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WO 2008/106159PCT/U82008/002583 5 CRYSTALLINE FORMS OF AN
8-AZ ICYCLO[3.2.1]J0CTANE COMPOUND |10 BACKGROUND OF THE
INVENTION Field of the Invention 15The invention is directed to

w&Ns [;gggsalt forms of an 8-azabicyclo[3.2.1]octane compoy@g/%yf&ﬁ,@fggs&g

useful as mu opioid receptor antagonists. The invention is also directed to
pharmaceutical compositions comprising such crystalline compounds,
methods of using such compounds for treating or ameliorating medical
conditions mediated by mu opioid receptor activity, and processes useful
for preparing such compounds. 20 State of the Art
Commonly-assigned U.S. Provisional Application Nos. 60/777,962, filed
on March 1, 2006, and 60/841,028, filed on August 30, 2006, and U.S.
CRpphEarioh S BONSEE1DH 1.060- 41541856 B @A iyelo B 1ddtdn@M P CUND
compounds that are mu opioid 25 receptor antagonists that are expected
to be useful for treating or ameliorating medical conditions mediated by
mu opioid receptor activity. In particular, the compound 3-endo(8-
{2-1cyclohexylmethyl-((S)-2,3-dihydroxy-propionyl)aminolethyll
-8-azabicyclo[3.2.1]oct-3-yl)benzamide sulfate is specifically disclosed in
these applications as demonstrating mu opioid receptor antagonist
activity. 30The chemical structure of 3-endo-(8-
{24cyclohexylmethyl-((S)-2,3-dihydroxy-
propionyl)aminolethyRSrazabierelo B R -ApstArveRentanide
ritherginafigrgampound 1) is shown below: 1 To effectively use this
compound as a therapeutic agent, it would be desirable to have a

solid Segteneentinsin dacesipeneadipmah feampéaahdtnbickesl 3.2 1octane
cotfisaiRiaRlaisnche micaliandRMysical slahilly «abexXRMPEdtiNuItbEgs also

_high(l%/ desirable to have a salt . .
directed to pharmaceutical compositions comprising such crystalline compounds, methods

of using such compounds for treating or ameliorating medical conditions mediated by mu

opioid receptor activity, and processes useful for preparing such compounds.

State of the Art

Commonly-assigned U.S. Provisional Application Nos. 60/777,962, filed on
March 1, 2006, and 60/841,028, filed on August 30, 2006, and U.8, Application Serial
MNo. 11/711,961 disclose 8-azabicyclo[3.2.1]octane compounds that are mu opioid
receptor antagonists that are expected to be useful for treating or ameliorating medical
conditions mediated by mu opioid receptor activity. In particular, the compound 3-endo-
(8-{2-[cyclohexylmethyl-((5)-2,3-dihydroxy-propionyl)amino jethyl } -8-aza-
bicyelo[3.2.1]oct-3-yl)benzamide sulfate is specifically disclosed in these applications as
demonstrating mu opioid receptor antagonist activity,

The chemical structure of 3-endo-(8- {2-[cyclohexylmethyl-((5)-2,3-dihydroxy-
propionyl)amino Jethy!}-8-aza-bicyclo[3.2.1Joct-3-yl)benzamide (hereinafter compound 1)

is shown below:
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form that is thermally stable, for example at temperatures exceeding about

175 C or about 180 C, and is not hygroscopic nor deliquescent, thereby

facilitating processing and storage of the material. Crystalline solids are

generally preferred over amorphous forms, for enhancing purity and

stability of the manufactured product. 10No crystalline salt forms of

compound 1 have previously been re%orted. Accorcgngly, a need exists for
+

a stable, crystalline 88 Wwof Comp t that is peither hygroscopic
nor deliquescent, an( hwl/;rabl d=stabilitiiz SUMMARY
15The present disclosure provides.g,cryStettirtg fate salt of

3-endo-(8-{2- HO H
[cyclohexylmethyR(S)—Z.3-dihydroxy-p%opionyDamino]ethyl}-8-aza-bicyc|o[
3.2.1]oct-3- yl)benzamide or a solvate thereof. In a first aspect, there is
provideskaarveiallineisalttonpourhicts is Hveapalititeagantoft would be desirable to

3-endq-(8-12-[cyclohexylmethyl-((S);2,3-d] - :
bt R S R QORg EhEEy  T  hes acocptabl
cheslvaterdhereeicdnsandimb otimentythle, beshigirtn deBTabls rdsupe sall

disclosure is a crystalline hydrate .of the sul ate égl SRR 75 ©
fo@&?&ﬁﬁ&&m%%bgﬂﬁ% %’Eﬁ%?elesaaﬁf% ﬁ%e presegrg[édisclosurgqﬁjgg 5be((:a [? '
abdeurgbtecexhibis not signiticantithesminieyentsiselbarbynéRilitptinn perettying and

in the range of ahout 25190 to abqut 205 ibi ' hanos
stoperRes %ﬁ’%éﬁt (%336%‘ %ensggg%éaé% %%%%%%3% %Ei%t%e humiﬁity e
for RENNBER APRt 200 snbitibpuf B MatwBomredmpetetiire Furthermore,

neither the crystalline sulfate salt of the,ar ' r rate

ther&Ht %@%ﬂ%%}é rffs’ Wit f%?gl%%‘ﬁlﬁo%u%atgog g%c?t%@(wﬁ%%%ﬂ%ﬁgﬁidity

AcdHaeENeResaesI0r a stahinangsutiereusdsfame of pompipenddttisfrineither

of the present disclosure are expected to b far ing
hygpsiaRkCBotieS lﬁ%ﬁ%%nf‘o‘ﬁs%ﬁ 7 |%%05ar%§%n§§%%?é% r?%ggnﬁgyﬁ'cal

conditions mediated by mu opioid receptor activity. Accordingly, in a
second aspect, there is provided, a, armaceutical composition
comprising a pharmaceuftically's acceptable carrier and the crystalline salt
fonn as defined above. In another of its composition embodiments, the

presBmt pisslobditsiorovides st srasilicarebaipsaltishtenisriding a
[cy%‘oe r%%_%q‘fﬁﬂ%%ﬁfﬂ%%&%%ﬁ%ﬁ&%ﬁtﬁ@iﬁ?z?%@&%&ﬁ&e}‘ o[3.2.1]oct-3-

ylybenzamide or a solvate thereof. In a first aspect, there is provided a crystalline salt

form which is the sulfate salt of 3-endo-(8-{2-[cyclohexylmethyl-((5)-2,3-dihydroxy-
propionyljaminojethyl}-8-aza-bicyclo{3.2.1]oct-3-yhbenzamide or a solvate thereof . In
an embodiment, the crystalline salt form of the present disclosure is a crystalline hydrate
of the sulfate salt of compound 1.

Surprisingly, the crystalline sulfate salt of the present disclosure has been found to
exhibit no significant thermal events below a melting temperature in the range of about
190 to about 205 °C and to exhibit a weight change of less than about 0.3 % when
exposed to a range of relative humidity between about 2 % and about 90 % at room
temperature. Furthermore, neither the crystalline sulfate salt of the present disclosure nor

the hydrate thereof is deliquescent when exposed to up to about 90 % relative humidity at

room temperature.



[cyclohexy Imethyl-((S)-2,3-di hydro xy-prop i onyl)aminojethyll
-8-aza-bicyclo[3.2.1]oc 3- yl)benzamide or a solvate thereof. The

present disclosure also provides a method of treating or ameliorating a
disease or condition ameliorated by treatment with a mu opioid receptor
antagonist, e.g. a disorder 5 of reduced motility of the gastrointestinal
tract’thenmethodeenipasing talmirfisteling to tHeeregrmmigliselosure are expected

R e L

megR# diroltth@ay 1) bdnizahhideioraisslvatetheresivitye presedingisclosusecond

further provides a method of treating opioid-induced howel 10, dysfunctio
L oL LA Lo i IR gy

acomanbinaka thendpbeticallyl bffectivecamountbheadcrystalline sulfate salt of
3-e oa-ﬁggii%f“ its osition embodiments. the present disc e provide
[cyc 8hexy me?ﬁyﬁ‘-&%’}l-g,§-éc1r1y(1%xy-propldny nlnoﬁe yﬂﬁ@l-raz%-%lcycﬁg[

phadrRatiociedt y@henzamidegir-aisgluatesthereafilrn Aythirckpspoct dhetenisl a

rqvided g.process.for preparing a crystalline sulfate salt 15 of

cry gﬁ%ﬁe?oﬂ"g?%}- &ﬁc?gt%églpfﬂﬁ"ggﬁ&qasyz,3-dihydroxy-propionyl)aminojethyl}-
8-azabicyclor 3 .2.1]oct-3-yl)benzamide. the process comprising
contacting 3-endo-(8- (2-
[cyclohexylnethyl-(131-2,3-dihydroxy-propionyl)amino]ethyl}-8-aza-bicyclo
[3 .2.1]oct-3- yl)benzamide with sulfuric acid to form a reaction mixture,
and isolating the crystalline sulfate salt from the reaction mixture. 20In a
fourth aspect, there is provided a process for preparing a crystalline
sulfate salt of 3 -endo-(8-
12-[cyclohexylmethylAS)-2.3-dihydroxy-propionyl)amino]ethyl}-8-
aza-bicyclo[3.2.1]oct-3-ylibenzamide, the process comprising dispersing a
crystalline hydrate of the sulfate salt of 3-endo-(8-
{2-[cyclohexylmethyl-((S)-2.3-dihydroxypropionyl)aminolethyl}-8-aza-bicycl
0[3.2.1Joct-3-ylibenzamide in a diluent comprising 25 methanol to form a
reaction mixture, and isolating the crystalline sulfate salt from the reaction
mixture. In a fifth aspect, there is provided a process for preparing a
crystalline sulfate salt of 3 -endo-(8- { 2-
[cyclohexylmethyl-aS)-2,3-dihydroxy-propionyl Jamino] ethyl}
-8-azabicyclo[3.2.1]oct-3-34)benzamide, the process comprising: (a)
contacting a protected 30 precursor to 3 -endo-(8-
t2-[cyclohexylmethyl-((S)-2,3-dihydroxy-propionyl)amino]ethy1}-
8-aza-bicyclo[3.2.1]oct-3- yl)benzamide, in which the hydroxy groups are
protected, with sulfuric acid to form a first reaction mixture; (b) isolating an
intermediate grade solid sulfate salt of 3-endo-(8-t2-
[cyclohexylmethyk(S)-23-dihydroxy-propionyt)aminoiethyl .1-8-aza-bicyclo
[3.2.1 loct-3- yl)benzamide from the first reaction mixture; (c) dispersing
the intermediate grade solid 5 sulfate salt in a diluent comprising methanol
to form a second reaction mixture; and (d) isolating the crystalline sulfate
salt from the second reaction mixture. In a related composition
embodiment, the present disclosure provides the
Ncyclohexylmethy1-(2-oxoethyl)-carbamic acid benzyl ester bisulftte
adduct, which is useful for the preparation of the above protected
precursor to compound 1. | Oln a sixth aspect, there is provided the
bisulfite adduct of N-cyclohexylmethyl-(2- oxoethyl)-carbamic acid benzyl
ester.
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In a seventh aspect, there is provided a crystalline salt fomi as defined

above for use in therapy. In an eighth aspect, there is provided the

use of a crystalline salt form as defined 15 above for manufacture of a

medicament for the treatment of a disease or medical condition in a

mammal ameliorated by treatment with a mu opioid receptor antagonist.
[criistiostamethidd PheRitidshadmystaifveisulfatensadf erhhe- presebiceliss|ostgoct-3-

s (%% r&ged herfeintf [ use.in therapy or as a r_nedicame_nt, as well as the
Y )%sg o?rg cr%t% ?n\éaselﬂpgfeeosflalt of the present disclosure in the

manifiacturscof dimedicameotyespésialiy fdidhe Manufaciue@iadrating a discase
medicament for tre r%gﬁa disorder. associated with mu 5 opioid receptor

OT £O %1 1011 amefhorategltilia ?Eﬁ“ﬁ%§"€ ﬁﬂﬁlm:&@ﬁ FELARBIPAIRARIESS € 2. a disorder

activity In a mamm
of Walous mspicioofitheprasenkitmention are iuskatad:byiteferanaaiadha, o

. accompanying drawings. 10Figure 1 shows an x-ray powder diffraction
R b BB Gy A Loy R S b Sreratgg Sultae Sal of 3 endo-(5-
{24R{cysohexydmeLyb(5)-diBydiBYaaxp RIORIRAYRBIIAAIFE):E-

. aza-hicyclo[3.2.1]oct-3-yObenzamide of the invention. Figure 2 shows
bm&@ﬁ%%ﬁ%ﬁ%&ﬁﬂ%@f&ﬁ%Wé%@iﬁ%@é (right side vertical axis) and

a thermahgravimrbissanalysist THRA) drRGE(afl-side yertical s ilAda bowel

crystalline sulfate salt of 3-endo-(8-
dy YRS OB RERGFRERSTLS Y ous. diyasRyp ropiaipéammraleihit agazatisioyeimal,
a tldgeldosin3ayRReDZamIAR Al AR eI 1 far ELGHTSr %5@8}9@58@ 2-

d}/namic moisture sorption (DMS) trace for a crystalline sulfate salt of
[eyslepmindme i (Rchdiirewsrasyoiaimydioxgthybbbayhdneyyeti) Joct-3-

v EBnAgaRlaCial3Zl agt:3;y benzamide of the invention. 20Figure 4
shows an x-ray powder diffraction (XRPD) pattern of a crystalline hydrate

of a BuirBie & atpeet. there is provided a process for preparing a crystalline sulfate salt
- 3-endor8-12- ) Ii ,9-2,3dihydroxypropionyparninalethyll-8
SRSt RISl RN R e
bicgcpffdrehtisitseahhimgaraideintietny (BSO)nands{night siseive icalaxs) @nd
imetyc,analysis (TGA). trace (left side vertical axis) fora 25
[Cyglrég%gﬁ;}%%ﬁggr@ Bfﬁﬁyat%xg e igglé(/:lr%éy(%qﬁquyn~§-aza—%1c CIO{JQ.I}QC‘E—J-
yhgeuieyeidhexyineltiulcas) 23 diny drazeypropinivypaming Jethyl B taz arbieitine

119[3.251loctk-3;yObenzamide of the invention Figure 6 shows a dynamic
> moiggti&%]é?%%% fon a(%]l\(/)féﬁr%é}é@for a crystalline hydrate of a sulfate salt of

3-enlde:(Burth aspect, there is provided a process for preparing a crystalline sulfate
fEydeneimel(e)2 ydowprapiomyamincletny) & aze icye
aza-bicyclo[3.2.1]oct-3-ylYbenzamide, the process comprising dispersing a crystalline
hydrate of the sulfate salt of 3-endo-(8-{ 2-{cyclohexylmethyl-((S)-2.3-dihydroxy-
propionyl)aminoethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)benzamide in a diluent comprising
methanol to form a reaction mixture, and isolating the crystalline sulfate salt from the
reaction mixture.

In a fifth aspect, there is provided a process for preparing a crystalline sulfate salt
of 3-endo-(8-{ 2-[cyclohexylmethyl-((S)-2,3-dihydroxy-propionylamine Jethyl} -8-aza-
bicyclo[3.2.1Joct-3-y)benzamide, the process comprising: (a) contacting a protected
precursor to 3-endo-(8- {2-[eyclohexylmethyl-((S)-2,3-dihydroxy-propionyt)amino]ethyl} -
s-aza-bicyclo[3.2.1]oct-3-
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WO 2008/106159PCDUS2008/002583 DETAILED DESCRIPTION OF
THE INVENTION The invention provides a crystalline sulfate salt of
3-endo-(8- {2- [cyclohex
ylmethy14(8)-2,3-dihydroxy-propionyl)amino]ethyll -8-aza-bicyclojoct-3-
I%gbenzad;nide O]B[i,a sglvgit;(a thereof. 5 Definitions When describing the
Y EGRABtRGS " CEPbEIE NG QN HRRs A dr tiectadentibruifieoneiditrform a first
redesoisthaverthesfolloning meaningedunless othemiselindicatesk 3-cndo-(8-(2-

'@1 terrtp "thera&g}zticﬂ% effective amount” means an amount sufficient t
loy @?f@%y 6 reaimbnc B EiRsR s be i palidhrlinheet berdatmentoct-3-
yhbaedeincreaent-as4sed Dersinmeans e Leatmenof A-488288 e solid

disorder, or medical condition in a patient, such as a mammal (partiCularly
subpii SAKAY WHIKIETR CoBEss By prevamm dotier tisessendiserden ovxhedicald
(dcepgiien ﬂiﬁ@%@@ﬁ%ﬁ{%lfﬁc’QEPHQ%%Q%&E%%W}@&&%%&%@EF

15(b)ameliorating the disease, disorder, or medical condition, i.e.,

elimitiediFit o CeisirrF ey esthord iofaiie Hispesen disenridenroprmedicalhe N-
cyGORAIAR M B RRLRNI MANING, SOUDISIALING DS STRCIROL ANEL, which is

therapeutic agents; (c) Suppressing the disease, Slsorger, or medica
usegBhbition: peepawingohanestingtitectdvelopment ot thepdiseiake,

disogﬂ%r QL gé @I %ondition irgg ient;.or r%ial eviatin fg
i , L g - SN : .
symptoms ol?%% %lseggéf ‘disorc ee%ag%més |£c%%c§%)g Hﬁ%éjr# ;%rz %195 lﬁgﬁflﬁgﬁ@yi (2
oxgethysolvizaelimeahbeagdryptex or aggregate formed by one or more
molscules. ol soite .2 compoyng,of i [pvention ot a .w
pharmaceuﬁ%a RSN ETS provided a crystalline salt form as defined above for
use in therapy.
In an eighth aspect, there is provided the use of a crystalline salt form as defined
above for manufactare of a medicament for the treatment of a disease or medical

condition in a mammal ameliorated by treatment with a mu opioid receptor antagonist.

3a
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- 25 salt thereof, and one or more molecules of a solvent. Such solvates are
typically crystalline solids having a substantially fixed molar ratio of solute .
and solvent. Representative solvents include by way of example, water,
methanol, ethanol, isopropanol, acetic acid, and the-like. When the solvent
is water, the solvate formed is specifically termed a hydrate. 30The term

"crystalline sulfate salt", or alternatively "crystalline sulfate salt (anhydrous
form)¥ior Mydmm%asafﬁm@amm@mm&m sabiryStallipesolid -
.th tdoes no t|n a substantiall flxed molar fracgon of solvent

O P SO 1 SbC TS5 G0 oA ey s e e of
a mgsmﬁmmﬁfam ek @ﬁﬁm@@ehydmﬂesﬁelmtﬁs reaspesifieallyhydiadement, -

of th ion are dentlfle expljcitl ust be.note that, as used in
SRl R v R g e s

op;@nﬁ@mﬁﬁ@mymmm,ral references, unless the 5content clearly
dictates otherwise. Active Agent ~ The active agent in the present salt

forms, i.e. compound | |s designa

RGN e prawNGS, 1o

(2- [cyclohexylmeWF(@ it
b'CyC'VB’i&iEJ&%&sy&hﬁélp@éﬁ&ﬂenﬂﬁﬁmﬁilaﬂdyﬂmwm iefereBos to the

conventions as implemented in AutoNom software, (MDL Information
SRR BRI E S nkfurt, Germany), the compound is denoted 3-((1
R,3R&):8- 1(%@@@@@%51‘;&1@&&(5)&5&%011 (XRPD) pattern of a erystaﬂine sulfate

dihydroxy-propiony Inoi - 1)oct-3- nza

S G AT R SRR R s e IR

a.am;eya@[grm}aao&ynmzsh@mmmmm group with respect to the
8-azabicyclg[3.2.1)oct ou indicated explici ther:c m n. .
nomengafifeti e a(égf%%‘ﬁ ﬁ&W%rfﬁm%nﬁ% ino p%r? 2 Eﬁ;ége vertical

wﬂ%@ﬁ@!ﬁﬂﬁaﬁﬂé@iﬁbﬁﬂé&l@%@s&@(@% &ahmm&ma@pﬁsamm '

or () -2,3- d|hyd op alt For on In one
ey UHte S RESRIGH BTG e@n@ﬁaﬁf ohexgiel @cydé’i S etnyl-
prﬂ@hﬁy@ﬁthﬁdwwn@mmwimllmﬁhwe&l&wﬂmmm&Zﬁﬂi}wﬂﬂeﬂ@mﬂ

zamide sulf In one asp ect the cry Ifate salt of t
pres ﬁg}ﬁ@? %B}Y"%acﬁ r|ze Zy 5 % fs tlgsgﬁlme sulfate

sa(%ﬂ“ BE2y:gat(er mm@yﬁ@hmmmwb(diﬁ&&ﬁmmk$~praﬂtﬂilm@athm@] cfhyl}-8-
3za- 1cygln?3f%ulr] -y igclfr{%%.rcr%%n BF %ks na'}fte% lva}lues selected from

Figure 4 shows an x-ray powder diffraction (XRPD) pattern of a crystalline
hydrate of a sulfate salt of 3-endo-(8-{2-[cyclohexylmethyl-{(5)-2,3-dihydroxy- .
propio.nyl}amino]eﬁxyl}-S-aza»bicycio[&z. 1]Joct-3-yl)benzamide of the invention.

Figure 5 shows a differemlal scanning calonme{ry (DSC) trace (right side vertical
axis) and a thermal gravimetric analysis (TGA) trace (left side vertical axis) for a
crystalline hydrate of a sulfate salt of 3-endo-(8-{2-[cyclohexylmethyl-((5)-2,3-dihydroxy-
propionylaminoJethyl} -8-aza-bicyclo[3.2. 1Joct-3-ylbenzamide of the invention. '

- Figure 6 shows a dynamic moisture sorption (DMS) trace for a crystalline hydrate

of a sulfate salt of 3-endo-(8-{2-[cyclohexylmethyl-((5)-2,3-dihydroxy- '

propionylamino Jethyl} -&aza—bicycie[i%.z,l]ocf-B—yl)benzamide of the inventiom:
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6.58+0.20, 7.5210.20, 9.350.20, 14.6910.20, 16.0110.20, 17.4510.20,
17.9910.20, 18.6210.20, 19.760.20, 21.1110.20, 22.070.20, 23.1810.20,
23.7410.20, 24.5610.20, 25.6310.20, 26.450.20, 27.8610.20, 28.310.20,
w2edhM0:28; 30.5910.20, 31.5810.20, 30 33.890.20, and 36.921Q:200¢m02583
particular, in this aspect, the crystalline form is characterized by an x-ray

powder diffractignrpaitern Ravirertivared ese: dififpgievpeeksincluding
three_or more and four or more diffraction peaks, at 20 values selected

from 13%68YETS0n R 14%s. o6t 2dlins 58lBsed. 963 d 2818110, 20,
[cyclohexylmethyl-((S)-2,3-dihydroxy-propionyl)aminojethyl} -8-aza-bicyclo[3.2.1 joct-3-

yh)benzamide or a solvate thereof,

Definitions

When describing the compounds, compositions and methods of the invention, the
following terms have the following meanings, unless otherwise indicated.

The term “therapeutically effective amount” means an amount sufficient to effect
treatment when administered to a patient in need of treatment.

