CRYSTALLI NE FORM OF A 53- PHENOXYMETHYLPYRRCLI DI NE COVPOUND BACKGROUND OF
THE | NVENTI ON FI ELD OF THE | NVENTI ON The present invention rel ates
to a novewoaenitedosi ne form of a 3- phenoxynet hyl pyrr ol ipdirris2aenpsund,

whi ch has activity as a serotonin (5-HT) and 10 norepi nephrine (NE)
reuptake inhibitor. This invention also relates to pharnmaceuti cal
conpositions conprising the crystalline conpound or prepared from such
conmpound, processes and internedi ates for preparing the crystalline
conpound, and net hods of using such conpound to treat a pain disorder, such
as neuropathic pain, and other ailnents. STATE OfF THE ART 15Pain is an
unpl easant sensory and enotional experience associated with actual or
potential tissue damage, or described in terns of such danage
(I'nternational Association for the Study of Pain (1ASP), Pain Term nol ogy).
Chroni c pain persists beyond GRUSEARBINE FORMNNA t he expected tinme for an
injury to heal (AneriGape > e Primary Care
Setti ngs'(') 2006: 15). NONREHS vby RIEG] b () £ th\Ichcaused by a 20
primary |esion or dysfunctBaAKGRQUMED (T VIdEENEEBTEMN Peri pheral neuropathic
pai n occurs when the |esion or cts the peripheral nervous
system and central neuropathic ﬂ¥5559 ﬁé rﬁ§£b§3|on or dysfunction affects
the central nerVMuBﬁEthﬁmméﬂﬁﬁﬁ$toanmmlmﬁﬁﬂﬁmabnhpﬁes of therapeutic

agents are rrent to trea eur.opat hi.c a n for exanpl e,
B o e af bR it b B AR AR B RS R E R ¢ e 0o ™
i nhi bi tier s poreghgihvine VBIAGI akk ingheids (s ventPahapenitentophsnpcagadal i n),

';rgf Ihgg.lonlel g(?@%?]%ﬂ%gpgéjpngﬁlg%{e?c&wgﬁlnmle)sctorsnpgund or prepareg Iorr}le;uch compodoc{-I e

(S) - 3-[ (S) pibeésdesGll Hi@RBERRX O pRpa@idtid @Famyhd @ipothd, dhd@ethd@sEhkiagd in
commonl y-assigned U.S. Patent Application No. 12/834,128, filed on July 12,
2010 to St s#HErmpepndto tgat apﬁlﬁﬁfserdpg Suqheas PentpRasie PR, e plhesEn BN n and

nor epi nephrine by binding to 30 tg§evsekeiPARR and norepi nephrine
transporters. Wien preparing conpounds for Tong term storage and when
preparilfg phar iééeistan sapleasarperspty A smanenat erinae popated with acterl pen
desirabl e g 0aY6sfe Gk 8 adrldkgeﬁbéc% @arag om%h hmﬁa{g%raﬁl%hﬁloagmgocﬁa%ﬁ s
nei t her hygroscopi ¢ nor i quescent. I's al so advantageous to have a
crystallin rﬂlth’wctyrﬁtPama(QA%P)rléqnaﬁmewogyD ghhronic pain persists beyond acute pain

or beyond the expected time for an injury to heal (American Pain Society. "Pain Control in

the Primary Care Setting." 2006:15). Neuropathic pain is pain initiated or caused by a
20  primary lesion or dysfunction in the nervous system. Peripheral neuropathic pain occurs
when the lesion or dysfunction affects the peripheral nervous system and central
neuropathic pain when the lesion or dysfunction affects the central nervous system (IASP).
Several types of therapeutic agents are currently used to treat neuropathic pain
including, for example, tricyclic antidepressants, serotonin and norepinephrine reuptake
25 inhibitors, calcium channel ligands (e.g., gabapentin and pregabalin), topical lidocaine, and
opioid agonists (e.g., morphine, oxycodone, methadone, levorphanol and tramadol).
(S)-3-[(S)-1-(4-Chlorophenoxy)-2-methylpropyl]pyrrolidine, described in
commonly-assigned U.S. Patent Application No. 12/834,128, filed on July 12, 2010 to
Stangeland et al., inhibits the reuptake of both serotonin and norepinephrine by binding to
30 the serotonin and norepinephrine transporters. When preparing compounds for long term
storage and when preparing pharmaceutical compositions and formulations, it is often
desirable to have a crystalline form of the therapeutic agent that is neither hygroscopic nor

deliquescent. It is also advantageous to have a crystalline form that has a relatively high
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melting point (i.e. about 128C), which allows the material to be processed,
for exanple, mcronized, wthout significant deconposition. Accordingly, a
need exi swe 2hvooe2ost abl e, non-del i quescent form of PCT/US2011/042518
(S)-3-[(S)-1-(4-chl orophenoxy) - 2- et hyl propyl ] pyrrolidi ne which has an
acceptabl e I evel of hygroscopicity and a relatively high nelting point.
5SUMVARY COF THE | NVENTI ON The present invention relates to a
crystalline hydrochloride salt of (S)-3-[(S)-1-(4-

chlor Ophen%uﬂlg%oﬁiﬁﬁ[ laya{blaﬁtolmd)pmrc@hnwsnﬁe mhRrifNE bE PRI exdnfifle,| NVeNt i on
relates to a crystalline salt

(S) - 3- [ (S) mcrpmzedh VR By HEMGS3PS d@ﬁ@?ﬁ\}‘l’“pr‘%ﬁﬁ@ld}%w R 8Pt farastaileir ochl ori ¢
acid in a lolqdib&kedt &rinf (0L )ﬁ%@aﬁ&rogﬁengm 2L AYENbi ?lﬂ)%'oﬁal‘ﬁ@ to

processes for preparing a crys | i ne hydrochl oride sa

(S)-3- [(S) wjzw(llnaa:fm mmﬂb&m@}pflzagn@@mlﬁivra@éwaywely&lgldmﬁéng Peintone

enbodi a process for pr qFﬁﬁﬁﬁl fAeNydrochl oride salt of
(S)-3-] S) 1- (4- chl orophenoxy) - 2 net propf#%p?yrolldlne conprises the
steps of: (a) tTleatrésan 1avehy@ir1@taltﬂsmadefstslzkh¢ hygfrochloride salt of (S)-3-[(S)-1-(4-

(S)-3- [(S)- - r | pr 5 pol ar
sol vent to° %&B%I rsl?lgtﬁglﬁpz%@@ngﬁh%% eO%fgéch%ll{nngt’ {hg ngnt%n rQla%s &%
(S)-3-[(9) e@st@ﬂme kﬂltcnqujijkﬁems})xy}{4—<ﬂ}10mﬁiehy>t}p{2&pg»thj}lp1y)pyldpylrldl1dlee arld car boxyl i c
aci d t-but r %ilcQM h @Chlprlc acid in an inert diluent to forma
first conp LJrpshegiic agidd ?B & '8¢ a nonpol ar solvent to forma second
conposi o on fr oomedspedd of tﬂ1€1rﬁfélytﬁinaélhﬂe$1&> phycdssectol prepattngadristadlinet he | nventi on

is fornmed. parti r ste conpri se. addi ng a
non pot o BlodiE st o BTG e S B PO IR g insn i 5 coor i ng
to effect emysti@blt Z@bécONfor pReartdgid crystailcatyiRghlbhe farsaly)3ngs)siol4i ds to
yield the crystalllne hy rochlorld? salt of the inven Anot her
aspect of FHEOPPRAGHDIGHCPEPLPELPYE IIHBF%%T%S%WBQM@F??@I“E%) 3-[(9)-1- (4-

chl or ophenﬁwbchi’ormersmémppyﬁsj P4 embfogha@xy)mn@m?lp OphrFotaine wifhiaS process
conprises formng a crystalline %/drochl orid

