@Y—ﬁf@@)gﬂsﬁwﬁﬁ&i@kﬁﬁ%‘t‘ﬁanesulfonyl-methyl-amino)propyl]-8-
azabicyclo[3.2.1]oct-3-yl}amide with hydrochloric acid to form a reaction
mixture; and (b) isolating the crystalline hydrochloride salt from the

reactidn mixiresxg Strim b0 RGsRICERS RAdprepaidg iarciyseidnivg from
chxb%%%%% Q&o@’%ﬂ%&&%ﬁ—%@ﬁghinam irritable bowel ?{ndrome, diabetic and

1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic aci
1dippsBR SRYGJ(R)2dndiagional dyspepsia.
3-(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl}amid
e, the process
19. A process for preparing a crystalline hydrochloride salt of 1-isopropyl-2-

oxo-1,2-dihydroquinoline-3-carboxylic acid {(1S,3R.5R}-8-[(R}-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl}-8-azabicyclo[3.2.1}oct-3-yl amide, the process
comprising:

(a) contacting 1-isopropyl-2-ox0-1,2-dihydroquinoline-3-carboxylic acid
{(18,3R.5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-§-
azabicyclo[3.2.1]oct-3-yl jamide with hydrochioric acid to form a reaction mixture; and

(b) isolating the crystalline hydrochloride salt from the reaction mixture.
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comprising: 5 (a) dissolving
1-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic acid {(l
S,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-
azabigy clo[3 7hlgk Sy hadpidm AYAQSHDIRIWAIRE BlcehGaRESMIAAIORMht of

greater than about 50 milligrams per milliliter to form a suspension; and

1-igoproptatifng ¥hel crylbatioa Hyalie fromtmeySasiséhs(dn.3 R 4 8-1(K)-2-hydroxy-

3-(methanesulfonyl-methyl-amino )propyl}-8-azabicyclo]3.2.1Joct-3-yl tamide, the process
comprising:

(a) dissolving 1-isopropyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
{(18,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl }-8-
azabicyclo[3.2.1oct-3-yl}amide hydrochloride in water at a concentration greater than

about 50 milligrams per milliliter to form a suspension; and

(b) isolating the crystalline hydrate from the suspension.