The term “treatment” as used herein means the treatment of a disease, disorder, or
medical condition in a patient, such as a mammal (particularly a human) which includes:

(a) preventing the disease, disorder, or medical condition from cccurring, i.e.,
prophylactic treatment of a patient;

(b) ameliorating the disease, disorder, or medical condition, i.e., eliminating or
causing regression of the disease, disorder, or medical condition in a
patient, including counteracting the effects of other therapeutic agents;

(c} suppressing the disease, disorder, or medical condition, i.e., slowing or
arresting the development of the disease, disorder, or medical condition in
a patient; or

(d) alleviating the symptoms of the disease, disorder, or medical condition in a
patient.

The term “solvate” means a complex or aggregate formed by one or more
molecules of a solute, 1.e. a compound of the invention or a pharmaceutically-acceptable
salt thereof, and one or more molecules of a solvent. Such sclvates are typically
crystalline solids having a substantially fixed molar ratio of solute and solvent.
Representative solvents include by way of example, water, methanol, ethanol,
isopropanol, acetic acid, and the like. When the solvent is water, the solvate formed is
specifically termed a hydrate.

The term “crystalline sulfate salt”, or alternatively "crystalline sulfate salt
(anhydrous form)" or "anhydrous sulfate salt", as used herein means a crystalline solid

that does not include a substantially fixed molar fraction of solvent molecules in the
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WO 2008/106159PCT/US2008/002583 As is well known in the field of

powder x-ray diffraction, peak positions of XRPD spectra are relatively

less sensitive to experimental details, such as details of sample
wprapamtion and instrument geometry, than are the relative peals/heighisorsss

Thus, in one aspect, a crystalline sulfate salt of compound 1 is
cigbaidetesizéd. iy amxe i@ powdashdifftaction patemde whighcthepsak drates,

sitions are suh tan.t}all in accordance with those shown in Figure 1.

O%%g %ng%ﬂfh%r%@ﬁ}% &t B%@lﬁgs been further characterized by single

crystai xruayrdiffeacticinqnalysid, iprovidiag thadolowing |atieeipaametres:
Siuni cell is g);,th,o(ihor‘npic with dimensions.a = 6.82;9 A,%z =16.2275A,c =

BAA2TRE10 a 2= ot O VBIMRS (U o SRR e LisRs P
caleasitydsly 3@ glem3hspage.group is P212121(#19). The resulting

molecular structure confirms the chemical composition is that of the

sulfate salt of compound | in a 1:1 molar ratio of sulfate counterion to
Acovepbead 1 and that the asymmetric unit cell does not contain water or

other.solvent molecules. X-ray powder diffraction peaks predicted from the
derivé?i’ el%cgf'g e PS |ocn§rg%(‘?é1[?itnsaégt<%é Bty F@éﬁ%ﬂ?@vﬁh’ﬂ%%%%endo”
(SXRADgatterplmethih-GEptherdispéot; theqrystalline suléaiel satobthe

.Qr inyention.is characterized by its behavior, w osed tg high
A e A DA Bt T IS, IR e AT G

raturé. As
imgdtonitn ety B CNvacecdfvaa gy istalinersarB plesexdiGitsodl peakitfrt,

thermic heat flow. identifi ansifion, in th of

O OB ) R e Tk e R AR e Cr oA e

digpdmysyrorsigrifiiCantinalighy 1bss atteoyplefatdrep beloy)tha rnealdeg Phintame
| it imatel ing, , It

e e B e RO P S

et.
tation of the
another aspect a Crys Ine su e salt IS characterize S are?lt

subbsiotpfiohspéenum witictesons sigrificabigbsgiidideandahabodicated

; 7. 1036 3,1105,1471,,1231,.1277, 1375,
15 a3 R L e e I 98 ey
Preniesybagisghpastivn of theoryatafiivd svifate sl of gomepgosr)-hasibeenoxy-1-
OX%SFBB%L@EQ I S‘)V»%% !&Yl?'rcﬁ@%g? ity-%%%$orption profile with an

exceptionally low level of hygrosc ess than about 0.3 % weight
gain in the humidity range of 2 % relative humidity to 30 90 % relative

g pumidity A reem temperature) as shown in Figure 3. Additionally, the

crystalline sulfate salt of compound 1 has been found to be stable upon

expoSuPEasERateriitairpinRie ed turiadine AfedsiGrdgd foelahwedisethyl-
((ﬁtﬁ@-@hyéi@@%&%ﬁ}ﬁ%ﬁlﬁ&ﬁ%‘?ﬂgﬁm—%ﬁé‘&10{3 2.1%oct-3-yhbenzamide

sulfate.

In one aspect, the crystalline sulfate salt of the present invention is characterized
by an x-ray powder diffraction (XRPD) pattern having two or more diffraction peaks,
including three or more and four or more diffraction peaks, at 20 values selected from
6.58+0.20, 7.52+0.20, 9.35+0.20, 14.69+0.20, 16.01+0.20, 17.45+0.20, 17.99+0.20,
18.62+0.20, 19.76£0.20, 21.11x0.20, 22.07+0.20, 23.18:+0.20, 23.74:+0.20, 24.56+0.20,
25.63+0.20, 26.45+0.20, 27.86+0.20, 28.31+0.20, 29.54+0.20, 30.59+£0.20, 31.58+0.20,
33.85+0.20, and 36.02+0.20. In particular, in this aspect, the crystalline form is
characterized by an x-ray powder diffraction pattern having two or more diffraction peaks,
including three or more and four or more diffraction peaks, at 26 values selected from

14.69+0.20, 16.01+0.20, 21.11+0.20, 22.07+0.20, and 23.18+0.20.
0
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and 75 % relative humidity, analysis by HPLC showed no chemical
degradation and there were no detectable changes in the DSC, TGA, or
XRPD results. In another aspect, the invention provides a crystalline
whydratenefsa sulfate salt of compound 1. 5In one aspect, a crygtaltingnos/oco2583
hydrate of a sulfate salt of the present invention is characterized by an

x-ray pewdesitiffiaction eRR2) Tatteradhaving Jwe ke diffaatiens of XRPD
eaks, including three or more and four or more diffractjon peaks, at 20

5 Rﬁ%&fﬁé@f@f@é LT N0 OSB! 2t g 61 890 250 %3 Fp b ermple

pRb6h20126:030:20, REA4E0, 2028 HLQ AN ASsEE0 2023, 89165 20, one
29.4510.20, 16.701%.20, 23.0010.20, 31.2210.20, 18.590.20, 24.2010.20,
aSPPRA BN UBL 515628 5 et uas 1 M 609EC18BAE B 6rgRy powder

di368950 2Otdm particlamépthis aspeshsthe stystatingiiommdsordance with those
characterized by a x-ray powder diffraction pattern having two or more
S%ﬁ/rrégﬁgf’gﬁ@a]ks, including three or more and four or more diffraction
peaksiat ZOsuallirs selected:tiars A4 1o 20hEi8ch A 207d P60 R0crvstal
19.9 ?20,. 23.0010.20, and 24. Olé) %O. 15In another aspect, a,cry?falline
L T A e A T B RN T L SR R
oplewhientifract dipattenms in whighithd peaki positions, are substandially in
accordance with those shown inéigure 4. The crystalline hydrate of a
i

o Suftdig 52103t tAl rhueh{IVENHOIIS Aise eivalsekhventsilsidindmantsnace
g3eANsing, saigumetry KDIGHAs e WRIGh-LXRIRiS Q. 28-8RANLNEHRIE 21

events: a first peak in endothermic heat flow in the range of about 125 to
coippRIt1a3E Bt Yeconiiseak v arenraigd dfiaBoul Trsprabecf 185as
cob R e ARt Bl AT AN th A Okl fin ARG AL Ag UM SALSAL A RigiiEor

5. The thermal gravimetric analysis (TGA) trace shows a first thermal

otageirisetvee s alsut Soaneraststtiducianp srke sorticisd fiear shederived
atbehweer @haul-d 4006 RROM LR Lt AMRIYRISBY:F24 RRuPIeH ayvith 1R

of the material vaporized in the first thermal event is consistent with a

hydradfe CEhpoineTH KB Fgstbue ShEasorl igtiikaerprentiprension is
cHe@iBReLBE ty st fadavior when exposed to high temperature. As demonstrated in

Figure 2, the differential scanning calorimetry (DSC) trace of a highly crystalline sample
exhibits a peak in endothermic heat flow, identified as a melt transition, in the range of
about 190 °C to about 205 °C. The thermal gravimetric analysis (TGA) trace shows no
significant weight loss at temperatures below the melting point. Thermal decomposition
occurs approximately upon melting,

In yet another aspect a crystalline sulfate salt is characterized by its infrared
absorption spectrum which shows significant absorption bands at about 430, 590, 639,
705, 867, 1036, 1053, 1105, 1171, 1231, 1277, 1375, 1391, 1452, 1476, 1553, 1596,
1639, 1664, 2852, 2907, 2928, 2967, 3168, and 3357 cm™.

A crystalline sulfate salt of compound 1 has been demonstrated to have a
reversible sorption/desorption profile with an exceptionally low level of hygroscopicity
(i.e., less than about 0.3 % 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 sulfate salt of compound 1 has been found to be stable

upon exposure to elevated temperature and humidity. After storage for 4 weeks at 40 °C
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Surprisingly, a crystalline hydrate of a sulfate salt of compound 1 has
demonstrated low hygroscopicity. As illustrated in Figure 6 the crystalline
hydrate exhibits a reversible sorption/desorption profile at room
wienoperatuse over the entire range 30 of about 2 % to about Q& %susiedie 2583
humidity with less than about 0.3 % weight gain over the entire range in
arfel2five hlumidityumidifihese yeioperHEs .of dhexsal o smerot dhite frventionand there

Wg%%&%ﬁﬁ%%ﬁ : the@%&g %mt%%?&'éedﬂ%s The active

agentndesttier @r{c-{oyel ahexylmethiylid(S) a8 siidedKyirate of a sulfate salt of
oplorgol)amino]ethyl} -8-aza-bicyclo[3.2.1]oct-3-yIThenzamide, can be
%P from 5 readily available starting materials using the procedures

descrihetdnspectxanyplsitihelodree osing:thedyacedieprdesaribeehiton is

the com -assigned U,S. applications. listed in the Background section

S e e SRR AT
d1$'ﬁleto®fbth§emw?mtﬂﬂdkﬁ@fﬂib@r@ﬂrﬂb‘réaﬁ%gﬁx@@@%@mmon peaks, at 20 values

SO AR T bty T B A0S (2 20t L7903l 02 iR 456020
195 0. abpm 63"&@@1@2 EgshEieEnts] mmogzakxmﬁolzmdmeﬂo!ym@w%o.20

R ASEE RAoan et okt Gt b U tinig Hbote B 020,
3abew.66 SdSditdie Meridiuehisiancludds fgypeeﬁame leryeetin@nghm is
tqu nei hloromethan combinations such as toluene and

T DR e AT A Bt B Foa eatine pesks,
maﬁdlwgtﬁfeﬂbﬂddﬁmmf&imm@kﬁﬂﬁawaiﬁ phegikebinatich eeRYIsiNg from

Si se d|I reaction mixture with a
LSRRGS RGP CE bt vl it et
getwaeaaﬁlﬂwtaE@eaﬂdd al@/@sab uihwhmﬂw@ga @&ﬁﬁaarleﬁtamm&;]fﬁfd 1is
etween about 2 and about 24 hours, with optjonal agitation. The mixture
Chafsglt%ézsﬁgpéa“z‘bwﬁsm%é# f%atﬁ%l%%ﬁt%cg Bamsg R soRIme e
supetiatally xﬂmmmm@ketthmmfsm@aacﬂomg@@rystalIme salt of the
invention is | ate mth t|on suge b\g/l conventlonr#ﬁmeans
such asfiltra |oﬁn%o Fﬁr gﬁtﬁ t8RP Hé‘Y?éu%fé tively,
chthvecteyigtal line s ulffitecnt it eammtgarmh&ﬁnen@r@sby %deemtal%taﬁﬁﬁm t0fo
toghh drate form. T e cre}/aitalllne h dratel dlsrgersed n an iner Iuentzags
to

B ASha ncelrzlltfmuon SFRSIvEE A IB it BedARES Y A !
abmg/h33 Rﬂbmahmlseomaimahamdtmtgeaﬂmhmaﬁdﬁ tinaddatioBefffonhen analyzed
t.9:1, are rtlcul eful diluents for_this reaction. The. .
atlgetfélctailog mmtﬁ?g '?s%”l |enta|rﬁ%?j'aaatstemg/te&r%féjregl | e§rari-g£e %1‘65‘518 %“fﬁmemc
anabsist 6558) typicalywith fagitttiomaiorveatwesveen about 60 and about 140 °C and

a second thermal event between about 140 and about 190 °C. Analysis by TGA coupled

with IR of the material vaporized in the first thermal event is consistent with a hydrate
composition having about one mole of water per mole of compound 1 sulfate.

Surprisingly, a crystalline hydrate of a sulfate salt of compound 1 has
demonstrated low hygroscopicity. As illustrated in Figure 6 the crystalline hydrate
exhibits a reversible sorption/desorption profile at room temperature over the entire range
of about 2 % to about 90 % relative humidity with less than about 0.3 % weight gain over
the entire range in relative humidity.

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

Examples helow.
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30 about 1 and about 24 hours, including between about 1 and about 6
hours. Typically the reaction mixture is cooled from about 65 C to between
about 5 and about 20 C during the holding period. To improve the yield,
withsovohemesof the solution may be reduced by about 50% befarehsidiago2ss3
the reaction mixture for a time period of between about 1 and 9 WO
2008/106159PCI/US2008/002583 about 24 hours, including between

g about 1 and bout 6 hours, at a temperature of between about 5 and
esulting crystals are recovered conventionally. Both
the cryiséaihﬂeaagéate$aimmsJtlffb»mx&tﬁihmgﬂﬁydrﬁte(@j‘ the sislfatesalt of
compound.1 ntag repared.from the prqtected precursor,
PR A 1 A HSEAToB T A Lt s DETata T b v ety grom
reafiéntviliipkotectad: &Iﬂ&mﬂm@mg the procedures described in the Examples below,

cl hex 2-oxpethyl carbamlc Cld benz ter, regenerated
Off}‘é}ﬁ% ‘[Yﬂ § dsdéc%cgig%}cé&p - pImon yasmgnecy {Jeé appli ationsahsted i

thaﬁani@cﬁrmia@eyﬁjoﬁakﬂsla]mh&mg benzamide hydrochloride 4 to
provide rotec d|n rmed| te5 wh| sde ected to provide 3- end
{8-[ %cycﬁcl)%exyf1 mlno?ét%y‘ﬁ- -alfl 2% Bligycloi%%ﬁg ot §eﬁi)(m '8 pmpamd

b}b@mamm@?s@eﬂea(@ {)21» Wmmthﬂ«(/qﬂmgﬂwmhydmxy-

45)-2.2-dim dIO olan yla rovides the protect
g s e e S S S
1. E&i(@lm@ﬂmw{pmnylﬁ!&-@zmtcym% 2adiveketiB efljulfuric acid. Generally,

eth clohex thyl-amide 5Praotected intermedia o
m%:sorr%aac(% 2d With gn%v%én about 0d uen aébao% RE %regquwg?gn?g %%?c%tffmm Cto
abmibb G I&olaﬁodm:gZbecqufiﬂhtermtsmﬁf@q‘tﬁéoﬁsamﬁfmrma@iduWLMﬁe for

) %}I%anth%flf{ af ?tn}/l acﬁtgltx?oor ISC OQ yl a(% géat%iﬂaah(% tg:gn@gratltl n@ and
etiveen abotit 20 out 3 8% sécond- diltent, Which is misc ?
aommthéeréarkﬁmm ad chinton@1 08BN 06 K5O PCHUSRNOSOD 2583, in
| [ | 4 C Nt J 10N
oG 418 BRI 228 30uRE KO RN RL T JERRR Ling these
dilge@tp;@a;r hpsitivrent fonee patlod ehisenwed pnapDat® eand s it 7121 lebarg

ad®Rulling '&aﬁerege&ém&{ SRS agdBasagtf%m%@qﬂéflyb%&%@g%&d for

grade solid sulfaté salt of compound 1, which
between about 2 and about 24 hours, with optional ag1tat1on The mixture may be cooled

to between about 5 and about 20 °C during the holding period.

Upon completion of the reaction, a crystalline salt of the invention is isolated from
the reaction mixture by any conventional means, such as filtration, concentration,
centrifugation, and the like.

Alternatively, the crystalline sulfate of the invention is prepared by
recrystallization of the hydrate form. The crystalline hydrate is dispersed in an inert
diluent as described above at a concentration of between about 5 and about 400 mg/ml.
Methanol, or a methanol;water combination, in a ratio of from about 3:1 {o about 9:1, are
particularly useful diluents for this reaction. The reaction mixture is maintained at
temperatures in the range of about 0 to about 65 °C, typically with agitation, for between
about 1 and about 24 hours, including between about 1 and about 6 hours. Typically the
reaction mixture is cooled from about 65 °C to between about 5 and about 20 °C during
the holding period. To improve the yield, the volume of the solution may be reduced by

about 50 % before holding the reaction mixture for a time period of between about 1 and
9



5 typically predominantly the crystalline hydrate of the sulfate of

compound L The intermediate grade product can be isolated

conventionally, for example by filtration. The hydrate form may be
woltaigresh Iy recrystallization of the intermediate grade sulfaterprodsmiydonzsss

example, by suspending the intermediate grade product in acetonitrile with
abheatbachadding wateg t@fp{&'ﬂ?}&@&S@dt'u‘?auggr?lglﬁi@,fﬁm@ﬁp&rdamre gg‘ bgtween

temperature, a isqlating the recrystallized hydrate form, as describe
a?ﬁ‘ﬁ%a%ﬂé%bﬁ%%%\%ﬁ ' ﬁ'ﬁeéqﬂt};ﬁ A AR ST B RBBtEd Bhay be

obtaitediranctiyeiftieesediniegrade selichpradust Bfdhe-danretaation sali of

step described above. Th intermgg%igte grade product is dispersed in an
C?ﬁﬁﬁ‘ﬁ?ﬁﬁiﬁf%ﬁ?’&ﬁ%@?ﬁ RAFRATER & RO SPGBt aB bt R BREG 1-

5 Aakest-QQ mgl‘ﬂﬁ bxiélqiwii Bgzm;w%mﬁ@ewh@@cﬁme @igmét@@@mgém& dBehyde 2,
Surprisingly, i een determined.that.a methanol and water )
N e A 6 o8 it AN ot SRERI S
biabidise 28U viatercandbetivean-aboys 2and.ebort. 25 Mowatas dsrasalsl
djluent for preparing an anhydrous crystalline salt. In_particular, a .
ARG & el Gt RIS G oAb s JERURISIAG (ssBraice >
eddsrEerystalizainniafdhelintehdipadiale gradempraduct 101 theanhydeRsmide 6.

sulfate salt of the 20 present invention. In a typical recrystallization
process, reaction mixture is hefated until complete dissolution is Nitz
obtaingo@ example the reaction| mixgUreis éatéd tojabout 65" an
E;Ifi}e@@led to betweensabout 5 and a over a|period of be

Qfé,g{%l about 24 hours. Optionally, seed cr f the anhydroyis
sulfate slt can be added when 25 the reaction mi is below-the-———
dissoluttbn temperature. The resulting crystals are recdvered
conventionally, for example, by filtration. According to yet another
precess, the hydrate form may,be prepared from the crystalline sulfate

(aphydrous) for ypically, the crystalline sulfate is first converted to a
mare soluble,@modrphous folio, for example by lyophilization or rapid

ev p'o{f*ﬁo? a 30 solutipnwprepared from the{crystafline sulfate “Fhe:
anorphous ¥otid atateri | iIsthemdispersed in an 0 lvent
onatly

system, for example>s/'water and 75 % acetonitrile and opfi
agitated for a time pefiod, greater than about 12 or greater than about 24
hours, at tempegatures in the range of about 0 to about 65 G. Typically,
the WO 2008/106159PCT/US2008/002583 temperature is first raised to
Registion 6% Gtemebthan fowidhd ditoriveihiBehZatiout5ydricBabiont20et-Thbox ylate 7
' Ij r f2:N overe ntionall —
P e B 2 e P SBIR cagng i
[3drovidesoprobessict-praparitig(d . erystatito$etintiesalobhoompbyirahtide 8
the process comprising: 5 (a) contagting a protected precursor to
compound 1 in which the hydroxy géoups are protected, with sulfurico

to form a first reaction r’gixture; (b) isofatifg an intermediate gra

su saf of compoun Hm the first réaction mixt re; (CHii @]
the Tntermediaté‘grade soid suifatesaitin a diI prising ry D
to fool, a second r | ixture; and (d) isolatifg tfe ¢ ;;klline sulfate

anol
salt from the second'teaction
6 8

10

idH;

%,

15 Protected intermediate 8 is contacted with between about 0.8 and about 1.3
equivalents, typically about 1 to about 1.2 equivalents, of aqueous sulfuric acid in an inert
diluent, such as ethyl acetate or isopropyl acetate, at a temperature of between about 20
and about 30 °C. A second diluent, which is miscible with the reaction mixture, and in

10
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10 mixture. Further, in a composition aspect, the invention provides

the N-cyclohexylmethyl(2-oxoethyl)-carbamic acid benzyl ester bisulfite

adduct 3 useful for preparing compound 1. As described in Preparation 1,
wihedbisuliiieyadduct 3 can be prepared by reductive aminations@f151008/002583

cyclohexanecarboxaldehyde by 2,2-diethoxyethylamine using 15 sodium

wiigeetepaiehidusesdaltawedbyi additan . af anAMINR-RIYL HRG.SE0UP,
deprotection of the aldehyde functlonallt%/, and conversion to the bisulfite
K

ASHIOURY Pesefidh s stranhBraRtitd ha rersEavaT xHe Asifia rellyctied for a
pépnaligawamhe parfored fi catabidic hydregenation-iiaRIss compound &

hydrogenation catalysts, include, but are not limited to, palladium,

afirionrd i medé e st lidoplairraleniraneompdsitibind is
yphaigrystalbine-suliate salt tarms-of the doyention atg.typically adminisiered

. to a patient in the form of a pharmaceutical composition or formulation.