(S) - 3- [!Ps) palaywehen o ﬁ%m?e%w)n@m Io0rHSPINEC IRy Bl 6&)/71 r(gichigraplenoxpk2-

i nvention algQl @Jyﬂ‘f)ﬁ%lfdﬁlepﬂ QY Be REEPRIALsBYwHIDBy REQFRR R idleS bk bed
herein e aspect of the invention relates to a pharmaceutica
corrp05| t i odilueahiorfpren mfrsacqmmepiaeiand (o alldige aé@r@ptaamléent@rfptr@ﬂ segaed a

crystal i ng, o%lgﬁ lﬁloﬁ{\!vﬂal ﬁi@lc s@flink ?%d §c'h[1((r§1§ t4the invention is formed.

chl or ophenoxy) - 2- et hyl propyl ['pyrro di ne nposi tions nmay optlonally
contain 300nﬁtmemcuéectemb@dlmg@rﬁtt® (bmﬂmmgesaﬁb addmmnrmidrsolag@mfbrma

ant i comypul e gent

er ot ortih RavsEeonBRL LSRR PETRR G ool o FRET LA RIAIRN fy b e
anti - i nf | amvetiog ;ohdg@nﬁ@d the@nespﬂlne@hdnoddom@wptt akthe mvhntb]nt ors, opioid
agoni sts, opi oi e serotonln re ptors,
2gom ot OB BB SRR LTIE RSP Ry
Accor di ngl yhlonophqneiy)ammbﬂhglpro@g@@ctohdlﬁaet hleoneremmlmmm thés mbt&ssrmmjsescal

conpositio conpris stalljn lt.of th vent a second
active age n&r?ofr%ft%]‘r'ﬁ%ﬂ ’i@ ah)??ésige[ﬁ)alb“ Chioé?@‘?‘é‘?xy not her aspect of
the i nvant n@myrped)pgzt prrdliding. cmérbivaatoh@rso@élatas:tblpmmagpfebaed BPiRptELNRes t he
crystalline salt of the 5 invention and a second active agent. The
crystaJllnéﬁﬁ%W@hﬂm%he i nvention can be fornul ated together or separately

fromthe additiopadsp@g@enint %ent}@ﬂ@ﬂat%@forﬂ-ﬂhaltn%eﬁﬁ@l&foﬁip@ilﬁfon cﬁ)mpnsmg a
pharmaceutically acceptable carrier may be included wt he addi t| onal

agent (s). Maigaceyaally gepcpiable sapecandgrerystdinedydigehlppdersalt af é% 3tledd-(4-

combi nat i opy8fop m@JEﬂEECﬁ%yl%ﬁJtpyH@ﬁB%inE' %,coﬁ%@sn@&lma% i QHAIG eORdih Si Ng:  a
first pharnaceuti cal ition conprisin the crystalline salt of the
i nvent i¥n ather agtivs sgsnts p@raﬁa@%ﬁﬁhéwr ya%@eaglﬁlawélww eptidepreasats sandecond
phar naceut t second
Phar mmoeut LR e PG RERLAT i R Ol bR A0 e R
cont ai ni ngidlamimagsiaegents entrérarepheempeikei iombifors, opioabagnpbte, apiad e t he fir st
and second AT, TRCEHli G@ler SRRk OMRiLALE, SERAIAhPHBLTRCCUL | cal

COI'TpOSI tio
2.




15(S)-3-[(S)-1-(4-chl orophenoxy) - 2- net hyl propyl ] pyrrol i di ne possesses
serotonin reuptake inhibitory activity and norepi nephri ne reuptake

i nhi bi t orwoaet2oes10§. The crystalline hydrochl ori de salt poft/ushoiz/oezsnpound i s
expected to have the sane activity and thus the sanme utility as a

t herapeutic agent for treating patients suffering froma di sease or

di sorder that is treated by the inhibition of the serotonin and/or the

nor epi nephrine 20 transporter. Thus, one aspect of the invention relates to
a method ofydf.enlytieg an@cmlﬁhtféhwé@@ﬂ' AUERIRS, HEKE AR bHeRf theOr
fibronmyal gia; a depressive disorder such as major depression; an affective
di sorder sUYRES. aphagRIGCRiIGH Hn9pigen conprisenihe epstalling waltof Hgﬁp@Yeae@n,w ty

di sorder; g 6ROkl élgf‘enfj hPd ﬂ%‘}m&'éﬁtlfbaﬁ? a&%@%ﬁ: bdrierS AR MpLABF Me
i ncontinence; chronic fati %ue syndr one; sity; or vasonotor sfynrptoms

associ at edlwmwnﬁéﬁéb@mm é@h@wfsapm;f apentadainAiigRethe agystelding syafitent a
therapeut i ﬁl@kﬁ%n%& Q%c'ol\ﬁ? Oi‘hetc@% ﬁ%%&l%#thé‘ﬁv&ﬁfép@m RfmdiiiEd
i nventi on. anot pec e invention relates to the use of

t he cryst aldgether Qmemmmhd frolth thm@ldltm@lmgm@) f Whert foemwtatad fpetatetye 20f

medi canment I e for
treating pornTargfrdabehdhis i BAMARKNAS Ot APASRRRILGHITHIL, o
attenti on gefancther akyopeofad unvermym dilgortdecombiogmintdf phardiasmtiddr s, stres s

urinary i ncontl nenc fo phl biti ng Set of gni n reupt ake |{1 or for
i nhi bi t i ng“HBREPIPHE r°|° P RRE R lﬁ’é’ﬁ%ﬁl ‘r?g‘rcoglé’Bséé?“sCOg‘r%‘smg

enbodi ment she@fystalmeisalv efith¢ DReraioe atl s fitsostedmitentiially addBptiile BirSeRdd ON OF THE
DRAW NGS Vari ous ﬂspect s of the. p resené invention are illustrated by
reference tGORHRMHBYSHEARSTIRGS HPRGITRIS meRSesone ahGREC™ Abwssr - r ay

di ffracti ophdrRX¥RW)icapabéRpablekarkibe TeYistcatidn A& rdlatey dy DahdPtirde: §@ht of

