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CRYSTALLI NEFORMS OF AN 8- AZABI CYCLOPM ] OCTANE COVPOUND
BACKGROUND OF THE | NVENTION Field of the Invention The
wo 200eikion is directed to crystalline salt fopgg@ho@dmosss
8- azabi cycl o[ 3. 2. 1] oct ane conpound whi ch are useful as
mu opi oi d receptor antagonists. The invention is also
directed to pharnaceutical conpositions conprising
such crystalline conpounds, nethods of using such

conmpounds for treating or aneliorating nedica
conditions nediated by nu opioid receptor activity,
and processes useful for preparing such conpounds.

ly- ' . Pr.ayvi si
CRYSTAL IR bGP A 2R b S bR AN 3 MpoUND

and 60/841,028, filed on August 30, 2006, and U.S.
Application Serial No. 11/71 1,961 disclose
8- azabi cycl o[ 3. 2. 1] oct ane conpounds that are nu opioid
receptor antagoni sts that are expected to be useful
for treating or aneliorating nedical conditions
nmedi ated by nmu opioid receptor activity hi particul ar,
‘the conmpound 3-endo- (8-{2-[cycl ohexyl nethyl - ((
S) - 2, 3-di hydr oxy- propi onyl ) am no] et hyl } - 8- azabi cycl o[
3.2.1]oct-3-yl)benzam de sulfate is specifically
di scl osed in t BRYKEGROUNH OF"PHRINAGERTIONAL | ng mu

FichPbPind IRGRE, O antagoni st activity. The chenica
structure of 3-endo-(S-

{ 2- Ty aiveheoryisrddtcbtet 1§ €Hstalljrie-sdlt Hymahisoofianr B aptabivyt w32 Ndoctane
Jethyl J-. S-aza-pi cycl oP?}. | Joct-S-yCbenzam de . o
compeipid; whieh are t@eﬁﬁb 8ty opjoid geceRtnRaniagP s The invention is also
. t i i . nd
dirg R teet 6 b poSARE U A SnlcH LAY el methods
of wsmag swwhreomponwdsdovt yreathpuiratddlioedingnmledid cotdiions mediated by mu
acceptabl e chem cal and physical stability. For
opIQicigRERIOT ctivify And PrReerIey MsSul i iprepsrag sechipampornds)| ¢
formthat is thermally stable, for exanple at
t enper at ures exceedi ng about 175 OC or about 180 OC,
Staenek the Amot hygr oscopi ¢ nor del i quescent, thereby
facilitating processing and storage of the material.
o ySegmenhsassagned U-a, Brogisicnah ApplicationdVgse 0/dy £962, filed on
M 0 Pan . 28, A Bk B 0¥, 2R PBplbddon erial
NocbifpbLf6éll distiasee8-prabidyeifB 2. ljectand @papduads thac arermli opioyd
a need exists for a stable, crystalline salt formof
rec%%%ﬁgj}nlstq tilg& arg §xp@tqq1tgrberﬁ;;§¥% &dﬁﬁagng] gf ameliorating medical

corgéft?tlggflgllfﬁﬁﬁéﬁ by ﬂ{ﬁdop%(itiirpée&)?orfa@f{%'fﬁ bﬁ%ah‘i&ﬁeﬂ?{he compound 3-endo-

(8- {2-[cyclohexylmethyl-((S)-2,3-dihydroxy-propionyl)amino]jethyl } -8-aza-

bicyclo[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-((S)-2,3-dihydroxy-
propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)benzamide (hereinafter compound 1)

is shown below:
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SUMVARY OF THE | NVENTI ON The present invention

provides a crystalline sulfate salt of 3-endo-(8-{2-
woleygieiexyl met hyl - ((5) - 2, 3- di hydr oxy- pr opi onylorans20u8lee25s83

thyl }-8-aza-bicyclo[3 .2. 1]oct-3- yl)benzani de or a

sol vate thereof hi one aspeqy , the crygtalline salt

formof the in fON'N"s cnyFBUAal | i nejjsul fate salt of

compound 1. In aspect| ergstlH} i ne salt

formof the invention iz agr . ¢ hydrate of the

sul fate salt of conpdd@dd 1.” Surgristrgly, the

crystalline sulfate salt of the invention has been

found to exhibit no significdnt thermal events bel ow a

mel ti n 3 rature in the range of.. ut . about

05 16 LUk ETRE L& oo i PGl ot £ RBuldhetone o

haal0sdlidstate Yalnivem BXRRADR rEAiR rangatered aad &at Wes acceptable
hum dity between about 2 % and about 90 % at room

chenaigpleand thyeical stabilizr For exammde.tihwpuldthe highiy dasirabireto have a salt

sulfate salt of  the inventi nor _.the hydrate,the
forftthy b Facieliy Reolen B By BBl i imshiss R iFGgoR T AYe or
abdift[180 PU LandUshéll Kyyratcopie 2Bt HETRREGkht titereWy BTt Irocessing and
uses, the crystalline salt fornms of the invention are

stoeagg o thegnateriple (ryeiplline solidsmre gendrally paferied ovat drerphous forms,

Siti f r.eatj | i [ di cal
for GBI EMEG and b0 AR nBe BB ERBEY aotivity.
Ac c8lotrid@hitine sdit RRAL BEEorRpoUHdS] RARRREbUM bEHR8FdBed.

the invention provides a pharmaceutical conposition
Aceardinglys iamgediexibtaforecssatlecarydtslline sapioainl of compoiad 1 lred isneither

crystalline.sulfate salt. of .3-endo- (8- ..

hygFoSkDp{f 105 BN GGy GBS S8 B9 785ony 1 ) ari n
o] et hyl }-8-aza-bicycl o[ 3. 2. 1]oct-3- yl)benzam de or a
sol vate thereof. The invention also provides a nethod
of treating or aneSUMMARY QF TIBEINYENTEQNdi ti on

ot AbS RSt igveption Bevadre e suBlasttbel FERdp-BF (Ane
[cygféﬁéiﬂi'n@fl@?—t(gﬂt@% -?iﬁg@rr&;ﬁmiﬁ?ﬁﬁﬁgnﬂ%m Y -§ja|9i9-;t/>icyclo[3 .2.1]oct-3-

dm ni sterin , a theradpeutica
yDlednzaemidews asobiate thafcofi Tnropstaapddt.rtbe srystaline ssllfornodf the invention

is 8[3 éye%?]@hé g@fﬁéﬁﬂwﬁ?wo.ugé 1. & AYIRSRAPPSRt P ShIaY g salfarm of
thelifVdntioRl 194 gfrypdggmfé'h%h?ate’-oéthe _Qltllfé’t? sit %@gﬂ%@dﬁh@gém a

sol vate thereof. The invention furt rovi des a
met Roghrieingty, et drpsjaltipe sulthte sadticEtie howeation isf hiea tfowml torexhibit

BB R e S ot o '
abcglft Zﬁg }’% ‘A\(@% t:‘H{"%é_l'lmit 2vefbht ElR ok 13 1 abahin.5 b Wheh exposed to a
range pEtabiibeybumdiny bet (/66 alus 2k hydabout 9% pt mrop feanrierie.
P08 S P ALSRECT o ot
dellqh¥§ieht RRePEPOLEESD b B'B6ESTD 9 XHelaBVERG NS & room temperature.

Among other uses, the crystalline salt forms of the invention are expected to be

useful for preparing pharmaceutical compositions for treating or ameliorating medical
conditions mediated by mu opioid receptor activity. Accordingly, in another of its
composition aspects, the invention provides a pharmaceutical composition comprising a

pharmaceutically-acceptable carrier and a crystalline sulfate salt of 3-endo-(8-{2-
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crystalline sulfate salt of the invention, the process
conprising contacting 3-enJo-(8-{2-

wd ®ygimiexyl met hyl - ((5) - 2, 3- di hydr oxy- pr opi onWQTANK 2068} 2583
t hyl }-8-aza-bicycl o[ 3.2. 1] oct-3- yl)benzam de with

RS 20 R B 390 st 2 ot

yl)beaamideor solwitetheddo€ | nventi on provi des an additi onal
process for. preparing a cr talllne sulfate salt of

t he The vaienlion alsp REvides comethed b e amsbieraingg discase or

COX‘{‘(EM?% Qljn 1I gteﬁ%%e%%ﬁ'f&{t 2»{_;;1: %ﬁlgll J&)ﬁ%ﬁ e oLJfor gfgtgg?rgﬁe%gg% Ehr']sorder of

reduced imybh}ltyc&tha gdxtrojttésdinaBirakt,lthe Ma}%dydohmmmddamsferﬁlg to the
di | uent conpri nmet hanol to forma reacti

mammalya @erwatwailéﬂ e%fepmge PRQuI Of dcrystalline %&hfafea&aét of Brqndo-(8-{2-
(AR AR Rl Sob ok o REIAIRE) PRyt 2 1ot

yl)BerQhuﬁdeadﬂammthfeﬁdoe Salt of conpound 1, the process
E%H sing: (a) contacting a protected precursor to

be weytlpm fugthes hrqw@srwmtbsz«} ofjtreating opiaidprdjiced payyel
| f ct
dy%l%ﬁlallozlgq g#lgth e?a‘ﬂvlg, {e@F rtrgélmae 1€ dI cro% rfsﬁl adg’ﬁﬂlsﬁ'lﬁ% Y ﬁie r{lammal,

a tl@eframﬁpzﬂlytsffebufzé eriotuten ffal drﬁdtalhﬁﬁ@ﬁlfdﬁ@sam oAt edo- ((86{2-
di spersing the internmedi ate grade solid sulfate salt

[CyicW@Xﬂmeuéﬁr((éé@répdihydwgyw@manﬂbamlao}e&% -§-azadifyglo[3.2.1]oct-3-
yl)f)&?%ﬁqf@e br \%eethe%%? (d) isolating the crystalline

from € second reaction mxture. In a

r eI ah acbth‘anmﬁd)d a@ﬂcta&&eﬁventiohq)mm@d HroBess fonprepdiigte
cl ohexyl net h¥ (2-oxoet hyl)-carbam c acid benzyl
crYé lge sslfmsﬂtpé l&damttlonmecpﬁoqegs epsenriping eantaotiag 3-endo-(8-{2-

(BLBRI 984 D00 SRR B0 8% el 1oe

yl)B&ﬂzﬁﬁhﬁ(E with ul@frid 4e8d iofeemtd refctvs Bikaae, Madsd1eim the tHstalline
use in therapy or as a nedi canent, as wel | as the use

sulfte galicfromithe rdapiionsmiNtutee salt of the inventi on in the

randreghhogprodidiE i S8R\ BPRRF ks cltipe sutae sa

of theS@@nabeth¥bidesiLt CIJ% ngé?ﬁh b cAGtal i By dkdie Bf the sulfate salt
manmal . BRI EF DESCRI PTI W NGS Vari ous

of &wsfpéfa—(%{%{cxcmewl@@éhw (Dvdedrdilbrreyyepropionyharainedethyl} -8-aza-
blcggloﬁ_{ 5 'i]i/:o%t %m%hgz aCigF glr'g%a IH%%G ﬁ%%%vfl\nﬁgg ln?eé}{;:ahl%g¥oef§rl'rnsahr%ac ion

m1£ﬂh¥é§ taAd {sol@ing W ﬁaﬁlﬂb bul@ite 3ale REAr th8reaction mixture

{hgycl ohexyl net -((S) -2, 3-di hydr oxy- propi onyl )am n
o] elhygtpng eralﬁaﬂlsﬁ@ymc@[t e mventien Previde§ berocass fge pesparing a
ok MRS pe G P e B b RERE! (efhoRERNY ot

precursor to compound 1 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
compound 1 from the first reaction mixture; (c) dispersing the intermediate grade solid
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 aspect, the invention provides the N-cyclohexylmethyl-
(2-oxoethyl)-carbamic acid benzyl ester bisulfite adduct, which is useful for the

preparation of the above protected precursor to compound 1.
3
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axis) and a thermal gravinetric analysis (TGA) trace
(left side vertical axis) for a crystalline sulfate

woSRabd/108i593- endo- ( 8- PCT/US2008/002583
{2-[ cycl ohexyl met hyl - ((5) - 2, 3-di hydr oxypr opi ony”
am Radet hvlids al's@??ov%é‘éy Cérggéhnle glg?z{te sV oPBL 7ATh S & described
t he i nvent I on ure ows a dynam ¢ noil st ure

hereii for usmm(tmxﬁiay or awemédnbamemt ysWall ks the wwe bf atgystwdlite snffate salt
3-endo-

of the 1{‘\‘5%‘% i g mPanEsAture Of p npedicaan RSl fop sy angentyre of a
f
e S b s a0 BP0 WP Bl REBEBPLCIR
nwdnﬁﬂractlon (XRPD) pattern of a crystalllne hydr at e of
a sulfate salt of
3-e"c?0-(8-{2- [cyclohexylnethyl ((5) 2, 3-di hydr oxyprop

i onyl) anln é?f%ﬁ
1] oct - 3- yI)benzam!DgE 0 e |nvent|on YQSF%SS shows

a diviatieuemipeets of therpresegt taeoddmat ijusfra@d)bytrefeeaicé td Gist
side vertical axis) and a thermal gravimetric analysis
acqOMPANYINE JEAVingRf t side vertical axis) for a

B

salﬂ&ﬁ hghdo-(8- {12 {acyelowﬁ\}lﬁieﬁiw(mzr Srhyahﬁlyqﬁapldﬁylwmlhhpthyl} 8-

i hvention. gure 6 shows a dynam C noi sture sor ptl on

aza(mB)IOE%?aébcr whhengapyde pf thgdnyppipat e of a sul fate
g ?le'tf cé;%? §}.l?"§s glﬁ‘: e tlg)l& ann%nﬁyﬁalo(n(r%%tryz(nosca thaca r(r(l)Qnt 51de vertlcal

axispamd'a ﬂhﬁhﬂﬂ\]gezt\hmbthc analysis (TGA) trace (left s1de vertical axis) for a
-aza-bicycl of S*. 1 Joct - S- yAbenzan1de of the

crystallgersbiatemelt af B erdotSdRi palehexgimethit- (FNVERDNroptye
prdg?ééﬁ@%%n?lg)_ %591\5 -Q?f‘a-ﬁ’ic%l}@t.ﬁﬂocﬁ?-ﬁ)% xtlfatn%dg 8{” tthe%fwentlon.

[cy F i g@]hex ¥howed & &&na&x{ﬁ}ncﬁstﬁrdjdoh)tdfanMSI Bfdedby A }@Bﬂaﬂﬁie&ulfate
-aza- bIC¥C|0[3 1] oct - yl ) benzam de_or

salt o] bndo-8n G GO ORI TG Vi yBleSa iR gy N aReinolethyl) -
f th t
e QEDAUACE 1 1SR ARSe B TRARES. O toani noe.

unl exfrel bRswd Sex-riytp Sed@diffrhbEord GXRPD) pataR 6 chslallihe
effective anount”" neans an anount sufficient to effect

hyqrateaf genifaigtsaly Oééhﬁidqﬁﬁ-é?dayqlweéymth)érﬁ@rwﬁe@@r@fy
proﬁ)aoq%i)r egio etﬂpﬁ 2# ﬂanﬂa; Jlggtﬁ@tc z)bggz%grpaﬁégfhg uilve%ﬁgn

condigur®f shawHa gidifck&ifital s@uﬁiﬁga;aloammm”(mjsc() Rkt (et dideWertical
a human) which includes: (a) preventing the disease,

axig) agraiberma] LraiapEis) anelyﬁ@.(ifﬁé*r) tface ﬁl\eﬁémr\fertml axiskfor a
ry?{z]lﬁg—gm ﬁPa‘té St d gu?ﬁ{egﬁﬂt erie}iop { )}a%e—Pc Clo({]ggyl i &é’?& 3n(9ihydroxy-

ease, disor or e
propionit)amind)ethol -8 atsshio gel6 B Efost- erlybénztahﬁdabs@laslwennon
di sorder, or nedical condition in a
Figure 6 shows a dynamic moisture sorption (DMS) trace for a crystalline hydrate
of a sulfate salt of 3-endo-(8-{2-[cyclohexylmethyl-((S)-2,3-dihydroxy-

propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)benzamide of the invention.
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patient, including counteracting the effects of other
t herapeutic agents; (c) suppressing the disease,

wolhoegigeso, or medical condition, i.e., slow Nep@NUS2008/002583
arresting the devel opment of t he di sease, disorder, or

syt oms. cPERAII BESERHEthy o Taf a@&%ﬂiﬁ#ﬁ*”g e
C 0 Ndihkii@fentibn drddddds@irystdilifie i8FR s306NVREAL-(%
npl ex or 88re gate fornmed by one or nore no ecules

C)@iof@xxlmmx&:( 2e3-dihydemycquepionyl)anuiao]ethydh8iaza-bigycko[3.2.1]oct-3-
l)ggnazr eutl % % ce%gpt able salt thereof, and one or
YIRoré FATRE L o) vent . Such sol vates are
typlcally crystalllne solids having a substantially
fixed nmolar ratio of solute and sol vent.
Definfiiansent at i ve sol vents incl ude by vvay of exanpl e,

e LRt SR REBE bt BB EF gmion o
folfd%ﬁ? €orins haPE el RGN Ing rhemimg, 1B ®ise ThBchBA.M

stalline sulfate salt", or alternatively
c r ded¢rn fheropdutizaldy sﬁﬁth(s adet”ongarIS@nra)nbuot sufficient to effect
QuS ein neans a

"anh
eI Reh Rl d 108 phigne B nR et

su bsﬂh@ Rérirpttheatrhénteds tRldaerdin ?rféhh@ﬂhe Qlfeaﬁﬂén‘{ 80k disease, disorder, or
mol ecules in thecrystal lattice, i.e. one that is not

megicsbtanditéoroin apaticat, suchSisl amemmal (rartéqdariyf 4 bumniy) which includes:
hydr at es,

t d fied Licit
Y G b phreniasd, 3RaRleh driidieal sl f o baf ggrtiming, i
and appe%@&ﬂxyﬁdoﬁbﬁ‘éatﬂéﬁ?oﬁéﬁﬂi@n@f forms "a", "an",

"one", and "the" may include pl ural references unl ess

t he (Ront enteliotasiag ithe diseasatdasprderher medieal qudxtwe, wgeﬂtmmatmg or

Igﬁpgﬁtn Id\/:%ls? elnetgléelgglgﬁ g? g%r(gsseglgt% 61§sao|r<§er or medlcal condltlon ina

(8-{2-] C)pﬁil&heﬁwiuaﬁigIMun(eéacﬁh% ThelefficRYSHTome tRErARiueiR b ednts;

am no] et hyl } - 8- azabi cycl of 1] oct - 3-yl ) benzam de.
Al t é®nat |svm1?851n$ﬁhﬁglstem, digpier, @mnwémal eorelitaen, i.e., slowing or

i mpl enment ed Ln ut,oNom soft or mat |

Syot e aeiTE (BF HRRRgEen: el ieiss e cirs S fraurdep gondition in
denot ed %T@ﬁau?0§|9 5

S)- 8- {2- [ cycl ohexyl met hyl - ((5) - 2, 3-

di hydlr ox pllpyiapngoihy sympiomsiefiths dweﬁea@a@ﬂ@y ot ufedical gudition in a
-S—ytybenzgn&de The nane used herein therefore

correspoﬁﬁ “t'o the IUPAC notation with the endo

or i gk ddriofsoBlated ieany l@%bhip‘l’éx&ﬂ Eﬁ:@ﬂe BRI b or more

respect to the 8-azabicyclo[3.2 oct ane group
mollesiasf egobpliecs edrppound qfélne mtvh@rormrmwmnnaceutlcally-acceptable

salf’ ereo‘f’I a%td%rng%r mtolgee m"oqe(zu}es ofa solv 1¥td 'SUEHRORBLe aXe tlrplcally

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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am no" portion of the nolecule is variously designated
as ((5)-2, 3-di hydroxy-| oxopropyl) amno or ((S)

wo oSy dr oxypr opanani do) Salt Forms of the ddyenbésanasss
hi one aspect, the invention provides crystalline

n A - - - e |
B4 R BIEAIERAE Wl St o s
of tifedn¥entibnate idemti fiddesrphicitde sul fate. In one aspect, the
crystalline sulfate salt of the present invention is

cha#tdev%rbﬁzl@&dﬂbataaﬁ yseday ﬂpfome@ﬁcama}nééppamexﬂm the
) V|.. (e}
sl Bthe 20T, Y Hnd TR s e pRBIRERKces, upless the
copentikdearytdiddeabihesvisel ected from 6. 580. 20, 7.520. 20,
9.350.20, 14.690.20, 16.010.20, 17.450.20, 17.990. 20,
18.620. 20, 19.760.20, 21.1 10.20, 22.070. 20,
A 120, 23.740.20, 24.560.20, 25.630.20, 26.450. 20,
—ﬁgg—é%g—zo 28.310.20, 29.540.20, 30.590.20, 31.580. 20,

33. Hﬂi@a&(i)ve et i3Gh&pfséd salt forp@l .é.@ohmpound I, i&ldbﬁgnated 3-endo-
aspect, the crystalline formis char act eri zed by a

(83{21{9)961%%&316& ﬂf&&%ﬂ&wdﬂamwpﬁlonxk)am@dqﬁkylbﬁ 48T e

bic loLf 2§ c?@ C\ﬁ hzc‘am1d CAH%Q%V&% m$g3%g¥%n?n% hs 8¢

1m1114mﬁﬁ@d 216) AuidN (Eh'i @oﬁ@areZ @MDI.lIﬁf&ﬁlatlaﬁ S9st0m&8 0GmBPK Frankfurt,
23.180.20.As is well known in the field of ovvder
Gegmany), the compewndois depets 3obR.BRINE8of2- &mﬁ@w@aﬁh&l Hr2.3-

vV, ta| LS,
e T e o
usdiengh therefofedorakporidigo Kl IaIBA/ce npRekn Rethghé sndoldritmtation of the
one aspect, a crystalline sulfate salt of conmpound 1