R RS ATt BIRAE SATpSsiishie i eabetignatisireer aple alidin
any acgepiRiecrRie Rhadmiyaialion, RUBAING DA AIMitealios Qe grade

rectal, vaginal, nasal, inhaled, topical (including 25 transderma&and

S e R T CRfeSBF Rt SRt P2 (e cRtsidRegiy!sirare BipRact in acetonitrile
whameasiionsiaspestsy theiprRatiandsidiresteddnm Rharmacewicakbrature, and

. composition comprising a pharmaceutically-acceptable carrier or excipient
St it e e e e

compDihe-ls@naseiiaie: hereotoPpioRalymekah RRarmaceyticale intermediate

cqomposjtions may. 30 contain qther therapeutic and/or formulating agents
B Rk PG o LSRRy SO SR SRS ORI &t ddE tRSTBRb R ate

prift:énveotipasiicindasibe anysialivg sutiate sait slaompesnd agNelbtween
as splvages, in particular, the hydrate, thereof WO
08 £ OGO D& S0 SUSEBE be et piracEd s BBk
Swpthenigivention tepicabiesaniainiatherapruicaly effestivmamauph ol bR up to
It of the invention. Typically, such

25a(%ive agent, present in the form of a_ s >
b °a‘?’r%‘§géﬁﬁ]c‘:g‘%eﬁ$g§ﬁfbﬁ Ot EBAAN S dm dp8aED. 31 BhEEEoabsy by and
abweidlitshtheqdliveagent; prefefablysdromeahomth decaborisElfadyah. In

eight; and more. preferaply from. abput 10 to about 60 % by weight of th
Sl e e R AT R

repfya@ﬁézaeiuﬁaa‘{ tbempasitidis ofthk ipvdntior eenthalce:obdl fasrtislilar the

Pr%%er[%%é‘d)é%gzr&tﬁ%i;ﬁ;nnk:)iEaggzs of carriers or excipi_ents, will _depend
g used to treat a particular patient or

type bf atepical monditidieaidigrasesstate réadiiie mixture is heated until complete
dissolution is obtained, for example the reaction mixture is heated to about 65 °C, and
then cooled to between about 5 and about 22 °C over a period of between about 2 and
about 24 hours. Optionally, seed crystals of the anhydrous sulfate salt can be added when
the reaction mixture is below the dissolution temperature. The resulting crystals are
recovered conventionally, for example, by filtration.

According to yet another process, the hydrate form may be prepared from the
crystalline sulfate (anhydrous) form. Typically, the crystalline sulfate is first converted to
a more soluble, amorphous form, for example by lyophilization or rapid evaporation of a
solution prepared from the crystalline sulfate. The amorphous solid sulfate material is
then dispersed in an agueous solvent system, for example 25 % water and 75 %

acetonitrile and optionally agitated for a time period, greater than about 12 or greater than

about 24 hours, at temperatures in the range of about O to about 65 °C. Typically, the
11
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10 regard, the preparation of a suitable pharmaceutical composition for a

particular mode of administration is well within the scope of those skilled in

the pharmaceutical arts. Additionally, the carriers or excipients used in the
wphagrasestical compositions of this invention are commerciglfyravaiahiezsss

By way of further illustration, conventional formulation techniques are
telgretibediinfiRe misglas abbe: SsianeadndPractes of berRharamaty 20/ about

ition, Lippipcott Williams & White, Baltimore, Maryland (2000); and H.C.

2 e e DA AR BB RO SNt LG BTG By oterms,

7th EdittendinigipinscthWilianaspiVVhiten Baltimarecblesy|andif8989n provides a

Representative examples of materials which can serve as .
PG AL LRI ACCUEILNS AT SHHIhGROBIP ATl rOIRRESI 6O BRrising:
(afodtoming: S 4 gasssSe Braslasioses; o20hgluRDSeron i ShieRe S8 RRICHRSps are

such as corn starch and potato starch; cellulose, such as mjcrocrystalline
P OATIRes A L oAU IOeer S, A S EBEH Bk B CIF PLER D eTmediate
grethydotielislobeand sedulosauacatateipowdeseetitrgacantnire all gefatiing the
._talc; excipients, suc cocog butter and suppasjtory waxes; oils, such as
m%é‘alﬁu%%%%%%ﬁ?i@@?ﬁf%ﬁﬁam B RS SR IR B LB Arigeond
resoyheanxoiligyodle) sudatas prepylensli2b glyeal polyals: suchasd reaction
mgﬁl}/crerin, sorbitol, mannitol and polyethylene glycol; esters, such as ethyl

Gleate and ethyl laurate; agar; buffering agents, such as magnesium
hydrdxideeanic alcwnipusivioydrgxicie ial ghviensicd ppyriage thlr eedvetesx yimethyl-

isotonic saline; Ringer:s solution; ethyl alcoho|; phosphate buffer solutions;
29% %%?’ ”%aénbﬁ- oi(?cg%ig%ﬁlé@élS%?fb%ggﬁi%saé)fh‘gﬁ/g%%}Jﬂﬁpﬁ?gégﬁﬁcal
cozomposditions: RRBHarinacettiasdtaimp dsiticies! Are dypieallypraparag 8yd by

oroughly and intimately mixing or bl in e active agent with a )
e R RS P b e e o AT BF r oY apoaretatns
sofihenresultiog yihoifimly ddefudirava Xty ed dgio thetub ershaped (M@ g group,
2008/1.06159PCT/US2008/002583 or loaded into tablets, capsules, pills
R L Er oM o e B2 ar BB IR HE R et by
rephanmack utidalrodipisitioAstefntitey shyahtidniaserpleterabliackageshinea
unit dosage form. The term "unit dos form" refers to a sicall
P A ol o ST e A g e bt are
nop ledeterini pel ajiantinjaiactived jemegaltiatteat4bymroduce the desired
therapeutic effect either alone or in combination with one or more
itHasmang piORamplectich unit dosage forms may be capsules,

PGy

tabl?ﬁ%eqi t@f?ﬂé@gl%l%’Sg[t%mgqﬁ\%ﬁ%%wgrgoﬂgﬁ%aﬁn%%%hinister]pd toa

administration. In one embodiment, the pharmaceutic ositions o
Py ErtiBATaIR, suthiiblaag erfénad raaiirmiissuetiGnu S atale Such pharmaceutical

coRPRIRRGEWICALEAMAASHAR] f8r Ll AdmipiSERIon May Re N e form At ration

capsules, tablets, pills, lozenges, cachets, dragees, powders, granules; or
ingladingo Ritfaip ohimises e msidrastah wnirdusastinbhgldonis thlinglsling
tréfdermal) and parenteral modes of administration.

Accordingly, in one of its compositions aspects, the invention is directed to a
pharmaceutical composition comprising a pharmaceutically-acceptable carrier or
excipient and a therapeutically effective amount of a crystalline sulfate salt of
compound ¥ or a solvate thereof. Optionally, such pharmaceutical compositions may
contain other therapeutic and/or formulating agents if desired. When discussing
compositions, it 1s understood the term "salt of the invention" includes the crystalline

sulfate salt of compound 1 as well as solvates, in particular, the hydrate, thereof.

12
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oil-in-water or water-in-oil liquid emulsion; or as an elixir or syrup; and the

like; each containing a predetermined amount of a compound of the

present invention as an active 15ingredient. When intended for oral
wadmigisiaton in a solid dosage form (i.e., as capsules, tabletg;mpills@8@o2533

the like), the pharmaceutical compositions of the invention will typically

compiise ﬁhmaﬁmlagmﬁrﬂ@@bmﬁ@ﬁmwmmma@%@mﬂly@mﬁ&table
carriers, s sodium citrate or dicalcium phosphate. Optionall

RO, e AN s O ST HR) RIS B PR el GFIL of the

;reo@tetaﬁtersypttﬁttmmmhﬁﬁamefmm&tﬁtﬁjaetﬁetm{oﬁpedﬁtﬁﬁﬁﬁeﬁ%@m.t 10

BV ToLE: SUatSEo TPy D RO RIB ML ISy

watgta/t@raﬂ@amae ﬁmﬁam:t@nmnﬁta@mm glyﬁzetsahtohalmt&grmm@eeﬂtea&u%agem.
as agar ?ar caluuT carbonate, patato or t%gloc starch, alginic acid fl
1165

certai OO PR Th eSS RLTE S BT tRS %tﬁlgt%li’afﬁ&%é‘@ﬁ
c@uphs&&}ﬁabﬁfﬂﬁ: iabsaiptioThechlsmtors, ;smﬂhta&quﬂtefr@ama@tmmum

ounds ettin ents,.such as cetyl alcohgl and/or glycerol|
AT e LHE BEFHS O m aB AP BHROR M Aaaytration being
usl&kbttﬁ:&ﬁksathcﬂﬁtaimieﬁlﬁump&teﬁfﬁfﬁ)dﬂ&@iﬁﬁm @teaeate, sald In this

| s, sodi | sulfate, and/or mixtures thereof.
B BEALE N LTINS SO ACALRPAES ncheg e fzode of

adzoatisigaage mgyéweetem irheg, s‘d:apemf ghanel sheiitdming agenisaaraseivaties

X ?1&?35 x@gnts cgrg 8.1[50 Cb}e sent nt hermrggceutlcgl com os,ltlon%ﬂ:1
?]t & ven on.rExam S gf armaceu yacc%%té%? RRSESREC! this

inglitide awatm}smhatﬂﬁyamtmaﬁmt@)swe& aﬁfaﬁherblmammoayste:mﬁénal

fo\xlzvnoiazggt?% 59PCT/ 6528 800 emm dro%?‘loétde sodiu rblSlfgate
|um meta guﬁséf‘e S6ditim suttite™8H ﬁel & oif u%f‘ ?Sm ants,

Plsuwlma,& aét?dﬁayiqaammdauwamswM@meatemymmand (2000); and
Gl 80 o PP S P, Bl DL 100 BN 7 Hhicon,

meta fing agents, such ascitfic aci erneglamlne':t'e a5d8nd
Lippidc e rditt atar s i Bissi BB althosphdviersiziod 4tRPtHe like. Coating agents

for taﬁ'e%ﬁ%% ﬁglegxa@d e%nct %b%?eﬁlsu\g« lt;hose used for nteraligecu %%ﬂgs

such as ce se acetate ate polyviny! acetate- pahtPt
amw@typa@pwsm@ﬂwmémmermmm tm@thafet@ﬂmagtd%amylus Jactose,

ctesageeatg &aegtvqwam ellyl ﬁ@ﬁ%@rt@rﬂﬁt [té e, SARoXymEL, élgteet'tt;h as

cellulose, hydroxypropy met ose acetate succinate, and
mmmﬁﬁ&tﬁ&@é@ﬁﬁaicrs‘@n@q@dsﬁtmmwﬁresmehtv@mwdaylat@dabeyﬁomhulatewiose,

etﬁ?l@&ﬂ%e and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients,
such as cocoa butter and suppository waxes; oils, such as peanut oii, cottonseed oil,
safflower oil, sesame oil, olive oil, comn o1l and soybean oil; glycols, such as propylene
glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such
as ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solutiorn;
ethyl alcohol; phosphate buffer solutions; and other non-toxic compatible substances
employed in pharmaceutical compositions.

Pharmaceutical compositions are typically prepared by thoroughly and intimately
mixing or blending the active agent with a pharmaceutically-acceptable carrier and one or

more optional ingredients. The resulting uniformly blended mixture can then be shaped
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slow or controlled release of the active agent using, by way of example,
hydroxypropyl methyl cellulose in varying proportions; or other polymer
matrices, liposomes and/or microspheres. In addition, the pharmaceutical
wooRtgasitions of the invention may optionally contain opacifyBgragrents 002533
and may be formulated so that they release the active 15ingredient only,
ordppledereatisily;incapseltaipibloriohibt fhe gastgointestinahtiaotyaptionadlyd
o i&a dﬁ%lfslyed manner. Examples of embedding compositions which can be
L heiude polymeric substances and waxes. The active agent can also
be inThicphencapsutatedifomm;tibappfopeiateswitn eneporfmmay phtheged in a
uné g n%fs%i%d?? ﬁ%ﬁ?@&efgggﬁ%y%%%%?ﬁl:Jsli:'%%u (E::?"s W% 5%'§'s'§c£ gf%ﬁgcl:rete unit suitable
fopHasmaeautically-acceptable emmtisions 2 micloemulsiong;solgticns;tive agent
ca§|g‘:u§8t%§§'c9”§dd§}é%”f%3 aé‘sﬁr%!i)%%%;a'gﬂﬂig 9@@&%‘? f%%@%;%%p'x‘?%'&frﬁg%ﬁﬁs% with
the active agent and an nert diluent, such as, for example, water or other
orgolvembs; sdfivilizihg dgehty ancharulsifibrenisdohags &thyk ateehiel capsules,

| l, | Lacet | alcohol I
e e R A P R e
grourrirot, gobedgesn, tivehaastorwivdsesapneitdis), dlyfoemtention are suitable

fo}%tﬁ[@;tycgﬁ%%ﬂ\%%qr@ditﬁg% %@ﬁg&gl}/@%@é@%%é%%%g%q %ﬁeéﬁrgfnistmtion

sorbitan, and mixtures t Suspensions, in addition to the active
migdrediche, fvray doreinlsuspelnting by cntsseesh ashits, ekagpiepowders,

erfilRyated J%%%ﬁ%%%%ﬁﬁﬁ&s@%%ﬂ%& Yens i?[ﬁ»iﬁ% %Eé)ﬁ%i& ) or as an

_esters, mlcrocryst_allir]e _ce! ose, aluminurm metahydroxide, bentonite,
olpjaagarandagaca htrugcamds ivixtores thaleof. oFwrvaltersk thidike; each

com\éﬁﬂﬁ-g ) ﬁ%&lﬁ%%@%ﬁ’ﬂéﬂ&%@&ﬁ!ﬁ&lﬁ@é‘%’ tﬁ%gré%%%}éﬁ{?&’%ﬂﬁs anl active

~ subcutaneous, intramuscular or intrap€eritoneal injection). For parentera
ingigifstration, the active agent is typically admixed with a suitable vehicle

for payaRiErak MR %%QQ%%Q@;%%%E’&%H %99%9%%@36%%%%%@%@1es,

including, by way of example, sterile aqueous solutions, saline, low
tahifdtepiliaewbibplikRoRsIssusHes BrapyRnRogivens polietnyrtieyiydblypically
cofaRiahle Qéiﬁf%%@ﬁméwmﬁ&%ﬁméﬁi@m@s EbANELIRG ARG ch as

Parenteral fonnulations may also contain one or more anti-oxidants,
sodfivare cs tipmolis, hresbafatvertioneitn grsiigjents sbmensifisptidsfosage
foiSRASINGAESRIS BN EsRIo MLl aionsMaviPs edsredietle RL HER Sfifilose,

sterile injectable medium, a sterilizing agent, filtration, irradiation, or heat.
lacAfRr RS, B PhamaREaticRCOPBaRvMY: SFRemoRlioh are
cafBbRRIag IR ARRINISHALRR, %ﬂﬁﬂﬁﬁ?ﬁ@?m@w 19iRbAtMAcRIHCRl/or acacia;
ala

compositions for administration by in ion will typically be in the foi IlI of
hugjeolanbs SHeR ASFvraet’ SHEH ST BUSIIGRS aTech GSgreranr ddininmaestpnate,
potisingr \WelldeaauircHelivanc derdcessatchirs Rsmelewrdsinss el dution

powder inhaler, a nebulizer or a simjlar delivery device. When .
AR REEREY B Rt RAERH tiSTREP B PRSsf b A R il RS igatorary ammonium
copipRimaseuticakeompesitionsoidhe inupiiandil piealysampdsaithe
abs?ocr I\ézextg,] [1% Igsn ltcaoiin and/or bentonite clay; lubricants, such as talc, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and/or mixtures
thereof; coloring agents; and buffering agents.

Release agents, wetting agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the
pharmaceutical compositions of the invention. Examples of pharmaceutically-acceptable

antioxidants include: water-soluble antioxidants, such as ascorbic acid, cysteine
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and a suitable propellant, such as dichlorodifluoromethane,
trichlorofluoromethane, 15 dichlorotetrafiuoroethane, carbon dioxide or
other suitable gas. Additionally, the pharmaceutical composition may be in

wihestrr.eta capsule or cartridge (made, for example, from gelgtin)sans/o02583
comprising a compound of the invention and a powder suitable for use in

ROWARIINNBIBL D Y]l RG PWEBHDAES INAIIEE s DY WAY AHEXEMNS: 1ike; oil-

hfgctose or starch. 20The salts of the invention can also be administered
safeisaatinsifpusing ¥nemsarandaimite e vsrpegshe e andiaxeiphritated
hRCRABIIENE, SRRt YR RgeRL AR DERLIKGHUD ReliRation sRRaRGe!S

such as propylene glycol, polyethylene glycol monolaurate,
IS REIREN SR TE S HiRE AHE. IKE Y e dredisoriteer fito 2 igatenbdiokitaitaric
aag,gyﬁax e Addiiional excipienisneliding,9gling 98NS SHHISHR ke,

nd buffers, 25 may be used in such transdermal compositions if desired.

a
ingluda ifise e AnsHt wTriEHIfo RUsTBSF 16 Hipsrisasrtanintat mbipationny
acMiHR- BRI ORS SIRSHIBETARRIMIS QRS- Ihiisembedimentc-asal B tacrylic

this invention is either physically mixed with the other therapeutic agent to
G5 1S CORP BTN COMERiALE Ot agahitete radar ggetvkeprdseritylpse,
nRepRiBigANd disincticnmeesitiopswhich:are30administered to the

patient simultaneously or sequentially. For example, a salt of the

inventiBHTEAFFBECORMBIREE Ut 868t tRRVABETHC 2t he ey ated to provide
sleRMEIRRAlRraoetures R daUiRmEeNide SO RSP PESIHoR ¢RMRHSINGyI

a compound 1 and a second therapeutic agent. Additionally, the

mathybpaitessde AR IS PP YT B0 0B PLE I5Y ST ANaBises/ HFosayes and/or

mEEBeWith AdhsrMacputcall askep SARE 1 {REMh@ention may
pharmaceutical comiﬂ%?smon comprising a salt of the invention, a second

ORHRANE GRBTAgeRASHA AeaRTTR eI RF deEeplalsibsedfé iy fislgase the active
ingrodieaiBeR! dhereRRPONENTE of (bR COMRASHIONBEG YRIGANYs MIXEHRL
blended to create a physical mixture. The physical 5 mixture is then
OPAQRTHRstET & R th B SRR IR AU B RS UAE GomE N s tHBiFG AR be
usdesatinge fareiiarid kersativelya e e PEdisca9e Bie R 8% 8MAKE in micro-
se ar%te d dis}inct before administration to the patient. In this o
SPEHBOA T Tha! AEBIRTRYE RO RS IREMP FRIREM totetrrar trsfapgd excipients.
admiBistesliodui desadministdtedsimdiidnsadshnanaugepsyata tigres
88, Separate comgositi ns. Sucth ﬁgm %[sﬁgions can be packaged
SEp ATl BB TREY DS Y BARiRtgRYS f AT FIEHEWD RLHPRUtic
suggreniorin, Hyeukit maycheiadministeredadgy thersamecrbteddhnadsinistiationagent
qr by. di%ef{ nt rOUteﬁ of administration. therapeutic

An i
o AT 8 S R RV g 95 B S P gomts

compa%
erthndijpes) fochgenithiyl plerio)dspprojineticage atsyactifg videmeeHaniams, benzyl
other than mu opioid receptor antagonism may be used in combination
o R s e R L R Ryeggseed
groucinas tegasenod, rbnzapride ambsapride;ipiygilopitiactrahydrofuryl alcohel,
-isopropyl;1H-indazele-3-carboxylic ci%. 1S,3R,5R)-S42-(4- .
P A G D A Riblipe i heof. Suspensions,
in dddiomopyR-exave Peditipdiomuay otine:i8-naxoxylig agidts such as, for example,
ﬂ(@( ’z‘?l&i% -8-[(R)- Iﬂ% OXYr3- f@ nesulfonyl- ,
© me hyl-an%%(t%ap%%;))a)%ol- q-géggﬁg)%g% %T}flsgé%égf _aLIfdaﬁﬁlr (lat,a 8reswrs’
mi4rp4ryf(guiig}@p}@pypgﬂ;|aigminum metahydroxide, bentonite, agar-agar and tragacanth,
an@ENZeinidazele4-carbonyl)amino]methyll-piperidin-I-ylmethyl)piperidine-1
-carboxyl ¢ acid methyl ester may be used as the second therapeutic
agerﬁ.h@ salts of this invention can also be administered parenterally (e.g. by

intravenous, subcutaneous, intramuscular or intraperitoneal injection). For parenteral

administration, the active agent is typically admixed with a suitable vehicle for parenteral
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Additional useful prokinetic agents include, but are not limited to, 5-HT3

receptor agonists (e.g. pumosetrag), 5-HTIA receptor antagonists (e.g.

AGI 001), alpha-2-delta ligands (e.g. PD-217014), chloride channel
wopenerss@y. lubiprostone), dopamine 25 antagonists (e.g. iteprids2008/002583

metaclopramide, domperidone), GABA-B agonists (e.g. baclofen, AGI

acﬁﬂﬁm)i,skaﬁmaiapmihggwksg@(eﬁgx@;ggﬁu@,dedm@)aqnmmmmslmdih&zl?w
antagonists (e.d. acotiamide), motilin agonists (e.g. mitemcina uanylate .
LR SET0 S0 10 A S F50F Ul s AU B oF s Fod g ol
gd439) fdnyaditition; e Salis afjhelinnentioncanike carsbina ithuopioid may
1thera eutic 30 agents. Such opioid g ts include,.but are not limited tot.

iR RS BaPicHE BB By MO ee By HinP SRS CBHS s, wetine
adeydronodiifesrsufe digpitsfentaryksre Mifentanik upeasoiphinesendered sterile by

,.and in. WO 2008/106159PCT/U S2008/002583
g & PRI B AR e o R

the artiberdnvgisudie khewrtbetiapetdio pgeniasviyhbenemployaekiformulated for
ombination with the .compounds of this inventjon. Secondary agent(s), .

o S S Bl R AT Ehmnob A P ration by
inhaammout ffrat prptucesha therapeaticalbsbienefisiad éffewhenrbpositions are
eA%AATIRIRIES- A (3, SOmRAANL O 4N% iveption. Sulable doses (oL e

other therapeutic agents administered in eombination with a compound of
inftadeinveinipnadertydiekilyindhel range ot alpdat g idaycto about 100

mg/day, ccordingly, the pharmaceutical compositions.of the invention

ool B T R B O The
plfestosviewyiexamplessitiostrafdire presentative ] phginmliiceonipalseshepasitionseredient

the present invention: Farmulation Ex le A: Hard Gelatin Capsules, for
o AT o T AR A RIS GRBURmRRsHEnge
di¢hboyiarith magihesh nadieatate ifkOog prer thordug ks bleddicdnaie the
pHEMALRG,COMIRARIANAR 1RRP6E R ABAILIS A 1R SPRRIREORIG G

composition per capsule). Formulation Examp e'B' Hard Gelatm apsules
exfnivaliaersririrsomprisingsatcohpoaridvditiofni20ting prstarphwaer mgjable for

us@z'ﬁ@ga@a@#maqsé!ugqaﬁaé%@\g&e@eqs@m@ﬁawmaggge{iéu % MEose or

thoroughly blended and then'passed through a No: 45 . Sleve.
stargle resulting composition is loaded into a hard gelatin capsule (200 mg

The salts of the invention can also be administered transdermally using known
transdermal delivery systems and excipients. For example, the active agent can be
admixed with permeation enhancers, such as propylene glycol, polyethylene glycol
monolaurate, azacycloalkan-2-ones and the like, and incorporated into a patch or similar
delivery system. Additional excipients including gelling agents, emulsifiers and buffers,
may be used int such transdermal compositions if desired.

If desired, the salts of this invention may be administered in combination with one
or more other therapeutic agents, In this embodiment, a salt of this invention is either
physically mixed with the other therapeutic agent to form a composition containing both
agents; or each agent is present in separate and distinct compositions which are
administered to the patient simultaneously or sequentially.