(S)-3-[(S)-1-(4-chl orophenoxy).- 2- rrethylprop ]pyrrolidine. FIG 2 shows a
d.fferent.akﬂg%%ﬂﬂ?ﬁgnw%wﬁwp%évﬁymw®@&$eFﬁ%%Hﬁ@?ﬁﬁ%ﬂngr@%mgwywahs and a

t her mal DNE;)mtubhgzarag@Jaw Cgﬁlaﬁﬂ_a@@t)tlchlrc%%osﬁé@ 4 shows a dynami c noisture

sorption ( ofile is a mcrographic imge. DETAI LED

DESCRI Pfl ON OF Hé [(SKNVEERFPR RO Ph PRI -2 MY R ﬁyrﬁql&medwea%w%@am i ne

hydr ochl or &é&ﬁtaﬁ@inhlbﬁt)ry(agﬁwt% dnfl Rdrepinérdhiine reuptake inhibitory activity. The

chl or ophenoxy) - 2- met hyl pr opy! ] rrolidine. Surprisingly, 'this crystalline
conpound halystaléléﬁhsfcb@nh@rﬁ@@alt e corapdugh supertcd te b thmmeésetp‘o@/@@dt 0

at mospheri g, Tie3hiie 155&8 Ygerk Rirs fref ng;

accept abl e uggfg% S?"llt r%scgpp%ln!tcyg%ln ' reﬁiréﬁ%ﬁétitgtglﬁna Igéo?ﬁ# ql].SE%EIQI NI TI ONS
When descr idisprder thehes eatad by leksinhibep o6iht saponineed/hodis nampingnhooesses of t he
lﬂé??ta 20 chiifod 8L NS R LGB ARHECHIE R BYAGIEFRLARS, KLFSS, Ot her wi se
"the" incl dlslefdel‘rwdcasmee@pahtdipag oplﬁhroaiya]‘g@r aﬂemcslsefs disbider smomésexgjoof use
clearly dictates and
“havi ny aderrapBAer S golRErbE VR SRR ERR AP an e bR ona
el enent s otlhedtert Ia]aasgnﬁthe disosleedick hedmithta; sfbds unmrbarcsmmepcreeslﬂbmg fagigant i ti es
of 1 ngredient ﬁ%ertl es such as nol ecul.ar, wej 918 reaction. condi tions,
and so fortH IP&-}J FY5i 9 V& EORp SPRP o BT SE U AE MERTPAE e BE i n al |

i nstances bymihRerihgioa patibmulthcraptiti@s$ cEARE WnSeht bNle eAkATne Asepsaiogl y, the
nunbers set forth herein are 25 approximations that may vary dependi ng upon
the desired 6Pt i es sought to be obtained by the present invention. At
lleast, and not @& abth@tak RS thOinkéntoh rdldies t@ﬂ@ds@@ﬂﬂh@&g@tﬁlhﬁ@@blﬁ&ﬁhd{ bne of
equi vaI ents to the scope of the clains, each nunb S | east be
construed fhs ipyegtien fof the menpfagigicrad snedicamets. esnseiably v the manufaptiregipl yi ng
ordinary raugdhichd @ERDFAWBSing pain disorders, depressive disorders, affective disorders,

30 attention deficit hyperactivity disorder, cognitive disorders, stress urinary incontinence, for
inhibiting serotonin reuptake in a mammal, or for inhibiting norepinephrine reuptake in a

mammal. Other aspects and embodiments of the invention are disclosed herein.



As used herein, the phrase "of the formula", "having the fornmula" or
"having the 30 structure” is not intended to be limting and is used in the
same way wbabizdee2oser m "conpri sing" is comonly used. TReTUSRoN/0mESE i ng

poi nt" as used herein nmeans the tenperature at which the maxi num
endotherm c heat flow is observed by differential scanning calorinetry, for
the thermal transition that corresponds to the solid-to-liquid phase
change. The term "pharmaceutically acceptable” refers to a materi al
that is not biologicall meEmE%mpq@onﬁcmmem@§n used in the

i nvention. For exanple, the term "pharnaceutically acceptable carrier”
refers to a nmt S#HoHP aeEt ObhmPIsELnt W(Y@‘?UQBﬁﬁtlﬂﬁﬁtﬁaﬁfigyéef?e%ﬁf)ﬁﬁ tion and

adm ni st er gdotBafiMalh ks W t hout causing unaccept abl e biol ogical effects
or interacting in an unacceptable manner with ot her conponents of the

conposi tion. SudK. prkewrecwbdecardyydiffieeept(BERE) nﬁteélr ofghacryy@lieqal | y have net
the requr K 6 t and
ol ude "t noen SR RREPoRy b R R R RO B ORI PR 70y e
U. S. Food slmdvsadyf@rstxdm swigtingtal @metry@PRE) themngTapheFKﬁ)éwhowmrldw thfrfrgbt i ve

amount " icie t e t inistered to
a patient n§1r?geecfag[ﬁﬁ§ gf(l’j',&ﬁragc? , ﬁ{ é‘%gﬁ&'os{fﬁ@na# d‘ﬂ 51%%38%@%@?& ain the
desired t hproéipedllGed shafractograploc imaganpl e, a therapeutl cally effective anmount
for treating neuropat h@é T%i ﬁﬁ@gﬁﬁgﬂg@@ﬁ@@g&&%ded to, for
exanpl e, reduce, suppr ; tons of neuropathic
pai n orl0t o trearhit fmeemiod@fdvgdemgc@&anmuﬁﬁdrwhmmarsﬂpﬁt(ﬁjKr(mailmzl- On the ot her
hand, the tlﬁrm eff tiv am)u]:i%y ?gans an .am \11 suff ci ent todgbtain a
desired re&YpEpPh %ﬂi‘ @YIRB)PY ce ‘é.‘FyS‘HB“%{n léﬁ‘éfﬁtf‘ '8¢ FEUBRAYP "#or

ex?][rpl e, wben fsﬁﬂddﬁ()tm@egleﬁqtﬁic%ﬂﬂ 6@Weﬁb§®é@1tﬂeﬁﬁﬁplﬁb€ﬂahﬁdlm&ranﬁporter, an
"effective unt" mpy be the amount needed to inhibjt norepi nephrine

r eupt ake. glo%a#lah shisepstalIHgG: Coppou anYASRT DI @gﬁwgé%@?mmweagﬁg t he
treating ohlghmzﬂg%;mof 20 a di sease or nedical condition (such as
neuropat hic pain) in a patient, such as a mammal (particularly a human),
that indl udes one or nore of the f OPEIIWTINS (@) preventing the disease or
medi cal condi ti gfef H&QPI@ME EbBSbunis, @ompd%[tf%Hi‘Yﬂe@ifpo %&ﬂr@&%s@?@ﬁth@f a
patient; (b) aneliorating the i sease or medical condition, i.e

el i mi nat i ngivertiogathe M@Wﬁ@g}?r@@éxawth@folkorvv@lgdh@éalgéwdﬁss@ﬁ@r\@aq indisefed-ti on in a
patient; (GUgHHRALCSSAAOIIE B SRASE (Hns A nERIIHIARM2S [ e, Sl owi ng
or arresting t evel opment’ of t |sease or Ical condition in a
patient; por(aﬂpordlﬂg@wrdtfomn@ unkpes gy ntprtt@mf ok ctehdy dlpgwag‘élemlsmélaue ¢eis

condi tign i DufbeBaL g 500 SEAIPLE: ol kel Duchi@RICAM BR RRARLC, Pal o
woul d inclu e preve |ng euro C romoccurrln orating

neur opat hi mapae mdd1wpbwlesmmhmdwm®11malismd®1qnmnm Aélrrdlnapletsevptaﬁsmgg t he
synptonms of n .nten ncl ude 30
hobe. mammit ARt E oo bert b Ao PRid; ey S BL s ird S e
preventi onforthhmd lar@n prces batuldgrsveid ragbetnﬁ@mbmﬁed mralldnmsmyph@wamt ion or

t reat nent p a specific disease or, medic condj t wel | as test
Subject o i i SR S oG aRT et ig b oF Pambin Sy TdviitdEed or bei ng
used i msa aﬁﬁ@ymaﬁ@ﬂ’s tlﬁxﬁlﬁiabﬂyﬂ&)eﬁ&mgﬁbormié@ésued propertlﬂsbuglitﬂ%e dbesineg used
herein are intended.to have thelr ordi nary neani ng tﬁs understgod by those

of ordi nar §Y SEiPFSCItinveRion, (At 1gagt, gl nok ag angiiteat o dinpt thepppliggtipaobfhej g
conpound Ofjodufke dfRY@MIERNGRILCER SR DAk Zach Auredsr EIRAM dt Yeast be construed

in light of the reported significant digits and by applying ordinary rounding techniques.