Su}?%“lf?fbﬂé?@b’ bgroyp o 1hyregpecktorthy 8ragakieycleli3f2. aetane group indicated
exﬁ?ctltg)? I_))gpot\%f‘ (?Jh{ﬂ%lhﬁ HB%%EC] %?ést {h%“ﬁgsg&%-&flbé} antially

ance oS

propiotsA)ahlindeostidd &t the atdlmwfse;ahaﬁslia @evigratddt zise((S) 2,3-dihydroxy-1-
characterized by single crystal x-ray diffraction
oxepfapylamno oF () i Frdiydeoxyprapemimiglo) at ti ce par anet ers:
unit cell is orthorhonbic with di mensions a = 6.8239
A b =16.2275 A, ¢ = 24.2021 A, a = b =g = 90; cell
Sal Obieof W} Iinfen&B0. 0 A3; cal cul ated density is 1.38
g/ cnB; spac oup i s P21212 (#19 L The resultin
nol @wmea%spgqtr%étnm\re@tle@ﬁmww omséal iR Frietdd- (8:&%-;5 lQhegplmethyl-

(S IR PR DL BB B EABEHDS: b hegmic

sulfhiat t he asyrrmetrl C unit ceII does not cont ain water
or other solvent nolecules. X-ray powder diffraction
peaksons 5apet by CﬂfSEﬂMmﬂ@éﬂrs the present pu'shtiemissharasterized

by hﬁ] x% s&&&&tdlﬁﬁcﬁgﬁ?ﬁﬁpﬂ) Saattérqul %aw%% W %9 m>(<)r Pc[ﬂfﬁ%t o%r caks,
including three or more and four or more diffraction peaks, at 26 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, 21.11+0.20, 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. 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 20 values selected from

14.69+0.20, 16.01+0.20, 21.11£0.20, 22.07+0.20, and 23.18+0.20.
6
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I n anot her aspect, the crystalline sulfate salt of the
present invention is characterized by its behavior

wowoesmogigosed to high tenperature. As denonst petrag2008/002583
Figure 2, the differenti al scanning cal orinmetry (DSC)

B T g E

spectraagd I’éiaﬁnelyllcﬂ;stsélﬁzlti\&ﬂ@%xpémﬂb@tut det8, Béchtae detailsbf 208ple
0C. The thermal gravinmetric anal ysis (TGA trace shows

preparatipy and méﬁnmemegmetrb/o@gn are the et neak deigbisohupdn one

ai Nt y¢..Lhe deco oce
asp'ggtjptfl o&%ta'ﬂ g sulfatg 151t TR ﬁEF?mR% gxfuaghegtzﬁéj %y an )F()-er%)( powder
dlfﬁwﬁmqiaktemeinwﬂlétaﬂle pealt boslﬁoﬁ:sfh}é S stunkia Ryl ubaccbltd%nce with those
i nfrared absorption spectrum whi ch shows significant
shoypysigriigurerd- bands at about 430, 590, 639, 705, 867,

Ta7ghe $88GNintsgRace Sl ureedieed Sidier SufBeiediddy Sl erystal
x-13)88iractiod 28394is Cpfbihdlr{é {8E y&l&wlhg mﬁu@e%dfr&h@teﬁsahﬁlt eéll is

conpound 1 has been denonstrate have a reversible
oﬂwhpmbwrwﬂeémq@mocnapf@8239eAV\bt=rﬂ6a2~27éx3eepT 26821 5‘}‘, | ow
| ess than about 0.3 %

_!eveL_of hy roscop|C| % Y

o R GHT SYhich |Vﬁ11¥1h?e(\ﬂmﬁ/2é 09 4 asgleulgteddensipyis 4138 gicm’; space
s 0

grolﬂg'ig ) §¥2 d§ e)99 aTlﬁ% ﬁ%bﬁhg‘f@@&gﬁ%&@&% (}?%}ﬁ élilel chen%lﬁal

corﬁpossﬁcai isitiee oS tHefsatfetesalt of eémp@tmmvnda L 1hﬂ§labﬁﬁﬁ off eulfite
to be stablelgfon exposure to el evated tenperature and
coutaTiad tp womppwrg 1 gmcbﬂvag@efa@ymme&mwgt egll daps Dohenntain vger or

h |
ot el ek X AR SRR R R AR e
atofi©pdefifons b&#in &Eeﬂ%?@gie@ﬁl@htt With ftie db3eivae XFRIPB&tern t he

invention provides a crystalline hydrate of a sulfate
s al In ayrothes agrsgh theicrystallina suliap salt of the presontanyention is

o895 B2 Bl Bl Pyt

Flgﬁﬁl Qh@dllﬁﬁiidnﬁﬁl dculnifg camfithettyf(DISEY tia0® o PERIEALY crystalline sample
including three or nore and four or nore diffraction

exhleitsaspeakiiin pmietheradc b@atébneddemt@nd gs amltztoqnsgl.ogsm thgrange of

abOfg %q%gog%})o%gagggbzg%e t]h% a\zale 4o }ng(a"’GA) trace shows no

BicH0vetfht 18422 @0 %8 b mélfin@Blin? OThetrhafid&d iti
Slglgi80460 Z%t 29. a450 p.?;gatu?:l 2%%%m31n% O.nZO, 33?170?5%,051““1

0cCcys. @@m&ma@bdum IB@OHQO hi particular, in this
aspgely har cterlz by .a
e P ah et Blerieraing alThs iR R SbAhy s Rigared
absdhftfoh%pédtﬂim pahShows @igumdaat ABYORRIAbaHBY & a@B@k £30U59®1639,
nore diffraction peaks, 2Qval ues sel ected from

705, 867039010588 1 58 1291, 1:2@1432772@375],9391,0145@ 1479, b3, 2696,
163N V684 2899-%87 2028, 2967, 3168, and 3357 .

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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hi anot her aspect, a crystalline hydrate of a sulfate
salt of conmpound 1 is characterized by an x-ray powder

wodiohd/Toagdoi on pattern in which the peak positi ®ea/@¥2608/002583
substantially in accordance with those shown in Figure
and1 75 %Felzﬁfv)é%tuﬁhhlgp %n@!&% %?Iﬁfc gho%df AR Eﬁeeh dgérahg{f“on and there
resent | nvent I's’a char atterized by i<

weﬁb hd ectedtablakchapenii thg DIST, arG ARSI YRPDIEulisr ace whi ch
exhibits two endotherm c events: a first peak in
end&? prathsrasprehtthe inygniion Pﬂ@élqe&ﬁgé’stﬁ‘lh%ﬁol@@lfati pbapplfate salt of
co%B@H{dllBB OC and a second peak in the range of about
0 ‘about 183 0C when anal yzed at a heating rate of

10 @Comesspetthalbss@slidel Hydedtd ot £6h1fafe &il0i1tRe Eres%@nventlon is
thermal gravinmetric analysis (TGA) trace shows a first

charpetemzed brast-rayaonsien diffaciiond mt@m hayAng @m«prdngre

nt bet bo
iR e g P R SR it e ecgR By = 20 values
sew@w@frbﬁq@mm 381©.98:0900, § 5878800 EMETEL0. 50, QQ%@&W@”D 46+0.20,
with a hydrate conposition having about one nol e of

19 At @RO;24) 63464 20, 31 . 3660BOLIISA-520, R30S0 0r P R8M20,25.40+0.20,

26 {0 o AR EGR P rgepd b i 2o, SPERRY A i 1020
335690106 afd BH89£0.Y6 B pdrfiullty s ﬁﬁseas%éa' @,btcas?alrlﬁé/m' ibl e

sorption/desorption profileé at roomtenperature over
charhggerzedibye x-aaygevater diffractich patten lam«mng tv@i)ox%mml diffragdion peaks,

dlt with le t han abo % in qver
inch iRk o R GBY B PR TGP, TR aToeS selecied from
t| h bR e
B e

Pr oheaiwtm a@'llimt aadrystaliagbydrate of a sulfate salt of compound lis

3-e"rfo-(8-{2-[cycl ohexf\{’l nmet hyl - ((5) -2, 3-di hydr oxypr op
chqrame,qléed by an x-ray powder diffraction pattern in'which the peak posifions are

su@%ﬂgﬂé ﬁﬁ%l:&r f?'tlﬁ%glcsj&{y avak abAf'B yl ) benzani de,

can prepared fromrea e starting
nat &he atystallfiertydtdieoda adexteisasoftths presera dnventibh és also
Exanmpl es hel ow, or. using the procedures described in
Cth?Fée%Hj?éfﬁts;ﬂlg%@%ﬂésa@l@ caéwmpk%@%ﬁktrmeswah exhipfgtwo
i t
O 8 ke Rl ln Sl BRR AP @' i talpPofBolPF2s 1o
aboun\lé]ht’ﬁl aamdiasseporeipaakdn fhe rangd @ftibiongl78 to about 183 °C when analyzed

3-enc/ o-(8-{2-[cycl ohexyl met hyl - ((5) -2, 3-di hydr ox
at g }&ﬁ%}pg raté of {O p%/r minute r}tls 111ustrated 1(n Fl)gure 5. The therma grav1metrlc

KWL o RGN AL DA SRSB4 an

a sécont titirmg] aleatibetieamhlarut ¢40andhisit 1 90PC S WnblysisbyalG A coupled
, this reaction iis conducted in an inert

. 1y
Wltﬁ‘e{?féﬁlﬂe pategal wipgEred wrthe s dhovmat evont isonsisisnowith @ hydrate
cor@ﬁl ! a Qr%eardtoﬂg!l)njedljﬂggg : nc% LP%Q n{qﬁe gpgdﬁlpoqgldq sulfate.

Surprlsmgly, 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 below.
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exanpl e, methanol, toluene, dichloronethane, and

conbi nati ons such as toluene and acetonitril e,
wodloedroersomret hane and acetonitrile, and tol uen@ect/us2008/002583

acetonitrile, and water, in addition to a nethanol and

wat er conbi nati on conprising about 10 % water. Using

these diluents, a reaction mxture with a
SyitheteeMbeaduregn of bet ween about 5 and about 400 ng/ ni,

i ncl udi ng between about 50 and about 100

fm, i
or o B RECHeR B o> i3t RedPhean I N (GHCE. Ao

: g . : ot o

preg R Bam e AR R o AL LR 3 B gt b G B s from

reabiidy eV dilgbRetdrogl mapeialsasiny tht ipestediires Hescribécin 188 Examples below,
crystalline salt of the invention is isolated fromthe

or ysaagthe proasrses descppediirythe samermnl A sned AhS, appliestiens listed in

thefl%'a{giéér%ﬁdié’gecﬁgﬁBfgﬁégﬁflkgﬁon-cem rifugation, and the

ernativ e crystalline sulfate of the

| NVBNériediethsd B pRpaRtoR)a droaalligt ahlffite 8dli ®MNtheinviehfion is prepared
hydrate form The crystalline hydrate is dispersed in

by egntadiiag3-edod(8nt2-yclebeeidmpyl- 8-dihydroxymcent rati on

R0 AR A8 P oAy 5 S

1.53ndlat @quaadeits, Includiag @bRRIt helak 8guiValegeddul Mk Weidt Gdrefally,
‘this reaction. The reaction mxture is maintained at
thig reagsionds gerediicted in e inerhdiduent atibismperturg rerping fre® about 0 °C to

aba B3 6 hintine 2o Al Ayt 0GB RD iR Silerts BTt o
exanPlE, methandl asluete, dich16@afihm8, Addouitindtons S@dhesd thiueR? and

about 65 OC to between about 5 and about 20 OC during
acefqnatriig [difthieyopettiane andrecetomirde.cnd Helugies pestonifrdeamdumater, in

f the soluti.on,may be redyced by about 50, %efore ...
safion Ao g T R B o ba ol v 86 Using these
dilkatse eshcab® HixthrewiRRQehcetdralion bE betva& RS aRaape@n

about 1 and about 6 hours, at a tenperature of between

40Gme(mL 5nelndinghetweepr@bod, S0rans aboytil 94 mg/nek.yis prdpsredrand held for

recover conventi.qnal ly...Both the.crystalline sulfate
et EPHENE aRR MY i, B vidol Wi Sk B lifudnpfbcooled
to BhweadRUNS add Mt 20 Ve IuAEL ArESholdiRk Ksel%&.d fromthe
protected precursor of conpound 1. described in the
exalppbesompletion of thepeantignea etystallimeiseke ofitherinyentioa is isolated from
prot.ect ed al dehyde 2. . . .
tne QB BHRWSH RETI forlntisnabmigns sechdiliretion, canssiayon.
cen@sfu@htion, efkeARNAed fromits bisulfite adduct 3, is
coupl ed with _ . o
3- eAliematigelyAhe coypellofeFulfate]of she Bvgntionhe prepaieddy

rec%%il%% 1|gr? ra}é&% &ﬁg{t?gee%rr&\éi'l&%é%{/sg%ﬁ% E}gdriltgtise (rlirsrgeqfiseacf i% a%’ inert

dilgnd 8 dBcriFed ot AeXH BRI R &nBblit BamZ ot 5 h/mi.
[3.2.1] oct-3-yl }benzanide 6. 5 6 Reaction of

Methanel, pra imsthangl: wateh combimiatipn, in a ratio of from about 3:1 to about 9:1, are

par{ié"lﬁzir_l}; el FREDY o] it AR AN T8achah A% &sSndintained 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



provi des the protected internediate
(5)-2,2-dinethyl-[I, 3] di oxol ane-4-carboxylic acid {2-
wol e/ Becdr banoyl - phenyl ) - 8- azabi cycl o[ 3. 2. 1] odlcTBSehdsin2ss3
hyl } cycl ohexyl met hyl -ani de 8 6 8 Protected
HIRE
abéugtzﬁ 'ESIE& H{cﬁld%\gaqs %ﬁ@‘i‘ gﬂ@%ﬁ RYNGED a Eég%ogﬁtﬁrfig‘%etween

out typi y0 about I
ab& §i amalaeaﬁtszo °of, nguﬁng titybtdlsl die b dered camhﬁ@manly

di luent, such as ethyl acetate or isoprop acet at e,
at Botiuths ratalie sifaisehos lpnatios Bdelaiihe sgfoesaltof
co r‘rPgLF Sﬁ;ge%dléé{-ﬁ%/vﬁl géi'ﬂ pf%akeglr%% bl!?rgteic r&n? l?bl%?%lhggund 1.

5 Astdedribal iy tHerh@RE below, h@pfeﬁa&tth@ﬁlctme)ﬁgaﬁtethe protected aldehyde 2,
Acetonitrile is useful as the second diluent. The

N-¢ystahexymethyk(ArogogtByl)¢aiberi¢ wé benayé esterp reggngratied dpnpfts

t 2 t, 7 [ i :
bis i S8k P o B R ot oGP TR ol Splibenzamice
hydrotigbABSY & srogfd%qﬁo&@dea %téﬁhhéd%@ 55which@$ d@pwﬂé@tw@o provide 3-
which is typically predom nantly the crystalline

endy 3-82-Ecyolohexdmethylamioo)sthyd b8qasarhityadlo[ 3124 Jach S eyl phedizamisle 6.

grade product can be isolated conventionally, for o

exanple~py filtration. Thg hydrate formimay be NHz
obt ai by recrystallizatio Ket'ht er mediHt
r% og,ulfate product, fof e Jfé} by suspendi ng

termedi ate grade product in acetopitrile with
heat I ng,onaddi ng water to pronote dlg\ﬂ i on, cool |4ng
to anient tenperature, and isolating
recrystallized hydrate form as describ in Exanmple 2
bel ow. The crystalline sulfate salt of conmpound 1 may
be obtained fromthe iqternedi ate grade solid product
of the depr ction step described above. The

[ 1terrredi grade product is dispersed in an inert
d ISI ng t anol at a c en,tratlon fat ween

aJo ut I, igcl ud e Y
50 and about m.| Surprisingly, it has .-@
det erm ned t hat a t hanol and wat er conbi natiton,

having up to 25 % wat er, including between about 0 and
10 about 15 % gater, and betvveen about 5 and abgut 15 %
water, is a useful diluent for preparing an anhydrous
Reagtipatedintemeedsae 6 withnlitham (€322 -diraetigl hardi)éxcamé -4rasrboxylate 7

Pfor Sl gl el orBim et e (8 Arimain o alipelhneat b iegeid 2-
fﬁ@ar@ﬁ}ﬁ ¥lr Cﬂ?ﬂ@ﬁyﬁ@lgz%lg ?3@2 ?LOCE g1 g@@}%%lﬁh%%ﬂth Plamide 8

n a typi recrysta at
m xture is heated until Iete dlssolutlonls NH
obt ai ned, for exanple tmb |on mxture i s heat QN
tgapout 65 OC, agd then cod to between abou
«@ 22 0C over ajyplid od of tvvee abaut~ 2 tefx
24 “hour s. on seedTcTryst al @ tjs;a\n y o
sul fate salt added when )
H 07Q
6 8
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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the reaction mxture is below the dissolution
tenperature. The resulting crystals are recovered

woeRoyfigidoonal Iy, for exanple, by filtration. Agagusliemo2sss

to yet another process, the hydrate form nmay be

whgrhqnebgﬁuyle st @&ugfevr%ttgé l:él mh&&‘f @&Q&Q@

I ne SU

Acetonitéiletie dsdf@l & th®seeosd Hllbér& Tﬁgﬁéa@ﬁ@ﬁl fhiktQfdns tﬁﬁéally stirred for a
exanpl e by |yophilization or rapid evaporation of a
peraQs] fthedweqmrabont 2and abawt 7R éloerrsygst&qmg eprateciion. of rrampound 8

an&‘i%?ﬁﬁﬁ&%f ol Itgrrrsl th éf dg%g ualf )E%Fradf cg)érgd%s agr Seguclhns

an aqueous SO ven or e eéran

typidallYopasRtanartlyi th@c@@tdllﬁi@thyﬂfh@é bfthaghltat 8 cdBpowhd 1. MEhe
peri od, greater than about 12 or greater than about 24

mtﬁmﬂdsate anad@ pmﬁta&aarbéssqlafed Renveatigeallyt fartssemply hyoﬁltratlon

b
200 08 O A s bR TS iy W
SM*’dﬂ@ﬁﬁ’dﬁ& R exdiplel Bﬁbd Fbﬁkﬁng theShabhbdigtelaicprBaf@iimddonitile

recovered conventi onal Accordingly, in nmet hod
withdisating, adding gvaterie prqm@@ éﬁ@lsltlon,w@omg( éqwnblnnmwm@ge and

B AR R A sl e,
Pr otre6 tBGtaNRGUIfER salt Of BHRBOHI hal Be WBiaFkdt fhsin Midineediate

groups are protected, with sulfuric acid to forma
grafle selid produetiod mhmdspmtr:@tlon(mp desotibad abpvan Theindemadiate grade
de solid, sul fat .0 on1the

orfh 88 ahRerstd AR Rl BmpERIE il Bare) b MRt Between

abdlit 3GRd 38butd094h/HIS ikMding Betdvebh hb@ntso%mbb@m mg/mL.
nmet hanol to forma second reaction m xture; and (d

Suipsigingty, tihas hecrcdspemzingd thet s mieflanel anal watér mmhlhélcge bavidg up to

25 Yy B oo bt nd Byt R 8BRS sbout s and
abdut 1926 Qlakey! ik a%éﬁﬂﬂilx@er@%r%r%?ﬁ%'an%h?dro@é &%Bnﬁle sa% In

adduct 3 useful for preparing conpound 1. descri
partipulpy, @graethariodand waten gombinatibn temadsing tab®1t d@r% tyeater is useful for

ree AR Eem AL i s edeny o8 R Rl gH g sl of the

preuéiit fevehBh.UM tri acet oxyborohydr| de, followed by
addition of an am no-protecting group, deprotection of
t helm# twlrgabeecmméhza@na Ipracpss, dme@@mnensqtm ig leeatdgkuntil complete

fit t th di I.fi
syt istoBliet BireatmhR rR g B OE s PR RUpPebb s pg and
theRRbb1RA B Beth¥ers At Blang aBYGOFENG el Qlperisll of Béibx@en about 2 and

hydr ogenati on catal ysts, include, but are not limted
athltb 24 batsa@nnonally, se¢darmstala od tf%a:m@ydn@us relfate selbd apdtesadded when

har.maceut i cal os|.tions The cr | ne ul f at
the B R GLIrE  Hel PSR O AP EPEYTE o b FRu R B e
recb®erad BétvieBiibndllR fda%x&ﬁftsw B fifrafloar Maceut i cal
conposi tion or “for ion. Such pharmaceuti cal

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 aqueous 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 0 to about 65 °C. Typically, the
11
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conpositions may be adm nistered to the patient by any
acceptabl e route of adm nistration including, but not

wd J00d/iRgsot 0, oral, rectal, vaginal, nasal, inhal®ek2008/002583
t opi cal (|nclud|ng transdernal) and parenteral nodes

n@gerﬁq@ iy 'f 2t Qgéscgtrécatb?ﬁgﬁ% M the '.lcﬂvé}gc?tool;etévg%ch %Potu(t) 5 gnd about

ositions ven ion1s direc

20 pﬁa Miva cesultingadrystal e By drafoan ipfecSvan@ conventionally.
pharmaceutical |l y-acceptabl e carrier or excipient and a
t her‘*&ﬁ@ﬁﬁiﬂ%uny megthedaspgel, amens pthsr pracessess thy inyeption provides a

O%p% fi%l‘ gﬁeﬁgrl'lﬁ% W%t%ﬂg%usﬂﬁat]é sgft 0 cg‘lgh_p del[ tt}l? r%géss comprising:

rnaceutlca

(a)Qﬁﬁtaatlnﬁg Qbfwéctédlﬁ’é@ﬁ%ﬂtb ComipdlRd 1 ﬁrOWHld:hahé ﬁgdragye pifosips hre

desired. Wen discussing conpositions, it is
prqjefdl@dr Ftidowlfune agidrtenformp tﬁrsifreqqti@n imiyerg i(bhisolating amegermedlate

gradgI 10<§ %usl}‘a?l lﬁcllltpo r@%{g&%é 1 t}ﬁeyf&rrsg{rgayqrx]ﬁg%%%% %’f\.ﬁ glspersmg the
intEYRBJITERE Btakik §alld SQMAROSIH inanalueht ddngprismeantihanoltty Boredh kdcond
contain a therapeutically effective anount of the

reagtion yexturpe and (Prisndating tha crystalling swifefe salt Seoim thsfseednal reaction
nn%gyentlon Typi cal |y, such pharmaceutical conpositions
WS contain fromabout 0.1 to about 95 % by wei ght of

t h e Faghéry i eﬂ@:ﬁﬂﬁosnﬁlﬁﬁisﬁé&bih)é inven@lbh pRA%desThd A- @E%texﬁiéhethyl-
% by melght nor e ferably from about 10°t