For example, a salt of the invention can be combined with second therapeutic
agent using conventional procedures and equipment to form a composition comprising a

compound I and a second therapeutic agent. Additionally, the therapeutic agents may be
16
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20 of composition per capsule). Formulation Example C: Gelatin Capsules
for Oral Administration A salt of the invention (10 mg), polyoxyethylene
sorbitan monooleate (50 mg), and starch powder (250 mg) are thoroughly

whlendedans then loaded into a gelatin capsule (310 mg of ce@pPRSiiRRse25s3
per capsule). 25 Formulation Example D: Tablets for Oral Administration

cArdaleatdig inventiordoing)y staepha (9 dgeARATRICIOsREVSIAIENE Al
cellulose (35 m%);.are passed through a No. 45 mesh U.S. sieve and

CTHIREH RO SUGRIV 2 4G1tHiS BF PO riGheRh & eiRp s iswwheer 2

piaghisdnixet withdheresling. PowERsmaad:hisMixusHipdhen Pasgrd
through a No. 14 ?sh U.S. sieve. The granules so produced 30 are dried

COUPBGRO0 U B BT GhCA RS BRI 68y Selenabifiand e physica

meathexymethydataichréd hgemrgnesivm: stearaia(Rsma)andiale e routes
dm‘wgé ich hav%g)reviouilﬁl eeg1 passed through a No. 60 mesh U.S. .

& f%c,: e AL BR e i AR RRE UG @_ents may remain separate and distinct
beIBRBIAO6G1SIRCH/IdTROPBIROL SBIA N ernmbdngeil) eNOBEEHE i§e not physically

compressed.on. a tablet machine, to afford a tablet weighing 100 mg.
SRSl R AR TARs SRR LB e Rt perat

thimeentiep (28 mg)putiossy tadineeetinaem (400 prg)adusaed SIHEORD or may be

dioxide (10 mq), arid stearic acid (5 mq).are thoroughly blended and.then
P PR B Tk DSt aminisiored by
thF ezmellationdExdmplstFit Single g dofeckT ahletsskara@rahAdmimnistration A

salt of the.invention (15 cornstarc 0 mq), croscarmellose sodium

(25 R A (g N S LA A (R b o 2 te

setivorbibgydaiendgehantl greticicgmpressed: ferform singler scatesiabtaither

215 mg.of compositions per tablet), Formulation Example G: Suspension
B B e R e T AR g

ministration
copfonmia SimpasigtefGrBlalmdepinistgatiost G enthining koS- slgrefiagtide:,

miRGIERIE MRS AR, P BFSIOPRRISRD B PRI LSSy 5.2 0
acetyipiperazin-1-yl)ethyl]-8-azabicyclo[3.2.1]oct-3-yl }amide , 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, or 4-(4-{[{2-isopropyl-1H-
benzeimidazole-4-carbonyl}amino]methyl} -piperidin-1-ylmethylpiperidine- 1-carboxvylic
acid methyl ester may be used as the second therapeutic agent.

Additional useful prokinetic agents include, but are not limited to, 5-HT5 receptor
agonists (e.g. pumosetrag), 5-HT) 4 receptor antagonists (e.g. AGI 001), alpha-2-deita
ligands (e.g. PD-217014), chloride channel openers (e.g. lubiprostone), dopamine
antagonists (e.g. itopride, metaclopramide, domperidone), GABA-B agonists (e.g.
baclofen, AGI 006}, kappa opioid agonists (e.g. asimadoline), muscarinic My and M
antagonists (e.g. acotiamide), motilin agonists (e.g. mitemcinal), guanylate cyclase
activators (e.g. MD-1100}) and ghrelin agonists (e.g. Tzp 101, RC 1139).

In addition, the salts of the invention can be combined with opioid therapeutic
agents. Such opioid agents include, but are not limited to, morphine, pethidine, codeine,
dihydrocodeine, oxycontin, oxycodone, hydrocodone, sufentanil, fentanyl, remifentanil,

buprenorphine, methadone, and heroin.
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Fumaric acid0.5 g Sodium chloride2.0 g Methyl paraben0.15 g Propyl
paraben0.05 g 20Granulated sugar25.5 g Sorbitol (70% solution)12.85 g
Veegum k (Vanderbilt Co.)1.0 g Flavoring0.035 mL Colorings0.5 mg
wabbistilecsyvaterq.s. to 100 mL Formulation Example H: Dry Rowckios/ 002583
Composition A micronized salt of the invention (1 mg) is blended with

lactoseu@e-o0g haag shencioassddriosacaelaiiiinhalabden: cartrigd@avil ethe art and
conten%s[ﬁof the cartridge are adminijstered 30 using a powder inhaler.
[

AR G RO E RETARTE TS 2RSS 5L BESRRIBMASHY ComMBRIGRHIA S Rfgpounds
of(thik @visnblendsecwiting;: b dvhsQgliumegitiaie dudferspludion B oo Theally

H of th lting, solution is adjusted {o pH 6 using 1 N aqueous .
¢ if&i%%ﬁ%@ﬁé#&-&f? il?%'%{&é%&fi@@&ﬁ%%@&%ﬁf&@%@ﬂf@ PR gt when

cdmditiatetdeduiigrasshenadiedite providen totalvaupe:ofGHBbihWO
h2008./1.06159PC R1S2008/002583 It will be, understood tha %ny, form of
t gxéﬁ?%lft{ﬁ é&ﬁ&‘}é ’n(?tgr )}Et%?ﬁﬁ Igg{{)’rb‘?uthacompoundo the mveniion are

typically in the range of about 0.05 pg/day to about 100 mg/day.

Accordingly, the pharmaceutical compositions of the invention optionally include
a second therapeutic agent as described above,

The following examples illustrate representative pharmaceutical compositions of

the present invention:

Formulation Example A: Hard Gelatin Capsules for Oral Administration
A salt of the invention (50 g), spray-dried lactose (200 g} and magnesium stearate
(10 g) are thoroughly blended. The resulting composition is loaded into a hard gelatin

capsule (260 mg of composition per capsule).

Formulation Example B: Hard Gelatin Capsules for Oral Administration

A salt of the invention (20 mg), starch (89 mg), microcrystalline cellulose (89 mg),
and magnesium stearate (2 mg) are thoroughly blended and then passed through a No. 45
mesh U.S. sieve. The resulting composition is loaded into a hard gelatin capsule (200 mg

of composition per capsule).

Formulation Example C: Gelatin Capsules for Oral Administration
A salt of the invention (10 mg), polyoxyethylene sorbitan menooleate (50 mg),
and starch powder (250 mg) are thoroughly blended and then loaded into a gelatin

capsule (310 mg of composition per capsule).

Formulation Example D: Tablets for Oral Administration

A salt of the invention (5 mg), starch (50 mg), and microsecrystalline cellulose
(35 mg) are passed through a No. 45 mesh U.S. sieve and mixed thoroughly. A solution
of polyvinylpyrrolidone (10 wi% in water, 4 mg) 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. Sodium
carboxymethyl starch (4.5 mg), magnesium stearate {0.5 mg) and talc (1 mg), which have

previously been passed through a No. 60 mesh U.S. sieve, are then added to the granules.
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solvate) that is suitable for the particular mode of administration, can be
used in the pharmaceutical compositions discussed above. 5Utility
The present active agent, 3- endo -(8-
w2 depclohiexylmethyl-((S)-2,3-dihydroxypropionyl)amino]ethylbcriszoesmozsss
-8-aza-bicyclo[3 .2.1]oct-3 -yObenzamide sulfate, is an antagonist at the
After apidichy eeptionasdstbengiarethe salistoéthednueniioniarg expaeiagighing
1Hseful for treating medical conditions mediated by mu opioid receptors
or A8sociated with mu 10 opioid receptor activity, i.e. medical conditions

hich are ameliorated atment with, a.mu opioid receptor antagonist.
F%Vrmu?a%oq fcctzrqfep);ea%.s ! gﬁ]%?s n%% rg?ra\yyammzstmg

n particular I ion‘are expectlé)ﬂ to be useful for

treatidgsativérise effectsoassoaiatedwidthuge ofi opiaithanal gédios,g) efumed silicon
d Rt ch as,constipation, decreased tric. emptying, abdominal

S TR T SR RE ciyescc o
foopi didtiniel (feStnbp widt ey shsndtiopeTab1ds. present salt forms are also

expected to be useful for treating post-operative ileus, a disorder of

Fostubai bt fieSgudarommestihab ol ehalrod elds atseraaipdominal or
other gurgety 4lp Additien, fﬁ%’%ﬁe%%gg@% ,tcp&gcdgg}h%ﬁors%%? O (25

antagonist compounds, such as’compound | may e used for reversing
mgpibiaiagel (cdtrnal sed aHdnvsitiiie2Os ice gorrpbure:giindloedni and then

cHPWaLa Ingreass prtlityf the 19@@2@@91@%#1%%&%&&5&9%%@&&,

models, the salts of the invention are expected to be useful tor treating

Felisnders, ¢hdhe f| &rash cases by reduced,matiity i,mammals, including

humans. Such Gl motility disorders include, by way of illustration, chronic

constif&tiBHOEORS tpERaH et HrEmeRht abRes S0 sy AdHSARa oD B pral
addnkietis:ncidiepatlicl 0astEBARE: ad-drinstionadysPeRSignsion:!N

one aspect, therefore, the invention provides a method of increasing

motili t astrointestinal tract-in-a-mammal-the BB comprising

admiffelehAeHPHs8 HiBmmal a therapeutically &fféctive amount of a

phar ‘é;é‘ﬂﬁ(‘?ﬁfq:omposition comprising a pharmaceiely-acceptable

carriet® g{‘acgé‘:?flg'?the invention. 30When used to tréat 8isorders of

.

reduced bRt Pthe Gl tract or other conditions m&diated by mu opioid
receptors’ Ht%r {its of the invention will typically be aliirstered orally in

b
a single iy féﬁé@a& in multiple doses per day, althdigh®ther forms of
{

5
admi Osrgﬁﬁ (ﬁ%ﬁ;@% Eor example, particularlme% used to treat
post- ﬁ%i%ﬁ‘v bb8/1106159PCT/US2008/00258% ileus, the

HRAE8f the invention may be administered parn{ardiy The

com

amo@%i%l?l%stiv? agent administered per dose or the tglnéﬁnount
LDustilled wafer . . : 0.5.10, 1 O 1 :

admipisiered-pherd A D pe delermineda iy anpn CId ,|nthe

light of the relevant circumstances, including the condition to be treated,

FIRGRRSE BIRHIR Ol %ﬁﬁ%‘é%c}bﬁ Agtual compound Sadministered

and its relative activity, the age, weignt, and response of the individual
patiefittHeosEasitgl b fikepareniiens(inmmp imdlenttdheitikiictose (25 mg) and then

loaded into a gelatin inhalation cartridge. The contents of the cartridge are administered

30 using a powder inhaler,

Kk

Formulation Example J: Injectable Formulation

A salt of the invention (0.1 g) is blended with 0.1 M sodium citrate buffer solution
(15 mL). The pH of the resulting solution is adjusted to pH 6 using 1 N aqueous
hydrochloric acid or I N aqueous sodium hydroxide. Sterile normal saline in citrate

buffer is then added to provide a total volume of 20 mL.
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Suitable doses for treating disorders of reduced motility of the Gl tract or
other disorders mediated by mu opioid receptors will range from about
0.0007 to about 20 mg/kg/day of active agent, including from about 0.0007
wio abouick#4 mg/kg/day. For 10 an average 70 kg human, thiswouldess/oo2s83
amount to from about 0.05 to about 100 mg per day of active agent. In

one aBpedt 6 thddRvention: e compealiatiscotitberdmenion e NSeM i salt, or
[ used to treat opioid-induced

treat opioid-induced bowel dysfunction. Whe
SEigE) BB RABACHE LROUTRIE ORI ShgrNB el pfedigs goed i o
phaminisidtetoraysinend disingirdailyvdose or in multiple doses per day.
Preferably, the dose for treating opioid- induced bowel dysfunction will

range from about 0.05 to about 100 mg per day. In another aspect of the
Ulivention, the compounds of the invention are used to treat post-operative

ileus. \When used to treat post-opgerativ iLeu , the compo n@ﬁ f the

invorGR G pfEA) BE A o Grathy bR BN ek Sson-
pichaiyngtee b0 Rinle deske her fey- Prélerablyithadose, fiGran antagonist

treating post-operative ileys will range from about 0.05 to about 100 m
at tge Lgdp 101 gce § li'}g 0 %ait o} v g%fe useful

paF HAY PO HERGE ABE A SO BFUTA S thEtR Gy SF bt 5P eATfga
fohaxdming diséiasecondioneifiordssocCiatad with b v-opioitkreceptor Astivityh mu
ofisdnethod comprising administering {9 theymammal a erapeutically. iy

RS SGRE G d Comse T B HhE S5 YAV Eh S B GRS B ArmEsasiekith 2
meampisittenptanptising & canppoindafitheiigerftiba inventibe presanicted to be
ua%ilv?of?‘ ge&%ﬁs g&&g?g g%ﬁ?‘ srg.igsigg?rtee% ‘itgiﬁioggg i(l;l ct)ioxni iégaTneosEQerie toms

5t%erapeu IC agent or agents, in parﬁcu ar in"Combimaton i pro’inétf’c\,’mp
smgaatwaﬁﬁpgivia %mwza&@ddawmﬁgﬁbq&mﬂm?hyﬁmmgmsea, and

aspect, the methods and compaositions aof.the inyention further comprise
o O R R I T R B R e
prdegtribddabees shitseap theednirelntiosefrefon iropiogiretegtaniive ileus, a
dig&tc?eqoorf!rségh&laerﬁggﬁ?t!op tﬁ%rth%{rg{gt\égqglgi ttpa? r{ Ogteécaé r?se t?t%ld a%fdominai or

oid recept 1 thod

antagonizing a mu oploi rece% or In"'a mammal, the method comprising

othansinistering addalivof theambventiorgieditd thammalp21d W@ptor antagonist

c&?&&%%@?&éﬁ%ﬁ%ﬂ%&%or%? %% used for reversing opiocid-induced nausea and
vomiting,

Since compound 1 has been shown to increase motility of the gastrointestinal (GI)
tract in animal models, the salts of the invention are expected to be useful for treating
disorders of the GI tract caused by reduced motility in mammals, including humans. Such
GI motility disorders include, by way of illustration, chronic constipation, constipation-
predominant irritable bowel syndrome (C-IBS), diabetic and idiopathic gastroparesis, and
functional dyspepsia.

In one aspect, therefore, the invention provides a method of increasing motility of
the gastrointestinal tract in a mammal, the method comprising administering to the
mammal a therapeutically effective amount of a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and a salt of the invention.

When used to treat disorders of reduced motility of the Gl tract or other conditions
mediated by mu opioid receptors, the salts of the invention will typically be administered
orally in a single daily dose or in multiple doses per day, although other forms of

administration may be used. For example, particularly when used to treat post-operative
20
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Among other properties, the present active agent in freebase and sulfate
salt form has been found to exhibit potent binding to mu opioid receptors
and little or no agonism in mu receptor functional assays. Therefore, the

wealtepidhednvention are potent mu opioid receptor antagonistsricusthenezsss
active agent has demonstrated predominantly 5 peripheral activity as

ilaohareshyitinge ol aldiervau SYsiSDaativilyi it Raimakbmedrls. The amount of

Therefore, the salts aof the invention can be expected to reverse , .
B R AR SRR G RSt WABAO ARG Sy wiltypically
bdéneficiakaenteatiefiecis ohahaljgisias Thestpraperias: aswell asithieng the

uti i%/ of the comt%%u ds of the invention, can be‘demonstratzd usin
CQTKFION 1R Vit RS iSRS SRS A RRRGHH T Mo L SRHEHGATREEH. 10
adRepiasentativétasdayscraidasciibedn fuihiar detadssothe foltawingividual
%Jes. EXAMPLES The foIIowing S nth§ d biological examples

i
pa%)%%ri(? ere ‘i%“i%%%ﬁ fPIHE™ S iRvent o’ i Jg('lzf‘e‘;j} t to be construed in

are
any viaytaisididutiengithe saopediddhizineé ndibined mkntithe ekampeshelomother

the following abbreviations have the follawin eanings unl otherwise
bt osunt b kbRl M
2meaftigidsy f REARN dgedﬁﬁﬁpmﬁﬁlgm?'ﬂamﬁnﬁ; EZ)MGRN, N—dﬁmitmédfﬁfrgﬁagmﬁlﬁ For
20Et0Ac=ethy| acetate EtOH=ethanol Me" -me trahydr n_.__.
o e T R e g R e S W g
of28ByBegshenzotriazol-l-yloxytripyrro lidino- phosphoni um

hexafg!l%lggl%pafggﬁsc&h&r% ?A:Qr?tlflgrgsfﬁ%eéosmqggégcfg 8!? the invention are used to treat
opioid-induced bowel dysfunction. When used to treat opioid-induced bowel
dysfunction, the compounds of the invention will typically be administered orally in a
single daily dose or in multiple doses per day. Preferably, the dose for treating opioid-
induced bowel dysfunction will range from about 0.05 to about 100 mg per day.

in another aspect of the invention, the compounds of the invention are used to treat
post-operative ileus. When used to treat post-operative ileus, the compounds of the
invention will typically be administered orally or intravenously in a single daily dose or in
multiple doses per day. Preferably, the dose for treating post-operative ileus will range
from about 0.05 to about 100 mg per day.

The invention also provides a method of treating a mamma!l having a disease or
condition associated with mu opioid receptor activity, the method comprising
administering to the mammal a therapeutically effective amount of a compound of the
invention or of a pharmacentical composition comprising a compound of the invention.

The present active agent is optionally administered in combination with another
therapeutic agent or agents, in particular, in combination with prokinetic agents acting via
non-mu opioid mechanisms. Accordingly, in another aspect, the methods and
compositions of the invention further comprise a therapeutically effective amount of
another prokinetic agent.

As described above, salts of the invention are mu opioid receptor antagonists. The
invention further provides, therefore, a method of antagonizing a mu opioid receptor in a

mammal, the method comprising administering a salt of the invention to the mammal,
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Rt=retention time TI-IF=tetrahydrofuran 30 Reagents and solvents

were purchased from commercial suppliers (Aldrich, Fluka, Sigma, etc.),

and used without further purification. Reactions were run under nitrogen
watmosphars, unless noted otherwise. Progress of reaction mpdures amaso2583

monitored by thin layer chromatography (TLC), analytical high

performancediguc MyQmalegsanbietanad 32 RLG )and 0888 sulfate salt form

spectromet%@En o/exo ratios of products were determined by HPLC

haaigRiLHRhY hdBibRRtEN RHBdtbEBRRMCIR BT TRk WERS agonism
invRnkeBeHRy AR 20 Q8/10 1 RGT/ 620084002883 descHRed potent rmu

specifically in each reaction; commonly they were purified by extraction

OB SRGER PLARRERSH thetioas s S tsRTpBRAdErR siFr{ed predominantly
peohveritdependent GhysializatlinR AR RipchitalionCharasienzalionidhodels.

reactionnfroducts was routinely carried out by mass and 1H-NMR

ToyEirsn Bt SR S N R AR (S BARE SRS Frarssdisssnidnged reductions
irdeutesaies selvent kR CIAGHS oM SQdak At dl-dMIMIR sia. These

spectra were acquired with a Varian Gemini 2000 instrument (300 MHz)

PRIRERISS AR T BoSsTARB PETHURRERRO TS 1B drtEtie SR R fitcaRBRstrated

uhecompaungdswasperformesbyyanelerttosprayicnizatinaanethed: .
ESMS) with an Applied Bigsystems (Foster City, CA) model API 150 EX

RREES 3%}’%?%&%@1‘@%?%%%&5 RSHEF 50 T BB FStRIfent,
10 General HPLC Conditions Column:Zorbax SB-Aq, 5 pm. 4.6 x 250 mm
Column temperature: 40 C Flow rate;1. gjL/min Mobile Phases:A =
Water/ACN (98:2) + 0.1 % TFA 1%@_ & EPACN (10:90) + 0.1 % TFA,

Injectitire Vollsmaid Qypiketestdriiavelengitakkure dRtEduethasthte 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 uniess

otherwise indicated. Abbreviations not defined below have their generally accepted

meanings.

DIPEA = N,N-diisopropylethylamine

DMF o N N-dimethylformamide

EtQAc = ethyl acetate

EtOH = ethanol

MeTHF = 2-methyltetrahydrofuran

MTBE = tert-butyl methyl ether

NaHMDS = sodium bis(trimethylsilyDamide

PyBop = benzotriazol-1-yloxytripyrrolidino-
phosphonium hexafluorophosphate

psi = pounds per square inch

Rs = retention time

THF = tetrahydrofuran

Reagents and solvents were purchased from commercial suppliers (Aldrich, Fluka,
Sigma, etc.), and used without further purification. Reactions were run under nitrogen
atmosphere, unless noted otherwise. Progress of reaction mixtures was monitored by thin
layer chromatography (TLC), analytical high performance liquid chromatography (anal.
HPLC}, and mass spectrometry. Endo/exo ratios of products were determined by HPLC

analysis using the protocols described below. Reaction mixtures were worked up as
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20Crude compounds were dissolved in Water/ACN (50:50) at about 1
mg/mL and analyzed using the following gradient over 20 min (time (min)/
B): 0/10, 2.5/20, 9/75, 15/90, 17/90, 18/10, 20/10. HPLC method 2

woampesnids were dissolved in Water/ACN (90:10) at about | yag/ez@e8ezss3
25 analyzed using the following gradient over 30 min (time (min)/ % B):

d&&%e@ﬁ&tﬂ&iﬁ?tﬁ@é@@m@&@&t 3 diRLGetioghdified by extraction and
nds were dissolved in Water/ACN (90:10) at about 1 mg/mL and
oURER Ul

BRI IGRSHARG YRSt e BBTRAY GRERTSBI Y 2ation.

arkDp2e5 1404 10n ST HAR DAL BBFE:HIMMQroducts was routinely carried out by mass
20 / 59PCT/USZOO8/002583 Preparation 1. Synthesis of

& §§ N CE L) 8&%%‘%%%?&‘?&% %?é‘?ﬂ%ﬁ SUEET Bt in

dadetuciasdieparationvf deayslaiapimetiy); h2 deatharygibyhamineadired
a.mixture of 2,2- dJ%@oxyethylamln%éZOQ mL, 1.43 mo%?é and MeTHF (1050

W18 (AR R By s HE R He LR ot drﬁéf)eerﬁtéon conditions.