As used herein, the phrase "of the formula", "having the formula" or "having the
30 structure" is not intended to be limiting and is used in the same way that the term
"comprising” is commonly used.
The term "melting point” as used herein means the temperature at which the

maximum endothermic heat flow is observed by differential scanning calorimetry, for the
4



avai l abl e starting nmaterials as described below and in the Exanples. It
w Il be appreciated 5 that where typical or preferred process conditions
(i.e., resotowotmaperatures, tinmes, nole ratios of reaeCanisso11vedsvents,
pressures, etc.) are given, other process conditions can al so be used

unl ess otherwi se stated. It wll be appreciated that while specific process
conditions (i.e. crystallization tenperatures, tines, nole ratios of
reactants, solvents, pressures, etc.) are given, other process conditions

can al so becHsR Gatiii @SBatRbAGHYAER S b 861R0t0-1gRidhaR chéhdenst ances, reactions
or crystallizations were conducted at roomtenperature and no act ual

t enper at ur e nmeabifriRRPhaRRISCHtigHBRCCINaNS refaigée & matsEakthrits 1 Bivlasier at ur e
can be t akephawEaRBel MIPERALHEE L B Shibher5aRasEQIRALY associ at ed

w th the anbient tenperature in a |aboratory environnent, and wll

typi cal |y brhaimpaceiisaliappgeptafle egyaert repaCioragmatbyial thasorn, bejippoptoried infest ances,
reactions ¥shahd L&Ak ik i at ok I, and t he
temper atur S pAENEhFL P Q0T WERRiCREOMEL ERfE o ROMARTNENHLRed?
crystal | i zatintractisg wendogcegatilnmanreaivithbther gwippeerts ofthoeengosipbit ush of t he
cr ystalli ZBlrla{rQlQCeu{i&?l %Eééﬁtta?lle lnla?e?iaﬁ?ﬂ}?ﬁaﬂg%a&ealﬂet%e Ile(z@}eatsﬁgdgr(ﬁsodp the reaCt 1on
m xture by any conventional  means such as preci pi tation, concentration,

cent ri f ugataxaologival andenahnirfeeturiigiestimg] @ indtdeabosd emarialyédbniificd dyeuitablchods of

the invention.can be readil termned 20 various nethods available to
t hose ski l fng‘&tl‘ieﬁn‘({rﬁcgenésrew tlh%gjréj‘ X %dgfmé%ﬁmﬂ%ﬁ {""rati os can be readily
determiged by I1rhd\tMm "tidripenticlliy ¢&tyfive emew'hinadns an amyit SufficidntdPkediet hods
can be used to determ ne.the nolar ratio . The starti mat erial can
be readi |y FHEpEFEE" PUBRSESTHEARRIITT 1 ngod hetepf &e-s g ARORY Oﬁﬁﬁg Preed tng
reagents ushtii@ thd®sipddaBaaHIES cffdtal Farlfantydé, la thadepaitidally bffectias hmodtbrexanpl es
25 are provided in the Exanples herein. In one gnb?dinent, the starting
material i geaémgg;al}rm}p%pya & aagmougfrot compound needed to, for example, reduce,

(S) - 3- [ (S) subpleds, ehmBaRPI BRO%M reZyHBiot| o haRMIal XY pdiPbi td!tﬂé@hthé’%iﬂd@ﬂyih%
prepared by a nucleophilic aromatic substitutjon reaction (SNAr), followed
by deprlot eetion! MrERahiFdr e fIndhe etherdiend. Uroprmclepie 2motat” FFaRoehl ori de sal t
can be prepah@flsB¥icidhds 8bt¥inAiesired result, which may not necessary be a therapeutic
(S)-3-((S)-1-hydroxy-2-nethyl propyl)pyrrolidine-I-carboxylic acid t-butyl
ester (1.0reyt)F@oxaprle. whenbodunga sysicor esmuiizivge nppueRlying tiapsparteyydtt abl e
solvent, f@ ' it J v dr i D eq.). This
yields a Bé%%%%%%@g¥gggﬁﬁﬁg?%§£|a?efﬁﬁ%@h“@%ﬂ“ﬁ%ﬁﬂﬁgékﬁggloﬁgbted with 1.20
M HCL in EtOH, The tyineltebatiige od &sdatmaaht ey deeidishaar indans glal treatingrordreatnieat of

enbodi t R ri ' 23-[(S)-1-(4- r ) - 2-
nethylgﬁgpﬁ %%%??%@%%?%g9ﬂﬁ%§#‘%&?%ﬁ%ﬂéaﬁﬁglkgﬁd?%P&§2f§¥£aggggﬁ8¢% pr epar ed
by a M t suffebiculadyplhiimgn)r hatchélodes okoor rexrawpihe foltomenge 6t) erevetingllee pr epar ed by
di ssolving {S)-3-((R)51- dr.oxy- 2- met hyl pr opyl rrolidine-1-carboxylic
6 -t~ but gieRE T R gl Y R B R R S ATt 3D e

cat al yst suablicasingnthqdienyd @hadihi doadi(idn, 1.ceglininktingor sawingtragrtRioa off thent |

foll owed by. the addj.tion of an azodjcarboxyl.ate such as di. sopr I

azodi car boRpTat & Brdich Eyiond e TEAF fzpinapeng the tiseae o7 el sbediihent . ¢ he
crystaldsi ne%hs)é@lﬁiﬁ% lb} ﬂ_feigd@ tﬁlélhéve?br(nbi)iﬁ)é‘it}i[@\((%‘éhdf%? eréaiﬁ?lll@ncﬂﬂ@piara%)dtiézm; a)
treating a rochloride salt o - 3- -1- (4-chl or ophenoxy) - 2-

met hyl pr op§! %b@lfwﬂpafhﬁé_ywtpws ey t&sﬁﬁ?asg BY Detita! tnddmpn apeicat 61 uti on and
forma fir stand, aRMBASItch@E nedidfathic pasidivagldandieRPRIveAtinEUeN@Pithi PaihOr M a
second con§QS|t|on fromwhich the crystalline hydrochloride salt is forned.
The pol ar SBMAERHTING ampReraiig RPUEPHPSIRE. SPPIFETRE UERAEY Nt Hithol , et hanol
propanol , BnRtBRAMRlsymbOAR ORI athid pat 'ERAbrm ShAKED GGV ER incl VL er
acetic acid, formc acid, and the like. In one particular enbodi nent, the
pol ar s¥ véwese mamnglssuelpatripimanGais prglin yeed of gebmentiopdis¢ase prgyitien.deptat an

el evated t Qﬂ:—gb%s@rhﬂrrb%ing treated for disease prevention or treatment of a specific disease or
medical condition, as well as test subjects in which compounds of the invention are being

evaluated or being used in a assay, for example an animal model.
5.