(2-amhylboar%mgc mcl g¢nzyb¢st¢rt’oesmﬁte| adductGarseful ,ﬁmyprepanng
i ef | pi, ent d th
coB ARt RESTIOBbIUEPrOnS | ohe BirulTth ol 3ian PR gtepared by

recﬁleﬁifé:ﬁnf?lfatl@n BREclsHek Aecaok A1BEhyde b39C3- Hieﬁmxlyetﬂ'&lamme using
ombi nations of carriers or excipiénts, depend

SOdIhm triactéoxybordiyilndss; tfolisweahbbad digonisfeah anoinbpeatectang group,

t t f di | diti
aefipleslibo g BRlehidy fppuonifnpnd Comersion g bisufis fdduct by
rea%ﬂbﬂ aiheodhal ege. i &ﬁémg@\!ﬁf Shd in@t’i‘al fr&fucﬁv@ %‘ﬂaﬁHh @hn be

node of admnistration | hin the scope of
pellﬂbmsﬂé ta'kuatalyetds hydr¢gmatp¢rar Sre ablet ln;dad>geaamcm catalysts, include, but are

di t onal carriers or ex ients used in the
nof b o B AT TRy Sk Lo 1 on ar e
commerci al | y- avallable By way of further
i | | Bhanmaceufical Compesitioanal f or mul ati on t echni ques are

e o, 308 8 ) s o
patiRat i thie ferm b4 phﬁﬁﬂcéﬁ&@ﬂbom@ﬁhdﬂ dz.formsetioret Swh. pharmaceutical

Phar maceuti cal Dosage Fornms and Drug Delivery Systens,
compesitigpsimanbe admipistered to tw:|pml@mé>y&nmqeetabanoprefﬁfraémlmstratlon

1nc3ﬁi{1%$ %ﬂ{jnét]lgr? ?Qd to R&BL FoG AL % 1 aﬁ?&fé@ﬁﬂlh%ﬁedofogﬁi aﬁélahi%g

can serve as rmate accept

tranglerral) and parbhtel niwtss af;&inﬁlﬁtstﬂatlmt ed to, the
fO||0MAng sugars, such as_|actose, glucose and
sucAssedingly i pag of ity eqmpnsitions sracks E1¢ 1avntioatiadisected to a

oS LR co M BRI KBBRlhaee
exdigiehtidndSetherapeutically effective amount of a crystalline sulfate salt of
compound 1 or a solvate thereof. Optionally, such pharmaceutical compositions may
contain other therapeutic and/or formulating agents if desired. When discussing
compositions, it is understood the term "salt of the invention" includes the crystalline

sulfate salt of compound 1 as well as solvates, in particular, the hydrate, thereof.
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et hyl cellul ose and cel |l ul ose acetate; powdered
tragacanth; malt; gelatin; talc; excipients, such as

wooePRcIxwt t er and suppository waxes; oils, sutha$mmwmnﬁm

peanut oil, cottonseed oil, safflower oil, sesane oi
ol i ' : as
O ot kB Pl SR SRS el Fonti) 38

therapenii¢adly efifeckiveodry@int wif ereeacgw agén,t psdeat ), the fitth @ salt ofthe
ethyl ol eate and ethyl laurate; agar; huffering
invgglaon sTynicadly, s m&gﬂweumwamml ensyyil! eandain .fmm about 0.1 to

abe)f @5 o 59% r%’]t gF {Sﬂegagﬁ% Q%enﬁ’yﬂr %?{Bl%{fgog%}i@u?gﬁ% gﬁﬁg?@'% by

weiglhi f@ﬂ nsere préferasly feoifl abbutell toaboiitd0 % tyongigliti oF |tl§9e active agent.
subst ances enpl oyed i n pharmaceuti cal conpositions.
Ph aﬁw&@avq%lanaléemgr ExgRisnhmaY by yhedtin the phasmasadicpl
[ [ I
co 0GB ARl T S MR L el e, o

coribihatiés mdrrimaomxcfmms opilli depand blﬂﬂfe&ﬂ(bdﬁtif?adm'ﬁﬁi@tratlon being
resulting unifornly blended m xture can then be

useghig iedior Parbeilaipatisiioon e ef medicalpondision opdiseaseatate-t hlethls
regpahc*( ?nrrgﬁ' eé}c?at? qﬁn era s‘ﬁ t%]l%lphgmqgc%ﬂ{f eﬁ%or%ﬁgsf ?ry fo@ne%trtlcu alfode of

ositions o ven

adrpingdterioh hsyWE’liBGvKt@gﬂﬂle isBope dfithésetiR@an ftlinHarriEB&uh@zﬂ MHkts.
"unit dosage fornt refers to a pg%3|cally di screte

Addtiopally, |ﬂnea%r@ers OF C¥OBICA waecbm ‘ihé armaceutlcaba@npwﬁtqns of this

N T R

forfiul dih t&ihﬁ[tﬁte@ﬁreldés&ﬂﬂéﬁllﬂ Neh@ﬁgth 1 TheQagenod aﬁ@Pﬁactzce of
additional units. For exanple, such unit dosage forns

Pheyanacye2¢ a%@up@shpplamtéﬂ’%ﬂhqm &sWhachqlh@orei, Marylend (#$100); and
H.E! a&l%s%?}gt aASWhgzran?act%ﬁ l é)%zz eeg eufnlmc @ ad B‘r ngpég aetr%.gysst s, t7th Fdition,

LippiettWilliaas & W%ht%albiilﬁnfdi’é Ma@hanactmgy stration.
Sui t abl e pharnaceutlcal conp03|t|ons or oral

ad nRﬁp@smmtlvmxmyles of mrateripds whichcen S@apgmpl@esmaceutically

acce?tg{)%}cégné) 41 ncgl’éie,a éenurtlc?t (}Hng?‘f] tg @ﬁstgfé% %gf]sH s %ucrh as lactose,

gludEHeand Sutbsd} QrchILLEAUE ab Lo sthirclPindiSot 0 stirdly; icBHBEE Kuch as
or water-in-oil I|qU|d emul sion; or as an elixir or

ml@wrwallm gelrese, preits derévetivestsatinamepdium p@rbexaenﬁhwwllulose

ethgf?e n osg ﬁréc? céegﬁlggﬁso%g% ;pﬁt)\?{ﬁ%lﬁggégﬁzncép Y clatlr‘;jl Sfalc excipients,

suoh@ﬁlcﬁbcﬁilﬁﬁﬁef el $uppasifR Whx 89 DAY SsukR b édnu?ml cdtonseed oil,
capsul es, tablets, pills and the |ike t he

Safﬁﬁwwbéaqarr@eml @hﬁ@ osh qarned apfl spyhean eueglypals sweh ps propylene

eish2pbis R AP S5k e o B B PSS B, sven

as éithillrdéa@e &{d ethiaheatem RO iy agelts] SR lak Yna@hesium hydroxide and
alternatively, such solid dosage forns may al so

alugnisn hydroxide) plgindc arid;apresriefres weatgtHisaienis salinshBénger's solution;

ethglrf 488K li %tog}laﬂakenb f‘t;e%ls!)fljltlons, '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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| act ose, sucrose, glucose, mannitol, and/or silicic

aci d; binders, such as carboxynet hyl cel | ul ose,
woadogé/BiRs, gelatin, polyvinyl pyrrolidone, SuQTas2008/002583

and/ or acaci a; hunmectants, such as glycerol;

o , h : _ .

or a8y hEPlBlol o RARE, ils SF ooy APEnchRl Holures and
equipmenai. n silicates, and/or sodium carbonate; solution

retardi ng agents, such as paraffin; absorption

accdihe phargraseutiogh rorBROSHiRNS S Aa ventiRsrATe Riefeablypagkeged in a
. U s [ | . .

oS40 a6 ey L ReYI) s ALl GLURR S st
forliosing il gatiedt, dy., edchlunitadntaining o phedeteriniled, quaalityiofattive agent

stearate, magnesium stearate, solid polyethylene )
calgplgted|te prodyas thedesitqd therapeytia effech pighes rlove,er i egmbination with

f ' :an '

ont hSRLsach LA, 397 B np UL IR BREOHAY b capauc,
tab$ats; @l 16y) aiid) thefllkay o irigpazRek 8 uitablt i pageitdral administration.

preservatives and antioxi dants can al so be present in

t he Iipprg erakedimiceta theqdiappadeutistl sommositiens e/ invsation are suitable

AR BRSPS B bR

magGledn tHeyBirRiofl eipsdieaclablets) ?'ﬁl,s, $6¥éh ¥, Odchuls] @daBeesSREldbm,
met abi sul fate, sodiumsulfite and the |ike; oilsoluble
gragules i ag #rsoHItion 9F B SHEPCASIOB Ah g AGHREOHS PrER@N-aPIPoYs hawid; or as an

, i sol.e. . . | | eci thing
o NSN3 oL S R 0 PP Wi ot

contRinflgtsreadtemiined@abent oTUEBNPBuAd bF the paédelt invention as an active
et hyl enedi am ne tetraacetic acid, sorbitol, tartaric

inggedient. phosphoric acid, and the |ike. Coating agents

for l. sules, .pills and |i. i ncl ude those

used R Richief RR 3K Emilre R @ solid BprdsP et Gk i REpsuies,
tabdtd, palsdr@, th@ Bke)y inephadefleati €l RBIPasiAb®s of el i eHRsORII typically

met hyl cel | ul ose phthal ate, nethacrylic _
corgprise the aefaeragentand«ing os stase phapuicgutinally-acesptablloeasriers, such as

cetate trinellitate. ., carbox hyl .ethyl cell ul ose,
soff iR EGRlust R epdR] CRESEEL S Byt st aBRE gease
fortendyl H& cIMMFHRBARE OF 8kteBMIDQTER hoQsrcREs, tierobR¥@ANIHeRlulose,
may al so be fornulated to provide slow or controlled

lactosg.csaereso fgludese, apaninitel, agdier silisicragid; yndgesy seth asxanpl e,

r I I th cell.ul ose in. varyi. proportions; .
carg e I o metbtons bt PP BB B rFaRRE ah B acaci
hufit@ 895 BER 8SglytdtoRdeintb@ating REen) 8adBEIshi-8@Hr, calcium carbonate,

conpositions of the invention may optionally contain _
potaieTitagiperystarghralginigragidnggrtdio silivates] andéat sediunhearbertatsy solution

rel ease the active.dngredient on or eferenti al | .
retffin 3380 ieh BopH RO SpPECH Pt oeuh fa RiiPigaf) anfimonium
corpdundsaketving bferits, REIPAEEYTRINORAG! arfdXGH BN @S0l FhorRIERAFN; Ng

conposi ti ons which can be used include polynmeric
absothestsa pitchias aelimandier beptanitgalay dubaigents, ssh aatale chlsium stearate,

mam c?’séu?%?t%g% e? g%lg%@g&%tgélﬁl%é%c@ggﬁroapﬁ ?agl%'l s\lllvitlatre], gnrzi?oronrlixtures
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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Suitable I'iquid dosage forns for oral adm nistration
i nclude, by way of illustration,

woRlhed/imepwut | cal | y-accept abl e ermul si ons, n cr oeEahis2008802583
sol uti ons, suspensions syrups and elixirs. Liquid

nydf g SR P o8B Rulralf RN SpRE e BBk o

sol6Ble \uafibEdarits)|subh hd :chﬂﬂ)yﬁﬁaﬁﬁﬁﬁteaBﬁlty%d ﬁ’ydfré)@faﬁlsol%uﬁﬁ\ty&‘ﬁed
et hyl al cohol , ISOprOplia al cohol , ethyl carbonate,
algdte,

hy@pwplluan@ﬂ%@ln@m ipéquwi/g : dﬂtdia-mb@hzml tndrilh@hks and metal-
chdlf iR AGERS el 88 ic pia kT it Sinedic' i S8itg), gortaric

acﬁ%ﬂ@‘ﬂﬁq&id aeld, afll WeAnN@! ,Cdatihh aBys ffr wdbiéts %aﬁﬂh@é pills and like,
g@eyet hyl ene glycols and fafty acid esters of
inc

haesgrusedhfoa eniexic goatingsheich @b celsugwsiatmﬁlthalnte polyvinyl

acclil€ pht e, PulBRrEShu R ERe R SRrundiRY, SEPASDr ariggmethacryti
acid e&gt &ﬁ%]/}jmé}s ceheloSe ade@dty %ﬁ@l‘hm{é %Bl%oi%@ﬂhypéth?lu 1lulose,

sorbitan esters, mcrocrystalline cellul osée m num
hydrex ypgpir oxdtlld cebelnstbmem¢ surgtnateaged therdiket r agacant h,
and xtures [her eof sal ts of thi

al SB Ymagerical «ompes 10615 Z‘meepgi:rrtxpn néaygglscbgv nt Iu?atecf to provide

sloWr%@H@@l‘Pééﬁrele%é@&Mhé‘B&W@agehﬁﬁs'i@ﬁ? ?Q{f eR4mple, hydroxypropyl
intraperitoneal injection). For parenferal

methghiellwdosean ivarying prepmmnv@r@gwmipowmeir ypitiges) Ypesdmies enld/or

W th a suit .e hicle for renteralad ni.stration
gt St Gy PP B, SFBHIBn gL LG Bverton May
optislal 'c@ﬁﬁm oﬁﬁlzﬂfﬁﬁg abOMs iRl ﬁﬁ&' baforhRiIAN s@inaPiie §el§éé€ Bhe active

as propyl ene glycol ;' polyethylene glycol, vegetable
ingpddient oghyi at pmferérataily, laca ctrigst moxs atthe @stmlmpbtmﬂl Gatte,

the |jke.  Parent for ns may al.so c ai n
op G elel it NG dary S e D ST P P BT P can be
useﬁﬁﬁéﬁdé’ﬁél&fﬁ%ﬁc sﬂl%tﬁ'cé@alﬁﬂ@ﬁe% TREUL SV dgRhSoaniso be in micro-

di spersi ng agents. These fornul ati ons may be rendered

encgpslateed fCU;n uSappodpriates Met‘h ¢rEE drmaere ofiHemboeetidesrribad excipients.
i.r.radi ati r heat

t t | t
¢ Spafe 0 ¥80es thime Filord] et S @8R beliie By Y Gfhe
ilus@MEIH Pﬁﬁnﬁx&@utfcﬁfngdE%%lé ShuRHES HhREseald1Bnd ¥olutions,

i nhal ati on. Suitabl e pharnaceutical conpositions for
suspelrsiorisssyreps and dbiyirs.nhajuad dmgwfdr‘msttymcaial dombreseitie adtyve agent

orm of..an aerosol_.or a powder. osi tions. are
an %@Fﬁidilyer&diﬂc 18 oF Pyt Otﬁmﬂﬁ s i%‘i@wmg agents and
emgﬁiﬂe?se §ucl§é§@?hﬁ%lc§>h€?ﬁs%‘b?(ﬂ)y¢ Ql%ghélna %'led'arbd?‘iag:r ¥th§f;¥¥éﬁfte, benzyl

inhal ér, a nebulizer or a simlar de ivery devi
alctvlhé,rbeandyﬂi hengoate, guiofyplenerdindads 1, B)ibut}demgglwoﬂxr(n]ss(asp Zwttonseed,
ai ner, the phar maceuti cal g;g)ogiiti ns o
1

h
gm?lﬂ 1 5O5R &R OliNFy FRS1gT 3pd CSSWHF‘? ¢ ¥erly fera y&roglryl aleohol,
polgftgﬁl‘éﬁé §1‘%01§‘ﬁ9d ﬁitﬁrudcic?&ltéars Bf &ﬁﬁfdﬁs‘?ﬁd nﬁk‘tﬁESQEereof Suspensions,

_ | orodi fl uor omet hane, trichl orofl uoronet hane,
in afidgfingo dheaatiak Ilmglrf:cdnemthmiagr contairbspetiding agenrsuch hsyifor example,
swta

as i.tionall he armaceut.i cal
ethotys WF%M@@ S eedinyleRf afrogo fRitagyesters,
mi&8¢rySthifiae cIRE, afu{inum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.
The 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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exanple, fromgelatin) conprising a conpound of the
i nvention and a powder suitable for use in a powder
woi2bsdoerse Sui t abl e powder bases include, by wayTafs2008/002583
exanpl e, lactose or starch. The salts of the invention
oo ARG LA SR o
modecalap weight hleohelt siveh &grbpyle@Nglbenlasbtieteylend glrcol, vegetable oils,
perneati oqn enhancers, such as propyl ene glycol, .
gelaidn. fathnaqid pterg Isyetnes sthvioileate.&nd thelks: Raredfpbiormuliiggs may
Li oy 0 [t . |, [ .
s o A RAHRCLA i, SR B BIAD Lling
ageped, emniyifgs v dispersilgsdgeh Bl sTledkd foruffl fichs mB)belyendsedisterile by
in such transdermal conpositions if_desired. |If
useRf stergle injprtable medivm, a fierdlizing agant.dHtra@gn, raadiation, or heat.
admiynd ' ' ion W.th.:one . ot
ot N85, b8 piaRlcRRoaP Bl e VB 4F fopulated for
adminvgratibo by ihabitioh €S uipibysS pltainlayeuticXlebmiois itioh B oraidhfihistration by
. .therapeutic¢c agent to forma conposition containing .
inhglatign 34l fypacallybedn the fagamf ap sefoselsasfpoviies e Paghagaapastiions are
Sl . e : : iy ; o
eerf i dofiin S PR QBTG B Bl BTN S ek ooose

inhaRk.ta &l pbivder inkiglBt, laGiebElader BE a cMIMirieHvety idbvigecond
t her apeuti ¢ agent using conventional procedures and

equipierdmigseedmyanbeation niing A Pesapiacd icaptages dhpound
ph%ﬁ@?%%%a c?)grﬁag)giéltrc])gg Bﬁ{aﬂ?{%{éegr%iﬁgi?ﬁgayﬁ@%#c'ao%{]pq’{sle Yhe %clgi%e ingredient
andd aui B REbpelRhl, Yudcae gichldredigiabiongdthdne, friRhlBréfluoromethane,

. pharmaceutical conposition conprising a salt of the
dichlpsatpaiBIroBhareconbOn fiexigdseutotlzer syidable gard Additionally, the
.cal i | carrder. l.n this.
PR B o P o AR ATE S8l o lpmB et Pditeg race. for
exdnyjile,fedrh gelaiiXecbniris L eepdindcdfané mvantidydidepowder suitable for
m xture. The physical mxture is then adm nistered in
usegnapovslseinhpler| Pyitablg pewderdasgsonelnde diyrwpyafiexamplen tactose or
sta{cﬁm es described herein. Alternatively, the
erapeutic agents may remain separate and distinct
bef Dhe sAQHf fheSihn éitiodrtah @ldoltR ddatinigftted trahsiéingally using known
enbodi ment, the agents are not physically m xed
transggiand) delivray systeragigndexsiments oHongrample theiative sgentesdn be
j - (o] e ate 1] S_.Separ
s 8 SRSy oo BRI rb G SLe IR GhTene evveo
mofeRaradd, aacyclbalkay-2bep ask a@ike] @gPIBEhoRBe®inkd 4 pat¢R6r similar
two therapeutic agents in the kit may be adm ni stered
deliypry systegnndddiona eyeipiats inFding sedingngenty, emplsidiessnand buffers,
of H%Ei ration. . .apeuti c agent
maggﬁ%g dl gllsgagvl d?%%ﬁﬁfnglggﬁlﬁgé%{fi%\%ge@éaagent may be used

as lffiRsis&; aiechalth 6f MREMVERIAUARY be hdnRdtdre€ Wl édmbination with one
proki netic agents acting via nmechanisns ot her than nu

or ypregithertberapruge agentagbnihisgmgdiment, 8 salt phthisorbéniieniispither
ph))gictany tnﬁgedovrvﬁﬁ G 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 1 and a second therapeutic agent. Additionally, the therapeutic agents may be
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conmpounds. For exanple, 5-HT4 receptor agonists, such
as tegaserod, renzapride, nosapride, prucal opride,

wol20080p1s0pyl -1 -indazol e-3-carboxylic acid  pCT/US2008/002583
{(1S,3R 5R)-8-[2-(4- acetyl pi perazin-

corfoed S fraln ALK eotptale el o Pl R RA

cormapasitidn( domprising a salt of the invention, a second therapeutic agent and a
3i?,5/ 2 hydr oxy- 3- (net hanesul f onyl net hyl -
phaamaﬁwﬁa@vb%%ptsb £8‘B}eéy31 ts{l%erebqqlm@m the qompeingats ogthe
corﬂpés‘;lt}(‘g{ dré “t)sp? %9?3{%% h ﬁ%ﬁ@&fﬂg?g%&g bﬁysmal mixture. The physical
mixtud 1§ﬁtdmdd)mm|sereddn neherhpaaichldy yifedtiveGintbuittdiyg asé fthe routes
may be used as the second therapeutic agent.
desmaéﬂ heseial Alceraivelyy Bieitharepeutisgentts maydrnae sepiatecnd distinct