MieAGHet e wasusttﬂednfef a&mwﬁgmﬁem@t@i%ea@r&e@ee@%o
g, 1.79 mol) was add

0.C. Sodiu rohydride (378 ove
O R P Sh R AL A a7 S A B C e o A e AP 150
EXaRth(de) was: a:cgieﬂt Thecorganic layenbwds washedwsith ibrnesiawater

(2:1, 2 x 1 L) and the volume was reduced to 20%. MeTHF (1 L) was
G Odimditvotame reduced to - 20 %. The solution of the crude title
inter |ate was used dire tl¥ in t next ri 1?1 )bﬁggratlon of
N-cy exxlggeth |- &% 2- d| 9 ye ypé]é 5"mic acl ﬁ%ﬂ ester To
the P E? preV|ous - 13 g, -0. 9 moI) was added MeTHF (2
L) anlgg gﬁ’gﬁsg mL, 1. 3 )rgrnéttfr cooled to OC
and %e Foroformat A §? e@ opwise. The
reactign ntuxturelwas stlrre? m|n a :5\/ room

temp e%{ and én for | foom temperature Water (1.6 L) was
adde ?he reacflgtn mix ure was stirred for 10 mm. The phases were

H Earatt%d d’;\pd the organic layer was washed with sodium bicarbonate (1.6
'ggar%'wa‘ter(l 6 L). The layers were separated and the organic layer was
redudentde Qonpooutd 20%: Iﬂieﬂ'd-}tt%cuﬂ_)mam/adﬂédmrﬁmtme atlalumeng/mL and
d 19 % he soluti the de t| e interm w S
angﬁ?y c{/ |n Qteg?] gg(lt%\tvelgg @ gyer 0?’ 1rne mm?p“’/a ﬁ) 87'318 E%/ZO 9/75,
1 3fey EToPlaxiBrhes ol (Qroxoethyl) -carbamic acid benzyl ester bisulfite

adduct
HPLC method 2

Compounds were dissolved in Water/ACN (90:10} at about 1 mg/ml, and

analyzed using the following gradient over 30 min (time (min)/ % B): 0/10, 13/10, 23/65,
28/90, 29/90, 30/10.

HPLC method 3
Compounds were dissolved in Water/ACN (30:10) at about 1 mg/mL. and

analyzed using the following gradient over 55 min (time (min) % B): 0/10, 10/20, 46/75,
47/90, 50/10, 55/10.

23



10

15

26

25

30

To the product of the previous step (-302 g, -0.62 mol) and acetonitrile (2

L) was 25 added 1 M HC1 (2 L) and the reaction mixture was stirred at 30

C for 7 h. Ethyl acetate (2 L) was added and the reaction mixture was
wetirpesl i 30 min. The phases were separated, the organic |ayEr/ vss08/602583
washed with 1 M HC1 (1.5 L), the phases were again separated and the
organttégpes s el avitho 0/8-0f dHB 2 B inetBod{Gmdsistlfite (@b digic acid
0.69 imairyastaddiéchditd gkidweaction mixture was stirred overnight, and
then 30 filtered. The reactor and filter cake were washed with ethyl

PErpe il piThevdshitdrsdintid .- wdis oy aihgiiaion h and under
vacuurg Qﬁ%mm@b@m%@%%ﬂ&?&sﬁm@ BdAs axhitesalid HE981% (1050 L)
>99 % area purity by HPLC). The ftiltrate was treated by the same_
B Gt et pratitie g6t Bf tRe-thiI8 BB dkg (SErgynoainfws was

stReB3064 28R 6T 422RAR/HeRR8 3 eRALANU2CS YBRSIStRhcetoxyborahydride
3-endo- 8-azabieye|o£3.2.1]0et-3-y|)-benzamide.a. Preparation of

Cd eyt Bk B AAGHSRTPRBAVH b bieg oy Miseiyassigred forg b and

ca@ @l taskavas rodedgenouswileddedp omvdes phad Gu R R hsHdefaskrine in

was flushed with nitrogen and THF (800 mL) was added. The reaction

VRiRktLire vt 'stifrBRCTS YEENOV I 1908 HixtdPe A AdGR el -vas added and
thd-vaihexyghenytinagnesiumhdsenmids b THd bABRAMLNGBAal) was used
d.dro wise. The resulting slurry was stirred at 3 C for 1.5 hours. A solution

B SOHEh A28 555 hicyclo[3.2. 1]octan-3-one (120.4 g, 0.56 mol) in THF

(300, Tk a5 fen aded dropuiss noile mantainng e, !

emperature at=5-¢- e TeSU 0 SOTU e
rea_ctib@thmm@miaﬁ tedod o fask(1D18optaih o6 NMACIABROMVIRIHTF (2 L)
aﬂzi'%%@ﬂ'_gﬁzahﬁxﬂ? TR%AlNe %él%?e%tf’ég%i%%% Qvas femeved by rotary
evaporation, the reaction mixture was stirred at room temperature
bepgaieileThoasteBOweke (<t ared) yafildsteoniwasired Withr6tHE n{¥Oire was

stttk ﬁﬁck GE&R Q{tﬁ I%(,gfé 4Q, g](l@ ﬂéqg x‘?{&gxg tg%'rr%ré%%qg? tlggcﬂg)eﬁ %I)trqf igha room

title intermediate as an off-white solid feparation of
tepupranya.- 3(3an ek oby pree g dydBand dbicyrdlofd iR mikse 2enetitred Tay 4Bmin.
hefasle DEP 32 SBh sodium bi
! azqﬁaﬁicy\é(\:,%%tf gsg ]%c%an%-otﬂqrf/%%%rﬁiﬁgg?%% .%Hg, 1.06%1}1 (Sj?)c,hlémell-?g E onate
(1(8d0 #AL)vaisg W T Thotrnr Ve sResEtied BId iR weashedwser at A0 Quced to
abf@;t%-@da.um}rﬁgqmﬂ@&%a%m{@ ke WasiHaRsIere 1 afdg Lyiution of
reactor and cooled to 10C. The reaction flask 20 was washed with MeTHF
theyqrydp Al du erapslipgs as ot EaetoriNBOREESOWE % in water, 200 mL)

was added and additional NaOH (50 wt %, 150 mL) was added in-
c._Synthesis of N-cyclohexyimethyl-(2-oxoethvi)-carbamic acid benzyl ester bisulfite

adduct

a.

To the product of the previous step (~302 g, ~0.62 mol) and acetonitrile (2 L) was
added T M HCI (2 L) and the reaction mixture was stirred at 30 °C for 7 h. Ethyl acetate
(2 L) was added and the reaction mixture was stirred for 10 min. The phases were
separated, the organic layer was washed with 1 M HCI (1.5 L), the phases were again
separated and the organic layer was washed with 0.5 M HCI (1 L}. Sodium bisulfite
(71.4 g, 0.69 mol) was added and the reaction mixture was stirred overnight, and then
filtered. The reactor and filter cake were washed with ethyl acetate (1 L). The resulting
solution was dried in air for 2 h and under vacuum overnight to provide the title |
compound as a white solid (199 g, >99 % area purity by HPLC). The filirate was treated

by the same procedure to provide a second lot of the title compound (30 g).
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portions until pH -13 was reached. The phases were separated, the water

layer was extracted with MeTHF (1 L), and combined MeTHF layers were

washed with brine (I L). Solvent was reduced by rotary evaporation at 30
wt46:Goyielding the title intermediate 25 (360 g) as a thick oil&EtQbEnb)ss3

was added and the volume was reduced to - 500 mL and then adjusted to

1.8 L reepuepasatin Dfnthesis of 3-endo-(8-azabicyclo[3.2.1]oct-3-y])-benzamide

3 endo (3 methoxvphenvl) -8- azablcyclol3 2 lloctane To

Birpars B&n Madrenising 3B 2addbatyRieliel(iidet@i Bb!

%, 40&%&%@5&1&@ 'ae@e%@gay éﬁsl@a@wa&% 223006640 Mkl Gt was

(45 mL) and then 30 MeTHF (50 mL). Thereaction mixture was purged
flygacniviByei desatae (H 0 (@Oﬁnalp)aﬂa@iﬂ%edn ’&h@b‘@m(mmﬁﬁwwas hyred at

zﬁ"%" aoldad. The.reacianwas presshirized i aydragen ( \%%:R&Ql nide in
then hydrogenated at 20 psi at 40 'V for 18 h. The'reaction

THHIEA D1 56BE TIDISd00eIoe2598 Mbtine whatiere dirrugh Celfis, 1.5 hours,
A%ﬂﬁ%ﬁféﬁ%%éﬁ%ﬁh%ﬂ'%%a@ﬁ('i BotdA%mb) dhered thronah 8 CPRESE (200

glass filter, washéed with M 10 mL) and dried on the filter to provide
mpeaer g fgdeditR e el e ap wiktbo i 3R csingletisemef, °C. The

ref@XQ-isomasdindstesiablerhy i RLEE)) AR RAAiNat 2.2 S U AAUC A as

recovered from the Smother liquor. d. Preparation of

copiaidng (B 7abidjo m) ety HitdaBiveraties 1560 ML fdki Gpuent was

reafided %@8&%&%&%&59&%%9&0@%9{%&@@ &Hes@N8om temperature
hydrochloride (115 g, 0.45 mol) and hydrobromic acid (48 Welght % in

O‘Wﬁt@hﬁ@ﬁf@ BB FoIO Rk iliativas skt 6B Hahd MerLarnd
adbhAitamperaiure fon2d-havthhsivinanbaeitionrldrdrabiomie acidiate as an

solution (25 m%?nwas added and the reaction mixture was heated with
oG 1616 1 &h&@then cooled to 70 C. Acetonitrile (200 mL) was added

nd the resulting slurry was cooled to 10C and then flltered, and the filter
gparation of 10-‘ L2y -3-(3.methax vRRenyy A alo Jogi-Z-ene, 1o

mterrﬁfediate (%Igm%%qo&mﬁsmwngmutmmhdyﬂ;%

azaf%en‘g/cz{%ﬁoc 1o t:«%ﬁﬁm HO Ooi'i:%onge ?ﬁ% gq@g){‘ggﬁng 1\4—18{_817'?%8 mL}, and

T
han ne To aso

ME%&E@(E%&MIMGE%L&MWMM by @eSr donielé (bdeg nlrb@en. The
re?.r : tr%l& nﬁi ja]‘?'?ymn(}h %trletfglglrrél& 40 crin L ezc? ‘tm &}) (\fv a"?{le reac(:jtxon flask

UOI’O&CG over mln e react
wm.wmmmm&aa(aﬂz)mtfaagdddamwaeémfef@m)m [as¥d (0netith in

w S‘rteitﬁéréﬁi%s ks b YIS ‘i"pn%gﬁ?%% R %éﬂvaij“”ed )

min Ses were separate e organic Iayer was
p@amwélsﬁduum M@amm (88O phiteamcethecpikitad, hasvstieréaler was

ex‘ﬂ*g@t %W"%ﬁ% I‘" “BH%%%Y%%W dgri% c?sn\xdfetr%e\z% an |%J%y tine (1 L)

was washed with brine ih water over sodium sulfate
Sclreniisst whitte Dbysolrent wasasinowedlolp it dfy vvbibogatiotitIF shiemesdiate

3 (s%oé} ML) Wk addedaid the SANENLIRIAVE haY LAIRTY SYAPAAIANC. 500 mL

provide the crude title intermediate.
and then adjusted to0 1,8 L.

¢. Preparation of 3-endo-(3-methoxyphenvl)-8-azabicyclo[3.2.1]octane
To 8-benzyl-3-(3-methoxyphenyl)-8-azabicyclo[3.2.1]oct-2-ene (in EtOH 95 %,
400 mL, 0.20 mol), prepared in the previous step, was added 6 M HCI (45 mL) and then

MeTHF (50 mL). The reaction mixture was purged with nitrogen, heated to 40 °C and
palladium on carbon (10 weight %, 8 g) was added. The reactor was pressurized with

hydrogen (3 x 20 psi) and then hydrogenated at 20 psi at 40 °C for 18 h. The reaction
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f. Preparation of trifluoromethanesulfonic acid

3-endo-r8-(2,2,2-trifluoro-acetvl)-8- azabicyclo13.2.1loct- 3- -yllphenyl ester

To a 500 mL flask was added the ethyl acetate solution (220 rnL) of the 30
wintsediste of the previous step (32.8 g, 0.11 mol) and trietiytarogecédis 2553

mL. 0.17 mol). The solution was cooled to 5 C and trifluoromethane
msytfoayshidide (hdonh, @eﬁ&nmh)was%@de@hsha@wiﬁe Ma¥HRIgKure asL),

armto 25.C a stlrre e f turated
i DI BARAC 0 L) el AR Ayt L s e 1 e e
mm&id@&ﬁ@E&HUﬁ‘msmsemam;mﬂ Belid 5O npl 9: vgds iaslated (exo
otheo er ed, and solvent wa

e parat
lsrénrﬁ(%\t}iel%%f %y g}érgan@ ayer toé§rOV|égﬁfT§egc o Bt iNEs s %ﬁ%‘fgﬂm the
mPtepdration of
3- endo [842 2,2- trlfluoroacetyl) -8- azablcyclo[3 2. 1Ioct 3- yII benzonitrile
d.5¥re; 1f B il niitoni

7\

S endes B4 Hé@éé%gs%%ﬁlé %@%@@I&Me " a;gg,; Zyllphenyl ester
(25.3 58 7 mmol) tris(diben gﬁ] eneacetone) alladlum (0) (0.81g, 0.9

Zﬁ’ﬁ‘ﬁdﬁ 312 Hramerdiprhien @i{é&&éﬁ@@)@@hxdsqbrm@w il (48 weight
YZNG/A¥ANIAR (412 @eB2-B MMl Lhise thsscthelaskwas Dirged with.

nitrogen for 5 mm and then placed 10 under house vacuum for 5 min. To

m{ﬁ@%kem&éé?d‘é(&fmmﬁso%@aﬁal Histimbaonrterc(e Biwignthe mL) was

aRRUHAN WS RIS chyviD wgggéhw&wrgw&ffg 50 MMnAeRE L 48144970 oC.
and stirred at 120C under m@ﬁ%en for 4 h. When the reaction was

Actiripleted2d8 grbt prscded srfdisevapiisgot ysre paepplpdie d8rieand then
fipsecedusanwasadded andwiired w@&&mitﬁ%\@%ﬁg@@ g@i&qﬂé VB salt of

removed by distillation and the solution was cooled to 2 o the
thg g6 dmasitiaddetny] Fetdterea2s 4ty Srarapddesdidng solution was
filtered tthrou Iltte Sodiy bla bonate (450 mL) was added and the

eparation o qtipuaraslat Seende-(3hvdraxsmhensiy B<arabicyelold, 2 1 Joct-8-
Iﬁ R ashed with diluted brine (2 x 95 mL) and filtered through
sodiufo sulfateod héafemme&mhie@umei 20 T abou)-pRemil byﬂjem@mﬁ@f
t ate (15 was ad d the solut |on w

e o et g
( agl é(fg 8 Weré) 45 a¥eadrb§/lef HBE:‘I 4 é”cﬁ/\ﬂ
tn@mwbalwnwk@@(%mm &)mi}jemezﬂﬂmmtér}medaateaﬁ&axﬁtgse was
9% Qgr(%t%g HR g ht brown solid. A s ?

‘product (6.3 gi,‘ ng}fi‘ pure %{ﬁﬁ/ as fé)gfaltlednf%?ﬁefh@c?rt q%rr‘gs?hwere
adS?ﬁtE‘és|8?@1ﬁ®iend@u€&azzmuyrddr®l2mcﬁn3ﬁwlfibﬂmmeparated. To the
organic layer was added saturated sodium bicarbonate (300 mL) and the mixture was
stirred vigorously overnight. The phases were separated and the organic layer was
washed with brine int water (1:1, 265 mL) dried over sodium sulfate and most of the
solvent was removed by rotary evaporation. Toluene (100 mL) was added and the solvent
removed by rotary evaporation to provide the crude title intermediate.

f. Preparation of trifluoromethanesuifonic acid 3-endo-[8-(2.2.2-trifluoro-acetyl)-8-
azabicyclo[3.2.1]oct-3-yl]phenyl ester
To a 500 mL fask was added the ethyl acetate solution (220 mL) of the

intermediate of the previous step (32.8 g, 0.11 mol) and triethylamine (23 mL. 0.17 mol).
The solution was cooled to 5 °C and triflucromethane sulfonyl chloride (14 mL, 0.13 mol) .
was added dropwise. The mixture was allowed to warm to 25 °C and stirred at that

temperature for I h, Saturated sodium bicarbonate (200 mL) was added, the layers were
26
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A solution of 3-endo-[8-(2,2,2-trifluoroacetyl)-8-azabicyclo[3.2.1]oct-3-y1]-
benzonittile (10 g, 32 mmol) in sulfuric acid (96%, 12 mL) was heated to
50 C with stirring and held at that temperature with stirring for 2 h. The
wieagkanazxture was cooled to 22 C and added slowly to a 580muls flaskozss3
containing 5 N NaOH (90 mL) and 30 methanol (100 mL) which was
sepaeded 1orkQG 1 Saihpyecipitdtes) wetecfitesac angthe filpse: was siiecsabarated,
{f C for1h. The rez%d%on mixture wa concentrated nder ed ced
ST S ERE TR 3 RN st L‘;ea‘ﬁ& hi sa%&medm

t Iayer. The layers were separated and brine (150 mL) was

added e th¥ comBask dvesgaidi| yBrorTihettayessifveie sepdrateld-ahd2ARe-
[ rb 0 filt and he

Ty S D AL

solvent was’remove

tﬂs@mh@ﬁm@%@éﬁn@lﬂd@u@d@h@a&m &Emgcdmdlthen 5 MTBE (25
bilbnas Addsd.aRd fQ@oEQJ}étﬁrb s stirred g A, 2?%(19 g;,r L%1.@5

were filtéred and air dried to provi e the HCI oft e t| e co
398 grmal bukychyimPL Gedirakitisosotie] Prépaitatiam ﬁo@nﬂmg tfen piaced
ur GRS ARSI S n! MG HIRE AR ADRIENISAAN Pling ajscrfed

trifluoro-methanesulfonic acid 8-benzy1-8-azabi do 3.2.1oct-2-en-3- 10yl
wastde - T 55500 enic Rgisie was pidded with nitrogen with stirring for 10 min, heated to
@bewlsﬁea%@'ﬁ@kd%dmg&%@é} 28184 iy dRRRIHIG R0 % £ mpleted

mmol), EtOAc (160 mL), and 4 N NaOH (50 mL). The reaction mixture Was
2%%3%6‘16"3@)@%%@%@@3 atthererviddrathips foreIPFo PR My ers afded and
stBRResated and the aqueous layer was discarded. The volume of the

organic layer was 15 reduced to -40 mL by rotary evaporation and THE

(270 Mestwhdaaelvantries resumisd BoIdisEHakas arbity tolatPIYeER earled to
220q0lethithe28 16 NAEMRSF sl (hNaps THE, 23010 ke 23hB BN on was

was added to the flask over 15 min. The reaction mixture was stirred at
AligrgdsteopsihoCehfq- SEHIbIGHMGERSHEHLME utfeRfiad e Bagodaion was
stifBagY Was A del d0:thesreartion MR enin 20 RHIRNSOMER 2 ALy ith

the mixture was stirred at - 20 C to -10 C for 1 h. To the reaction mixture

difpied brged2 N NaBHAzb B e  dhEP e sediireswad &I R by Rarrserduced

to 2Bt atiFiNgnIoN T NES mﬁaﬂyzg@ﬁﬂ@yﬁ%ﬁ»ﬁ@ﬁ%@m@%@d and
th%f@ﬁﬂéto a volume of 450 mL. To the remalnlng reaction mixture was added

98GR Ifd Rptane PIE0 m By R & Rt Gk s teation gadavashed

witpriBopiopyT aedaye(s msexﬁen@rgfedlaétaa ¢ deeracueindayerswas 00 % pure
gded Th é%%éer was washed with IN NaOH (3 x 450 inL). The
t

b, & ;%}e PERE PRk rgaificony STAR AL RENEShFte B;?S %

puﬁ@tapwmlappﬁaatsdgbl@t@idwﬂetﬁwﬁlt@tmtermed|ate (77 g, >96 % purity by
HPLC method 1).
h. Synthesis of 3-endo-(8-azabicyelo[3.2.1]oct-3-vI)}-benzamide

A solution of 3-endo-[8-(2,2,2-trifluoroacetyl)-8-azabicyclo[3.2.1]oct-3-yl]-
benzonitrile (10 g, 32 mmol) in sulfuric acid (96 %, 12 mL) was heated to 50 °C with

stirring and held at that temperature with stirring for 2 h. The reaction mixture was
cooled to 22 °C and added slowly to a 500 mL flask containing 5 N NaOH (90 mL) and
methanol (100 mL} which was cooled to 10 °C. Salt precipitates were filtered and the
filtrate was stirred at 22 °C for 1 h. The reaction mixture was concentrated under reduced
pressure. To the residue was added MeTHF (150 mL) and the reaction mixture was

stirred at 22 °C for 5 min. The layers were separated and MeTHF (100 mL) was added to
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1H NMR (d6-DMSO, 400 MHz): S (ppm) 7.25-7.35 (m, 5H), 6.05 (d,

J=5.2, IH), 303.64 (g, J=13.2, 2H), 3.40-3.44 (m, 2H), 2.77 (d, J=16.4,

1H), 1.79-2.09 (m, 5H), 1.52- 1.59 (m, 1H). WO 2008/106159PCT/L
wB2088(602583 b. Preparation of PCT/US2008/002583

3-(8-benzy1-8-azabicyclof3.2.1loct-2-en-3-yDbenzamide To the crude
thpraﬁuﬁ;@ﬁipa,pmowﬁ?@was;maed mdlﬁ;(liﬁa@lmmgddﬁread doldtianhe

was purged with nitrogen for 5 min. To a 2 L flask was adde )
o RO T ol S A VG e 5, 300 BT i (jed over
pacetate (38bnabe Qrdbigieetamal ihd, ddihis(diphenylphesphinofercasane®H

I e

M3-BENn2y Infi-prasthicyd aldl Zht|osi R eenwasydiasten: TheaeSuling mbduedids were

as purged with nitrogen for 5. , heated to reflux 6%6()(:3) nder_nitrogen

S PR AR sl VDI A SEP S T BARED by
HBAT) mly) whdel@1dN NaOH (500 mL) were added and the mixture was

stirred at 22C for 10 min. The layers were separated and the aqueous
layer vag £lisGarieds Vilie Qg anie LayvRr was Nashad[with Pt efzamide
brine (250 mL) and water (250 mL) and stirred for 5 mm. The layers were
-SEpgearedmnflitibaquestisiagelinds digtértedyTHieapatanid déyerilvas-2-en-3-
hriefiyedried over Na2S04, filtered, and solvent was partially removed.
Prod ipi i ' i I removal. . The
resulg?gys%?rgﬁgggsﬁ %%%Q%%%ﬁ%@f}%gﬁ oclj%r%éi %ﬁcechc%%ﬁ%%?raél%ags eed

Wﬂ?b@d@@&é@ &0 el Rt eriéa0Undar g bablaG 45@EL)tdThe
reREQYITR IR HUGANIRIMA It (2.0 k@A HONLYeUaW.Sald: for 1THEThe layers

mother liquor and the above washes were combined and concentrated

WG TAE S AnAGhS aANEraB deitet O arilyaamis Gtirfd erl8ne: fof BO pnidmpadayer was
refiliesgd, Lhe é&i%@%%%%gﬁow&wxﬂdéhw&%%@) @9@&1&% 30 mL)

and dried under high vacuum to provide a second crop of the title

intermBaiis ing sebivpisasyidaed o 15 Sesk spdnrael ¢y tpIRC FethdgHMDS

sohdiion ({IRKkn[WFInaalad forie2dddig N 18 d &ifeund R12-fs Thal The
NMR (CDCI3, 400 MHz): 6 (ppm) 7.9 (s, 1H), 7.63 (d, 16.4, 1H), 7.57 (d,

reaction mixfirg wasptazetat g5 d, It =y-2henyl-6.13 (s, br, 1H), 5.83

bidGritBhackbhh cPaRedu T M dd B ﬁﬁ@;@%ﬂ%m@'ﬁ%&@@e@w}rﬁ@: {olibP mixture in
2.18-2.26 (m, 1H), 2.04-2,12 (m, 2H), 1.86-1.92 (in, 1H), 1.58- 1.65 (m,

PO O HRGI AN} BeR IS8 WaaBiEy s 21 Sctoz- i) Berdsambe Trdhs
re%cﬁgagamgﬁa g«t@m&wielz?zs\/%aieﬁ@go mL% Snsd t%g:gnixture _‘gas(iicl)owef to werm to
)\ O cNzZy1-0-aZzabICYClO|o. 2. oct-2-en- -y enzamiae 1l
szmﬁléwm%ozé SR Pﬂ%]iaéh&fﬁmvgﬂd?m@mg@mi)aaﬂa #B T on
volabttog #passtirred afed2riatinii corpieiendisselwionavas ehsavehoiie) and

heptane (150 mL}. The mixture was stirred at 22 °C for 5 min. The layers were separated

and the aqueous layer was discarded. The organic layer was washed with IN NaOH (3 x
450 mL). The aqueous layers were discarded. The organic layer was concentrated by
rotary evaporation to provide the title intermediate (77 g, >96 % purity by HPLC
method 1).