15 ranging from about 30-70C, such as at a tenperature rangi ng from about
50-60C. In one enbodinent, the solution is heated to a tenperature of about
55C. wol2n12zn06208er enbodi ment, the crystalline hydroekiraseae/osmsis of the
i nvention can be prepared by a) deprotecting
(S)-3-[(S)-1-(4-chl orophenoxy) - 2- met hyl propyl ] pyrrolidine-1- carboxylic
acid t-butyl ester with hydrochloric acid in an inert diluent to conplete
20 dissolution and forma first conposition, and b) addi ng a nonpol ar

sol vent to for mpaosecentl edRASH bicQRtchde@d Wk elbit J@insd YchAhg bne
hydrochloride salt is fornmed. In_one enbodi ment, deprotection is done with
3 M HC1 an8ndergoqdibsthoseipf ereimpryiskillay deapenpiichfkaymgitaiat her . General |y,

di ssol ution ' S PIRNGUEGHERR JoRBBNIITRRT iRt ESn caﬁlﬂefs?rﬁh(%1z@@ﬁ98|ré’s[d1l§0| vents for
use in step bl)ﬁ of the process of the invention i nclude, by way of
aprel

i 11 ustrat i avilable staging mageriakap éwcrllpférb@meandewlle@gs@ﬁplaheﬁ Wltila&eaa@@recwted

cycl ohexan ﬁgﬁ% C

tetrachﬁbrﬁﬁggﬁggggﬁyrﬁg% er, é%?éﬁ%?@é@ﬁ é%ﬁg%gmﬁk%&%}uﬁgi 9@%ﬁ§¥e and the
like. In orﬁeioeeﬁro@ﬁtmmsolvmmepnmnmleacr)%@gwentothesprdcqssocmdnpw captafperbe The
solution ig 0 C I d of the
i nventi on. eﬁ%g%g(ﬁﬁg Egh %ﬁ g%%ﬁg %ﬁ>%ﬁ£¥h&ﬂ§g1 Sﬁkﬁg&%ggﬁgga 0 about 30
15-30C, and.ci cryaaibtahllen t@lﬂaomrmanmest tmoée naeoqxéﬂaibmne woiveatsgutssurenric.)
tenperature, After h Jﬂ q; ti$e crﬁgtals @h]% be observed. In
one enbodi MEHY Y 6§PEHCSSS§P% 606158? WP et e SR oY e JBPEP hour s, and
in one Ké)r‘rbi)ﬂlaﬂmtreacabﬁﬂr c8ysfalizhtichs Nereadmdlicteﬂ-at ohotamperatfe atd no IﬁMﬁilaI s are
observed, the volune of the nother uor C be reduced and crystals
oot at ed alraRREHmCRGEERaIEken: Lt B B RePiE RO aPF BT or

vacuum | nton@neragdriertwithdnde r@@&&drﬁh&nlﬂﬁ@o@ﬂé@ﬁvﬁﬁd}e agibyest @hperafuee al | owed
to develop.for a period of abo 5-3 hours prior to isolation. In another

ermbodi ment " HAPITHYTHEITIBRAN: ﬁ@‘? ?tléfgpw%l%bega st of Sk EIEdO #Pah 5

previ ousl ys(ﬁo@r R dthBY BE @Y, QbdcHéns DALy stalivsilodd §ereQUfducRBatobmShruean be
produced by heating the hydrochlorlde salt in a polar solvent, then cooling
t he sol kst i 8 thetemperagyewarmcaiay measwerdof seokledvent , as descri bed above.
CRYSTALLI NE PROBERMIEShe é%&ﬂizﬁfoﬂ@sr ccf'ﬁ@N&é&lhﬁQ%&table sol@s. Reeh cahsisyer ed that
formng a cr%stal i né 10 hydrochl ori de sal

(S)-3-[(9)f eq%thlhmtwphféﬁ@wyﬂlze mmn%mdwqoflmdrfmm dieneactipsmixdet ul  f or

f I 3 d
R T e A e U U
the field Ghe poladetioxdasenpediirf ﬂhﬁ a@thOdfnof theingerntipe cpebeedrily ghtegnioéd BXRD
spectranar @ar?'o%ﬁ’%[’éﬁl%ﬁst av%[lab"i‘e Q) V\E&%?Eklﬁ &QI% M ot g}!a%gleggucth% %ﬁm}o%‘ cRf gparation

and 15 i nstrune ositions are relatively Insensitive
to experi mentik decdselnm«etiby HJ\HWRDApamatemty vlascthitaaplyesl amSHBIEE rrfeduotlshcann

Exanpl e 2. Thua % one ﬂrrlnt the crystalline conmpound of the
i nvention PEYERLE 5?5?63 HTBY RUBXRD pattern having certain peak positions.
The crystalli neTmmmtg‘ldatbﬁalChlﬁlﬁa@ﬁcﬁhylpZ@ﬂreb)froﬁl Rxhr@ailyt @aiablastwtingh t he

eak 20 positi.ons are subst ant accor ce with those shown in FIG
Do aae SRk e BN Mingrosetorey e B S et SRG PR nt anoi Ly.

Al'l PXRiB3 pelalprdvrueenﬁthbmasmp\legleera@r Ik @AbBYimStDIhe 8@ ttin@Gnatdial s@r r espondi ng
background i fo each
g c{}oc%lorlde salt otr (S)-3-[(S)- E) (4- chlorophenoxy) 2-methylpropyl]pyrrolidine, which is

prepared by a nucleophilic aromatic substitution reaction (SyAr), followed by deprotection
with hydrochloric acid. For example, the hydrochloride salt can be prepared by dissolving
(S)-3-((S)-1-hydroxy-2-methylpropyl)pyrrolidine-1-carboxylic acid #-butyl ester (1.0 eq.)

30 and 1-chloro-4-fluorobenzene (3.0 eq.) in a suitable solvent, followed by the addition of
sodium hydride (NaH, 1.5 eq.). This yiclds a BOC-protected intermediate which can then
be deprotected with 1.20 M HCl in EtOH, to yield the desired hydrochloride salt. In

another embodiment, the starting material is (S)-3-[(S)-1-(4-chlorophenoxy)-2-
_6-



Thus, in one enbodi nent, the crystalline conpound is characterized by a
powder x-ray 25 diffraction (PXRD) pattern conprising diffraction peaks at
20 val ueswof2o®/008®520, 15.260.20, 19.080.20, 20.360. 20, PET/UB0@.12®2518Nnd
25.460. 20; and further characterized by having one or nore additional
diffraction peaks at 20 val ues selected from 26.420.20, 30.650. 20,
28.910. 20, 24.770.20, 14.420.20, 16.740.20, and 5.200.20. A differential
scanning calorinmetry (DSC) trace was obtained as set forth in Exanple 3.