I r£cent
beiffl adnlfilsh o @il BERR M RORRS IR b are nguphysically
mnEHEEIt)) gethériefore admiﬁlﬁrdtiog&md Sre(ﬁnﬁmsi%&cﬂs’iﬂﬂlkdﬁeou@lbb@ &t shparate
channel openers (e.g. | ubiprostone), dopam ne

timgs, pFpATale gpn@;@sélonpt §B¢h g@npqﬁgﬂcﬁ@c@p baipekaged separately or may be
pac%%%%ﬁ%&%%%?s gpqu':lsl 35%%?1%{ Eglfhc gegts 19 ﬂ%e {ﬁlgg @%mmlstered by
thersamse a61it8 o€ addhinisnetibR oBBY aﬁ'féﬂelﬁtréut(eﬁogadrﬁmmmﬁﬁm de),

notilin agoni, stsq&@) m tenci nal), guanyl ate cycl ase

act PRy thsrapeutic ggenypompaty wathcthg RFeseRtRcHkoAgest Biay be gsed as the
secgﬁc\g g}%?%gﬁtag a%e}lg zﬁm (:pglﬁgg(iu%%gbltolkﬁﬁtlc aggntsc’ Slclit n%r\gg n}e?ﬁ"amsms other

thaA@anésioidTecdptafin@igdnidgemnh$ bé ﬁ@ddudeonibmauaﬁ @viftothe present
limted_to, norphine, pethidine, codeine,
cOapAIES- o EQcRNaRWE, Sk EorRCRRIOT éﬁ@%‘é@l Gheh asntya%sswdméapnde

moﬁ%bﬁh%@g&{lkélo%écgé“ ?%Jr%p}{{lﬁl?é rngf%&g SRIENR g{{p? IR SR)-8-12-(4-
acesylpipetabiar Bphethyg-8agabicscla] 22 A s yl}mﬁime arltcgﬁapylaznaxo 1,2-
such known t herapeutic agents nay enpl oye

dihydregpinglingA-carbokykinecié 4 aR)- éf[(Ii)hz«bydrwmarﬁnaﬂﬁhanesulfonyl-
me g rgtgx%go:}%roggﬁ {g;&e%‘f%%ff% h &%D ﬁgﬁfjamﬁre eorpd’-&ts- gl;&-léngro%lyl- 1H-

bertzbamdp)mduczﬁﬂaoayt)ﬁtﬁrr@gmaﬂllyr,}atlwnmmeglnfdtM)ﬁ;ﬁérﬁﬁﬁe waeoxylic
co-admnistered wwth a conpound e i nvention

acidgethyh peteripar Be pgnd asile sacped theraperpeagint agent s
admA'a l%lto%letgefu? 9?09(‘%@@%%&1%@ 115& gutca.orgggylbrglht?é 6) gg{n receptor

|nven Ion are e range

agdiliga/tsj(&)g pomabarig), SOATIDedetor Anegurdits (d.y . AGNE01), alpha-2-delta
rmaceuti cal conpositions of the invention

11g961§§ K%&ﬁmw}l?%’(ﬂ)@éorsdesfé@m omﬁmrap@gutlublpé@f&ne) alppamine

gL g AT IR A St UL o
bacﬂkifels AGI 006) Siipp@ BpiordDEFBHIAS (0F) dshadddlife ) musedrthié®f, ahd M,

Capsul esfor Oral Adm nistration A salt of the

antagppisty (Ceth apgmyile), Biotikin agenists (P-gcmitsmcimbogepnykatricyclase
acti@ggpse@.é.J ﬂ)[ﬁiﬁebfztm% 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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(10 g) are thoroughly blended. The resulting
conposition is loaded into a hard gelatin capsule (260

womoHioecNpPosi ti on per capsule). Formul ati on EaENE2008802583
Hard Gel atin Capsul esfor Oral Administration A salt of

then e &i aﬁ%]'altx(o%gl @nlﬂléstoa};siigb{h%%pgg&c agents are known in the art and

m CrocCrys Ine ce ose magnes

anyS$RBkabe (Rerdfbutio faerit 8129 bg Rip el ifl €6mBIIELibN &nthrlhs s&tlpounds
through a No. 45 nesh U S. sieve. The resulti tg
of %ﬁﬁp@@mtqno @ep@nda@a@&eat(sh e inpdpdedgane preseniciagstippeutvelly

ol S FVRER2L 80 R COREH: s EORTHANE R, SRR Tt v

co-adméniétered witlla ehpounal of b/l Bt Sus@bRi doass e frealteat e
(50 ng), and starch powder (250 ng) are thoroughly
thebﬂp@n@@@gemoadmeﬁtqr@h@wmmwwa vidh acompeukefithe fryeptigryare

Rl AP BR3 b B AP B 1o TR e e T vt on

(5 m%rdﬁigw @l'ib ﬁlﬁ@mﬁéﬁwﬁcﬂ%n{ﬁo@ﬁﬁﬁﬁi by Sleahvydnfien optionally include
cellul ose (3 are Eassed t hrough a No. 45 nesh

a sggogd tlgqrmﬁ@tlaﬂaermaxéqscn 9¢®‘2Fg4¢| y A soI ut| on of

o 5 RO PR < b P ipfions o
thepr&satinkbitagh a . 14 mesh U. S. sieve. The granul es
so produced are dr| ed at 50-60 OC and passed through a

F ohpulat]t§n E‘E&Qplg A Ha?U Wﬁattrﬁ@g‘bslw@s%; b%lyfi% zﬂ}.’skra%bﬁr C h

ng), magnesi um stearate : and talc ( 1

rrg) A &aﬂtl af thehimv entpme($D @)Lsﬁpyaybrhmd lpaesae(aOO lz) endjimagnddium stearate
e then added.to.

6 h U i , ) )
(108) g TaeovaRbeenled: T Sesiling Gitasitiod it birgedinia hgrl gelatin
caps@lel( 950 H@Qﬁ'c@ﬁm‘b@itl@fl E@f @ag@ult‘:)?‘bl et wei ghing 100 ng.

FormJ ation Exanp bletsfor Oral Adm nistration

ol B R PSR R o,
st edrdatt cf¢hdling Entive) (26 m8)} siafch Y§hng), bhﬁﬁdﬁﬁstaﬂﬁﬂe télﬁﬂlose (89 mg),

conpressed to form:tabl etsgg\440 gtﬂ; of conposition pe
and mBgrasjum seAHA Gnerprehonon qeloAng.- té@bp@aemmwsa No. 45

mebHP ;J Qs?elveAq\m: sﬁtt&%téog‘;f)oﬁtl%ﬁllg logzle(f ﬁ?o 59Xr%ge:lja?nﬂl((%é§ule (200 mg

ng), cornstarc scarnel 1l ose soO

of ¢ampositivatpes eafsh®). ny), and magnesi um stearate (5 ny)
are thoroughly bl ended and then conpressed to form

Foﬁhﬂghsn Econ e ¢-abbRbin (c%%umyfd}fo&mam%&m% per
tablet). Formul ati on Exanpl € G Suspensi onfor O al

AdmArdagitaf shed iomentinn (ﬂ@lm@mpcvigoxwgwme@nﬂstaa mgonooleate (50 mg),
anc{ hParc%ulgo der @5)6 mg} grefﬂ?cgr[)nugehl brehdc é.r%’] then Iioa%egl 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 microscrystalline cellulose
(35 mg) are passed through a No. 45 mesh U.S. sieve and mixed thoroughly. A solution
of polyvinylpyrrolidone (10 wt% 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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adm ni stration containing 100 ng of active ingredient
per 10 nL of suspension: Ingredients Amount Salt of
wo fees/igsy®ntion 0.1 g Fumaric acid 0.5 g Sodi umcanioéste2ss3
2.0 g Methyl paraben 0.15 g Propyl paraben 0.05 g
A P R s Ry ta PPy e R, OB bt ighing
10@oigorings 0.5 ng Distilled water g.s. to | OO nL
Formul ati on Exanple H: Dry Powder Conposition A
FoPm&lufibh EREmSRIB: DhbILH For O¥EMdniRistraiond) 1s bl ended
w th lactose (25 ng) and then |oaded into a gelatin .
i nhé¥ sl Jtheimventi 5rrrg)enn@n@@ﬁ&alslln@fcek1¢ies‘t(é%9 mg)gfimed silicon

i GBS ERC B LB TR rab s bEpge Lt bomPressed o
forhiBIets (380 (rf): df @inpositioh@Relg@ley.th 0.1 M sodiumcitrate
buffer solution (15 nL). The pH of the resulting

F o%ﬁtl‘d?z’br‘?@x&lﬁpl@‘#‘ Wﬁg-séé}eg o BlewSE J}Q?JyNA@ Siatio
hydrochl ori‘c acid or 1N aqueous sodi um hydr oxi de.
St el dalt afdhemiverstedn (16 mg), cormstatoh (B frfgdrcrosatrhelivsadodidm (25
0 provj atotal volume of 20 nmL. It will
me) P 028 P AndIRYEeSR rarais (6 rag) ar%@orwgfnblsvﬂed and then
: L1 ae i L . le
©° f gx}e%teﬁgé %ar ti 1{(%%II@ gsrc mt)1 g%blgf(zgg hm‘}%f{s%%)f@? ?l‘gr? %@%%#%lggu sed
ol s OB SRl FERER Ty uthiysscd above
3- e"[}h?@ol(cﬁviﬁg il ggydiemb evethomiubNlyrhiked to2foBma su¥pkrRIan o Bral
1 onyl ), .. I : .
admpsiestien kontpingng K g of edtoyeaingredjeat perd Oynl. ioé suspensien:
sul gdie.tg' an antagoni st at the nmu opigjd [ ecept or
and - i i expect ed
to DAQE Bt reating nedi cal rdi ti ons nedi at ed
by ﬁHm_GBFé‘Flé_receptors or associated w R &u opioid
recépéigm iernida ty, i.e. medical conditi@®8which are

aneMathydtpethbby treatnment with a 0.15¢g
Propyl paraben 005g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285 ¢
Veegum k (Vanderbilt Co.) 1.0g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water g.s. to 100 mL

Formulation Example H: Dry Powder Composition
A micronized salt of the invention (1 mg) is blended with lactose (25 mg) and then
loaded into a gelatin inhalation cartridge. The contents of the cartridge are administered

using a powder inhaler.

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 1 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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mu opi oi d receptor antagonist. In particular, the
salts of the invention are expected to be useful for
wdm@@tuﬁm adverse effects associated w th use pefr/i@GRIBI002583

anal gesics, i.e. synptons such as constipation,
decft%‘?led% Lgﬂélts{do‘a tﬁﬁ%ﬁ 5% oPEAIO (ff'tﬂ@ nv@ﬁ'ﬁ&h (1bé gﬂls{aﬁ]lgne salt, or
nausea, gastroesophageal ref

soleatk) that ﬂs%&itgbl@ﬂir@lhéipdrﬁdﬂﬁﬁﬁiob@métdrdm&ﬁmndm Ioan be kel in the
present salt forns are also expected to be useful for
ph%rfr@a%thg waosBioas discyssed peRNS:  a di sorder of reduced
notility of the gastrointestinal tract that occurs
after abdom nal or other surgery. In addition, it has
tih)igen suggested that nmu opi oi d receptor ant agoni st
ounds, such as canpound

r ev hg PFR§C S BY egeRt @c@&or{ﬁu‘@e@ya]ﬁHeWéWFWhgs) 23rdiBydroxy-

o TBPA AP PR PO PSS PREGRE ity Mo

at tha hivsopibidirbeeptoruad therefosd the 8xlneef thel itventien me&péctécmo be useful

treating disorders of the G tract caused by reduced
fortisating mpdical qeaditions medipted by Ay aPiHd AeceptonR o aspociated with mu
op1 (f ﬂgﬁé}%tgrcﬁlﬁlgfﬁ? q%r ﬁlengLgogqgl%tl&é tv%/ﬁggh Qlfe C?Helllulsatt{c%}; f&itment with a
mul J; 1d>1t1 a6deptdd @mgoﬁytndﬁ(pﬁﬁlchﬁ:r | tB&);altstfaH@IdVEnt&ﬁﬁre expected to be

i di opat hi ¢ gastroparesis, and functional dyspepsia. hi
usehplefonpritng, ady eree esteassppiated Witheses oprad parlgesics e, Ispaptoms
suc%fas coﬁsrtl%TH%)ﬁ] Qi[eg%gsleldl %%xtalgferﬁ inng,i asbtdoglélpﬁl 2’?‘1; | glr%:atrl] %ﬁsea and

gadtrbesdﬁhﬁg@ﬂ re’ﬂu&ht%ﬁﬁékﬁbﬂill&ﬁk/ély o@fd’i@-ﬁ}ﬁdu‘éed B@Wéﬂr&ysﬂlhct@on The
phar maceuti cal conposition conprising

preﬁﬁaﬁ%&ma&wlscg/em@éﬂabp@s fqrérreafarrgjp%st@ncmtlm ilgusea

dlsblrzitéF Pf 1{ SHCefin%(ﬁtmt ﬁle a%ats{rglp%gflﬂael?ragp o ?ccgrs a%% al?cgc%mlgal or

othey sdi‘glerS’p AdHifi & @H been bilppesiadl tat gfu dd’ﬂ@ldlr&é@tﬁr laBfagonist
will typically be admi ni stered orally in a single

coramun,dsmygb apeompound| k ingy be yerselor prverssrg/opieidtinduggd nausea and
vor?ntm r fornms of administration nmay be used. For
l e, particularly when used to treat

pOSSHQE RbbbiR 1 BakShech RRoWR AP RIeRGASe RotitifEof tRY BaMtroffiestinal (GI)
may be adm ni stered parenterally. The anount of active

tra%tg@ Animed modelst e saltpefrthe gaventen m@xpmtad toghrepusaful for treating

L | be d
aisBirt g 67 i Fhus R bybeuse Rl B ehER . sucn
GI nitfilliexdii8rdeREn Q] bl ividy 31Q118rakibR Adteshic E&%tl?)lé‘ﬁ’(ﬁ? Ronstipation-

route of administrafion, the actual conpound
predominant irgtable bawt! synsreme 4CIBS).ababiovictand idibpathigegastroparesis, and
mﬂmﬁg}gﬂl}q and o €sponse of the individual patient, the
§P68f the patient's synptons, and the Iike

Sui e eEaspes Sedefire [the %deﬂﬂoﬁ?ﬁﬁz’i&@ Smé&hod 8FeRMsing motility of
motility of the G tract or other disorders medi ated

thelgﬂstrmn@pﬁnml tractdo epnammalyithe medwod eompomingadminiSted09® the
mammalf 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 GI 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
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20 ng/ kg/ day of active agent, including from about
0. 0007 to about 1.4 ng/kg/day. For an average 70 kg

woeiRe19ohi s woul d anount to from about 0. 05 tprAlRAWEs/002583
100 ng per day of active agent. In one aspect of the

o : .. Y
e W o bund G G TRAHRGT R ok diuiy R s Ef ffount of
activieesgentodinthidter il ddsdoveht talyisdninalt bominiétbed perpauwmilstypically

of the invention wll typically be adm nistered orally
be defermigred §y @ phusicigndadiee Behtiof th elavpniecigymstanpess inghyding the

] h f t i i ol,di n I
coffiF IR deardd PR Eent e drBi e BRUC U RUHF EOBRNT
adpftister@yl and fts slgieictiaBpabé agd, welht] andadipoass oft the individual

conmpounds of the invention are used to treat

patigadtthe pevicrty afdhe patipnt's gynapfomseand the fikeat
] i ve | ds, of,.t.he .| { ]
o 5 B ol RSP TRAS, ShOBhRSLHR Ry g

disbfiles medigle@ bgtanl ¥pidisec&tors Willthiderdin d86@ . (OH7 td aPout
Preferably, the dose for treating post-operative ileus

20 makg/d ctiv e Agenbdneluding Sromp abgs 9:000F go Aepysdr4 magke/day. For
' ' | s. ' t had i
o TR ot 8 BARL S JEAT B0 515 BhAP or o

of sativepgentd receptor activity, the method conprising

adm ni stering to the manmmal a therapeutically

ef f BroR&Bpesiod the vy eriong thssemposnds ofdhe mysntidaremsedio treat
. hGal 0SkA4.Lon rising.,a ¢o und, of
op B RGBT T pBATRE WhP e Reaiithan S GRRRGRS) 1

dysTaii6tidnsthe lceshpbindsTithe il b@ionWvilNtypiealiBE adiRiaaedbidly in a
.a%ent or agents, in particular, in conbination with =
singlelajlpi dpsecordy amtlyplg dopesger day. nBreferablypthe ddseier Frasfingmpioid-

. | Qg I.0.angt her aspect th and

indBEE A Mg ot ke ABRGRop, DR o Rl 10 B e day
t he ppeyflidr@apdcy o £Fhk @8idnYien AHB UohpSindd RF tHEhvEtII e hided to treat
agent. As descri bed above, salts of the invention are

PoshoPestise Hevse CWpepsediip dtgatiast-spertiies ilensetheicomppundsndithe
B P p AL 5L 245 e PR, i AR 5 By doseorin

mudtiPTe Bbsek et dy. ProftdblNfthd dsseifbiveetting pobtopepive ileus will range
manmal . Anong ot her properties, the present active
frogigaheut 0Q5 o a4 80 mepesdefate salt form has been found

|1 APRebBPAES hreth el e B sl L bR AR Trgase o

conditesredsebEated Rethsah bpioid rdcBsiot ARy BB nddtRoPEIrBYising
opi oi d receptor antagonists. Further, active agent has

admewgiersts tattbemgmarsd 4itherapeujicpléy ¢iberéivalamennt of a goneppund of the
i GAPBEG 3t A PESPHR AP S A5bhgolty b .

canThe pfsatateek d@nt B\6piidRalBPddhiflistdred FEChnite Aatidni Wifl$ 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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in G notility wthout interfering with the benefici al
central effects of anal gesia. These properties, as
wonmbg/1sssot he utility of the conpounds of the ipoErs206M02583
can be denonstrated using vari ous invitro and in vivo
assagys wel ] -known .to
Rep "e‘}%"éb‘ft\}’é"%ﬂ% gheawrsseaﬂi %%}Vet%&m A tﬁieﬁ‘P*tsﬁ &pd glfatp palt form
had Beeh if@uﬁdadole&mmq)&esﬁ mcﬁﬁg toEﬁ&\UBieE@réEE‘;ﬁof@iﬂinMIE‘ 8r no agonism
synt heti c and bi'ol ogi cal exanples are of fered
in m|reegptartienational asvayst rrdanrefmdtha satsmfithe meetuvmrs tpoteatimu

f. th
oo At D 4 el 05 R B s AR SOy
peﬁﬂm@ril ki Ay ALoRRANIWRh u&ht@ﬁ %el%hsééyyte%e aétnmyqﬁtaﬁf#nal models.

brevi ati'ons not defined bel ow have their generally
Tha@ﬁsp,ttb@i saltsanditheyisiverdidPRan-be/expeitedopevgryd epikid-mdiiersl reductions

in 5?": tnafbi Wk nt%%ﬁ%&"ﬁ%ﬁﬁ% R D oo SRS forlgghipy These

ki) aseld1ess he YRS of tﬁ@%rﬁ{%\mﬁ of fHer{ﬁHh‘ﬁoﬁ' ¢ahl Ded{Bntifhstrated

Bop benzotriazol - 1-yl oxytripyrrolidi nophosphoni um
usihg xarfipusan cymmsrgdmt\evqcmsaﬁ vod likmisvipter thespuskiked indhe &t.

t ent t F tet f nt d
R S P A TR0 M.
(Al drich, Fluka, Sigma, etc.), and used w thout

further purification. Reactions were run under
ni trogen at nosphere, unl EXAMPLES ot herwi se. Progress

chr SRERPpRS R Bl Sofiei ey 8P s tate the

invehi6H, An& RFOTREOBE BV ubdPAny WL limAAE tHBSDpe of the invention.
spectrometry. Endo/exo rati os of products were

In thetezamples teloy, Hﬁlﬁllawaigyéﬂlbsevumlqmg htveethp foll @eing sneanings unless
descri bed. bel React i on re wor ke
otiEnse s e iraas AR o ARt BAR EeastlbhAspepted

mebfi@ys Wwere purified by extraction and ot her
purification nmethods such as tenperature-, and
sol YPEAdependend,ediisipadpyilethylamme and preci pitati on.
ChaDadFer i zat i onNN-dineathylf@maptideluct s was routi nely
car Et@Acout=by n@ag acetate

EtOH = ethanol

MeTHF = 2-methyltetrahydrofuran

MTBE = tert-butyl methyl ether

NaHMDS = sodium bis(trimethylsilyl)amide

PyBop = benzotriazol-1-yloxytripyrrolidino-
phosphonium hexafluorophosphate

psi = pounds per square inch

Rt = 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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and 1H NWVR spectronetry. For NWVR neasurenent, sanples
were di ssolved in deuterated solvent (CD30D, CDC 3, or

wolbB¥0d16) , and 1H NMR spectra were acquired Wcrlus2008/002583
Varian Gem ni 2000 instrunment (300 MHz) under standard

oo RSB R0 A 880 N RS OATEL gy cvcion

othet pwrificasipn aethoasisaet ascxﬁmjlsetahﬁd aSbBly enti deperatentppbtakidation,
Bi osystens (Foster Cty, CA nmodel APl 150 EX
an4 PISEPiARgR (har %fﬁe%jlﬁlpéﬁf Iqapl {91 PIdpgts “@&)ro%’&& carrigshout by mass

E@ER§E§‘%O 81 Fomk%isgg}e%e y h_neg Qrvc‘eréjgr S u?dem

deuftétafé@ sbivet (GI}€D, I:IQCI‘{LéﬂTDMS@ldkﬂ &nd:’ha-‘I‘B\‘Z{R sPectra were acquired
Water/ ACN (98:2) + 0.1% TFA B = Water/ ACN ( 10:90) +
witly a1 Ygrn/Gemigi 4090 BstrymeRt(800 NlI@z),ﬁ_ndg'eqt@r& observation conditions.