"H NMR (ds-DMSO, 400 MHz): & (ppm) 7.25-7.35 (m, 5H), 6.05 (d, /=5.2, 1H),
3.64 (q, /=13.2, 2H), 3.40-3.44 (m, 2H), 2.77 (d, J/=16.4, 1H), 1.79-2.05 (m, 5H), 1.52-
1.59 (m, 1H). ‘
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reaction mixture was purged with nitrogen for 5 min while being heated to

30 C over 5 mm. To the mixture was added 10 wt % Pd/C (50 % in water,

4 g). The mixture was WO 2008/106159PCT/US2008/002583 purged at
watehessphefic pressure with hydrogen for 5-10 min while beingteatemoTitnesgs
mixture was stirred at 50C under a flow of hydrogen at <5 psi (<0.34

Sccog 0 PL G RN TR I SR O30 0

acco m&%ﬁﬁ@-&&ﬁw e 5 HC1 sal

through Celite to provide a solution of the ¢
S%mwwawi@mm@gméaﬁdﬁ%:%y HPiNesinetsodi¢eéndo
3 BRI 1&9&9&5&%&%@1@%1&Mtﬁb%@&of%ﬁ'ﬁ'%\éﬁﬂ%%%} Rtate (98 %.

found 231.2. Water was removed from the crude product by

0.45 Sottopiedistilatos desend nhashin psomtentl Drdvide lassiirrythBt sves
pd1gRieh 6% & ﬁ‘gﬁé‘?ﬁ%r@mﬁﬁ‘@l{g%dE@%@W%‘i‘@ﬁ)ﬁ%@ﬁ%ﬂ%?& c

and seed crystal e product (0.05 gE were added. 10 (The seed .
meghagsralfrare prishinsaaddorimpiovtelprodded-deseAbnd st réparssoling

mBIhe e ultRg SHniwasstined @t Gidor 3Q4pin. (7 RE (ﬂré%mh}oggn and

was added slowly, and the slurry was stirred at 22 C for 4 h‘and then at

stigrggfar B, b nEhfe ity Sehdera/ares freted initsHe dhvrEeoi e are and

1 friedcmdeshighwasuumdi piRvide thediChsaltef e tive €ompawndi,  The
(24.5 g) as a white powder (75 % yield, >98.5 % purg%/ <0.4 % 15 exo

layepheT By IPREdRathbE 31048 Ryeravey disgarfer=glhgpreanighnypr was washed

witd b Galed foird AHBN29 23l Waciound 281 2d HiNMRLAES:DNSBe 1ayers
ppm) 9.13 (s, br, 1H), 9.03 (s, br, 1H), 8.05 (s, 1H), 7.93 (s,

400 MHz): 8 ( !
W@fﬁﬁew@%? Cfﬁ?e,amlﬁ?uﬁ@af%a}vféﬁ}e9affisé-7% @razicgapmyy gsdrigdly dried

ov@HN 38K 336, abd ho?v38r e bitiall e 3 dMc2hibelnB8rdd8R light
, L59-1.63 (m, 2H). 20Example 1A: Synthesis of crgstalllne

2H
Yéggé’ﬁha 168 OEABHERY FTRfALa e resulting slurry (about 200 mL) was filtered

and, BrélHaytdrowy-propiasy pamissie hytiA%- ez echicyeI9lB) 24dast3 vhiRenzami
de sulfate a, Preparation of N-cyclohexylmethyl-(2-oxoethyl)-carbamic
Yt SeIBPF HAHE RS TESTHALIRAS O & 1S sellov Soid,

N-gymmmkeemﬁo(&fm%memmw&gcﬁalbgﬁmﬂ%bmm@d and the
adduct (3.94 g9, 1 ol) and MeTHF (35 mL.), followed by water (25 mL,
e e ) N L SETORR 2oBFatl PEoP B e 11 lered
soNBGHBwathod as thdded ERDA ¢ actQrs Mty dvas StiiredatiieoMcuunm to
temperature for 45 . The layers were separated apd.the volume of the
i R T R TR T A R A
bygﬁ)?ljmizneﬁhoatbn o I 8 bi 2.1 8-vl I
-endo:(3:carbam he -8-az t-8-v11l-_ et
cyclo(%g%'lihgfh -c%%§r%%%%z }gﬁ%’/ estggrg'l’ %ou%%%%‘%ro%[u%kg)ch’ 400
MBmvib(rpsipp vas HdieD ME LG mLlfolldwed, by6.4, 1H), 7.21-7.42 (m, 6H),
6.% S{l‘f&’é%‘«ﬁ?@'féﬁ%%& oA 3 ¥ 0eZAYIS My drechionde @87 % L,
ZH}),2.92(d, /=17.2, 1H), 2.18-2.26 (m, 1H), 2.04-2.12 (m, 2H), 1.86-1.92 (m, 1H), 1.58-
1.65 (m, 1H).

c. Svnthesis of 3-endo-(8-azabicvelol3.2.1loct-3-vlbenzamide

To a 1 L hydrogenation vessel was added 3-(8-benzyl-8-azabicyclo[3.2.1]oct-2-en-
3-yl)benzamide (40 g, 125 mmol), EtOH (800 mL), 6 M HCI (42 mL} and water (80 mL)
and the mixture was stirred at 22 °C until complete dissolution was observed. The
reaction mixture was purged with nitrogen for 5 min while being heated to 30 °C over

5 min. To the mixture was added 10 wt % Pd/C (50 % in water, 4 g). The mixture was
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WO 2008/106159PCT/US2008/002583 (10 mL) The mixture was stirred at
room temperature for 30 min, cooled to 10C and then sodium
triacetoxyborohydride (4.25 g, 2 minol) was added. The reaction mixture
wvasstikaeeat room temperature for 90 min and then cooled ta1@:42e08/002583
Isopropyl acetate (100 mL) was added, followed by 1 M NaOH (50 mL).

pﬁ@&ilﬁﬁ&weswstjﬁ@@ﬁy@thﬁlﬁfﬁfb@ﬁ(ﬁhG-ﬂbaﬁﬁﬁv&/ﬁﬂ%&ﬁ%@é@éﬁ.mﬂ
organic layer was was fha ed with ne |n water (1:1,2 x 50 m

nd the
P S g i 10 BT 20 Brot e e Breeres)fo
5 Hﬂﬁ:%ﬂlﬁﬂ@@ﬂﬁlg 9|s ﬁBﬁQ?ﬁia%@F Qlfs react?‘nts ac:cardmg 10 E]IP];LC analysis. The
endo-184 clohex met amino)et -8-aza-bicyclof3.2.11oct-3-
@thowaﬁﬁa%f %6%3% dléa Opﬁ%v ﬂsé SIBPRASAAGRI BT Es crude
Hallgeand mnawtzﬁf@ﬁmh@ B/(th 2iu)iothe selidion-was PRI Witlkthod 2 endo
n, 10 % pal n (47 was added and the mixture
R oL o T S B P SOt ACSEFBH L2
overmgdaemfwmutgmg fvdith hirogen ﬁ@c&m 1739 Hzeosﬂipimﬁsﬂastfdteaedo °Cin
and S ve t was remov dto-10 mL, I8 ceta (40
B R RO O T LR 740 Loy SPGB argiion
T%&mbﬂnmrgzam @My&n@%%&ﬁmmmﬁmw d?&ﬁ&bd&bﬁ@ﬁsmmem added.
eparated a d organic solvent removed to 5-10 mL, Isopr cetate 20
R e i ot PR TR B0 3 P ESWAER opapgicn 2
TM@@QIM wassaddac: Ihé(f%ﬂlﬂﬁgsﬁhﬁﬁﬂﬁ&%ﬁﬁdﬁh@ﬂfﬁded slowly,
ature for 2 h. The product was i ated iltrati reaction
(Iﬁll\f"re : 56 AP %d# tfror ‘Pﬁ et?%)rﬁﬁj%g solids

e were washed With'f |sopropy acetat
Wgﬂ@lﬁﬂ!th@d;ti&ffh@lﬂ&ﬁl&b@i(&@ﬁ B Yripdine)cas laghofkyvhite tsglidvitic the HCI

t| n of 3-end (25 fc clohe Ime ihydrox o
S S5 b g 4 oy Bt SRy <04 %
exthigdrage Yo iif)L Toretb00 mwﬂbskzw%hdded{tﬁ 43).

icr e B R B L a2 st praso

409Hdhim)(t&(9wva}s951&r@dtfcriio rﬁma(mdbm;émi) 8.05 (s, 1H), 7.93 (s, 1H), 7.73 (d,

| qayr 0) t ha

o A e e 4 B daeea o (20, 239
2. fé@(bma}lﬁtél (19-8. 3 62, HmoBonie e Gud@H rridthe Mixturdiias stirred at

room temperature for 2 h. Ethyl acetate (600 mL) and 0.5 M NaOH (300

mL) Berenpdcled asgadlie phasasalibre Sepdra{®d2t bechriganindayeyi-((5)-

contdijediizydaexispih Biclyidtinyi i BidioRolrneadrkadopdyid Reidk3-yl}benzamide

(2-13+Badarbamoyl-phenyl)-8-azabicyclo[3.2.1]oct-8-

yIjethyI)cycIohexyImethyl amlde ( 84 mmol) WhICh was not |solated WO

b“neI'G :Wﬁjgrn(i ﬁa%lé(\@&oaﬂﬁf)i@@@)t%hexylmethyl (2 -oxoethyl)-carbamic acid
benzyl ester bisulfite adduct (3.94 g, 1 mmol) and MeTHF (35 mL), followed by water
{25 mL). The resulting slurry was stirred at room temperature for 5 min and 1 M NaOH
(8 mL) was added. The reaction mixture was stirred at room temperature for 45 min. The
layers were separated and the volume of the organic layer was reduced to ~8 ml. to
provide the crude title intermediate.

b. Preparation of 2-[3-endo-(3-carbamoviphenyl}-8-azabicvelo[3.2.1]oct-8-v11-
ethyl}eyclohexyimethyl-carbamic acid benzvl ester

To the product of the previous step was added DMF (15 mL) followed by 3-endo-
(B-azabicyclo[3.2.1]oct-3-yl)-benzamide hydrochlonide (2.67 g, 1 mmol) and then DMF
30
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phases were separated. To the organic layer was added 2 M H2S04 (42
mL) and the reaction mixture was stirred at room temperature overnight.
Acetonimile (300 mL) was added and the resulting slurry was stirred for 2
WH. ZFeiproduct was isolated by filtration, 5 the filter cake wasP@asisdowitbesss
acetonitrile (200 mL), dried in air for 2 h and then under vacuum at room
(I&mb}ar&thmenfamﬁe Wi girosdde thent}jtﬂemmrqmwm:(éto 0if) ¢86lpdite bY°C and
‘ihfél Ib%? ast%ﬁ\tlﬁ\:lhil(t)% Ofg(:%\ rﬁi%%é ESIE of COX?QG!L‘I»"]&%(%C? n'?'ge reactlon mixture
cyclo exy -dihydroxy-
wirepionyfamino Iiethymuaram B[&:ymlm[&@ tlﬁxeete@qlt)dben'zaﬁmemh‘qtet acetate

(%%T 198 a@d‘edatg’ ‘;1%’)‘(9&@%0'0:% 1 _aza @yc%@ghgé g njelt??;l g g@rrzﬂig for

oxy bropionyl)aminoiet énzaniide
l%mfatemg/ﬂher:@mw(@ apcanchivib OFhH@ gatik Tdr)/erreasl IWlaghsﬂJW}ﬁV\k&me in water

rntro en for 20 min resultin plete SS I tion.
(lhﬁe Sg%tpn%%ﬁqgg or%tfﬁe or amcg er W R0 tﬁtboggt%ig' ﬁarc%\rtde

ution’was coo e to room termperature wi stlrrlng

ths shvdntiitlasniemuoyiaainder slightly reduced 15 pressure and the resulting
slurry stlrred at room temperature overnlght The product was |solated by
f 0N rag N ‘-' 1 w Lk i A (2 Y i

rﬁL})l?_%H!t@r cake was drled in air for 2 h and then under vacuum at

roonmtgmBesIe: avarnightioRrayde dheditle eampound il 110% 799 Woited
Hgl:re by HPLC, -85 % yield) as a white powder. 20A sample prepared

Ebri)td ieralitiod BrScutErd Wik eHeraeterifed By iadinm o @abon

(4MHEg PMS8ka)ird (RO M08 8a8 AW, set5:000Es, fbH3, A9 B Qb &M,

2H), 7.74-7.76 (m, 1H), 7.68-7.70 (m, | H), 7.41-7.45 (m, 2H), 4.81, 5.00
hydrREEnatsdad BUS ST ior putBiREoHHR a0 298 Y01 D dhsssolution was
filleifOresLMCkth S0 bodvdht and %&%x%@@oanrb%?ﬁ 8 deR 881 @b mL)

m, 10H), 2.50-2.55 (m, 2H), 1.99 (d formed m, 252H), 1.56-1.70(m, 8HP
ang § SNOE 28510 Wero2de 9in, Bis) arsesisie tepassisradihppraanic layer was
wavatallinen3nence BHR dayelohexylsegimel B s3panic solvent removed 1o 5-10

12 h?droxygroplony aminolethyl 8 -aza-hicyclo[3.2.1joet-3-y1)benzamide
il F5QRrgp I%c&ﬁgt@rq 8#3) WAggdeed and the'volume reduced to ~ 8 mL to which

;sc(ﬁr@yclgdea(ylmeﬂaﬂ)a&)sadﬁ@ﬂhmf@&mttmg sturry was stirred at room
%ff) ethgll -8-aza-bicycLaor3.2.1loct-3- Xl)benzamlde sulfate
terR % (¢ {

uct was isolated by filtration, the reaction flask and filter
ca{e%(ey@t@mwmewamm ajethyicBoazahiey ole(d @<nrtidryihemzanide o,
8(‘}0 270.6 rgn and MF (480 nit) was stirred for 10 mm and then
aé%tt‘ba& d?r -1-yloxytris(pyrrolidino)phosphonium WO

d 2;99%&10%5%‘3 fT’&’Sr%OPff 02388 bexauoroRosphate, (183 o, 352
By azaq'ncvcliyfﬁ 2 ﬂoc%@v‘ﬁﬁ%ﬁaﬁ%&%%ﬁ ( fw%ratg form)

m 0] re added m one portion at'vu CrieTeacuorT Xt

sturre"BOa@t ﬁﬁarﬁlteﬂﬁfsér\aaa@ﬁ@d@m@nﬁﬁob@ﬂ(mm@w&m@n@immnyi} -aza-
bdﬁé@ﬂd 6159k w}%@%&dﬂ@e [EAGHOD XL S YA FSOR S MU0 A0¢ e

hases Were separate
was stmred for 10 min and then benzotriazol-1- -yloxytris(pyrrolidino)-phosphonium

hexafluoro-phosphate (56.8 g, 109 mmol} and lithium (45)-2,2-dimethyl-1,3-dioxolane-4-

carboxylate (15.6 g, 92.3 mmol) were added and the mixture was stirred at room
temperature for 2 h. Ethyl acetate (600 mL) and 0.5 M NaOH (300 mL) were added and
the phases were separated. The organic layer contained crude (8)-2,2-dimethyl-
[1,3]dioxolane-4-carboxylic acid {2-[3-(3-carbamoyl-phenyl}-8-azabicyclo[3.2.1]oct-8-
vi]ethyl}cyclohexylmethyl-amide (~84 mmol) which was not isolated.
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5 The organic layer was washed with brine in water (1:1, 2 x 1.0 L) and
the phases were separated. The organic layer was reduced to a quarter of
the volume (-500 mL), acetonitrile (500 mL) was added and the reaction
winbsidrepyyas stirred until homogenous to provide a solution obirtaramgdiaiesg:
(S)-2,2-dimethy1-1,3-dioxolane-4-carboxylic acid 2-[3-
endoBecathanoyphenydBazanicyelntd 2 +iest@-vllammdeyalohes i
ethyl-amide in 10 jsopropyl acetate and acetonitrile. An aliquot of the
PILSE SEICAR BN n R LRSS Y'Y, S Ao 1A FasooyA L) and the
reacgtateliaeeionitileiZ2ia méomnas sambioes with 2.0 Msuifidrr aSib L) was
d\qaé%er g).68 mL) and held at 25 C for 20 h and then held at 10C with .
ARG 1015 TS FOUEH ST OiliTish Wiats Tiltero ™8 AH The tgp Tebackby Qtration,
thevAsbed:wity aceteatdle (B delhanddried 435 tayield the- intermedidt@en under
rade sulfate salt of the tifle compound (2.91 g, 99.4% purity b HPLg:) as
I LT FRBAITENY A1 SRR BrAE FOmP S A g pure by
HeRG)aline/Brensoy®r {2-fcyclohexylmethyl-((5)-2,3-dihydroxy-
pronionyl)aminolethyll-8-aza-bicyclo13.2.11oct-3-y1)benzamide sulfate A
nuthresafcd-an HevelohB A hattiy 510

h@@%&@@pgm&ﬁmmﬂ > c@@%@g@@é@;&g@%ﬂg@%ﬁ g((’]f%der

-1 h, and the temperature was re ( . rate o
NHREFTHEIIAONEE BHiline ircemtpleimbinsriuiias. cEbiet totis Oy iretg dird3o room

refipBrA0d fltered-fhe Alsroake,was yxm%%%mﬁg@é%%% %f%%?tﬁz%dézced

and dried overnightunder high vacuum to yield the ti

pr@s’sgge_gr% t@gﬁpﬁ)ﬂtmgglaxpﬁb@igqq;@@mwlgﬁ overnight. The product was

iscﬁ;@&ﬁ@?@f&%ﬁ&i%@%@%%géﬁ were washed with acetonitrile
%g%/droxy- rc()aplonypam|nolethyl}_-8-aza-b|c %c;@zlloct-:%-yl)benzamlde

@ Eﬂfa)teﬁ%? 1Hige kv as dashipaiifar2 hew srdes feawyOZo9RTE)

eagSURPONIaL N AGsoNidle LMl healed oS 6o Walee i,
was then added dropwise until complete dissolution'was achieved. The

~Sh iy B BRITLOWIsTed to ambient temperature over 20 mm. WO
2008A1 0615 ERARB2084002 88 th Nusioatinpwas ORse e arawid 8

..C. The solids were isolated by vacuum filtration, washed with acetonitrile
HSTME) GO e B Y RERRIE) A (e saimpleb.. FD), 7.99-8.04
(mgmaﬂﬂmm%ﬁ-mﬂ%&h&wﬁiphﬁ%gﬁt@@lbwd@;%ﬁ%, 4.81, 5.00 and 5.30
dihydroxy-propionyl)aminoiethyl}-8-aza-bicyclo[3.2.1ioct-3-yl)benzamide
(T e oSt A OE GEA i) S Sri G (e S 3.25
and@ water 65084 an@mem@mb(%s%fﬁ@ly@q§,mi5m@s@é§§ moh) 809 (eaRGed m,

25 RGNS b e LT <O Cisated by vacuum

filtration to provide the title compound (8 mg). 10Example 4:

Crystaipsapisn B ;& atheis- ¢ seyetaHma draatigi(§$3-kegelohexylmethyl-((5)-2,3-
dibydroxy-propionyllaminc]ethyl}-8-aza-bicyclo[3.2.1]oet-3-y}benzamide

sulfate

a. Preparation of 3-endo-{8-{2-[cvclohexvimethyvi-(($)-2.3-dihvdroxy-
propionvllaminolethvli-8-aza-bicvelo[3.2.11oct-3-viYoenzamide sulfate

A muxture of 3-endo-{8-[2-(cyclohexylmethylamino)ethyl}-8-aza-
bicyclo{3.2.1]oct-3-yl} benzamide (100 g, 270.6 mrnol) and DMF (480 ml.) was stirred
for 10 min and then cooled at 0 °C. Benzotriazol-1-yloxyiris(pyrrolidino yphosphonium
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dihydroxy-propionyl)amitiojethyll-8-aza-bieycloi3.2.1joet-3-y1)benzamide
sulfate Compound 1 sulfate (hydrate foul (42 mg) was dispersed in a
water (25 %) and methanol (75 %) solvent mixture (0.42 mL) and heated
wWin28@Cowith stirring. The 15 resulting solution was allowed tarcanb$euos/002383
ambient temperature. The volume was reduced by 50 % by rotary
h@%bmrapbmahmetlﬁb%cguﬂéﬁ wves 1 pfndt!dhnipie (4.8 Bed atethbdvig Brigin olane-4-
calBSk ‘f%“'é '?.? e O'ated@éA’ aron Qriﬁ%‘%{%@ §oRropds 10688 nixure
- compoun xamp e“ée C?’rysta ization
was shided(8t (Rdavytiohexylmricthyd- &S )@ Bopy! acetate (2.0 L) and 1| M NaOH (1.0 L)
0, minalethyl) loi ct-3- nzamld
e L A e e
Theetomitd| B(FEv94) W@hif@dtw&mmct@nzwmy {Adetbnifrifel(DatB tm_})imags were

f 04 M sulffiric ac id in_acetoni jle
s S N A A A0 TSR b ATD,
acginbietie GRperalwresfedde? hnd e resdivngsolids werstisoldtedibomogenous to
| Ili
prél*yié&'%%3%%5%%%%%&%%2&%@ %"%"% @Mﬂ 8 %1&%%?& %%gr%%gyhc acid 2-[3-

3-endo-(8

erdinf@roxyaproploniyfiaiibolethylydobza- Heyeb gl 2 dibonaahdmesimidenide in
iséﬁ#&%&? §&%@%ﬁ%@t&n§§%§1g) was dissolved in dichloromethane (0.5
mL).