Thus, in Oﬂﬁth‘?m%iﬂ'l PR lidide NecaBb %S lidddid ﬁ&tﬁ@%p%@hllssp@ﬁ@émtaemtm@b@y its
DSC thernD ra In one embodi nent, the crystalline conpound is

char act er i ﬁwﬁb&reactynoger PHBPIFOYE SHF SRR PEPreRHeRY dsswbitg (5539t of about
1285 WL Mo SRicltly iRy bRUITRL.. deRRpAsidd Pﬁht%q%lsmtgié‘(l Ut p-200C, as seen

in FIG 2. %raV|netr|c analysis (T orned on the

Lryot ol | - hehlownoahg (s e ot e sas oo nyshomhnb el Subadi mont
the cryst al,ne GOTROH I LG ReIAEIAT EP gt S TR ERGR ok

enbodi nment , e crystalline conpoun acteri zed GA trace
whi ch doesan@t%@hmﬂManym@mghuﬁmqahvyaﬁnunt of wei ght | oss (mhlch is

consi stent w t byt e 8580l t'hgﬁljé%@ihe fl@dré&h‘@ﬁg?@tr @%%ﬁ?&&loﬁEan grper at ures

bel ow about 200 as seen I n i ne conpound of the
i nvention bapmb@bmanﬂnmm§ahﬂk@ﬁkﬁbehﬂvﬁ&ﬂZiE&brsi@ﬂ@oﬁﬁmgnn@n/desorptlon
profile with leve 1S, 9

P vst ot DS ER Ak St e SRS Pt ol B30 ATt o el
| ess t hi@n adxopusitibn 0l beadgidg @mnpOIWWeEND@@ﬁﬁ decondRotn oBHSh fr@h avhictie

hum dity, as see 4 ) The ro ties of the cr. alline
R ouny o enatflins Bufipghiotieset infommns e BUEPRLEHS hPieAl ER G e ol o

20UTI LI TY such as mefh@)ol Zetihah8) pibphitht, Ghrop-aph aopesyamB nriitdayl, phgleid dipyolr ol i di ne
possesses serotonjn % noreplnephrlne reupt ake i nhj bjtory act|V|ty Thus,

this conpoll§r agdic gaic apidy 4pd the Nker &t preperticp PNt thePqitivent i on, s

expected t giayR 1§d@ﬁ{pamuebﬁerw bikdo¥ut @8 iPconQRide th SIeVaRidatthperAnd
nor epi nephrine reuptake inhibitor (SNRI). 25The inhibition constant (K,) of

a conpondanging femabareil 03¢ Wah B at pIGRISE TR raging dios) 3bgantd-¢ hdlhepe

'nh'b't'Oneﬁﬁ&ﬁﬁmhhﬁ&m%ﬁﬂthﬁﬁﬁﬂQ&aﬁﬁq%ﬁ&uéQﬁmB&%B@@OVters if no
radi ol i gand were present. K, values can be determ ned fromradioligand

bi ndi ng st udi eslnwm@memmﬁwbﬁhervéw(aﬂlm lwﬁ@dﬁ@m@@@hebﬁﬁ mvénttqnam@b@rter
T e S S S

in Assay 1. ese ues are in t e bi ndi ng
assay US|nQMb%@hCheﬁngVU§w¢ﬁmeMébd@muaannhenﬁdddﬁmthsmnmbw

20  dissolution and form a first composition, and b) adding a nonpolar solvent to form a second
composition from which the crystalline hydrochloride salt is formed. In one embodiment,
deprotection is done with 3 M HCl and the inert diluent is cyclopentyl methyl ether.
Generally, dissolution is conducted room temperature.

Suitable nonpolar solvents for use in step (b) of the process of the invention

25 include, by way of illustration and not limitation, pentane, cyclopentane, hexane,
cyclohexane, benzene, toluene, 1,4-dioxane, chloroform, carbon tetrachloride, diethyl
cther, diisopropyl ether, and dibutyl ether, and the like. In one embodiment, the nonpolar
solvent is diisopropyl ether. The solution is then optionally cooled to form the crystalline
compound of the invention. In one particular embodiment, the solution is cooled to about

30 15-30°C, and in another embodiment to a temperature of about room temperature. After a
suitable amount of time, crystals will be observed. In one embodiment, crystals are
observed after a period of several hours, and in one embodiment, after a period of about 1-

3 hours. After crystals are observed, the volume of the mother liquor can be reduced and
-7-



radi ol i gand (Cheng & Prusoff (1973) Bi ochem Pharnmacol. 22(23):3099-3108).
Functional |Cso values can be determned in the functional inhibition of
upt ake asweaysi2dwsewsi bed i n Assay 2. These |1 Cso val ues canThs2@ionvesng ed to
K, values using the Cheng- Prus off equation and the Kmof the transmtter
for the transporter. It is noted however, that the uptake assay conditions
described in Assay 2 are such that the 1Cso values are very close to the K,
val ues, should a mat hemati cal conversion be desired, since the

neur ot r ans felctRtalGQIGEN Hdatrie @ Tol Kutiple, Nlate@by B¥atib$ 8l dried Lh@r aswam. i s wel |
belowits K, 5 for the respective transporter. Exenpl ary assays to
det er ni ne {heesEbLiBIN R ORESENG IS¢ eiseivedbisristls aredllomatt & devplopifariamgriett i vi ty
of conpoungds,fit ¢.518 nbit¥ AL B RolBGh.ude by way of illustration and not
limtation, assays that nmeasure SERT and NET binding, for exanple, as
descri bed i n Aska@pothergmboilimens driiptheeocding stepahasolwion isrsgeded pvith

Phar macal ogj i j 3 ddition, it
is usef&l ?%Q%Hﬂg?g?%%gﬁﬁﬁgﬂgggg*t%%a%ggﬁgﬁge?% gﬁﬁgﬁng%gm%ﬂb n assay
such as t hhtatidg §ehydredhlpmdeAgk aya folarggyfuil theeaohathy selssayis thayresgues
neurotransg}&ﬁ&gogpﬁﬁ&ﬁt?§&§&ﬁrhgbagasure i nhibition of serotonin and

nor epi nephri ne Bp&a e 1nto cells expressing the respective human or rat
reconbi nant transporter (hSERT,CR/NEALLINYPROPDI)ESas described in Assay 2, and
ex vivo radioligand bindi.ng and.15 neurotransm tter .uptak ssays that are
Gsed 1o det er mi ABOTHANT UUMUESG s Ay R A RRR R A BB 0T ssue as
descri bi®d hydréddaide Salt X (He3-[ @5 $dy-shibivphenak)-Usethylprdpleyallidak gis useful

phar macol ogi cal..properties of test co unds i ncl ude those 1i st i n Assay
ol oy pRrO TS iyl DS amBRy BF el bpridiastbitiliea n
Assay 5, whivektionhada p&ity abdeupyoedi ctor of clinical efficacy for the
treatnent of neuropathic pain, d_the spinal _nerve 20 |igation npde
described in AsS&) V‘@Equ*ﬂ@n 18t BRAAT POl X 48 d{fEactipne r%%m?alﬁ et ®r mi ni ng

t he ther apeMRiDGpbtial adrd dopeddRht EXAMRRY of R0 SIARRAS it PRk PurdtBhiagYi NG
activity, of conpounds of the invention. O her properties and utilities of
conpounds HFUYRA geRresti whilcrek pesitpangisd elrtiteb N R HYe PErPBiRentah defpitsy 0 and
in vivo asaaysermBhtterkROWbdifed QS GordtkinlHx@picR. tiGs, & dne ARG MRE al |1 ne
conmpound of the invention is expected to be useful for the treatnment and/or
prevent i oncyptalipeireapouadpithe ingarfionas chiaragtrizdddyradgiR R patiomn AvingeReni ne
transporte aﬂﬂﬁﬁﬁ&%n is inplicated, in particular those conditions nedi ated
by or responsive to the inhibition of serotonin and norepi nephrine

reupt ake. Thus The drgstabnpeompdutdiatchapmteriaet by sREKRRpRitgn forohirciathdipsaase or

di sor d%O t @stitidn? altersﬁ&&a%ﬂalgyintapceogdaﬂpé \Qltlﬁ {hgpebs%fowg ﬂleFI%eEO tl"fl)(g’éle Bea@gg(ﬂeor 30 the
nor epi nephrine transporter can be treated by admnistering a

t her apeut i Gstbd elef fieotdevef dasmouding elativhatasiys tAll PKRE reanjponsidesofert he

i nvention. Suc di.cal ..condi tions .in¢luyde way pf exanple, pain

i sor ders SO e4F SUGRGHEERT trsSha R ek i Bl BN ¢ b

depressive disorders such apsa|BThéepr essiion, | afiheat|i ve di sorders such as
an anxiety -10- 100 | 2036 9 19.08