MR OB o A AR (B b R RO ey by

ionédasibll aRthodS(PSYIS)heith ah Applied Bissgste®s (F&v@ CiB) ON)inodel API 150
(time (mn)/ %B): 0/10, 2.5/20, 9/75, 15/90, 17/90,
EXjigstygners or an AgHrntPaiot Alses CA Dmegeluld8 LieMSRynstBmead
in Water/ACN (90: 10) at about 1 ng/nL and anal yzed
GenerahdPL.GeCdnditiomsi ng gradi ent over 30 nmin (tine (min)/

% B 0/ 10, 13/10, 90, 29/90,_ 30/10. HPLC
h@&m@n Corrpounds @’Fga’ﬂsés‘é‘ﬂ\;é&nl HOvd 0 PmeN (90: 10)
0B ERPEAIEhd 48l yzed using the fol | owi ng
gr aliloentateover 55 ni l.Qmilmig i n)/ % B): 0/ 10, 10/ 20,
46/ Bbilé Pha@s: 50/ 10,A 55WaerAE9%:2) ©0.11% THAt hesi s of
L~-cycl ohexyl met hyl -K 2-WxeeAON | 10:90)ba0i ¢, awiad benzyl
est gfiedtioaWblini@ addugf,@. Preparation of

-CcV ( i et hoxyet hyl ) am ne To a
m xtﬁlﬁ%g&%%“a %H%tlhet ﬁzolé;et hyl am ne (209 ni, 1.43 nol)

Hp dII: (1050 L) was added cycl ohexanecar bal dehyde
0.89 nol). The reaction m xture was
Crude 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 _
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 (90:10) 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.
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stirred for 30 mn at roomtenperature and cooled to O
OC. Sodiumtriacetoxyborohydride (378 g, 1.79 nol) was

woadekeeder 40 min and the reaction m xture wegTAIN608R02583
for 2 h and cool ed to 0 0C I MNaCH ( 1 L) was added.

ThePp 9 8 IO IR rrng{ 2-0 1'y a& amic acid
h&n%?fsg Wfﬁﬁg & 9 cFBoltmaliyR iz oot Bigaip

tand the vol ume reduced to ~ 20

. C £} C % NN C
- CVQ‘thﬁPkYﬁrHBf medlét%ozy&hﬁmﬁiey@ow{n thﬁm) Gn@®¢THF (1050 L)
benzyl ester To the product of the previous step (-213

wagaddeg. ogclnbe)saﬁmbadewde KEOPHAL .80 )melh Ty mlqrg@g(ém was
T
st s BB i 2L P G et Tt copadS fefy Sifir fisdesOs ibhyarice

(3MrY FPW|951ﬁ012 WAS ad@RACGVieP DO Fidf taHA Ehe/YRgctiohl hix@ite s sBed¥d? 2 h and
at 0 0C or 2 hat 0 OCto roomtenperature, and then

codlert to10 1€.at M de@H Enipevanadded. Fhe ergapt layerwasauashertiwith brine in

walpBLLof nd D S s rbine s "ot D o s AR L) i ged and
theWo‘théﬂe@héléH 81-C2Y PO MEHeSofukidd I thAOHdVBEE intérnddidid wad B&ed

ers were separated and the organic | ayer was
dlr¢céf§unél¢mtatbnut 20 % MeTHF ( 1 L) was added and the

vol ume reduced to ~ 20 % The solution of the crude
b. Praphmtion b€ Medichieeyiwrthvirg 2,4-diethexydtlyyl)carbiahtgc agd besdyé pster

t hesi.s o
v b SRR R 1e Rrsigub BER T3 L HhmeD auts dgehMpTHF 2 L
anEBIFTA @ﬁ%i' ! @4 ﬁﬂﬂl}l theTI‘%aétnﬁl Iﬁ[)@%%ascét)ofea% 9“@‘5&1@ us
step (-302 g, nol) and acetonitrile L) wa
beradltbti)r(lﬁvnhmle ((420 m)L 8198 mdlp wae addddotropwiseu ffhe veestion mlxture was

TS OO DU S, (s o
tem-laéﬁatﬂléaw&ex"qr@%&@@@ﬁﬁeﬁ%d&ﬁ@re%t%ﬁctﬁx@%s stied for 10 min.

washed w th L), the phases were again
Theplrseawert sapatated @nd ﬂgimrgamb daper was wastesheith sediim Gidardnate

1L [ isulfite (71.4 0. 69
1.6l daat 1B F < LBk P et SeoRaadad g Pé%ﬁnb%@%wmduced to
abodf QO bhepeTHH ?rLg%asTéa@ed Qﬁ’@fh%rvoﬂﬁﬂe Fddh &S toCa@oMeF IR solution of
washed with acetate ( L). The resulting
thes:uhdﬁﬂ@mtmmdiaﬂwmh& use@dlrecftbnnthma«u dtepnder vacuum

overnight to provide the title conmpound as a white
c. Syithebid df99-chclordS Iibfetdye@-Eruethiy)-Earbaiic@rid Fdreylf dstdr basutfite

W@hct reated by the sane procedure to provide a second

ot _of the title conmpound (30 %).Pre aration 2:

Sy nf A dkg rroduct of ghegrevious step (~302'g, ~0.62 mol) and acetonitrile (2 L) was
addiggigplg[fl%? a?xhgh%re%ltﬁi%t rg%(txlle)wgesr&%x%ﬁ]ag 50 % for 7 h. Ethyl acetate
(2 Lyow4s3adaded h@d(ﬂﬁhewllohn&xazakuag ¥6fred ford 0 min0CtiRbhdse8lwel®

a 3L flask was added cerous chl ori de powder L 94 g,
sepgrafagl, thel organih layen wasweskied with 1 M HCI (1.5 L), the phases were again

separated and the organic layer was washed with 0.5 M HC1 (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 filtrate was treated

by the same procedure to provide a second lot of the title compound (30 g).
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flushed with nitrogen and THF (800 nlL) was added. The
reaction mxture was stirred at 25 OC for Ih. To the

wonad/ 16 ovas added ~1M 3- et hoxyphenyl magnesipgirus2008/002583
brom de in THF (800 ni, 0.87 m)I) dropwi se. The

Lo bRRh  SoabERiIE LR B nnfil Eofq% li?&%* 4 paamice
S

a. I%g'é%atlongdf éggégfzgﬂ?-le)co-lg Am Té_lilz )X&PZE% an' - W% detd

at Tb aGL fTivk waadied ogosothlbhidspoveder §194 g,e[mg iol)1 Fhe flask was
The reaction m xture was added to a fl ask

ﬂug@atvxgﬂhquﬁ@ 2& 3pdHIE ($bmiky) )/vaﬁﬂqquﬁda{l}heﬁ@aqt}@@ mixture was stirred at
25 t’@ nﬁ’)?ﬁfi‘t ¥5 G(‘héaltm)riltgrera a%fd&? L ﬁer{ \éﬁ?s BX br, domlde in
ary evaporatio e reac O re MBS S

THm(SO@ﬁm Dmbauwwlw €Ty @bﬁltmg blﬁr@dbds@ﬁrr\éﬁ ae3 °C for 1.5 hours.
isolated by filtratjon,

A Saaléloamf@rl?qnéylc%a;@ ‘myﬂep 2. é]wtaarﬁ eae (18% g)\ﬂ(ifempﬁén %@F (200
mL ?J(?% tlge{ Jd@gd Ef E)I\&gsréa?}hg:] a?ht%ﬁ?ngal%e%equ tew&a%ur%%lt Ldoc. The

resﬁlﬁbg Balyitio w@as sﬁl&échﬁ?fylls heiny | Threaztedii @iseh@[was added to a flask
|Joct-2-ene To a 3 L flask was added

corgalg@gzé),N_P&]e(%go g@)mm@ww@wggrppgﬁme at 10 °C . After solvent was

oFBR AT appmel @Bisiein MHRIID 6 rofy Frpegane

overrﬁlgldi t THeGso$ildsl iveye M@l&teﬁﬁb@tfﬂ&aﬁén HhsRéd With 6R1 ECh, (T0 (ﬁﬁt) and
nitrogen. The reaction mxture was transferred to a 12

aceLomt@é%(%* 7ard- el dipdte providethettiel saltanfithotitle indermegiate as an
THF ( 1 L) that was added to the 12 L
Off%ﬁg %hﬁ"( (50 wt % in water, 200 ni) was added and

-3-ol

sepabataepﬂagmwamcﬁasl@éf@ 13\@;%0(3% x‘?ﬁhé’M )hs IVETHF (
1 L), and conbined MeTHF [ayers were washed with brine

azapicyclpf3.2 $&noteeh3-0%)a$drpeldgné@(3k89 % tldtoymel) ap HtGl é%D(th) and

e o R e AL P SN i i, e

reabfash ﬁﬁgtk‘é&dasttﬁhnsfeﬁg@ tcmt 120%ebdibPardibsit@th t@°d. @hé—rea@uon flask
Preparation of 3-g i o0-(3-nethoxyphenyl)-8-azabicvclo
wagwashedjvath MedHFo(1 L) that was added to the 12 L reactor. NaOH (50 wt % in

el OB ef PSR BRI B4R S R Rk b

porfibAY el YHBL EPwa¥Resaciasid eﬂle%%ééq’eré @e';pam{éd Qﬂé'jwfafé? [hyer was

MeTHF (50 nl). The reaction m xture was purged
extractedogénMedEdt ddl) andicoraigned WeTdIH klens weoe wcaahddowtl( bane (1 L).

ight % 8 added Th r.ized
solfFptisyeussany By SaRGStipn Anap Frah Ay e i@ RBeioe
(36D%) adh itk 8F EEOHLYB.5N.) Wheadde@ahd MRNIoRIHE e«aw&luced to ~ 500 mL
filtered through lit'e, concentrated, washed th

andvbhaHrdjpsted tol D8 Lnl) , filtered through a coarse gI ass
filter, washed with MeTHF (10 nL) and dried on the
c._Piepsmation of 3-endo-(3-methoxyphenyl)-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 HCl (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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to provide the HO salt of the title internediate as
white solid (31 g, single isoner, {exo isoner

wouwnekzioeabl e by HPLC)). An additional 5.2 g eTarvsissnrsss
was recovered fromthe nother liquor. d. Preparation

ml%be%wnﬁs 1§ ItJrQ Iﬁo@lg(gg ¥C<Ispﬂg%1§1]' %—a?rﬁet 'vgltﬁ’ en I ? )é-I-QO ﬂ’lL)
ﬁltarzdlnhmygi @[:é?aré’e glhgscﬁlmswbshédmtﬂ MleTHE (10 hiI5) @d ddiedn the filter
and _hydrobrom c acid (48 wei %in water, 100

to Imewde ﬂsveHﬁ%ﬁ'c)lt ofithe tiflp klttslfr’ée%§ apy. gtt@ golid(31 2 smgleaisemer, (exo

oo e} AEBRSR K5 Sabionds 1o AR (1) Mvert g e
mothed ligher. r eacti on m xture was heated with stirring for
6 h and then cooled to 70 OC. Acetonitrile (200 nlL)

d. Pepantes df 3N db8-a SReNdIORD. Blobit3-Y1)Wkenslool ed to 10 0C
and then filtered, and the filter cake was washed with

ac eif@ i X0Pimk flagiowas 3dded %:er&oa(%methmmlgaylﬂ 8of the
azaII)lc .I: 5 tli:)rtrzfngl h%/tgroc%%r%ed% aIrl g% g 4@) 81 II)eeIndEIlydrobromlc acid (48 weight

0ni 0
% 121 \Qatar 110(1) 1y orss-thol) 3TaE wﬁnﬁéwayﬂé@éw@h@wb\&d%ﬁbmm
| of 2.1 | oct - 8- yl i et hanone To a sol ution of

terraaeéawrﬁdor(% hrati siyang [ Adgitiongldydmbyemicisichesilution (25 mL) was

54.4 19 I 2 mL dono
adc{Ieﬁ R?ﬁ Ieac hog(r?%urﬁ%?asg-leﬁtgdmhg Stlr{t}g% Poggglbéndl t?len chble&1 IIO 70 °C.
Ac&tbhﬂ‘tmeqmaﬁﬂi) vfas A0AECHr kB e ¢ &It slBTPRad®ole eIV €0and then

The reaction m xture was stirred at 40 OC for 2
ﬁltwedaudyhe fibiert cake Wag PGished withdcgenifréle (50 wd ¢o yieldithe HBr salt of

t t t d
theg lafgkmvﬁateéﬂ%gﬂaglgpw Ll B S0l or g
iy i b B sl g Toct 8-

M%Mere separ ated and the organi ¢ | ayer was washed

sul Farsofih S48 Sh- (5 oo Hob4 90 AEAS A nice
(54e4lg,rmr9muobntolﬂ'mlel@1mm(l_3 Odhdretipthydasniael A BNOI29 ddl), was added

.sol vent remved rotary evaporation t o provide the
trlffg.‘omp@eteq hydride bi 888 mgl) omr@,@dplélt i rggction mixture was
FY%1e) a I .

Stll‘%@rd a{t 49 FgHP%II 'E;P?)I‘I aI:%IF’Iu g?g@g@ { yII )bpgg in water (1:1, 265 mL) were
adcﬁda’bhc{:geaétoin&nﬁctﬂrb(mﬁs-sﬁrmﬂ]f@hli‘hyﬁn ¢isd sHasdsowere 36fhrated. To the
fl a k was ag(?led t he etg&/ acetate solution (220 niL) of
Org@ﬁlé 5E Bapaddedi sstuspted pedipmdiicashanae 390 mb) fsldgthe guxtuge was

I a
stlrI]éQl ‘)1 sl&ro E@ﬁ% C@‘Ig\% % %nm'e gaégﬁqgﬁﬁg)ﬂ%eu@%ﬁmé%ﬁI W2l

wasifekimt}dlmr(ehﬁ widter (0:11 36ImII)) drikd oveeledivhh epiate and T8t of the

m xture was allowed to warmto 25 0C and stirred at
soly¢qy pwas 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 trifluoromethanesulfonic acid 3-endo-[8-(2,2,2-trifluoro-acetyl)-8-
azabicyclo[3.2.1]oct-3-yl]phenyl ester

To a 500 mL flask 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 trifluoromethane 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 1 h. Saturated sodium bicarbonate (200 mL) was added, the layers were
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tenperature for 1 h. Saturated sodi um bi carbonate (200
nm.) was added, the | ayers wereseparated, brine (150

woHops/Wessoadded to the organic | ayer, the | ayemgTywd2608/002583
agai n separated, and sol vent was renoved fromthe

sep%faQ%P 'é)%g% Q’Sﬁ){) nr}ig};vgé :9%(16939 }tlbeeor%ﬁrtﬁg ?aylehtthee la&&rs W& géa% Separated,
anchdlaerR whsrérbvddoearacied oighni8laza il srotldertle rudd daé ideryhddiate.
- benzonitrile To a 100 nL flask was added
gJ’EéJaré{'f%hQ)'F@té?z%qgl('tD@M&?&&eﬁdﬁ@%‘bﬁ&c(@z».@;130ct-3-v11-
bEaJonA[O- acet yI) - 8-azabi cycl o[ 3. 2. IJ ocT - 3-yI [ phenyT
.3 g, 58.7 mmol), tris(dibenzylideneacetone)
d| palolaakﬁ0unL(fla}k »as 8ddeg, tnﬂu@rommlh@n,esmfoh‘le acid 3-endo-[8-(2,2,2-

rithihd SRS AP OOl 51 et ap BT AR er B 16 HEEO e
tnsf(éna afYYgéne%’é't&%j dYpaliRditd ¢ O?Q@@lécb" 9 ﬁuﬁmﬂ pd then

| ace nder house vacuum the flask was
blsaﬂnMym%sp(}ﬁmo fetryceandl .01 gt i 18I mnhoi/)aard z1(1<2c;&ntde)(4 Zlhe

OO s B e e S 1 et Slaced
un(ﬁErth'E)Q&e\'fhctl% fbr Hmien tltlé"ﬁasrke\@&l d43Bd YAJF %gjmhﬁ Eﬁjd glgtlﬂed

product froma previous lot, prepared
wapar ¢Z.6amic)e, Thmhmddewhsqmdgedtwrﬂn mﬂrdgem wzm stirming Mnst) rmh heated to

| d b |1 dth
0 5 NSy LSS S e
20 %@%@ocﬁﬁchﬁbm%&%ﬁbﬁs ot Anepdrdd ﬁ%gle e p‘?&gzld{lfen Gras added and

Sol uti1on was I't ered through
sumw¢ﬁmﬁﬁmane (450 nm.) was added and the sol ution was

sti r 15 min. The | ayers re separated and the
org Lo % &Pl V%%W%W@aeﬁ% disei ptignandahe gelupion yaggooled to
228E) ; TOQH@leﬁﬁJne\R/Sfacfdlaﬁ Qﬂﬂ'h :stle '('AmSSrHLF ngcfthg}ﬁs? i $fRion was

was reduced to about remova
filtacdttibegh Cslier Sqnyhmailmhmiaté B30 mlL) wanslded ded ttersd hutioa was
itated at 22 QC for 1 h. Solids were
stiF gD 5tlgamay The Vayes ¥ R Sepitalgd 4h deiretiis Bypr gy Vashed with
L8R 425 ), B OB sl LA, L G B Pkt
to :thommo mﬂ bydrembdvakeaftathlyl acetpteo fIsqproght @atcoh6l 3 50 mi> v@e& dded and

the%hgwgéyg%%teg\%ts 25 ‘%) lfoartle}(1:l gcr)l(i)c{n vtvehrg 1sfo|la|1tgc5 g}t' %ltrart]ibn and washed
with- 15‘6@9}&))(1 %c%ﬁ@%g(yﬁ R Pto ploVfde the ¥lYRRAAMEAE (.5 g, 100 % pure

sol uti'on
by BPEIC) s psoftzwmtahgmub&om solideAykjorfi-aapb predhiet](83 2 >198 %

ct- -yl benzo trile 0 g, 32 mol) in sulfuric

01{%9%)%5@?3??9 q@%ﬁaifdto 50 OC with stirring
and hel d at t hat tenperature Wi th stlrrlng for 2 h.
h. Bymthesisef 3-grdar(8-azabicyalel3 2 ddeetd-ylirbonzapidend added

ana TR R 0B A R B R s dp iR o B

belm‘oﬁnnkm (10ee32 meidd) ini dulfarie dcﬂl'(96 hel2 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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filtrate was stirred at 22 OC for 1 h. The reaction
m xture was concentrated under reduced pressure. To

wd aesfRsdodue was added MeTHF (150 nli) and t he pcgasdhb@@bo25s3
m xture was stirred at 22 OC for 5 min. The |ayers

theV’%(lgou%q%?eg ;‘tl"ﬁg 12%5 S VP@J lgllz:pag'a;.ltgg aﬁﬁ'ﬁnﬁ éegﬁj@ chagd to the

aqgueous ayers were se

coriBin@d Blganivelsyersl d€hk agers heere @aﬁaramﬁamrtga ntganioaluyaafrsVasHﬁed over
| ayers were separated and the organic Iga:er was dri ed

Po%ﬁﬁé‘#mﬁé’tb%%tle@mi Eitersdnandethg sefvent ‘Y%Srréﬂlo" dAtpxtue pf EHPH
YRR BRITI A WIS L o) . IAGE B vitpiipe and en

MTBE (2%5inl) Wab gddddchndheasdylifién wadstirked avas °ad d’eeblpmded fuidids were
solution was stirred at 22 OC. Precipitated solids
filtgred and pirdaied do Binyidsi the BGlsalt pbthsrtile commonad (08, Yaforpusity by
ound (8 g, 97 % purity by HPLC) as a
HP\‘IMES 2% awlﬁteﬁgﬁgr eparation 3 : Synthesis of

3-e"</0-(8-azabicycl of 3. 2%;] oct - 3- ?/ ) benzam de a.
Pr eBaeparatinn 3t Synthiesig of 3-andpt(&raasbicydlal3:2. &hxcél-3-yl)benzamlde

8- benzyl - 8-azabi cvcl o[ 3. 2. 11oct-2-en-3- yl ester To a
a. Braparatiof jof fridlugse-matispmgsulfonic acid 8-benzyl-8-azabicyclo{3.2.1]oct-2-en-3-

gldseamzyl - 8- azabi cycl o[ 3. 2. 1] oct an- 3-one hydrochl ori de

) TOA00TBE R4 e oy et i 2ol ot one”

hycﬁbelBﬁ&’e @0.4 Q@Ootrl%%ﬁrﬁioﬁ@(lf@rmﬂ) And TRENLBYE(SD rﬁ‘E} €The
separ at ed and the aqueous |ayer was di scarded. The
reagigdrumextufe wischeateddnm B8 °Caapdrstivad at thduieaypetature 40x hh e layers

wel ARG R S B Rt <Attel TTRERPERE Shhe oBpisgaver was
redh@ed t%0~4@ mP b5 J)ﬂdhbﬁ’ And THA\R70 miltfvasddled, 230

mol ) was added to the flask over 15 m'n. The reaction
mi x The eesubingsplution waatadd@Dto H1ICAlhgk antl dooledpghe?d PGi & NaHMDS

solifprbty PRI 330 aat o 0ian i e G eShousk 185, The

reaé‘t%h hﬂ&uﬂ@%ﬁs%ﬁre%ﬁ Rt 5PedoAl h: MPhényi0 -10 Cfor 1
To the reaction m xture was added IN NaOH (200 ni)

blséﬁﬂuomqm&nﬁuﬂ@mm@edm 2239 mml) was added tGth tehaction mixture in

tiall d
pob IS Rl B e e P LIS Y EGLETE To e
reab@STRINDE B WAMIHE® D NTNAOW @0vasL padate FHifhek \ﬁré”soéild%e)d to warm to
and heptane (150 mi). The mixture was stirred at C

22 Powith stirring. Thel vertyeaspavtial by rsmpacchbje cbtw@vaxbmam}uac&@s Ctoa

oA o B R b AR5 HESRETSOU ) e
hepthRc@s0 %i) Tine Ak 8RO Was k&l at‘@s’@ﬂﬁ‘ e, alt}féqaws were separated
rotary evaporation to provide the title internedi ate

and thg agueou day¥s pas flisgarded. HPhaongenik dajyet was washed with 1IN 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, J=5.2, 1H),
3.64 (q, 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). '
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1H NMR ( -DVBO, 400 MHz): d (ppm) 7.25-7.35 (m 5H),
6.05 (d, J=5.2, IH), 3.64 (g, J=13.2, 2H), 3.40-3.44

wdm8/ﬁ)kﬁ59 2.77 (d, J=16.4, IH, 1.79-2.09 (m pgus2008/002583
52 1.59 (m I'H) . b. Preparatlon of