o the solution was added 0.04 M sulfuric acid in acetonitrile (1.91
mL). ArsdligtptediBitarbdorrrdton addifiomefatid 3 Theréaltiontmixinrscpropy!

acMag et el ampient tempsratuie forl2hwithe. W@Pﬁﬁ?'&%?d"ﬁ?(ﬁater (3.68 mL)

isolated by filtration to provide the title compound.

anglogdiiat 2150 PCINISPOoBO0REE 3tERaia ity Stméﬁiz%hoﬂ"bfﬁ reaction
30%88'%&?ﬁ%&%'ﬁhﬁ%@ﬁﬁ@%@ﬁmhed with acetonitrile (2 B 5 mL) and dried

droxy proplonypamlnolethyl) -8-aza-bicyclo13.2.11oct-3-yDbenzamide
t"é&%&té’@%ﬁﬁ@@‘ﬁ@fi gl g sdiseOiet e eomrmme (2:9 b, &Rt %6 purity by

HACEPNIYIe YD selveRtmRde &%ék;ime)hgr&a%ef&%w'on was added

0.04 M sulfuric acid in acetonltrlle (1.20 mL). A solid precipitate formed on
b. SatioRiObacikds WRIRr QA6 T J as adHed, 1e.:4ae (RSO N JNIUFEy-
%ﬁ@@lmmébﬁr@n@ﬁmmamamw@m@m WwasoeBhsenpd BiRTid:Rulihe

resu solids b cuu filtrati nto i vide the title
comp%)ﬁ% S 2 %‘ %{ﬁ grethyi-(( -dthydroxy-propionyi}-

arﬁmﬂ&@h@-&%ﬂ‘ﬂmmm&t]’aaktkﬂ(f(@-)%%zamme sulfate intermediate grade (154.0 g,

277.1 mmol) prepared as in the previous step and methanol/10 % water (616 mL) was

heated at 65 °C over 45min with stirring. The reaction mixture was cooled to 55 °C, seed
crystals of the title product (120 mg) were added, the reaction mixture was stirred at 55 °C
for 1 h, and the temperature was reduced to 20 °C at the rate of 10 °C/h and then held for
8 h. The reaction mixture was cooled to 5 °C, held for 30 min, and filtered. The filter
cake was washed with methanol (2 x 25 mL) and dried overnight under high vacuum to
yield the title compound (126.3 g, 99.9 % purity)

Example 2 : Recrystallization of 3-endo-(8-{2-[cyclohexylmethyi-({($)-2,3-

dihydroxy-propionyljaminc]ethyl}-8-aza-bicyclof3.2.1]Joct-3-yDbenzamide
sulfate (hydrate form)

Compound 1 sulfate (hydrate form) (920 mg) was suspended in acetonitrile (5 mL)
and heated to 65 °C. Water (2.4 mL) was then added dropwise until complete dissolution

was achieved. The resulting solution was cooled to ambient temperature over 20 min.
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10dihydroxy-propionyl)aminolethyl)-8-aza-bieyelo[3.2.110ct-3-yObenzami

de sulfate (hydrate form) Crystalline compound 1 sulfate (7.1 g) was

dissolved in a solvent mixture of water (42 mL) and acetonitrile (25 mL).
wiheosakiien was lyophilized to produce an amorphous sulfatecsatts Theaeoz5s3

amorphous salt (6.6 g) was dispersed in a acetonitrile (75 %) and water

NLblI{28cHopasveptraiirsard34 Sl randdented o fhte dayLinMitiation,
stirring and allowed to_cool with stirring until, m@ient temperature was

BRI B T e RS G LT VR R fob B ULF 59 9288 fitration
to provide the title compound (5.4 %) Examples 9-17: Properties of Salt
FormE¥tHda Aventisitaaraprs of theedfy Stalfink xsinaee dare8ns-ghud.is-
(2_[03@@3@%@%@@)&)@@%et&gyi}MS»ammbiaydu{B,ZjE(}et«?ﬁ—yi}b@n%mﬁd@
dihyd?@ﬁ&?-%ropionypaminoiethyl}-8-aza—bicyclo[3.2.1]oct-3-y0benzamide
(compranshidPrenarad asdmabxampla 14 aasholdagsysialing hydrate of) and

the sulfate salt of compound ]ggrepared asin Exar:%gle 2 were analyzed

B oS AR DD BV REAFCAthG A ek, The
rekRBGY, ShetmegrRVAIMSLG anahsit d@Adinfearpe8RRCRSCPRY (iR} &0ding

ign chromatography. 25Example, 10; X-Ray Powder Diffraction X-ray
Sﬂfl&wgr%}fﬁ fffb%yp‘ﬁf@mg BHFAGERES PaHES Werd DbtaenTwith 2e)-
Rigaku diffractometer using Cu Ka (30.0 kV, 15.0 mA) radiation. The
analySkafpsesbHorméaliRH e Yohifetdr enaTstp e ednarilisis (-
model& EpermForitn Bepateby b 3 srdig sltde 4l xtod adirenzamide
SamﬁFé'g%’ere prepared on quartz specimen holders as a 30 thin layer of
powdeteshaeiialifhe (Ratrumentyascalibraedivwiib-asilican atandard;) and
WO 2008/106159PCT/US2008/002583 Example 11: Thermal Analysis
MR S AR CHIRIRE (B8 e FIhedPhEd ek stimppe. The
rebistimenisod edel Qo404 maddioRatBiweresplecies and aBaMzeRas reduced
usin gA Instruments Thermal Advzjn'_[,age for Q SeriesTM software, A .
b%i%%ﬂ OFUBS i IPRETHIY WAL RECH RN WRTJRB G5 RRAcRh SIRATALIT pyFmight
Theitledidiilheotiampiesiias avalateduisingladingamheating menmefcbthpound
C/min from 5 C to, typically, 265 CC. The DSC cell was purged with dry
( it gen during use. Representative DSC traces for samples of the
crystalline sulfate salt and of the crystalline hydrate of a sulfate salt of
compBRBRIGRG SHaRAIERIN L i—wg,sréﬂwwggwmyl-«s*)-m‘
10TheHGgPavIPERRioBHER/S eTesyede il rsiblp e Py D benzamide

InstrdFHEHE Model Q-500 module. Data were collected and analyzed
usingCbApastidmentsnbhermal Advantiage forehSeriest Mhackwansrite (78 %)

SoBTEI S SeAF TR ke (oA 468 Qi b s
aclithéandeating ¢@0e5efiD)Clininlilhedogianeciamncisnack charobarEIWErR

urged . . . :
reRliOF Mixture was left at ambient temperature for 12 h. The resulting solids were

isolated by filtration to provide the title compound.

Example 6 : Crystallization of 3-endo-(8-{2-[cyclochexyimethyl-((5)-2,3-
dihydroxy-propionylamino]ethyl}-8-aza-bicyelo[3.2.1Joct-3-yI}benzamide
sulfate

Compound 1 (38 mg) was dissolved in dichloromethane (0.5 mL). To the solution
was added 0.04 M sulfuric acid in acetonitrile (1.91 mL). A solid precipitate formed on
addition of acid. The reaction mixture was left at amnbient temperature for 12 h. The

resulting solids were isolated by filtration to provide the title compound,
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15 with nitrogen during use. Representative TGA traces for samples of a
crystalline sulfate salt and of a crystalline hydrate of a sulfate salt of
compound 1 are also shown in Figures 2 and 5, respectively. Example 12:
wDynanie oisture Sorption Assessment Dynamic moisture SBIRosee6s/662583
(DMS) assessment was performed at 25 C using a 20 VTI atmospheric
micropalange, A~ byalien ¢V T Lang-dialeahs inlx SRdE)1A(SMIple
size cfinparoximaiglycaithmihvlasiyspd-ansl theyBlanidity was saliaidhanide
ambieatfuadue at the start of the analysis. A typical DMS analysis

consisted of th ambient to %rel tlve h RH 2‘V
o0 RE B AL A A e R R SRR o0
saheaisummes/é}yi tvmdimlr’l“md&anﬁ;thm maswasedhaagm Qﬂﬁmﬂm:mlentacetomtrﬂe

1° XRH) ‘%‘é@?'i‘té?e %%@?d? n%llgl %P'?JaP'e Py r@So 2, dded to

for consecu oints. Re presen Eliraces o samp
th@rg@aihmemuﬁamdwlﬁanrg @ieamﬂggbalmeﬁiwdﬁatmnfomsutﬁa@wsalaﬁﬁr 2 h. The

re?r'#r%?%og dds% %%{r: e dI% Fv%%g%?fg & mh r%%%l e%e%ﬁ?ﬁ lg?%l?’ll’ld

naIyS|s e infrare sorp o spectrum was determined
overﬁe freugncran ge, 4000 to 00 C || an ata%éso FT-ER
spectrof BB WRACL S, Si'ﬁ}P Sy ¥EGHE Aot
spect %ﬂgmg % = %a Giz. 1 Joct-3-yl)benzamide

)6 3{ "'n 8/002583 LR absorptlon spectrum for a sample
of a diysstlline suifateusdli ohifedfVangowadsatissignificant skisenptianture of water

30,1, 59 51,8671, 1 1,11051, 1171
CPTR ootIR 2R b SR bt Sophyad b R affrobous
sulfalo@dt] 12852007 #dl} @ﬁ@m&ﬁmmaﬂa&mm@%@&n %) and water

14 x fr St u [ lysis rystal,of
o B P
almwd\/asmtdmtédmml@ggla*skafnbbremmrﬁtamlmawrww&tmﬁmrh?dalthe

r RSO %@%ﬁ%%%ﬁ?& TRMEER ARG SoNee gl 5.4 0.

window 10 diameter o cm, contro

ot (50000 4 Koty el o cects

'CC aSmms @ﬁf&l@/zedtacémg SHEE X8tvdriends 18 (B{ake}om@@)wthyl ((5)-2,3-
dl%?é&y(y%%’/een%\%v\?lk%}% g eqmﬁ:? g%z%n%%?@owel jjoecq\é%yt)ggrlatzgggdg {compound 1)
prepared as in Example 1A and of the crystalline hydrate of the sulfate salt of compound
1, prepared as in Example 2 were analyzed by x-ray powder diffraction (XRPD),
differential scanning calorimetry (DSC), thermogravimetric analysis (TGA) infrared

spectroscopy (IR} and ion chromatography.

Exzample 10: X-Ray Powder Diffraction

X-ray powder diffraction patterns of Figures 1 and 4 were obtained with a Rigaku
diffractometer using Cu Ka (30.0 kV, 15.0 mA) radiation. The analysis was performed
with the goniometer running in continuous-scan mode of 3° per min with a step size of
0.03° over a range of 2 to 40°. Samples were prepared on quartz specimen holders as a

thin layer of powdered material. The instrument was calibrated with a silicon standard.
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dimensions a = 6.8239 A, b = 16.2275 A, ¢ = 24.2021 A, cx = p =y = 909;
cell volume 15 (V) of 2680.0 A3; calculated density is 1.38 g/cm3; space
group is P212121(#19) Powder x-ray diffraction peaks predicted from the

wdelivgghaiemic positions according to Mercury 1.4 software wefgjlusigRmorsss
by visual inspection to be in excellent agreement with the experimental

resultsefdnigeng 1TExamila 4585 Selid State Stability Assessment
ZOSaJ[‘B)},?%es of the sulfate salt of thegg%\%e tion Weg stored in multiple open
y

glass viafs &0 TERE 8608 RISV iR B9 EE AF G & Tndipsgaents
MRt At-$pé cifid interals, wae: cofitentd of @ refikese Nty wdhwasnents Thermal
removed and analyzed by DSC, TGA, PXRD, and hy HPLC for chemical .
AR o SR e AERA i DB LTS G He weighed
inRSE dnihGArtherneghaids Bibe bathd oRE Bpaitesn ofisamples28esiniechmp of
t either conditign. The chemical purity of t tored samples by HPLC .
T Bt o G4 i e 161 B R A ioh B SLNIERGR Titrogen
dCiogtest ARsaraplest thesdiate salbofdhe inventienwasidnaleddmlt and of
sulfate ion chromatogra using a Dionex ICS-2000 ion chromatograph
LA A B St AR 5 RIS P REGED A6 G PG e i .
regesidivetivity detector, lonPac ASI1-HC analytical anion-exchange column,
and lgnPac AG11-HC guard column, The sulfate content of the WO
008 B s Bt T TS HE TR At B eyl Model
QvihitmodaycbB aempared iwithcbathb eelicati susfatereontent:a b . 686 das!
ne molar equivalent of sulphate ion per malg of parent compound. .
A S SRS VindaF 5 By eitel A Bheite Brged o oo
alinydirate pdithe inybniiomwes RnalyzednbyTeAucoupled with IR ganrahEisC
of the material vge;‘poriz (ﬂ]during initial weight loss. The TGA trace shows a
it 5

TG B 8B 3295 hibw TOBE whith A6 &b fiarecr htRbgrs were purged

withedatieal dveightlessrebadcfteforannenehydraie aheampeungbisulfateuifare
vaporized material was consistent with the

The IR f th
Sa‘r‘eefgffe%@%g% lé%tﬁﬁ{%? RateriRiesgiaokeamanyand sinaliyshesgyipigures

2 mdripreddestHuinan Delta and 10Guinea Pig Kappa Opioid Receptors

Example 12: Dynamic Moisture Serption Assessment

Dynamic moisture sorption (DMS) assessment was performed at 25 °C using a
VTI atmospheric microbalance, SGA-100 system (VTI Corp., Hialeah, FL 33016). A
sample size of approximately 5-10 mg was used and the humidity was set at the ambient
value at the start of the analysis. A typical DMS analysis consisted of three scans:
ambient to 2% relative humidity (RH), 2% RH to 90% RH, 90% RH to 5% RH at a scan
rate of 5 % RH/step. The mass was measured every two minutes and the RH was changed
to the next value (= 5 %RH) when the mass of the sample was stable to within 0.02 % for
5 consecutive points. Representative DMS traces for samples of a crystalline sulfate sait
and of a crystalline hydrate of a sulfate salt of compound 1 are shown in Figures 3 and 6,

respectively.

Example 13: Infrared Analysis
The infrared (IR) absorption spectrum was determined over the frequency range
4000 to 400 em™ using an Avatar 360 FT-IR spectrometer equipped with a diffuse
reflectance infrared fourier transform spectroscopy (DRIFTS) module. A representative
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a. Membrane Preparation CHO-KI (Chinese Hamster Ovary) cells

stably transfected with human mu opioid or with guinea pig kappa receptor

cDNA were grown in medium consisting of Ham's-F12 media
weupptamested with 10% FBS, 100 units/ml penicillin - 1001. Iggfnrkis2008/002583

streptomycin 15 and 8001.tg/mL Geneticin in a 5% CO2, humidified
Rradusbattor@8¢tnRecepongkpréssiont lietss(B% s2barie Didion had

.pmel) rotein, respectijvely) we ermi ing
S O e oy L0008 Bton &St
1&g olighlitd Bihding iassalz Cells Wark-groldii 1c-80195P6-condlsErty (47851, 1553
ture lling. 2 ng,t Il manalayer was
o0 8 EomiLEs B 2o A A RAr L by o8 <1 3o
3ihiéetamical agitation in 10 mL of PBS supplemented with 5 rnM EDTA.
Following resuspension, cells were transferred to 40 mL fresh growth

mediz fargaprifugatien Durbsrinw ey astiDBO M anddasyapended in
fresh growth medium_at the ropriate split ratio. 25For membrane
B AR e s

preparation, cefls were harve vgen
0.43M EDT A 0PBSfollowetbbyteéntrifugatiofit@500.g faol Srmintesysthetructure

ellets were resuspended in mM . )
et b U Sburie ey e detctor with windov
dids@ehydrick§ etiny hpiperiazire- ARM(E@ESEhane sulfo6iC acidy AHERRSY, pbU3) using

7 nd_homogenized with g polytron disrupter on.ice. The.resultant ,
s e e A O R SThat), W pmisoleced at
tegigoatdecdantbiid Stpehataraceyeafuge(88DDES) forsRG inU@shkENE€003)

S shed pnee by resuspension,in.Assay Buffer, followed hy. .

B ana] LA Ao D00 S 1o 20 R AR i it
diZRASHNGIS SR IS 2008/00238 3 petets were fesuspgnded indssay volume

uffer (equivalent 1 T-225 flask/1 mL assay buffer). Protein concentration
@gg%éé%e%&ﬁ&g TR Brifigst Prwn SeuRysIitahd (F19) Powder

x-fagiiFanes\werk steca b inifrrrantaiguotsdi iR Crdintib e duiadigun®rcury
. %e#]% oglegld recegtor hDOQP) membranes were purchased from Perkin 5
“ETHENhE PEpoHETeY X B RSBl BT S FAR RS ASEtEmATH Y iy e

expatifration aealyseSHipad¢3H1-Natrindole radioligand binding assays were
0.14 nM (plQ = 9.85) and 2.2 pmoUmg protein, respectively. Protein

CONCERHAAD mgm@i{éﬂéﬁ;ﬁg{%@gmgradford Protein Assay Kit.
Me ranxs were sto!ked in frozen aliquots at -80 C, until required. 10 b.

Radi ﬁalg 8 r‘f&f‘hﬂl %@aﬁ?&t of the mvention were stored in multiple open glass
vials at 20 °C and 60 % relative humidity (RH) and at 40 °C and 75 % RH. At specific

intervals, the contents of a representative vial was removed and analyzed by DSC, TGA,
PXRD, and by HPLC for chemical purity. After 4 weeks of storage, there was no
detectable change in the DSC or TGA thermograms nor in the XRPD pattern of samples
stored at either condifion. The chemical purity of the stored samples by HPLC was

unchanged at 99.7 %.

Example 16: Determination of Counterion Content

A sample of the sulfate salt of the invention was analyzed by sulfate ion
chromatography using a Dionex ICS-2000 ion chromatography system equipped with an
anion self-regenerating suppressor, conductivity detector, JonPac AS11-HC analytical

anion-exchange columnn, and JonPac AG11-HC guard column. The sulfate content of the
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Radioligand binding assays were performed in an Axygen 1.1 mL deep
- well 96-well polypropylene assay plate in a total assay volume of 200 p.L
containing the appropriate amount of membrane protein (-3, -2 and -20 ug
wipnemiy@etta and kappa, respectively) in Assay Buffer, supplemegtedogithzsss
0.025% bovine serum albumin (BSA). 15 Saturation binding studies for

stiapeswinatiasrafidéado/alies DidRehiall ipbgandoweare perfoImethasinetal sulfate
31-11-Diprenorphine at 8-12 different concentrations ranging from 0.001
CRTL I 1 BT RS O PTG BSA sparen compound.

compounds were performed with [3H]-Diprenorphine at 0.5, 1.2, and 0.7
nM fo@ﬁ%“j@@lﬂ&?ﬁ%ﬁﬁﬁ?%ﬁ@ 19E8y et eré v hlzanentrations of
compauehranging d1ennde oMire100:R-2QOBINGING-data wwerg analyzed it v
by nonlipear regression analysis with the GraphPad Prism Software

Xﬁ5§§ rERITP AL SRrare I THEE SUIPDIEYEMCAF udiig Theistparahtsma
winghlelolaramez site, eRmPRIian wHenGuEye, B vAs X SRR S VIS hi 10ss

for nonspecific binding, as determined in the presence of 10 uM naloxone.

ofel vAfRse s tety danssiimannend Lattitited in BrigmctrenrfHs beadrized

mbpMaliesantiie esinalienef the sadinligand.iging the _
Cheng-Prusoff equation (K= 1050/(1([L]/K4) where [L] = the concentration
of [31;1-Dipre ' negati i
A A A e
t

pl(..; value in these assays have a higher binding affinity for the mu, delta,
&, 2

\ b

kAP PE e YEEEB or. The sulfate salt of compound 1 30 exhibited a
plc vatyeook9. Bk dbe: human MuvariPid e ey i Rected with human mu opioid
2008/106159PCT/US2008/002583 Assay 2: Agonist mediated activation
oot tHeSHECE fid & FeRR BTN TS Breparbctrg T sk igeIRl Ham's-F12
mBHegNgHaaumanity-epioid @@Qﬁ%ﬁiﬁﬁéﬁﬁ:ﬁﬁﬁaﬁd@%gfb}fﬁ%@%ﬁﬂaﬁqwin
y

intrinsic activity values of test compounds were 5 determine

ang §Q8ues ke cantisimibr B3 APE TPuEdifrdsenebalioviingréce feecptor
e FIAAIRN R IEMbranes,prensIad pﬁ{%@%&&%"ﬁ%m{ﬁ%ﬁwwg determined

human mu_oploi(Tarxeceptor. a. Mu Opioid Receptor Membran€
ugste JarHiBiPreorlin P epibrrriceptors @D P) mieelbiana sodrsmesdtrasioligand
biRkepaseshas described 10 above or were purchased from Perkin Elmer.

The reported pKd and B, for the purchased membranes determined by

saturafith HRgERY RIS DRSRHETIING PaciblgAt DReiAgeaksByBcell line
padiasih0, 06-aRd AdnBRGL MERFRIIRERREL IV LRI I CRAGRINRNIOD g

was determined using a Bio-Rad Bradford Protein Assay kit. Membranes

hapeidesiBraasrfsatrgifgistsiarl boe o LB sypmsmenisonith ey BIELA-
FARVERR Besuspension, cells were transferred to 40 mL fresh growth media for

centrifugation for 5 minutes at 1000 rpm and resuspended in fresh growth medium at the
appropriate split ratio.

For membrane preparation, cells were harvested by gentle mechanical agitation
with 5 mM EDTA in PBS followed by centrifugation (2500 g for 5 minutes). The pellets
were resuspended in Assay Buffer (50 mM 4-(2-hydroxyethyl)piperazine-1 -ethanesulfonic
acid N~(2-hydroxyethyl)piperazine-N"-(2-ethanesulfonic acid) (HEPES)), pH 7.4, and
homogenized with a polytron disrupter on ice. The resultant homogenates were
centrifuged (1200 g for 5 minutes), the pellets discarded and the supernatant centrifuged
(40,000 g for 20 minutes). The pellets were washed once by resuspension in Assay

Buffer, {followed by an additional centrifugation (40,000 g for 20 minutes). The final
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15 were diluted [010 uM and 2 mM, respectively, in double distilled H20

then mixed and permitted to sit at room temperature for 30 minutes prior

to transfer to individual aliquots samples for storage at -20C. b. Human
wibhéslibsEdy nucleotide exchange assay GTP-Eu nucleotide @xhat@6s/002383

assays were performed using the DELPHLA GTP- 20 binding kit

péftaskiniflraanpasian/ el Jovedfiftef.plates aceortingiRANSIL assay buffer).

manufacturer's specifications. Mempranes were prepared as described
P RReErpRBP R ISIaF SRt ¢ S8 A P ldi i S wedFerdifinteitotgsay kit and
mealiandkalion ol200iHamkdniARsaY Bubier OQnMEIRRES, pH 7.4 at

25C), then homogenized for 10 seconds using a Polytron homo%enizer. ]
Test E8MPBITHE ARiFsEERiGH GO hRFERIaR SONRB RaTRRES DAY erkin
Eoilsited te 400 eSSy, BiffRecontaining & 1%-Bonednd sefialicCh ahalyses
ns.then made to generate ten concentrations of compound ranging

_dilutio : e |
* &Efﬁid\%ﬁ%%ﬁﬁ%ﬁﬁﬁ%f@%@ﬁ%?@fﬁﬂ&"aW WAt 46 M,
2 reppetiivebrotieiAssay Buliar. PhaassaywasARomedioraigialvalen&io-Rad

of 100 ILL containing 5 gig of membrane protein, test compound ranging .
BRRdHATG B Ipm%f'u REBOSHY T6 REPE S0 7R ARG R L6 o
reMalgC12, 50 rnM NacCl, and 0.0125% BSA, (final assay
gncentrations). O (Tyr-D-Ala-Gly-(methyl)Phe-Gly-ol)
‘cofcentrationresponseEtirve (ranging from 12.8 pM - 1 uM) was included
on eveayiplaiend BEHRR0BEL06 BR9P 6 b52008/002588en 1 AsSBYIRIRIRS]]

é/ver@ prepared immediately prior to assay following the addition of 25 uL
OGP AL B35 A5 P RS ROV B 35T D LGP A PSP e
apbhepAsEwastbitialedamthsraddition of 25-p. Lavemixsans RisteiBaNGppa,

allowed to incubate for 30 minutes. The assay plates were then filtered
e YA & TR B EBIS SN B A% YR SEoAbumn (BSA).