43 25.46 3 24.77

29 21.50 5 14.42

15 26.42 5 16.74

14 30.65 2 5.20

13 15.26 2 8.78

9 28.91

Thus, in one embodiment, the crystalline compound is characterized by a powder x-ray
25  diffraction (PXRD) pattern comprising diffraction peaks at 20 values of 8.78+0.20,
15.26+0.20, 19.08+0.20, 20.36+0.20, 21.50+0.20, and 25.46+0.20; and further

characterized by having one or more additional diffraction peaks at 20 values selected from

8



di sorder, attention deficit hyperactivity disorder, cognitive disorders
such as denentia, and stress urinary incontinence. The anount of
active ageotoexwsasst ered per dose or the total anount admiuseetieszsds per day
may be predetermned or it may be determ ned on an individual patient basis
by 5 taking into consideration nunerous factors, including the nature and
severity of the patient's condition, the condition being treated, the age,
wei ght, and general health of the patient, the tolerance of the patient to
the activesggentio, shesH00wt £3.9f-020Mm 4 B8t i 042+0RDardRIS020%na 3120-+0.20,

consi derations such as the activity, efficacy, pharnmacokinetics and

t oxi col ogy pr of f d&crgpiak sqanning Galpainisle AP Saherca s eipipetiassgt fatkit s bei ng

adm ni ster EQarrcl}ﬁé‘@‘. Hust Rnk kBodihbRehIBR talhe BoPRiuh&Richeuéid$liBg ik rom a

di sease or nedical condition (such as neuropathic pai ng can begin with a
predet er m REE tiksmageplor npng eabeomentit the prysfallinggonoand ise %rﬁﬁgflzsﬁgzﬁci an, and
wll conti { (o : : jorate,
suppress% , (E)yrg @e{fl fem\9 gpg&%lﬁgSl&s)d;wr?ﬁtlgan%ﬂbg@%ﬁ)ga%u{sgaf%%@%%%?‘?ﬁ%@ondi tion.
Pati ent s utdenadicognpseiodn balevabbrmn00RC] 4s segnpind®13/ be nonitored on a routine

basis to determ . f y i
treating neur og%ﬁ?ég gvé%lgt,rﬁgLﬁg%ésMr e%ﬁfasﬁ Erg&g% ? ggﬁe\/c n{eaélgfég?}ﬂ k) ?llélgtaﬁent may
i nvol ve asdessbadnt Egdmiilhd. phusi mnine smbedimettytho trybtalliee ca@ngpupd isnpr ovenent's in

the patient' s sl|leepin erns, Wwor t t endance bility tp exercise and
e anbul a ShgTare brsy FEA L EIn oGP R SR gt Ty ol 56 be
used t olOheltliprewaizedbyea BGpatacewhich dpainot dhewealny sighidicaatmosntiodiveighelost her

di .condi t i descri bed herein, 20 wel | - k to th
ki TToa i nUUHE BevsSaRiF BE0aar 15 40 AMIssBr & 10 Phie! EPBETRY CBRYSi ci an

Cont i nuous aBANRAMEC] RGedyinF@, Physician will insure that the optimal anount
of active agent_w Il be adm nistered at an iven tinme, as well as
facilitating thEho&ybRerampandgt BV PR SRRSO R e o i s of

particul ar rals e RN AELAA HYFAIRNIN Sccaftbld@lcs8s behypebsagpidifyl sher ed, as
their selection, dosage, and duration of therapy may also require 25

adj ust nent Xaple, o IncCR@PP Y ARHEHEN FIEYH REHORARCH0 SRhifs SEMBERd lesscan be
adj ust ed oy abdie 1 OO S QhintWIRH 3PN0sSPo PR 35 SelhtRWRSM; AYPMNEe0h FAGL T Ve
agent that exhibits the desired effectiveness is adm nistered and, further,
t hat adminfstration is continued only so long as is necessary to
successfully tr Hisg karfivRdi it QR0 LS9 (S 30SNRI's
have been shomﬂ?e%e tﬁlljggee %Sobg%gcfrﬁ cla 8&? lé%@%gn eﬁa‘l%ﬁnosuchﬁla@e plal{lﬂ%uﬁﬁl
di abeti ¢ neuhopsanpies(tdlovoxet i ne, Gol dstein et al. (2005) Pain 116:109-118;
venl af axj ne, Rowbotham et al. (2004) IJDT?L'IQ 110: 697-706), fibronyal gia
(dul oxetine, Russell et al. (2008) P 6(3):432-444; mlnacipran, Vitton
et al. (2004) Hran(S)-114-chRsypbbrophp?-medologylhorSRimc3®SEsseasmotonigrad ne
(venl af axine, .Ozyalcin et al..(2005) dache 45(2):144-152).. Thus, one
rbod ment POFPTREA ARk bt S eaB o TR B b . i da Rl e pa
di sorder, c@rpllinscogpoaddrofths tneeitivg, it ex@cipdtd lent thardpheicapégtdsaabpined f ecti ve
amount of the crystalli.ne conpound .of. t he_jnvention. Typically, the
t her apeut i E3PPYNEN ’F“?rEQ:‘P‘?pxlf‘Bng‘%BQf%fe ‘\‘}\PIP’ItorlS@Nﬁﬁe anount that is sufficient to
relievest he paiThe ilBitiph asnétapAIKY) HlaSOmPQID id hE botdentrabiyn WANea8d ind | ustrati on,
acute pain, persistent pain, chronic pain, infla tory pain,_ and
neur opat hi Eadbgfﬁ?ﬁd_ Re RREIop AEAY iyt ey %§%¢“P}ﬁé‘i)_(ﬁggﬁﬁé‘iaﬂsl’8‘§%%bﬁ“§t ed with or
caused by: ridliBiddiwee pRAGK RAlaMet Bbl BedeREMBET R6ih GadiAWaRBIKdiR@kthdieL ancer ,
including tumpr related pain (e.g., bone pain, headache, facial pain or
vi sceral paith) Havgx e o1 e aespierrphrvd rapsphrt@aNE B andnErapiprea. ¢or the
post - chend{ e AR YraRYBAEOSER T Y QM rbe® @545t T ITRAL K; values are derived from
30 1Cs values in the binding assay using the Cheng-Prusoff equation and the K4 of the
radioligand (Cheng & Prusoff (1973) Biochem. Pharmacol. 22(23):3099-3108).
Functional 1Csg values can be determined in the functional inhibition of uptake assays

described in Assay 2. These ICsy values can be converted to K; values using the Cheng-
9.