THFT(> 4}2cﬂcruﬂ9 peddctt dfethe; previcus steparsas pudd g THR (tm() nili) aad ¢re

or m n was _ad 3- carba | phenyl
SOl RpLp ard WD aogERI0s Jinod0 A bIRsk as Adipdum 1 1)
3- AL el pdtoric fédados %, 55 200 mmol). pajladipm (1) acstate (98 %
0. 4mgptz)mma1.),d1 pdnsa(ﬂmhﬁnylphwhlmbefe(féderﬁ (§7 %6001 gydmol). and

pot%?s:illqugﬁlgga%dﬁlgi g,-sr %rrg%o figﬁgwgé by the THF solution of trifluoro-

meﬁmﬂ@sﬁ‘ﬁﬂéhw&cﬁ?@b&@ -‘802129[@10% d)@)élaof%]o%fﬁ R %ﬂ ?s g‘he rérsjﬁﬁmg
resulting m xture was purg ni troge

mixtesd eab pugedwithxit(dgén @r Jinderheaiet to gfluxa6@ °€) undee dntfa[gen and

}'hedgleactl on m xture was %ool ed to 30 C

fﬁ‘%&& SFEICHQR ANIKIUE REELORISH e MCM&E?I&E&%@ (oL and
N RgoH ()Sbe' b )Wate ﬁg&&{{ﬁﬂ thE n%gtu% Wad str}%drgt 2° E%r ll@}‘rﬁﬁs The
vver e separat'ed an e aqueous | ayer was | scarded.

laydis eveve gepatated andethe aqseona ddyetwas tliscaded. XThy ergaiic Mayienevas washed
t§1250 ) dvvater 250 mL) and stirred for. 5 m.n._ The

wi éye%urﬁ@ ng%eépatl Hanghwaieherdduleland stisgpe fosggin. The Tayers

brh.ef
oL S R R A TPt e ARl HR gD I b b LGt iy dried

ovd?NeBOt, fiiteeed, phd adleentagas! pagtidllyyrembosd. sRrod akst pdemplmjjed as light

ol v nt renmoval . The resulting slurry (about 200
yellpesqlide duriBg sahentarEowd) {1 f%#t@%‘élﬁlééﬁbﬁm %PQ:@M Wb filiered

ancﬁh%hésow&e ggagg?]e tth% Hi lgtrdﬁéj 18bo “}I%Emé%ééﬂ 'Hnﬁér tﬁQh

Cto provi It elnter ate
vaduughtt 3%1C anprooidedhe fitie imantediatd (4:2u§'0g) ardligh @reldtbm‘%ehd
washes were conbi ned and concentrated and the
r esthhe meghes ligherand1he a'?omaﬁl?ﬁ; Wmscomumde@daaonse@%ir and the

resg’lgn sﬂl lé&dé&b@ 2@% mfe'dlatt g“gqur R ra}%ﬂé?ﬁﬁ%@gﬁ lP'I‘flg filtered

nm.) an
sohdawunmme[drvmvh dﬂd Et@Aec(O dCcB@ngfanﬂ deied uhder high vacuum to
i nternmedi ate |nedw€gel % > 98.5 % pure

prowe%eorﬁieqrﬁa af ﬂ)e tltkerfp%'}me?l HY & emelaeql yields® YRy pure

d 319.4. 1H NVR (CDO 3, 400 MH): d
byﬁﬁgcjﬁeth%%w 7.63 (d, J=6.4, IH) 7.57 (d, ?1 =6. 4(p||m|?|)

7 2qm/z) é[MJ(Hr] cﬁ}dn foﬁcaalzmo 3:19 18; fduhm 319 413H(NMR)(CDC13, 400

MHz) § ) 2 G 10 7 g&@; %81 DA Bl 228 1§ S5 o o),
63f P24 3R B1 21 or heffOs a3 rfng) B 37 0fln, A3 6B 51 m,

2H), dm@ yqel)mrma)mzde 2.26 (m, 1H), 2.04-2.12 (m, 2H), 1.86-1.92 (m, 1H), 1.58-
1.65 (m, 1H).

c._Synthesis of 3-endo-(8-azabicyclo[3.2.1]oct-3-yl)benzamide

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 HC1 (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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To a 1 L hydrogenati on vessel was added
3-(8-benzyl - 8-azabi cycl o[ 3. 2. 1] oct - 2- en-

woXoydoeenzani de (40 g, 125 nmol), EtOH (800 mpkt/is20d8/002583
HCO (42 nL) and water (80 nlL) and the m xture was

pu%%% Eel{r a\%/glg%hfﬁé pQ&sC . Itv{élnh ﬁfc{]f?% { for g' 108 n%fal?@b%"@ heated. The

rea re was purge
miXtute Weedtirfedrat 50 MCundbr 4 Aowaifgdivgah 61d< 5 sﬁ@ogmmbs;ﬂieres) for
mn. To the m xture was added 10 wt % Pd/ 50 %in
5 hyggseltingan §99 YTrenvarsianefdhoseastantre accgrding fpoa kranalysis. The
solﬁ{lc%f’ &gg goﬁq’l\@c{ 1% ﬁ)y % gr%epltér%r thro&%x &]{alntg\gg" lOeVl ' &gutﬁn of the crude

mXt ur e was Irre

HQsalbytithe giele coinpsuid #sth ah%Qd34x@Edecﬂ'h@B e75t)y HBLCSnéthod 2 endo
resulting in >99 % conversion of the reactants

"a]d)c937r ¢rnBr118-¢PL(@Yan iMy# s calvh fordakbiaMNo), %1512:,&@111@(&23 b2.

nd filtere thr V|de | ut o

of A0 pehBled bl AE BRI b aRloBbhSdiBRol b S6ec in
EtGHQO8®¥Q.) Rg)ﬂledéfa sl@l%y ﬂwb)hab'ﬂé&fedf’ﬁi 6T dn@sdenpiett dissolution.

0. 97, exo 12. 67. é H + calcd for G 4H 8N20Q,
The salution wagegndebtv 13’ wd &qedwasstalsaﬂfcﬁhe @rcfdugm&%eg)omm added.

r oduct b azeotro

(TR oy o PF BlraB oot g ofthe g et M Breegfen 2)
Thé Rstilting QRityel S HirfedQk 0 PQFor I his MUTBEQN20RE)GRRIded Sowly,

35 C and seed crystals of the product 0.05 g) were
anch@l@éblrry(wzrsest@@é@t 82 ystfar 4 hwod hqyras Celgr & dic drhgi ragplting solids

wetd iP5 aShed Wik sh R 0D aes RG] BidsPRich vapie f £54idg i e
salV\@Sthe e dompOMd(243Nd) ok B&vlﬁkwd\wéﬂ% St yiEldeso@s o ux(;ty <0.4 %
for 4 h and then at h. Theresultlng SO

exqmém@elf by HBEEdnethpd B\e@idm RtFFS cﬁd | ekoEROGD.430d dri ed un d er

confBia ST 3B L E G HRQ T T cput 23 by HLR wepytso,

40%41{&; § Yopm)®D. 1 8@ Bf(qr?s@rf@r(s By, HE}L@om(s hag, 393 %M@{E?Fv 73 (d,

exo R = + calcd for
J= 72@,11H)57 Sde,nIth@JlHa 7. 234 (VR . 6 2®N8(97 @OZH)VBiA)7-3.33 (Ipplﬁ)i) 2.39-

13 0] 0 .93
24ph ?é.? 1?4 %4?'& 2%:L a5 2%”5;;5?& bty !
7.40 (t, J=I. H, 3.97 (s, 3.17-3.23 (m | H),
2. 3Examp1n514 mSyaH)ep.sz)freygaMe(mn@H)s {23[cgAolieyImethyl-((S)-
2H) 2,31dih§ddoxtypriopiondtjamibs feny1d-8-fxa-bibydlo [36251]9ceB-yl)benzamide
crysilgdeei ne 3-en</-(8-{2-[cycl ohexyl net hyl-((S)-
2, 3-di hydr oxy- propi onyl ) am no] et hyl } - 8- aza- bi cycl o[ 3. 2
a. Phbaition OYN)@@MGWI%&WIU( Q%&@etﬂy})—cgﬂ‘b‘ﬁﬁﬁé &lill 980 ester
- cvcl ohexyl met hyl - (2- oxoet hyl')-carbam ¢ aci d bénzyl

est ép afi®0anly @gslmya$ pdded Nugxcl tmethyl-(2-oxoethyl)-carbamic acid

v AR TR 45 SR g LAY A S v

(25h)). Tid deoE g BYirryad £stitréd aftdom tierAere! bt Hehis had 1 W NaOH
was stirred at roomtenperature for 5 mn and 1M NaCH
(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-carbamoylphenyl)-8-azabicyclo[3.2.1]oct-8-yl]-
ethyl}cyclohexylmethyl-carbamic acid benzyl ester
To the product of the previous step was added DMF (15 mL) followed by 3-endo-
(8-azabicyclo[3.2.1]oct-3-yl)-benzamide hydrochloride (2.67 g, 1 mmol) and then DMF
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(8 m.) was added. The reaction m xture was stirred at
roomtenperature for 45 mn. The |ayers were separated

w(ﬁj@ds/idﬁﬁs9vo| ume of the organic |ayer was redum/ﬁgoos/@zsw
m. to provide the crude title internedi ate.

(APHER25RE Rl e P 0 P SRALATRAPS B, coled 10 10°C nd

thetsbitiuey glabkiexybortiydyide ¢aeH@N? enrasl) dabeddad TRtredctida mixture

the product of the previous step was added DVMF (15 nlL)
was sireshgidoem tempergere for 90 min and then cooled to 10 °C. Isopropyl acetate

ARET O ot KO NRR T RAD) 198 IO B ior

15 $iih/ drddh@phdse@WetearpatrRil Mhefodganddlaftmivascoaihed with bmxe in water
0C and then sodiumtri acet oxyborohydride (4.25 (g
(1: bk POviele) anddbeivolyme of daecengamic Aayer e rqﬂa§e¢,to| T H@mLgto provide

r oo r at for 90 mn and then cooled to 10 OC.
thec prtt(i)tg;’rﬁ?eame#lgfe (100 nL) was added, followed by 1M

reparatic "7_4 8-[2-(cyclohexyimethylaming)ethyl]: 8-~z 'chlc?[g% 1]oct-3-
K&Wh br|ne|n vvater ( 11 2 x 50 nl) andthe
Vol En0broiliet SHEAHECioh a¥RP WRSAELISH (io)mng) 304 Bdncbfirated

provi de the crude eln?ermlate c. Preparation
H@f(1.5 mL). The solution was purged with mtrogen 10 % palladium on carbon

-g"Jo-{8-r2-(cvcl ohexyl net hyl )ethyl | -8-aza-hicvc
(4%%({?@). ‘E?Slafjéiéé aég the| PEEHS A aut ﬂbm&ogaa&r Sghin g then

' : t t
hy B En 3081 YEBET B i iRt Bh PR 8 s Bfion was
ﬁltﬂﬂ_&d%rpaglh adlirrandsolvantows fedhod edrey) ~ ViamLadsgdomyi dcéthle (40 mL)
o) 5 SRR AL 050 D AL I L he S I SR v
waE‘ﬁ r&@l?ﬂnﬁé’ O%nﬂi ?hasteg %re?é’ée{é%féa%h é[}ﬁisodgé}ié Qfl@éhttr%é?]‘/@ﬂo 5-10

te and sol vent was reno sSopro
mladsbm'bpyl(aéétatd()zo atig) vidy d&dé]l—lalﬂcﬂﬂlerﬂolumemﬂumdﬁed~ S'Hﬂb to which

| ay e S were separ at ed and the organic | ayer was washed
lsompw Wr%apz'ef}nyys a m@tl%ﬂmmj stirfefl YA C

tenﬁl\g’é‘[a of ?HD E’&lu% ngs {&51 dédsl%pﬁﬁ?ﬂm)n a(ﬁﬁtéats&or\(lﬁgskggr)i filter

ed an e vo ume re

cakieswoqre syaghedaeith &ioprdp&DadEtz)te (EBEmay deyieldfthe title ftermeadnte (2.4 g,
s| ur ri was stirred . at roomtenperature for 2 h. The
&

98 p BerGL s Wmettivditesplid by filtration, the reaction flask

and fllter cake wer e vvashed W|th |soro | acetate (10

. % A .‘ cl ns € = OR %pure)
ampmnvb)hﬁumemel}s&hzaalblcdcloﬂ%rb bhucaﬁ +\,d>)bemzfanﬁde s fetd Grydrate form)

s e e AR D S

bic EI)ZSEB' 3\ cf Qf behPardide @91 B187.9 afkoVasd ?150 mL). The mixture
e"Jo- -(cycl ohexyl net hyl am no) et hyl | - 8- azabi cycl
wagptirred 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 (S)-2,2-dimethyl-
[1,3]dioxolane-4-carboxylic acid {2-[3-(3-carbamoyl-phenyl)-8-azabicyclo[3.2.1]oct-8-
yl]ethyl} cyclohexylmethyl-amide (~84 mmol) which was not isolated.

31



10

15

20

25

30

3.2.1]oct-3-yl }benzam de (31 g, 83.9 mvol ) and DMF
(150 nmL). The m xture was stirred for 10 mn and then

waRbg lsideazol -1 -yl oxytris(pyrrolidino)-phosph@itii®2008/002583
hexaf | uor o- phosphate (56.8 g, 109 mml) and |ithium

45 s di X
g Sp gl TRl bhvacl et RHRNARE 1 waleP (R 308 pitrunf the
phaes memsepararedr dlouthe ofgahicAayer washadted? M 8,804 @m}nm.)md the
and 0.5 M NaOH (300 nL) were added and the phases
reag oy, P (ke er@ﬂ@ém%n fesmpsyatprsavarHgh- Aagtamitrle (300 0'mL) was

n [
w4 S%%z@re%‘gr iy e BP0 B pRRAPERY: 151aB g fvration,
thefiljee tichiyd Wwaywhshize xyithnaetonitritn(200 n{ )3 driedvinl Jir MQQhaMHﬁen under
not i sol ated. The organic | ayer was. washed with brin

vaquymygirapm temparatuge for 3§dr teprovide therfitlesoanoyndg4Qe, 97 "% pure by
Hp}?@%&%k@gte&'&,&pe organi c |l ayer was added 2 M H2SO4

the reaction m xture was stirred at room

.. en?lerat rSSolyeegegl%_SQE Or’iltrl e fl3]0 n} B S g)gqed
ctlaxl}é;@za-l icvelo}3.2. Llocts3- V%Eﬁwéke

LI S AR Y BN @ o v |

was ”I%Slh}@%WﬁaE'k %@h&rydtar bAdg- @2@[@%1)0%1@@5%%%1 (S§2r3-

for 2 h and then under vacuum at room t enperature for
dlhxdrdxytpmompmmaamnoh&w}-8+aea<bmpmuha lam-3gyl)19mzamm¢rsglfbty

hytg qgran %a% %1\*}1{%9%8@ )n,g}'},.% P ggs Isl?xrry wasr}Pe/:ateg lt(') I6g] §C under

nitfolger {28 e QMRS ﬁpéo%ﬁ‘l!:t)e dlssolutlon The solution was cooled to room
am no] et hyl } - 8-aza- bi cycl o[ 3. 2. 11oct-3-yl ')benzam de

temeperdtuteevittostarin@0About 20ask onaud’m r&nemibur(@r slightly reduced

PrebiG AHOILS FErURMECTIY STl P pmaetabie BYyighby Bhoprpet was

1501(3atted303y fikRABE, %HQEe Akl Al daed Rede A dthéPwith a@&gnﬁﬁlg"

. The resulting slurry was heated to 65
(2 yhdek). rifherfitpe gakowapdred in aictool thi ang then muﬂcph/ecttelm at room

di ssol ution he S was coo
iR A SREHD RS9 P R SRIBERTS0 - HLEGT S20) RSREWHRLC,
~8% ONPIKRY a8 RURitePowaBE | y reduced pressure and the
resulting slurry stirred at roomtenperature

oveAnsagiple prEhared mochuding e thei @oivapmstedh;re fwals tchahéterizedamyd

v NNIR 4 PE R, SO G S TormiE08 s B28 (Eunetotyiptoray 170y 7,99-8.04

n I QO I.
(mE3H), TORET GROMH) IR ?Eg%ﬁﬂ VRGeS (B0 D SABE S04 5.30
(thﬁﬁe;sausce)fb;s, PH),@.34-8forme eh,diH)ad.08 &Hi0Se(dpfonded m, AH), 3.01-3.25

oD DL Sk, 11D, BB Bl o m,

2H2-IQ§6 &78%&48}@ \f'qsslei§gﬁf31@j7%) sg %9 (I% 913) 210‘71 g m : ran)

4.81, 5.00 and530 three sets of brs, 2H), 4.
( deEé‘PWé’(!F B ,Spq)lthegls(yéf cpystalhine @dfqug Seld- [ﬁyclghsxylmethyl ((S) 2,3-
3. 0dihydygxy-propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)benzamide
sulfate

a. Preparation of 3-endo-(8-{2-[cyclohexylmethyl-((5)-2.3-dihydroxy-
propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)benzamide sulfate

A mixture of 3-endo- {8-[2-(cyclohexylmethylamino)ethyl]-8-aza-
bicyclo[3.2.1]oct-3-yl} benzamide (100 g, 270.6 mmol) and DMF (480 mL) was stirred
for 10 min and then cooled at 0 °C. Benzotriazol-1-yloxytris(pyrrolidino)phosphonium
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and 3.47-3.55 and 3.75-3.82 (three sets of m 10H),
2.50-2.55 (m 2H), 1.99 (defornmed m 2H), 1.56-1.70(m

wods/1061505-1. 19 (m 3H), 0.89-0.99 (m 2H). BEpamalRoedso2sss
: Synthesis of crystalline

he. uo{ﬁp §) {Br%o[rl)?% %y%é}é‘lol &@ﬁftg{lﬁn 4, -'2% dimethyl-1,3-dioxolane-4-

carbeW_)datb (498 g3 B milodcwers- aylﬁbdanzmﬂ pﬂmmsmétf(h‘t(é ’ﬁhe reactlon mixture
: e ation of 3-endo- ycl ohexyl net h

wag Ffilr?ez{ % ré?wwa@{wreoﬁﬂr S chprh) e (20 1) 2 | M NaOH (1.0 1)
weﬁd?éc?; etm(:) F%Gﬂia{ Ifl)iixtare]wisos‘fﬁmﬁ fXJ‘ i?ﬁﬁ‘x{,aaﬂh Ql?e ﬁié!sé@&z@re’%eparated.

Th8eanie-1§yer p2s @myhécbsheh johneixhwlaah(m b)2x hyd Il} dhdahaphasgs vere
3, 2. 1]oct-3-yl }benzam de 270.6 mml)_ and

o[ 00
Sepemffd( 4 8b° prgAnigdayes as redyiced fo &9“?4%1*1 oh i ohwRe Eu¥i0anlht
sl (R0 Vi 310sd ard s IS R SUBRG AT hfeogenovs o

prolvul&rmﬂmﬁmhﬁhﬁteﬁﬂaﬁatg (S)'352 dinethlyl- anddlbk(tslhneimcarboxyhc ac1d 2-[3-
43) - 2, 2- di_net hy - di_oxol ane-4- carboxyl ate
~(33021b wl)phﬁ@fl)s%@aa@aquo%blois]oqsh}dtcyeloézewa@thyl -amide in
stirred at roomtenperature for 6
‘“f%‘%?idc?%{}éé& Aelonlfile. U5’ 0'L) and 1M NaoH (1.0 L) were

addaad,alighet sfabetbae solutiod lof imenetidte (308 £06.09 Enmlm in lsopropyl
and themfhases were separated. The organic | aye

acefie/Aestoniirilen (375 Al ) Waswarabingd with 250 M sulfuricyacigh Waﬁér (3.68 mL)
anPRAS §§2§’\E(§ ?or%‘}? t‘ﬁgn Eﬁ'&%t ‘(i’b@g% %tﬁ%ﬁg f{ﬁ@ss hl'§ Jf*?e%guon
guar onitr

to a er of

sol(péDwhd filtevas, @ddﬁdﬁaaobakb @vas @ﬁishd:cDWltHhéfdtbmﬁ‘llWS mL) and dried

stirred unti| honogenous tofprow de a solution of
to yiglddh¢indgrmediate grade sulfate salt of the title compound (2.91 g, 99 4% purity by

HPEP) ag%?@&?@*‘%ff*m%@%@wﬂ e %Pg%é%ﬁ 1oct- 8oy ]
nggﬁ%% of ¢ l Ql m¥|3,anda>fh QT& el . &y Sotg\r/lg(%) ngltmltrrgxx?-nd
propionyla y o Spgnbloct- 3wl) enzannd.e,sulfate
ac ek%ﬁ(/nﬁ%%tfgwnw)l(k-@ @aoﬁe@ma#?@&sm rzbdlﬁﬁ&} %gl:bp:éorg/l)-

Msulfuric acid in wa ) "and hel d at
aming]-ethy1-8-aanadicyeloh3 Bdl]octed-y D@)e@iamvde buléite mtemgediate gade (154.0 g,

t ! filte fil
277 B GR B eRARES et atbTIFR 11 Beisai0 Dartenfolb gvas
heaxecpit%to@eooeph%ﬂ?a’hﬁtsﬁng{gadﬁé&&&f&h%&ﬁir& wak cb&%d hs §bec, seed

conpound (2. 4% purity by HPLC) as a whit
crystolsiod thqintéfdpmﬂwa rﬂIQ/ngl were/atdat) the ecaetioln atixtufeowas sth'red at 55 °C

for DAL ARS TedePperbhE VB B ALIARA °G pise 518 0f] kP GRskshepheld for

8 hoMhk ke RAbA i RtubY Was &Aehrds e HeM Ror 39- n;l-m and filtered. The filter
Joct-3-yl)benzam de sulfate A m xture of

cake-vels yoashel withayethaiod €3k 26tly) ard(djed 2yvBrightyddentighp vaqium to
} 1).-
ylegf;&égz‘ﬂfe E%Bgﬁméf 1%&:&’ 9% NP WEanmi de sul fat e

internmedi ate grade (154.0 g, 277.1 mmol) prepared as

i n Exempledt Reerystallizagivoh ofeX-brado(8-{[cloheeyln{efliyd-((1))-2,3-

wasdihydroxy-propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1}oct-3-yl)benzamide
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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heated at 65 C over 45mn with stirring. The reaction
m xture was cooled to 55 C, seed crystals of the title

woRoieiso( 120 ng) were added, the reaction m pCayEs2068R02583
stirred at 55 C for 1 h, and the tenperature was