Sdegtates taih4iineHoantwashed Wit KoM IaBpalatuig. GlRIMasH

Solution (2 x 300 ml). The bottoms of the plates were blotted to remove

PeEirEE IRE LTh e B BTRRRE RS AE A A R PRSI R RS fipmsin hikom 0.001

nMMOuNOfepRd-mERn-kday measurinedine ftesalvan &) WO NERIs were
b £§F)§n aP _aﬁd Fusion Plate ReaderVehicle: DMSO not to exceed 1%

ATGESH L OACEHIRBATIHE ArmotiAt BihOUREPPIEY felitoputiona
retpdhievelggnee abastivatiomehithedus apigiduscemtersordheltesi — 100 M.

compound. ';Eae intrinsic activity (IA), expressed as a percentage, was

deterHABESETHE FER EF 8PS DBHRBPBSEHETE PRt BB fgeraphPad
Prach\Gatforaby/ ik g6t Compoand da-ineameyrt.abseue dior agtivation by
3_DAMGO Wh(iﬁm i@épresumed to be a full agonist (IA=100). The sulfate salt

BYEGHISHITG S HEMRBHSH &R DS HPThtr i CHMFIRP O T i S 5eb gy the value
fol hersspihweioreaeiit gulfaie sall habi hern Sbawed o O N aageRist. AssalYes for

: Rat Model of In Vivq Efficacy .
tes:% compoungs were calcu ated, 1% %{nsm, from the best fit ICso values, and the K4 value

of the radioligand, using the Cheng-Prusoff equation (K= ICso/(1+{[L}/K4)) where [L] =
the concentration of [*H]-Diprenorphine. Results are expressed as the negative decadic
logarithim of the K values, pK..

Test compounds having a higher pK; value in these assays have a higher binding
affinity for the mu, delta, or kappa opioid receptor. The sulfate salt of compound 1

exhibited a pK; value of 9.9 at the human mu opioid receptor.
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In this assay the efficacy of test compounds was evaluated in a model of

gastrointestinal transit, which evaluates peripheral activity. This study was

approved by 20 the Institutional Animal Care and Use Committee at
wbheramManee, Inc. and conformed to the Guide for the Care angJ§8:0fz/002583

Laboratory Animals published by the National Academy of Sciences

((€) 19960 P2 Rak Gasttice BVl Q0585 Tl CAMRHRS Wate Svaluated

in theRLAASHIC YRRIYIRG ASHRYCAERIEIIINe SohiRelAPILY A SENEIRE- opioid
Iopera&@gdpduced delayed gastric emptying. Rats were fasted up

overnjght prior to administration of test compounds or vehicle by

intravihots 2 SabciaRYGHSY AfaMTSSiNAF BY braisated %ﬁﬁé@?ﬁfﬁeﬁeﬁaﬁew
datanses BngngdremiB00ddmaboyt3dimiiprams/ilogram tmakalefie

administration of test compound was followed by subcutaneous
a’%&’rﬁﬁ‘?@%ﬁ@ﬁ’%ﬁ%@é‘?ﬂ?&%@%%@ 5F1 RRYAKEGEFFemBIBeIppRRRmu opicid

regdpigies post loperamide or vehicle administration, a non-nutritive,
bIe charcoal meal was admlnlstered via oral gavage and
rE i Wed el Hee SR lter for the sixty minute duration of

the eXﬁeﬂmeﬁtx dﬁmﬂﬁ&léc@;ﬁ& mﬁf(@m@m@ﬁﬂléﬁa&fé&@lthm prepared as described

2008/106159PCT/U 008§0025 arb dioxide asphyxiation followed
A TrOr Bty K & AR EELEa PR oAt s

mmdhhﬁmmmmageawammen anglibes pyloriE ARG ihine
revent itlonal emptyin S ere oval, Gastric weight was .
o R e R B A RUTAATS BT RIS rotein
cResuitgion whndateras rmedalyzefhUBiogRidentrafohP aebRiis Ms&af M/tal’Membranes

a G hPa twar Diego ).
V"’clff:r\‘?%eslge \%ere%%ﬁst%u%?e b? f?gn henégr]e %%ﬁioﬁ’ Wgﬁ Cﬂéfé and GDP
weigrhididai mmmm(vaambl@ﬁlmmmmdﬁiamb@w fit, ®13B0nixed and

val er calculated Curve a and maxima were fixed to
pﬁopg%ﬁnﬁjsel BT LG URR A RN :F c%@ AY9%ES rgvgféglfrﬁﬁﬂ%éﬂ|E|3‘E%ﬁjo?§‘q“°ts

sa@nﬂﬁs&bngtdx@@ymre%ﬂihl) respectively. Results are expressed as D50,
ﬁe dose reg for 5100/ reversal of the effects of loperamide, in
Imdrn mu 1 nuclegfide ex (5]
compound 1, administered

orallﬁ@?hmmmti%whhng@aﬁé}@ anékgem"cﬂiﬁegasﬁmg ¢rapiyingHIA GTP-

e le th pres ent inv crlbed with reference to
blpﬁﬁg p!(elgy}béw |men seﬁ}ee?g#a 631 eatt?r% &FIO0H byttgwose
mskufe@tumﬂwesamtﬁammm Udohénges wiay mpﬁa&dteaaddseqmdaiem raay prior to
thg iy %%%lﬂgsg (ﬁvgth (Qegv%rr%ncg fro?tthe true S rlsgtta a}_p de?COCgD &g?r}% 1n Assay

|nvent|0n ItIO , many mod]flcatlons m e made
Btpﬁaﬁdﬁl@mﬁwmsmélé'rmmmmﬁmm@mﬂ@tﬁe@meesa%epﬁ@dessiﬁge@

qr.steps, to the. ob f,:tlve spirit a dsco e of.th ent inve tlo Al
H %dajf' %a‘tlons are ?r?terrg B“g r"c %E%@gé\é{n 3Tfﬁ§5 in
Dsjizntikdeieeto0 Add mmalkssagllspﬂﬁeh eaﬂmﬁ;r@ana%mm ﬁﬂi@@ﬁai (1:5)
dl% cumt%ntsncl:lt éj hereina otve are mcor ora%%:l xrefer nce her%n in fuII
RS UGH iRAVidO AT TS5 BratBERY ¥at8rehc® pound ranging

80 ;,LM GDP and GTP-Eu were diluted to 4 uM and 40 nM, respectively, in Assay

Buffer. The assay was performed in a total volume of 100 pL containing 5 pg of
membrane protein, test compound ranging from 10 pM — 20pM), 1 uM GDP, and 10 nM
GTP-Eu diluted in 10 mM MgCl, 50 mM NaCl, and 0.0125% BSA, (final assay
concentrations). A DAMGO (Tyr-D-Ala-Gly-(methy)Phe-Gly-ol) concentration-

response curve (ranging from 12.8 pM — 1 pM) was included on every plate,
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WO 2008/106139PCT/US2008/002583 WHAT IS CLAIMED IS: 1.A

crystalline salt form which is the sulfate salt of 3-endo-(8- {2-

[cyclohexylmethylAS)-2,3-dihydroxy-propionyl)amino]ethyl1-8-aza-bicyclo
wiS Rokjesi:8¢ 5 yl)benzamide or a solvate thereof 2. The erystainessabises

103. Thesaiystating salbfgrmeaf iGhaiaidehaisindhessiealing salioimisn of
characterized by an 2%2% powder diffraction pattern having two or more

2ditttaptioipe BTt (Wsteiseteaorain 86310 G b GBP-Eu. The assay

whSRitRagd %@695&1 #1092 @&%Qen%k?ra%@‘b?o%i?ﬂaﬁ?@ 3’1@0%%(11@' %ﬁg%@ for
19.76+0.20, 21.114.20, 22.07+0.20, 23.184.20, 23.74+0.20, 24.56+0.20,

39uernies 2 peusy 0l26s 2esethonbl ipgd b 20V 2915 4800201 1Bnifold

connecied to the house vacuum regulated to 10-12 in. Hg and washed with room
temperature GTP Wash Solution (2 x 300 mL). The bottoms of the plates were blotted to
remove excess liquid. The plates were then immediately read to determine the amount of
bound GTP-Eu by measuring Time Resolved Fluorescence {(TRF) on a Packard Fusion
Plate ReaderVehicle: DMSO not to exceed 1% final assay concentration.

The amount of bound GTP-Eu is proportional to the degree of activation of the mu
opioid receptors by the test compound. The intrinsic activity (IA), expressed as a
percentage, was determined as the ratio of the amount of bound GTP-Eu observed for
activation by the test compound to the amount observed for activation by DAMGO which
is presumed to be a full agonist IA=100). The suifate salt of compound 1 demonstrated
an intrinsic activity of -5 i this assay. Thus, the present sulfate salt has been shown to be

an antagonist,

Assay 3: Rat Model of In Vive Efficacy

In this assay the efficacy of test compounds was evaluated in a model of
gastrointestinal transit, which evaluates peripheral activity. This study was approved by
the Institutional Animal Care and Use Committee at Theravance, Inc. and conformed to
the Guide for the Care and Use of Laboratory Animals published by the National
Academy of Sciences (©1996).

a. Rat Gastric Emptying Assay

Test compounds were evaluated in the rat gastric emptying assay to determine
their ability to reverse loperamide-induced delayed gastric emptying. Rats were fasted up
overnight prior to administration of test compounds or vehicle by intravenous,
subcutaneous, intramuscular or oral routes of administration at doses ranging from 0.001
to about 30 milligrams/kilogram (mg/kg). The administration of test compound was
followed by subcutaneous administration of loperamide at a dose of 1 mg/kg or vehicle.
Five minutes post loperamide or vehicle administration, a non-nutritive, non-absorbable
charcoal meal was administered via oral gavage and animals were allowed free access to

water for the sixty minute duration of the experiment. Animals were then euthanized via
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30.59+0.20, 31.58+0.20, 33.89+0.20, and 36.02+0.20. 4. The
crystalline salt form of Cairn 3 wherein the x-ray powder diffraction pattern
comprises two or more diffraction peaks at 20 values selected from

wik6210626y 16.010.20,21.110.20, 22.07+0.20, and 23.18+0.2072Q2008/2583
The crystalline salt form of Claim 2, wherein the crystalline salt form is

caharagietized hy pnassaynpwder wifrectiompaitan iRewiishinensakretully
re substantigl_ly in accordance with the peak positions of the

pasitions a i
SHdtem f%%%ﬂ?ﬁ%ﬁf 'FASEE TG (GYStARNRSa et e i Sie pyloric
sphereindhesystalinecsalt fereyis cHaractadzedrby: & differentia \S6aRNINGs then

calorimetry. trace recorded at a heating rate of 10C per minute which
deHResd HESEATHIRYH BhUbtHEAMEheat flow at a temperature between
, 2k t§&90§: and a out &05 C. 307.The crystalline salt form of Claim 2,

where v He'salt form is characterized by a differential scanning

calorimetryraoefubdtasitiglidrCancofdd fcewifl fivatrs hovkagn Figapar2d
SRS IR B, T SO D
regrefhioTaystatineSal e mgri@itihd Gotepeintieacsatiog:s albfimnrnd best-fit
ﬂﬁ%féﬁcﬁti&g{]@&% A ARSI E AR BANE R R ANE 1 O NWSie control
10 values (indicating 0% reversal} and vehicle controls (indicating 100% reversal),
respectively. Results are expressed as IDsg, the dose required for 50% reversal of the
effects of loperamide, in milligrams per kilogram. The sulfate salt of compound 1,
administered orally, exhibited an IDs, value of 0.26 mg/kg in the gastric emptying model.
While the present invention has been described with reference to the specific
15  embodiments thereof, it should be understood by those 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
20 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.

42



10

15

20

25

30

at 20 values selected from 9.41+0.20, 9.98=0.20, 15.17+0.20, 16.70=0.20,

18.59+0.20, 19.46+0.20, 19.91=0.20, 20.63=0.20, 21.35+0.20,

21.89+0.20, 23.00=0.20, 24.20+0.20, 25.40+0.20, 26.03=0.20,
woh#AR028; 28.46+0.20, 29.45=0.20, 31.22=0.20, 31.82=0.26;1/U$2008/062583

33.17+0.20, 33.56=0.20, and 36.89=0.20.

WHAT IS CLAIMED IS:

1. A crystalline salt form which is the sulfate salt of 3-endo-(8-{2-
[cyclohexyimethyl-((5}-2,3-dihydroxy-propionylyaminoethyl } -8-aza-bicyclo[3.2. 1 ]oct-3-

ylibenzamide or a solvate thereof.

2. The crystalline salt form of Claim 1 wherein the crystalline salt form is a

crystalline sulfate salt.

3. The crystatline salt form of Claim 2, wherein the crystalline salt form is
characterized by an x-ray powder diffraction pattern having two or more diffraction peaks
at 20 values selected from 6.58+0.20, 7.52+0.20, 9.35+0.20, 14.69+0.20, 16.01+0.2¢,
17.4520.20, 17.99£0.20, 18.62+0.20, 19.76+0.20, 21.1120.20, 22.07+0.20, 23.18+0.20,
23.74+0.20, 24.56+0.20, 25.63+0.20, 26.45+0.20, 27.86+0.20, 28.31+0.20, 29.54+0.20,
30.59+0.20, 31.58+0.20, 33.89+0.20, and 36.02+0.20. ‘

4, The crystalline salt form of Claim 3 wherein the x-ray powdér diffraction
pattern comprises two or more diffraction peaks at 26 values selected from 14.69+0.20,

16.01£0.20,21.11£0.20, 22.07+0.20, and 23.18+0.20.

5. The crystalline salt form of Claim 2, wherein the crystalline salt form is
characterized by an x-ray powder 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 recorded at a heating rate of
10 °C per minute which shows a maximum in endothermic heat flow at a temperature

between about 190 °C and about 205 °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 in Figure 2.
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10 10. The crystalline salt form of Claim 9 wherein the x-ray powder
diffraction pattern comprises two or more diffraction peaks at 20 values
selected from 16.70+0.20, 18.59=0.20, 19.46=0.20, 19.91=0.20,

wodsMm0:26y and 24.20=0.20. 1511.The crystalline salt form @icGlam:ds/o02583
wherein the crystalline salt form is characterized by an x-ray powder

diffragtion patiew-in e iheReskmositions Mg sHbstartadviie salt formis a
accordance with the peak positions of the pattern shown in Figure 4.

hyflpate RE 2 5yLeifife salt form of Claim 8, wherein the crystalline salt form is
20 characterized by a differential scanning calorimetry trace substantially
in accordance with that shown in Figure 5. 13. A pharmaceutical

composition CSBIENE S BHRTRE didimSarbeiianhe carsat dicpthgorm is

cherystatling salidormpbamianerebelsimeilad Bavag twold rAoRf e8RS peaks
preparing a crystalline sulfate salt of 3-end

-(8- {2-
o NI L b a R Sr BBt e A a0 Aal BiSgfE0
1943:4106f-39 yPbenzamide eopracesscamprisiog: 2o, 23(60-Lontactinghas 20,
rotected precursor to_3-endo-(8- gZé%%cl_ohexylmethél-aS -2,3- 30
23800y BT b B S So D ey b3 8ot ByORalzamids0-20,

33in mhich the fweraxy greapsare ppotected, with sulfuric acid to kiln a first
reaction mixture; WO 2008/106159PCT/US2008/002583 (b) isolating

an intermediate grade solid sulfate salt of 3-endo-(8- {2-
[cyclabexylmpgay{(S)ite 32t e @NCRRP O R Rdet bdragpdiesetion

lo [3.2.1] oct-3- yObenzamide from the first reaction mixture; C
PPy e Mk AhEEREE Jratkeosomrrstiraté Lalvss aelm%fremﬂéréﬂ#g-zo,

185 maethaned losfarmoa 1Sesensl e aetignmixtuissands oo (@) isolating the
crystalline sulfate salt from the second reaction mixture. 15. The

process of Claim 14 wherein the protected precursor is (S)-2,2-

dimethy1417$kdigypimne dieasheroticRaid € 248:(3ic b ameppne L ieBm is
10 azabicyclo[3.2.1]oct-8-yl]ethyl}cyclohexylmethyl-amide. 16. The
ch%&%%é@ér%ﬁ%i@f@ﬁ@féﬁ%éﬁdﬁ @@rﬁ%ﬁwﬁs‘fvﬁ%&ﬁ &Sk RigHegns are

substantially in accordance with 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 comiprising a pharmaceutically acceptable

carrier and the crystalline salt form of any one of Claims 1 to 12.

14. A process for preparing a crystalline sulfate salt of 3-endo-(8-{2-
[eyclohexylmethyl~((S)-2,3-dihydroxy-propionyl)amino]ethyl} -8-aza-bicyclo[3.2.1]oct-3-
yl)benzamide, the process comprising:

(a) contacting a protected precursor to 3-endo-(8-{2-[cyclohexylmethyl-({(8)-2,3-
dihydroxy-propionylyaminolethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)benzamide, in which the

hydroxy groups are protected, with sulfuric acid to form a first reaction mixture;
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comprises up to about 25 43 water. 1517.The process of claim 15
wherein the diluent comprising methanol comprises between about 5 %
and about 15 A water. 18.A process for preparing a crystalline sulfate salt

wof 3ndoAs8-{2- _ _ _ PCT/US2008/002583
[cyclohexylmethyl-aS)-2,3-dihydroxy-propionyDamino]ethy1}-8-aza-bicycl

0[3.2(h1RelagmaAy iRenzamidesthe RENOESS GAMBASNY.endo-(8){2-
contacti '

W&%#&asﬁe%ﬁ%;ﬁé%@ﬁih&mxw&@aﬂ%%&k&aﬁa&%ﬁ%&é%F@C’Eﬁ-

ylyB&a-nigveleld2iAdostss-yE2heRzanige with sulfuric acid to form a reaction
mixture; and | éb) isolating the crystalline sulfate salt from the reaction

mixtUfd BPTEA R5CE HreEAT S iy bhin e uife dafnbpomprising
maiedotBoldr ickelaherdmethiiiele2-34dinydrox y-propionyl)amino]
ethyl } -8-aza-bicyclo [3.2.1 ] oct-3 - Abenzamide, the process comprising:
() di<peeiAErE @%Mﬁfﬁ@lﬁ%%ﬁ@ﬁ%ﬁ@gﬁff% CERTE §AEHAB EADT 0
[cyclohexylmethyl-((S)-2,3-dihydrox y-propion yl)amino ethyl}
-8-aza-bicyclo[3.2.1]oct-3- yObenzamide in a diluent comprising. methanol

to form-a reABHERAFiRE T HR 14 WhSF R OISIG R CRISEAE Sultdte-
disalihiyom, theiseactienmabiiaey1idQclhe progessaiflaimsk9mwhezein the

djluen isin thanol fyrther comprises up to 25 % water. 521.The
azﬁéﬁ?’l#&ﬁ%%%gl\%%@&& i ?Tg}ék%g{ §1)-carbamic acid benzyl

ester. 22.A crystalline salt form of any one of Claims Ito 12 for use in

therapy. 108546 o1 & ARG SO ANESNS LT AR 0 urher
comprises up to about 25 % water.

17.  The process of claim 15 wherein the diluent comprising methanol

comprises between about 5 % and about 15 % water.

18. A process for preparing a crystalline sulfate salt of 3-endo-(8-{2-
{cyclohexylmethyl-((5)-2,3-dihydroxy-propionyl)amino|ethyl} -8-aza-bicyclo[3.2.1Joct-3-
yhbenzamide, the process comprising:

(a) contacting 3-endo-(8-{2-[cyclohexylmethyl-((5)-2,3-dihydroxy-
propionyl)amino Jethyl}-8-aza-bicyclo[3.2.1]oct-3-yhbenzamide with sulfuric acid to
form a reaction mixture; and

{(b) isolating the crystalline sulfate salt from the reaction mixture,

19. A process for preparing a crystalline sulfate salt of 3-endo-(8-{2-
[cyclohexylmethyl-(($)-2,3-dihydroxy-propionylyaminoJethyl} -8-aza-bicyelo[3.2.1]oct-3-
yhbenzamide, the process comprising:

(a) dispersing a crystalline hydrate of the suifate salt of 3-endo-(8-{2-
[eyclohexylmethyl-(($)-2,3-dihydroxy-propionyl)aminojethyi}-8-aza-bicyclo[3.2.1]oct-3-
ylbenzamide in a diluent comprising methanol to form a reaction mixture; and

(b) isolating the crystalline suifate salt from the reaction mixture.
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of a medicament for the treatment of a disease or medical condition in a
mammal ameliorated by treatment with a mu opioid receptor antagonist.
24. The use of Claim 23 wherein the disease or condition is

opioidsinduced,d g, Bevel Fystypeiio %ﬂéi@ﬁ?&l&pﬁfﬁg\(@cgﬁ%s_mg AR further

crystalline salt form of Claim 22 for use in the treatment of opioidinduced
CHBWEeR/BRRcHDOrF Best-operative ileus. 2026.The crystalline salt form of

claim 22 for use in enhancing motility of the gastrointestinal tract in a

mammal. 27.The crystalline salt form of claim 22 for use in antagonizing a

mu opléid redéptbisinfaarddmiab! N-cyclohexylmethyl-(2-oxoethyl)-carbamic acid

benzy! ester.

22, Acrystalline salt form of any one of Claims 1 to 12 for use in therapy.

23, Use of a crystalline salt form of any one of Claims 1 to 12 for manufacture
of a medicament for the treatment of a disease or medical condition in a mammal

ameliorated by treatment with a mu opioid receptor antagonist.

24, The use of Claim 23 wherein the disease or condition is opioid-induced

bowel dysfunction or post-operative ileus.

25. The crystalline salt form of Claim 22 for use in the treatment of opioid-

induced bowel dysfunction or post-operative ileus.

26.  The crystalline salt form of claim 22 for use in enhancing motility of the

gastrointestinal tract in a mammal.

27.  The crystalline salt form of claim 22 for use in antagonizing a mu opioid

receptor in a mammal.
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