; t . . t .
NG fod Rl B8 ! g0 RN fin,
waklaad v3ith adetonitailel( S mlL) end dried tveprbivide eltie tithkeomymsindas hed

with nethanol (2 x 25 nL) and dried overni ght under

hi gﬁlx\fa' L tjaﬁ Q_ti‘b %f%LJing- = aghé &1 9—( -%,?—
R e e
di hy "btﬁy- pr opi onyCami nol et hyl J- S-aza- bi cyclop. .l Joct

- S- Y RfAaARM @ﬁlfﬁ@kﬁﬁfﬁ)ﬁe Efgeggf (ﬁg )@né)%@dis@%@@ 408 whter (10 %) and

sul fate (hydrate for was suspended in
metumdb(9i0t%) $odvenb mikiureaf@od hedi) edd heat&btodi0. *Onite stirihgd The

resbe33on stk SHASeY BLGHRL gLt AUS oueiod B hg esalting
solﬁigt%&é‘isoia%'ﬁoﬁf FHiH PUGfior B PoRidiind £ {;&H}rdﬂﬁﬁ 0?8 kr)nyg)

observed around 35 0C. The solids were Isolate

vacuum filtration, washed with acetonitrile (5 i) and

dri Exampled o Girystallization of 3-endanSridlcyeinbexyimethyl-((5)-2,3-

Cr y digidrp¥yprepiopyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)benzamide

3- ebulfdte- (8- {2-[ cycl ohexyl net hyl - ((S) -2, 3-

di hydr oxy- propi-any,”ami.nol et J- : : o

o SopEYas | AEIAR YRR RIS 1) gues dlirnered in gt 5 30 and
meSinbB{78 % aoivent ﬁliit@fé'@O.c(ﬁlQl(ngﬁd WediedosquesRih isﬁ‘rrﬂlgb The

water (10 % and net hanol % solvent mxture 83

respitingaplitine atas gllowed ® @l i@ ambient temipsrpturThdhe welyine wigs reduced

Lution was allowed cool. to amhi ent .t.enperature .
by 304 bl R aRbra @i fnd Ge S6gh SR TN FbpFTSHI s pypmien.
Thé tdstltidlgis6Rdd WerRi814t6@ bl Recihint Fidr£10ARE BAS idehB it le compound
Exanple 4 : Crystallization of 3- "

(8 mgR- { 2-[ cycl ohexyl nethyl - (( S)-2, 3-
di hydr oxy- propi onyl Jam nol et hyl J-
- Az ExRipIES O Crydtalizhtion WP3EHZBLBLE cyUbh &y PmEBTRAS).2, 3L
sul . . | .
o Dbl 4 DR SLORES A ey
L) 'zlancf heated to 60 Cwith stirring. The resulting
sol @oimpoundis (Bl mg)veds didseloed it Dtchihc D2 %3)anp acabnittle (78 %)
The vol une was reduced by 50 % rotary evaparation

b
solyeTH RINBIG 614 MLon AREOTEN (OakS mih P addednftiosied by 0.04 M sulfuric

. i . Lt 4 i sal .
w5 0 BTN A SR T . e
reatiign mExareplas 18ft at &nyighedehipzadtireor0f2 h. The resulting solids were

. 3-enrf- (t8-,{ 2-[cyc] ohexyl methyl - (( S)-2, 3-
isolated by filtration to provide the fitle compound.

Example 6 : Crystallization of 3-endo-(8-{2-[cyclohexylmethyl-((§)-2,3-
dihydroxy-propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-yl)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 ambient temperature for 12 h. The

resulting solids were isolated by filtration to provide the title compound.
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di hydr oxy- pr opi onyt yam nol et hyl J- S-aza- bi cycl oP*. | | oct
-S-yl Jbenzam de sulfate Conpound 1 ( 11 ng) was

wodesmsised in a toluene (22 %9 and acetonitri lpeT(U8800%002583
solvent m xture (0.2 nL). Acetonitrile (0.15 nL) was

addgd, st i08 o 5 Splah! dl methyl:((£)-2,3-
O e R

anb?‘é‘mtetenperature for 12 h. The resulting solids

ver eolnpehad ﬁ@zéoﬁﬁgj bv|a§ 8@5610&1 {r0a RIRMEYE3 VJ)%na latdtBnitrile (77 %)
conpound. Exanpl e . Crystallization of

solgend ik ouwd §-.4 0miLY. y&‘b dhreesojiitmet Wed added 8)042V3ulfuric acid in acetonitrile

1 RS R ey P s iof acidy WO A6 g aided to
the (358180 mi%RSe 8’1's§§91|n§ @1‘:} d['blgm itafd! RUOERIIARSS é&eﬁlemaher 78, The

the solution was a .04 Msulfuric acid
resultiog colidsrwére igolated byrkjcuum Ebstatidn po proivpletthe etlfs oompdurmh
addi ti on of acid The reaction mxture vvas | eft at

a”bEQEFn 69:5 of 3- éﬁdo?ﬁ 2 tne@y1-68)-2,3-
Wer ﬁlH lﬁfér%;étﬁgﬂ}téja ]Jc't ﬁ)benzamnde
Eé“’{ Mhexyl net hyl - (( ) 2 3-

dl hEd}‘sQa)Ib{ndXEdhﬂidi’lml eyl farel (¢11hg)l was dissolved in a solvent mixture of water
-aza- bi cycl oP*. | | oct - S-yQbenzam de sul fate Conpound 1

(42mb) mac\mgntm%@élmle)d Th@ sahtttﬂnuéaﬁelymah%d tapgoduce an amorphous
sulﬁ? e; nI”lthrel alm(:“oré1 ous é %%@5 vs}as fSBFrS ifa %ce%‘chmtrgle (7?%5 ar?d water

|on was

(258%§E§(ﬂﬁédt ik @ird B420mid) hnd Aea&@d tdd6 PICERIr A0tmMIneVikIPEtEdg @nd
addition of acid. Water (0.16 nL) was added to the

allgweasictpiconl vﬁtlsus@mgdmélb@mbwngtquéur@omurf:%qhéd After 12 h, the
res 4§ S0P er AT BV DL BB R LS 0 Bprng 54 0

the title conmpound. Exanple 8 : Crystal l'ization of
3- eExamples(9217 cPripendssyofrisdhormg o) the Ivention

di hg e {%thsg%qig % % seag (3%&%{ ; f?{zpt)%;&hgxy1methyl-((5)-2 3-

dlhsaimiy@kdplmﬂ)aﬁim@wm}lsawé bayyelof 721 | etk-3uasbetlz &fidk (@sinpound 1)
In a solvent mxture of water (42 nL) and acetonitrile

prepansd gs in Exagenls d Auarided thm@ystyuwmhymzaéwﬁ the pulbate salt @ﬁpompound

1, GPRRP R iR 2 R bR oD TSR flbagRp3xRppe
difeednvi@Nécafihing @él@n{n’%&ySDBC? thBEnde i AR triCarRBysRETON) idfared

mn wth stirrin owed to cool with stirring
spegtiescopy (iR énd i atogiaphyias reached. After 12 h, the
resulting solids were isolated by vacuumfiltration to
provide the title conpound (5.4 g).
Example 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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Exanpl es 9-17: Properties of Salt Forns of the
I nvention Sanples of the crystalline sulfate salt of

wo2068/#81498- { 2- [ cycl ohexyl net hyl - ((5) - 2, 3- PCT/US2008/002583
di hydr oxy- pr opi onyt yam noJet hyl J-
-az ] enzam de (conpound 1)
pr e%‘?egx‘%ﬂi nl’"'l':rx?'%l ‘&T%Mf pand of the crystalline
hy d Dafferenfialtshanrsng éaiblelnstaj' (DSC) wasperforehed,usingeyBA ddstasnents
2 were anal yzed X-ray povvder diffractiaqn

[ ExarHJI
Mq&hﬁdﬂ gedyle, Paty We§ea?m?4@1dcaa1abfzrf¢réﬁmg Tplgsyruments Thermal

Ll y L i
RSEER SRS 08LY S BuIE00, SSCLEBRR v
1nt6)|aﬁ bluadhinarpaX-witylihoNhkesanthlé vaa et/alaﬁteqb amhg Iarlﬁleﬁrf heating ramp of
ures 1 and 4 were obtained w

10 ac incfeqms feCeto, wically.@oKE - (7é1@3 léswell ysasmumvi with dry nitrogen
( 1
dulrugghﬁ. I?Jéresgﬁk%%g@nﬁbﬁﬁacey\?oﬁnuo s scan \#{sgghng g\élfate salt and of
thdﬁrystamlh@hydrstbw a%ume@ﬁlt Of Eempoifid Part RGN o F%uie@ 244hd 5,
Sanpl es were prepared on quartz speci men hol ders as a
respedtivelyayer of povvder ed material. The instrument was

cal t andar | e ¢ 1L erma

Ana@'%‘%?%a é&?ﬂe %na a?iSl C(g‘ | n%s perfé)grne(ig? P% agillﬁéasprumen s Model
Q-§8 inediedDita iwtge SolledtddmkilanABREBusREEl 1R thdHert® HHE@nal

Data were coll ected and anal yzed usi nq TA I nstruments

Advatpgeafor AbSerins T eoff\mreQAwmré@ W@hnwr 6. mg\wag piriced in an

r at el to an o
a iR OB 2P PrdR S sCaiia %, S85Ek ftelfus o ago °c
with d lﬁr{bﬁﬁ‘ﬁeéﬁﬁgtrét@ 9f ﬁ@ﬁ@/fafn ]l%e(yamnee bAPRIrRa J.Q(Ehﬁtﬂb%rs were purged-
typically, was purge
wmhlmuromrdudmglueg RsprcsdﬁlmweélﬁmaﬂacesefoD%lpleacéscﬂysmallme sulfate
|l es of the cry st%I li ne sulfate salt and of the

salpgrgkata Wﬂ%ﬁlH? Bydfete oira sylfatg splt ok campeunsk 1 argaboushgwn in Figures
) aﬁﬁg &gﬁ%VéﬁeFl gures 2 and 5, respectively.

efmogravi metric analysis (TGA) was performed using a
TA ILnstrunments Mdel Q 500 nodul e. Data were collected

and Faampje b lasnaigivmowﬁsnersﬂwﬁpg Appessmgnt Advant age
for %% d 1?13%{ IlB l@IS)AségéH?énec‘ M‘s" gﬁbﬂﬁ’ecﬁg%t &%s?ng a

p ace mnum pan on a platinumcra
Vmadnmphmmldrbmmm@m lommmrra(\ﬂrlecm@ ,J00lebl; P 33018). A
i near heatl ng rate of 10 & mn. The bal ance and

saple fize OF apripbEracler 1) Parrsdsed and WewBydity was peigt thsembient
I
vl BRSaAl e RS TS AR S Blufef bR fe

ambght todf% celapauintnilitg(RH) 26 IHhayWO%rmPfl W96 BH © MR at a scan
rat%gégect | veI y. Exanple 12: Dynam c Mbisture Sorption

Rigtep. 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 salt
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 cm™' using an Avatar 360 FT-IR spectrometer equipped with a diffuse
reflectance infrared fourier transform spectroscopy (DRIFTS) module. A representative
36



10

15

20

25

30

Dynam ¢ noi sture sorption (DVS) assessnment was

performed at 25 0C using a VTl atnospheric
wonoeg/mlgedoance, SGA- 100 system (VTI Corp., Hi alpgahys2bds/002583

33016). A sanple size of approximtely 5-10 ng was

I i - . at
R b afut T £ riblEEa Sotaling ot il 8P Bl i had
sigaifitantsdbeckptibn bhmdseat 43083 ; S0b1 &30 H107Q94: 1 eléatilyeo36 :1:1
hunLditg (IR'_? 2% RH.t0 90% RH. _90% RH t 0 5% R
103t4h QP &lof 7@3% Ftﬂlﬁyfledﬂfﬁé h%u7s5sihd§9héésm58dﬂe\167§/ﬂ 1553
t t |
£1 y%%ln% w%smqé%*;wﬁe@ggrggregﬁmsgg 867213 Y L ahd
3350 £hem™0. 02 % for 5 consecutive points. Repr esent ative
DMS traces for sanples of a crystalline sulfate salt
d I | § |t of
oCERhRE LA IR Rl e AR T oy,
Exampdlﬂhnll Btystah bf dicad]fireahit $)If30ﬂibeund’lf haniggdindrkions of
absor ption spectrum was determ ned over the frequency
0433y 05 160 LBmaves Wavntedgn Aplass fikgat Jrrawpdigiractionrrystal structure
f
daé%tg?%ﬁ%%iﬁfa}n%%ﬁﬁé ST BRCEE DS Tt et BRRRAES i window

dlambé 13 A ohgpoaseiddby SMARBResidS.650 @w@fdré pBauker, 2803) using
nple of a crystalline sulfate salt of the invention

CUH%raéra@ﬁpf Thg samBledod plerion distangs was 5438 cm.  Batr was gdlgcted ata

o 0t g by i1 B 2o

softo&6. The I(ﬁﬁ)gvnl latfiéedpatame8isdvdre d@Q0: hinit 282 & drtho2Bébic with
1, 3168 1, and 3357 1 cm1l. Exanple 14: X-ray
dlnﬁhnfsfonaaﬁ 6381239{1§st &l 162276k, ure 24262 V4, & A Bchyrk 90, y;sﬂazblume
of co ound,;1 having di nensi ons of

f at |
(Vi3 oA s ale istaseniity thle AR ctpashEain B2 h ) Fowder

f

el I R R S BRSO i brur
1. 4woftdhare wierajedged byfvisial mspegtionaobe i badllayt aghdoiient with the

ver si on 5. 630 sof tware (Bruker, 2003) using Cu Ka
expeggeatal gesultspEFigarpl-e to detector distance was 5. 039

cm Data was collected at a tenperature of -1531 0C

andExam mﬁmﬂmtmasﬂﬁy&smmhon 6. 14 (Bruker,
ZOog%lEsoft The followng |attice paraneters were
der PYBBIeS ghifte Sulfpte Spls O eHBP BB e FioRdinFeHSPBrpeR glass

I T

intérgald,. tB8cayitent8pf 8 psqnsegraoue vhask w2 :Iéhfiﬁmﬁ#éﬁﬁ )anfjig:MydDSC TGA,
-ra iffr [ eaks predicte romthe derive

PXRIhAfd g}ﬁ%’f&‘ﬁ%’ﬁ chejpical Ei‘n‘ri%@j Pt veqeky ofi stgragerthgpgrveas no

det¥BhKle bhAQREGH ﬁ?ﬁé ]fty%(g WRird A EREGL éﬁﬂlstn%r REtnk X5 ?)La{t&ﬂtof samples

agreenent” wt
stored at either condition. 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, lonPac AS11-HC analytical

anion-exchange column, and IonPac AG11-HC guard column. The sulfate content of the
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experinmental results of Figure 1. Exanple 15: Solid
State Stability Assessnent Sanples of the sulfate salt

wo2bog/fegrsonventi on were stored in nultiple opepcahad360s/002583
vials at 20 0C and 60 %relative humdity (RH) and at

sanél"o[?l %s%@grnzﬁle{‘)t&% '?‘tl ")%%ﬁ&l{ m& Ib@tc }59116: ’Wl{ lHth‘ég’%hgzﬂtsﬁlfate

represen e vial was r ane

corld&itt,of T% %H&Fbhe ra6Mr byuitileft (ff&ﬁl;ﬂlb&m)ﬁ pér I’ﬁblleldfy)areﬁf t&@hpound.
4 weeks of storage, there vvas no detectabl e change in

f
Sarpramed L7 BRI ¢ b Cor a7 " ©

pur At 3anqﬂe bithe hymra@bﬁaamveau@ywhl?mﬁlyma bymma Qg@;ﬁie@tvith IR
99.7 % Exanple 16; Determ nation of Counterion
anatyig eifhe matesiahyepasized during ipulevaghtilogs Wéf%\vr@ﬁ@ phays a

QBT 2R 1009 5 oA R BB i s

of 1R févh MBhSHYdERé bf ESBEARIHAL $ulGite UPHY TRSSpeétrum of the vaporized
conducti vi t?/m,det ector, lonPac ASl 1- mssg)ﬁal yti cal P

matgriabwase s@isistené Wit therreference TRosRStTUAGH WateiC guar d
colum. The sulfate content of thesanple was

det wsmwﬁdnaa. afd BindtghA&h %ﬁm@ﬁaﬁmaﬁﬁﬂlawat@and

t heey acp{g OF 1&8'1&%@&09 17.6 % for one

eqU|va ent

ate I on per nole of parent
paratigl e 17 Det erm nati on of Water Content

o S g S B BB o pioi
or Wﬁh Shinkh pHARRPA F&Gﬁt@k" EDREA WRkd 3érg{>vnviﬁ nHaturh B&Shisti &%S)g ;]I:ﬁﬁl s-F12

trace shows a wei ght | oss of % bel ow 100 C
metdmysupplememed mvath V3% FB:S, 1 e anitd/imt pknividlighl 00 pg/mIoftreptdmycin
% for a _nonohydrate of conpound 1 sulfate. The IR

ands $Ubg/mh Genatis PP Ky m@ﬁﬁénnc\m@%@wy & eRecepiterh

ex;f:sasgl rﬁ%@él? < Lgo%gﬁg@;ﬁy@ p%o]&@%?rotwﬁ‘s £28) ercravelwewf daert%mmed
usifekli [?’H]aDRirendfpmﬂa ($get@icthcReiREPI50r s @i/miRIPinanaembrane radioligand

Preparation CHO Kl (Chinese Hanmster Ovary) cells
bnét%kﬂs‘yaytransf ected with human rmu opioid or with guinea

i r e qgr in dium .
ConSrof M EFeRAS RO SRR EnSL (o8 ibeffFls Bisprestofpr ol tine
pasEE@ng,lﬁ)@cdlnhbﬁdlﬂiferI@ﬁ%llﬁ(bd‘dateﬂ for 3 @nieé AlrostlteRpeAWEE And
and 800 /L Geneticin in a 5% C32, hum difi

ed
harvesgerby wechansal @gltameee@ﬂarmle sa@PB§§umiemwéql lgm(nermM EDTA.
4
rolfy e Ban Moo I RHE B BRSSPl B

cerntrif@athén for SMidlles a1 GOOMAD iR slispeh@d 8 Feh 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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bi ndi ng assay. Cells were grown to 80-95% confl uency
(< 25 subcul ture passages). For cell |ine passaging,

wot2068/@€lsb nonol ayer was i ncubated for 5 m nut @gTAlS2608002583

tenperature and harvested by mechanical agitation in
I
pe . s CERSUR RSOET A Bl F38 1501 ARy e
Progélﬁ%ﬁbeﬁ&dm@ wes daemiined ugag h BioRad BradiordPeseiatAsdf0dt and
rpm and resuspended in fresh g%omﬁh medi um at the

mem@pwa iviegs doreg i frozeq alisjuotsoat -3 Hbr upiid resrudtsdr at i on,

B T T L

Eh@erf %efpe}iﬁr&dtleﬁa)nd m)@fq@Qﬂlésetrﬁerﬂ‘lﬁﬁﬁesrc%mm%dd@%aiu%anon analyses

Buf f
in [ H}X‘fgvmgm@%@@rgllgﬁm peding assays-vearp AdaMN (Pl T 985 gnd
2.2 (pﬂ@’%éjg)r%@é&‘tx%ydf}{?{éézgrﬁaer}?cgn\éeﬁ@ {sotnh a&ecf'e%rfn?{l]édcus%{:g ag iho Rad

_ _ hormogent zed a po

Bradiferd Rbtein Asay k&, Méiﬁbxfaﬁéshbéﬁ%torb@ﬁ@ﬁ@ib&t&aum a€-80 °C, until
centrifuged (1200 g for 5 mnutes), the pellets

reqyire&ar ded and t he supernatant centrifuged (40,000 g

% t.es), .. he pellets were washed once by

b. kgﬁloﬁ an@é%d%%As;a% y Buffer, followed by an
addRrhdiengdndagnding bekgad were ;ie%na@@ iarf Akyddh 1M I @&ep-well
The finalpellets were resuspended in Assay Buffer

96-pestjuolypiremytient aFsayaate ims kotal assayaedaypc ofi2@ pl copating the
conc ntratio determ.n Bi o- Rad Br.adf or.d

PIRITALT HRALY B TATROr AR PR Lh 62 A -BOE LA feIFs A52digPPe,

resfectid ? § R sa %;ﬁﬁ%re h%‘g,glémén%m&ﬁ@ 02504TBEV i gsééranoa l&alﬂ (BSA).

recepto nes were purchased on1Per
SatEtatmen bm'ﬂm@ stegios for deléﬂnmdansBdevamet béEhe rmtt-mhgamﬂe)sere
?etermneiﬁﬁpsatur don M es in a -Nat rj ndol e
perforgied |using FR!IFI}PQEP 8g 35/ efGntlwnﬁ?sﬂt{ar“RQs ranginggyom 0.001
nMADS 11 2DR lcérﬁgntpars%é/? iy de'i foln\6?! vgfu%agf %) unds were
concentra I on was termn u3|ng Bi'6 ra
peerrmeé Imtlﬁ{gHMDltnenorkamfmt Qrﬁes 24\/and30§t11M€E’dr mn, dlditazami kappa
al i uots at -80 C, until required. b. Radioligand
reSlE‘?CHH? I¥gandelexea cRAgANdRHaRTRf IMRIUAG raeing SOmHel0pM — 100 M.
per
Dol DBl BAKAED i ndfimddP flrefloh AU i e GraphPad
Prigfi GoftlvacOichagel (GrapHPad Sopwepe, 1ad. eSaNDisgb, @A) asiAptane
protein (~3,, ~2 and ~20 ng for mu, delta and kappa,
3-prragjsiemeds] {or ong-sie sappeitfqner The @wmm@mmwas\ﬁw to the value
for B %)%((ﬁi@?)‘fﬁd?lg%%gﬁ nlan?l H}e( §é%11 e %fdjpﬁt %a‘f&o%l n Ckinxgtlues for
studies for termnation o UES © e

testrcdglippuhdewerewalcalangl; froPrgd, ﬁtsmﬁge b&irﬂﬁt (770 rvameg rdﬁarme K} value

8-12 different concentrations ranging from?O
of the radioligand, using the Cheng-Prusoff equation (K= IC50/(1+([L]/Kd)) where [L] =

the concentration of [*H] -Diprenorphine. Results are expressed as the negative decadic
logarithm 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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nM - 5 nM Displacenment assays for determ nation of
pKi val ues of conpounds were perfornmed with

wol28bd/t0Ar enor phine at 0.5, 1.2, and 0.7 nM f @cTiitk2008/002583
delta, and kappa, respectively, and el even

con t L ons_.of ungd from.1l
%EQ;} 7 A %Paft mﬁ%%ggaoﬁ_gggg WF?‘H@% l%f tP eSSI Ol ioid
ana H"tpr% §d‘lplr e pioi
(Gré?ﬁ?l’&tr Sof t war e, Inc San Di ego, CA) using the
3- PR BfBiRhy, MOSdteri ang nﬁtrﬁhﬁ: %cﬁﬁ'fsp%lhés' dtfest I&%p&'ﬂdéewere
m nimum was fixed to the val ue nonspeci fi
detpimidied iy nessutetggheramednt of bioned ﬂTéSEm peesert fdzDowMg receptor

nal.oxone. Klvalues fqr.te oynds wer.e cal cul at ed,
activatip i1, pembraies prrpatsgdtore %{H(?%]BC#EICESE@SSI%&%W% mu opioid
recépiorie of the radioligand, using the Cheng-Prusoff

equation (Kl1= I1C50/ (I +([L]/K)) where [L] = the
__Mg[(hantdrlhtqemm Meniit&hﬂteﬂepamnolphl ne. Results are

expressed as th at' ecadi c | ogarithm of the
o s SpipULreo A Tal) Fadioryicn Narspiater Brepaitaa described
abwe Jr@@e?@pﬁ&%ﬁ@éé& f}mpe&mmﬁ@r Lerﬂgs ﬁiﬁdla% f ek e

kappa opi ol d recept ite salt
pumhascd mpmnbrdnds desenmimetdey &attpmomaiaueesﬁm o[ H]allpteherphme

radé‘g{%a{}‘%gu ’B’i‘ﬁ)ﬁlﬁ%lsgﬁé‘? Ce%o(fﬁ %}%2 $ F@&Bﬁﬁ@%ﬁéﬁ@ Protein
cobeRRAf WAL &'ﬁér@'ﬁ%&%m #h?o RAH W&ﬁbﬂgPﬁt@n AYEBit. Membranes

mu-opi oi d recepto IS assay, pot ency “and
werensttoned s froaat ahqub;s ata$(h%£§, witil remired dogophiicksd {\'H?R:,\Eu and GDP

é@ém nedel)\% nmeasuri ng the ampunt of bound GIP-E
weps @iier tof B it g mMe EgsPestivalys indaublsdistilleddify fhs@gnixed and

perﬂ{lﬁpé‘{?eégte %t er9(§9n %&ék}g?%ﬁo‘r%og?ﬁ&gfgg gbglgto}\}gaﬁgoﬁy Y hdiWdual aliquots

saxﬁblepﬁiratdrmatHﬂﬁ‘iﬂ] mu opi oi d receptor (hMOP) rrerrbranes
mere elther orepared as descrlbed above or were

g d TPy sdqopids exehanpge assgy reported pKd and BnBx
for
anaﬁ@’i? Hicheng ‘Six@%“%eéﬁ%? AEHEPALAEY iR ¢ DRLFRIA aTP-

blrﬂﬁgayS(B&ﬂan[BDmeﬁ inAdrW4ll oo dlnlt@rpdited atcording to the
respectively. Protein concentration was determ ned
maagfaﬁfglrea SEAP L SR o MG FapFSOVer ProRgsed asidescribgd pbpyh @gd prior to

e R3Sy b3 AR 8ioBgh o ey
BuﬁM eI HMJEse;sﬂ@aat a\BPE), théh KHGYeRiAH F6r 10 RLomdQsing a

then m xed andlpermtted to sit at roomtenperature
Polytron Bomegenizars Tgst apmpounds warsfreeeives! 4snldl mMistatk solutions in

Dl\/?éd)qcﬂ uted ﬁ’)aJH%' pﬁ\% 1I1t%rAsSsta)9 q er contan?iig%%.l% BSA, and serial (1:5)

dilutions then made to generate ten concentrations of compound ranging from 40 pM ~
80 uM - GDP and GTP-Eu were diluted to 4 pM 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 — 20uM), 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-(methyl)Phe-Gly-ol) concentration-

response curve (ranging from 12.8 pM — 1 uM) was included on every plate.
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b. Human nmu GIP- Eu nucl eoti de exchange assay GIP-Eu
nucl eoti de exchange assays were performed using the

woDRGIsHIE A9 GTPbi ndi ng kit (Perkin/El nmer) in Acr oélus2008/002583
well filter plates according to the manufacturer' S

Do O3 NETRLENRMBIR, BEGRBLE AoNEIERE O iion of

abov e star
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30 GBS o A0 PI8teh 5T G eASKAG & QA S g A1 Rl
corthed i Bothe UG SRULA reg%la@i tdi thZ' iR g bABH aRASN it l?room

generate ten concentrations of conpolnd ranging from
tendp@er s ivieSOT W ash(SbﬂhtmchGT.Fﬂ(EmLWeThe bottameof the platesiwanadlotted to

ectively, in say Buffer. The ssa . \Was
rorl DA ol hecRIdes VT e Drmedigien B R & Friige Bragnount of
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- 20mV), v GDP,; M GIP-Eu dil'uted 1n
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((:-?-; &ggagr&ggxlltoé o'tlpé\gﬁﬁvg)liﬁapr@pwigp?l to the degree of activation of the mu
r -
B REGHER Y L SSRORSRLBNT e ARELIBLATN el
penoerdpg, @ds dateedinad e$ thepriioof the aassay of wlund TRy Butubserved for
addition of 25 nL o say Buffer 5m_of t est
actyghp’ b the tast Gompong ta3pe Al pheey el Fereactiyatign fueRAMGO which
t L 0 tie
is ﬂr éﬁ'ﬂe@ ts%eghfla rﬂ&%b& P(?O&r fl"glg%ufﬁte gﬁf’@f %gpcfgfélggyd%onstrated

ncubat e m nutes.
an pitmms astrity of ke im thid dseaye @'hwk,tthe preWidit sulfaty aaitibiag been shown to be
mani f ol d connected to the house vacuumregul ated to
an gYagoiisty  Hy and washed with roomtenperature GTP Wash
Solution (2 x 300 nL). The bottons of the plates were
bl oAlsexy 3:Ratviodel cPiedsse Bfficioy. The plates were then
[ ' term ne the anount of. bound

d| at el to d
IWS%@% GHiAgY 78" FRRAUPLRIVEF S Rcemoqeof
gas@ﬂalrﬁeé? AGK it FWRicA %vﬁh%?ga‘s}?% a{l\é‘émlﬂrel“m%% ?&g fab&oved by

exceed 1% final assay con ation he ano
thetlns,trtultldﬁEPAEunaISane anpdUse Qoalimittee biEhalegnes Iné. and conformed to

0B kS R P kB

Acg)@erng}e@ftg}g‘g,ce gigherm ned as the ratio of the amount
bound GIP- u obServed for activation by the test
a t H AZLRunt observed for activation by

med to be a full agonist (1A=100.

TheTsslchmlpeulsda;I Werefevslomqed i the ratessmitsdntpayiag adday to determine
' -51in this assay. Thus, the

lr”‘i)“nSI c activity of
theyabuiy fo %Pﬁﬁﬂ@e%@eﬁ%f@csééﬁlag%wﬂ@%m Rats were fasted up
ovéﬂi‘gﬁgﬁ‘%rﬁa 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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Assay 3: Rat Model of In Vivo Efficacy In this assay
the efficacy of test conpounds was evaluated in a

womekzlos gastrointestinal transit, which evalpgat®008/002583
peri pheral activity. This study was approved by the

| .
cariEbick e (35 e TRl oS By Bl i RS2 wacarofutly
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the ligatures. b. Data Analysis and Results Data was
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spif R eape eSS enfipn, BLHD reteo e diftionn iy b6 made to adapt

. i . d vy
pariBFILLSiRI aan,f}ﬂﬁbﬂaﬂh%oddﬁds%ﬁ mn%&@?%&;ge&%s 565 RPBRPs, to the

al
(vari abl e sl ope) and best - val ues were
objeetiveubptitahd Copw ef the presentindentimi el swehenddifieations are intended
| oper.anj de control .val ues (jndicating.0%reversa and
to RrORTER dhe Siopr B Beciaiihs amperiisd oo + Aabgagiy; 5h plbneatiohs,
patb@8 PRAHaMat HocuBRH difdHeFeifHRVE %%qqc@fgoﬂa%Qy feR%et@%Rrein in
required for 50%reversal of the effects of
full, epthoagh dweljvidwallyi ihtargombs perefdencegr am  The sul fate
salt of conmpound 1, adm nistered orally, exhibited an
ED50 val ue of 0.26 ng/kg in the gastric enptying
nodel . Wiile the present invention has been descri bed
with reference to the specific enbodi nents thereof, it
shoul d be understood by those skilled in the art that
vari ous
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changes may be made and equi val ents may be substituted
W t hout departing fromthe true spirit and scope of

wotdoes/iogwent i on. I n addition, many nodi ficati opgTEgedsR02583
wade to adapt a particular situation, material,
n?g§ iR process, process step or steps,
Ag‘bj &:‘?M/@é&ént and scope of the present
| nvention. Al such nodifications are int ended to be
within the scope of the clains appended here

Addl-t i onAlcrystalting sab form yehiclpisghe ﬁ&f@éw%t ofa?ne'wﬁ}a@ef?r

o FBRATRA D PG Rl ETEREN 3 Gkt 10t

yl)befganideoat eslvhy thakeff ence. WHAT IS CLAIMED IS: 1. A
crystalline salt formwhich is the sulfate salt of

3-endo- (8- {2-
[cy | ohe t.h i h
cye Onetid BRLitne iR b SN 1y RIBEL MBI i s o
myﬁﬂhﬁ@hﬂﬁﬁ@@ﬂeof 2. The crystalllne salt formof Caim
1 wherein the crystalline salt formis a crystalline
sulfate salt. 3. The crystalline salt formof O aim 2,

wheyg ei n e. ¢l 8 ch aract i zed

an E§( r ayﬁg t¥ﬁlg °f %1 °6{‘ﬁ (ggélﬁ :2 ar 1anvtl S\M!)h%e sa}rgf%én 1
chatlictdriza€ b an xﬂﬁﬂﬁwaér dAfetivg pats@heatagd thbd Qﬂhfbré 8{¥fradlion peaks

7.520. 20, 9.350.20, 14.690.2 16. 010. 20, 17.450. 20,

at 20ahes selested SoB0052:6).20,9. 7260, 20) 9.35£0.201 4.69:+0.20, 16.01+0.20,

1 R oG E o 0% 22 0 B oA A o,

23. iR 22%6i§§0 8?53632&) 2@@@ 43609902 296+020, Bkes 1£0.20, 29.54+0.20,

crystailine salt formof Caim3 wherein the x-ray

30. Foce), 3di58£0.201 30804624, en«h%@ﬁpﬁﬁ@es two or nore
diffraction peaks at 2Qual ues sel ected from 14. 690. 20,
16. 010. 20, 21.1 10.20, 22.070.20, and 23.180.20. 5.

They crystrd ddyaigiisiakhic fRfro @t 1afth 3i WA efein WEX %}np&vb@er diffraction
crystalline Salt formis characterized by an X-ray

patteowcbenprdsie$ fwaaot more diffrdceéion peaksvdt26lvatuees s¢lectkd fromi 14.6939.20,
re suhstanti al i n. accordance with the peak

16 G50 24 8150 2B e B ARG B UGS HOR gure 1. 6. The
crystalline salt formof Caim2, wherein the
crystalline salt formis characteri zed by a

di f§.er enThadrystathinnisaig foral aff Clakh 2y wherirethe epystalleet salt farm is
heat j ggprate of 10 0C.per .m nute whi ch shows a naxi num

charagiegisad by an ey pewderdi CHPH RaW @R MR the BeakRasifions are
PR 00 SN 2O L o AL AT

characterized by a differ ent ial scanning calorinetry
tr age substantially in accordance with
. 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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that shown in Figure 2.8. The crystalline salt form of
Claim1l wherein the crystalline salt formis a hydrate

wodhogosiof ate salt. 9. The crystalline salt fedrme008/002583
Caim8 wherein the crystalline salt formis
chag act exy . rogff. ' t .
g ¢ ShéEERMiR NN Ty oPOUARL R bORAAE'SEl Form is o
hydsstk ©€ b eal fite salt.9. 410. 20, 9. 980. 20, 15.170. 20,
16. 700. 20, 18.590. 20, 19.460.20, 19.910.20, 20.630. 20,
21.350. 20, 21.890.20, 23.000.20, 24.200.20, 25.400. 20,

31" %20 o0t GitHlesg 1 detagys i éIngHyseine s fohm i
chafdvecrizey by ah Ixi-rag pswder diffkavtioh peltérh Madingh@bir indrb diffractédh peaks
owder diffraction pattern con&rl ses two or

nor e
at 28 velres seleead FoakS kb0 209 BIs26 b dFEE0F Ho 52008, 596:0.20,

1945k Cgh 15812020 e o 2 o Pold Bro@ligo,2 204020,

25.9¢¥0. 20, 261032020y 31.2440. 26, 28246:0120! 19 S+ EharACIE0 2ed1 8Y+0.20,
an x-ra;ﬁls%owder diffraction pattern in which the peak

33.p5)-20, 3RS 6P @0stsk1G¥0a20.y i n accordance with the
peak positions of the pattern shown in Figure 4. 12.
The crystalline salt formof Caim8, wherein the

crysg.al | TReciSallink QhIMNforen 61@faftf DRIKEEH thYxRay powder diffraction
di fferential scanning calorinmetry trace substantially

patiern enpopisga e ommpre dififiactionpaaks at 26ivgluee sélectéd from 16.70+0.20,

o SRS, PIROEM NI B

14. A process for preparing a crystalline sulfate salt
of Bl.end®hq &ysthline salt form of Claim 8, wherein the crystalline salt form is

oA s 15

S e A A o e B o o PG ¥ gy Figers 4
di hydr oxy- propi ony™am noJet hyl J-
-azg- bicycl ot S* | joct-S-y” zani de, in which the _
hydtoxy GROepsaling spit Sqre{?*g@@m@t Whiisit the ceysiztling sal form is

o 16780 S EEREU SO N ) oL SO AR e it
thaf] shpwinoh&xgurerdt hyl - ((5) - 2, 3- di hydr oxy- pr opi onyl ) anmi no] e

thyl} -8-aza-bicyclo[3 .2.1 Joct-3- yl)benzam de from
the first reaction mxture; (c) dispersing the

i ntey md}k%ﬁnﬂ%&gﬁ?ﬁ %lin?oﬁﬂbﬁ %Iﬁgﬁﬁlaé a gﬂa@ng%ﬁﬁ ? acceptable
conprising nmethanol to Torma second reaction m xture;
cargercin(l dhe ¢rysthldine ngjt fdrm afrapytoak lof Oaimsliftatle. sal t from
t he second reaction m xture.

14. A process for preparing a crystalline sulfate salt of 3-endo-(8-{2-
[cyclohexylmethyl-((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-((S)-2,3-
dihydroxy-propionyl)amino]ethyl}-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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15. The process of C aim 14 wherein the protected
precursor is (5)-2,2- dinethyl-]

wobo@ s¥ol ane- 4- carboxylic acid PCTnmmmwmnﬁm
2 [ 3- (3- car banoyl - phenyl )-8- azabicyclo[3 .

ol
ot Qgb LB aink & im G BRRELIT LN S%“n?ﬁasﬂ%r (s
[cyetehdxyiméth§lui(5)RR B -diloydpsx s propitnyl ) amirindethyl? SB- %aA]mbwlo[SJZ 1]Joct-3-

The process of_ claim15 wherein the diluent conprising
yl)h?e%mlﬁsﬁoeb%r1r§té§a%@pm@ﬂlr5bout 5 % and about 15 %

VA @ displsing o &g&@ﬁ%g%&’eg %Qﬁcfgcﬁ{d' Rt GYS LAt omprising

methandl lte fexyd mbh&keaé(léi) mthﬂrG;i iahy dr oxy- pr opi onyl ) am no]
eth [} -8 aza- bi cycl of g_ct 3- ),benzam de, the
£9 aélggﬁlpq %r,yﬁ@lhn(s g)llf%tg ﬁ@l& pp"htge ge(‘@ﬁg gegcgon mixture.
{2 [ cycl ohexyl net hyl - ((5) - 2, 3-di hydr oxypr opi ony”
am noJet hyl J- -aza-bicycl of S*. |1 Joct-S-y~benzam de with

sul fari cTieprdcéss off Olaimal 4 waeteirothe mstotéme(epreamdox( R)XS)-2,2-
isolating the crystalline sulfate salt fromthe

dimeghyd{1.3 Qﬁth{?r‘bcarlpgxyl;& 3ib ety (3 e%rbapebla?heﬁgl)ﬁ

L L T

thyl}-8-aza-bicyclo[3.2. 1]oct-3- yl)benzam de, the
process conpr|5|@g (a) disp erS|n%Ha crystalline
hydtat e Bhe pieeess of Chig kxwhergin the a@ﬁ(csmmsmg methanol further

conEq%Y%%g%(%}ﬂo &?/I Yvéfeg) 2, 3- di hydr oxy- propi onyl ) ani no] e

aza-brcyc 2. 1]oct 3- yl)benzam de in a
di l uent conprising nmethanol to forma reaction
m xture; and (b) isolating the cr stalline sulfate
sal 17-f r ohhe precess € clasm 15i gl@fw?l@ they llmécwa@%gsmﬂhanol

conﬁr?s' gb&%e%‘%o%@ %Qﬁd?ﬁ&ﬁé@t(’/ \AQx,ga{{ég;' si ng net hanol

er conprisées u % 21. The bisulfite
adduct of -cyclohexylnethyl (2- oxoet hyl ) -carbam c acid

benb¥ ester. 22. A crystalline salt formof any o
ai rd progess fioy preparigg @ crystalieg sydiate saf of@s@d@r(Sa{Z-

[cy&@fu In %th?le((gf'b% c{ neyaﬂl)%t ngﬂ){y?ngﬂg{ngrgo ghgfg 2’1 51{3?1318 3ff)'i oct-3-

yl)uthsanaige, e pfﬁtdss‘kﬁimlﬁﬁﬂfg tionin a rrarrmal anel i or at ed
by treatnment with a pi oi d receptor antagonist. 24.

The(a) sentating) 3agnox3- {faw[éayémem@eaw %3, 3odihydieayt i on
projpll%élglge.&rg ng]étm }‘-%ga%apo%%ho gw]g&%—bﬁgen%lmﬁ)&%ltﬁ Ql?lli:lﬁ’ﬁd ackd 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-((S)-2,3-dihydroxy-propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-
yl)benzamide, the process comprising:

(a) dispersing a crystalline hydrate of the sulfate salt of 3-endo-(8-{2-
[cyclohexylmethyl-((S)-2,3-dihydroxy-propionyl)amino]ethyl}-8-aza-bicyclo[3.2.1]oct-3-
yl)benzamide in a diluent comprising methanol to form a reaction mixture; and

(b) isolating the crystalline sulfate salt from the reaction mixture.
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25. A nethod of treating a mammal having a nedica
condition aneliorated by treatnent with a nmu opioid

wWOrReek¥% antagoni st, the method conprising pcT/US2008/002583
adm nistering to the mammal a pharmaceutica

co Sit I

carter TREPPRER IS fb RBIIPGELER sotipSHERARNR! further
confprizesrp fo 29%lRate26. The nmethod of C aim 25 V\,herel n the

medi cal condition is opioid-induced bowel dysfunction

or post-operative ileus. 27. A nethod of enhanci ng

noti{ityr r est, ) T o

et et nF B RRLEPENER S Kb Rt rEbymic acid
benphilagsteaceut i cal conposi tion conpr|5|ng a

pharmaceutical |l y-acceptable carrier and the

crystalline salt formof any one of Cains 1 to 12.

28. e oni zi_n tor

RSB EORD o e R e B RRbP Lo FERERPin by

manmal a pharmaceutical conposition conprising a

phar maceuti cal | y-acceptabl e carrier and the
cry&tal | Upgeolsapgrystpldingsalt ferayofomey o ofiGAims 11totld fepmanufacture

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. A method of treating a mammal having a medical condition ameliorated by
treatment with a mu opioid receptor antagonist, the method comprising administering to
the mammal a pharmaceutical composition comprising a pharmaceutically-acceptable

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

26.  The method of Claim 25 wherein the medical condition is opioid-induced

bowel dysfunction or post-operative ileus.

27. A method of enhancing motility of the gastrointestinal tract in a mammal,
the method comprising administering to the mammal a pharmaceutical composition
comprising a pharmaceutically-acceptable carrier and the crystalline salt form of any one

of Claims 1 to 12.

28. A method of antagonizing a mu opioid receptor in a mammal, the method
comprising administering to the mammal a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and the crystalline salt form of any one of Claims 1 to

12.
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