pai n syndrome and post-radi ation syndrone); carpal tunnel syndrone;

fi bronyal gi a; headaches including chronic tension headaches; inflammation
associ at edowntdnopmwbymmyal gi a, rheumatoid arthritis and ofCeaseeiosisis;

m grai ne; neuropathic pain including conplex regional pain syndrong;

overal |l pain; post-operative pain; shoulder pain; central 15 pain
syndrones, including post-stroke pain, and pain associated with spinal cord
injuries and multiple sclerosis; phantomlinb pain; pain associated with
Par ki nson' sridb$eq@maton aﬂdhé/mﬂhaltramlﬁer(f& tBe trardspdrict aRkinoRAMRWesNEsome) . Of
particular interest is the treatnment of neuropathic pain, which iIncludes

di abet i c pHiiuptks aaoudigpnt deycrpobg) Asspy X/arleéu%btthﬁt OYFHIChYIC VBBst - her pet i ¢
neural gi a (BEND A0 &R TRINES ARYhAGHCRAVRED Ph&LRLI, 28ch@ur opat hy. Wen
used to treat pain disorders such as neuropathic pain, conpounds of the

i nvent i on Aeyotasmiel erAnsendiaben (SrH LW on YY) aredvi the a&ah@rwa}@l%éﬁﬁmc agents,
i ncl udi ng %}ttﬂecrggb&ﬂéqﬁ}@m&ntl depressants, nuscle rel axants, NSAI Ds,

opi oi d agoni st's, "opi oi nt agoni st s, sel ective serotonin reuptake

i nhibitors, sodixempidnaenets thilgekansthe snn@tomymommrmnepbrme@wmeary
conpounds Gl i Di sorders
Aot her - emp RS R LR, Pl B AR SRV B Sl or B BRO LIRS

depr essi velmhntstmndmsaysalamprehsmien‘@imﬂmdrNET biniling, fooexamphet asedvtseréped in Assay

t her apeuti ? st.a

oo, T30 th S el SRR P EAF G e TSR St o e

anmount 1t0ha51(12)31ma‘41 @i edilitidnOit & Useful dtvaddepiidis leoel i@\ Tobindinglendaupsskase of
general well- 30 beln enpl ar.y .depr.essi di sorders include, by way of
T st at | O S S (RTE- AS do LG SEEUTAPEas EHE Al 2het mor s
di sease, bh@ﬁd)tﬁinsﬁitt‘éﬂlﬁlﬂﬂd’e,ass(iﬁﬁt@&ﬂieasﬁbliﬂh(bnﬂihtbi"@eroﬂoﬂﬂ‘nahﬂ hbrepifephBas Ki nSOl’l' S
di sease, post rryocarﬁsrI i nfarction psychosi dyst hym a; gr unpy
irritabl e BPEKTER cSUSFPERENS th F\EﬁﬁE"é’HV%Ig‘B?aé‘s%F%ﬁeco PRRjBRt tﬁ’éfﬂoétﬁ%ﬁh FlRTfpedl at ric
-12-  depr SBTA8HhDROS LIBRGRHEHSRAN QO DT BRIk QN0 r&@oﬂigamlhmg giepr essi on;
recurrent depression; single episode depr ession; and subsyndronal

Synpt ortet | BCFEREELDakofs AT Biptg wed fodesrmine thesnpie opqUpaRYORSERT. maj or

depr essi onNEgH msleiq 1 Queta e@srmt%ﬁﬁ R3al 1€ IS QIR Bat 2EORPRVRASa1Qhte t hE
invention may be adm nistered in conbination wth other therapeutic 5

agents, i nehaiaRendocigel Prapgtiessd @r@@dn®u@ﬂlud§éh®? detedh s apt- nesmlate

r eupt ake i PV RVAH t S$ re descri bed
her ei n. Pmc"%yl %geldr mscoﬁiagﬁ 1 85(2 e?rmga o‘gfsn“ggts‘%g?l 1t‘glhealélnl\%entl on

rel ates top@dm hbdingfal Qfﬂeeawlfwrgheamﬁaaﬁér@of me\ueapdih@qqadeand tb@smnal 9ENg

adm ni r D g 8 RV e 10
crystaﬁol nggaglgh%w%eldg% E(lfr% é}m Astsé}g(?]'?ﬁ%;h%r éllr%olnggr{/sg%}fg “Tve Eﬁa tgglfrl E

i ncl ude, b;he\A}wyap@ﬁnq utllinns tforatxople ahelnquodpathiopaiatelionng eu:nxnﬁtoflccdnmndj;ers such
as general xiety. di sor der ; er.sonal it sord t| ng
di sorders gﬁrﬁﬁlnvgl%boﬁlor%g%(l Broper 1esa§ %m? Ofc%mlﬁoélrn\c}% fg[ Qid 18 I{ obsessi ve
conpul si vedehantrated psigpavirioudin Soroden in pes mmlwdlycndWﬁmmesreskﬂlmdhl tas avoi dant
per sonal i tg di sorder and attention deficit hyperactivity disorder (ADHD);
post- 15t %umatic stress syndrone; phobias such as agoraphobia, as well as
si mpl e Bnd ot heThesp@gidllideCcopipolRidas thedMetnEQCis @kpdeRR@d B uspfu€ Foe iRt tred@ddent

syndr one; p chotic disorders, such as schizophrenia and mani a; seasonal
affective @t %frpa%VFn 1%3&}?5 %He&s i pyhich kg rga 1pn K BYREPURIES BPISRRITSAL i on,

mal e i npot akekon lglnﬂplfcemllﬁp&ﬁ&uahh&x%mng%dﬁt&@i& asrdpmmivetsmxual ar ousal
di sorder; social anxiety disorder; and substance aguse di sorders, including

20 cheni camhihitinard ssretoni agd aprepiaeniyiar rupaks s Hicemwested hatrhabentazepi nes,

cocai ne, heglhiflg fBCALiiA& &‘@Qoﬂ'@let'ﬂQtQﬁr@dtéd%y’ th@hidRloh R theWedoe eM@lor
syndrones that nmay arise fromthese dependénci es. Wien used to treat

af fectidde Hicsorgmerhring gaprporsabpe repded byadminigeringsntheyapeutically effective

amount of the crystalline compound of the invention. Such medical conditions include, by
way of example, pain disorders such as neuropathic pain, fibromyalgia, and chronic pain,

depressive disorders such as major depression, affective disorders such as an anxiety
-10-



adm ni stered in conbination with other therapeutic agents, including

anti depressants. Exenplary conpounds within these classes are descri bed
her ei n. 28otoroetosne, which is 10-fold NET sel ective, PSTA[SpI10/Mexs1$ Or
attention deficit hyperactivity di sorder (ADHD) therapy, and clinical

studi es have shown that the SNRI, venl af axi ne, can al so have a benefici al
effect in treating ADHD (Mikaddes et al. (2002) Eur. Neuropsychopharm
12(Supp 3):421). Thus, the crystalline conmpound of the invention is also
expect ed t @15@(@61“&%%1& ﬁdﬁcff‘ﬁ%ﬁ@ﬂ@wft@ﬂlsérﬂ&aédgﬂgw@-ﬂfs&ﬂéﬂs Qithdglibmédtia3Ad
hyperactivity di sorder by administering to a patient a therapeutically

ef fective &%ﬁﬁt‘na&fmf?%n%m%tal | i ne conpound of the invention. Wen used to
treat depressi Ofye dnRnCINLEER] dobRBdGRTRAUNGE: Abscto %e‘t&%ﬁiﬂﬁduﬁﬂad‘ﬁﬁﬂﬁs@ﬁd

adm ni stered in conbination with other therapeutic agents, including

ant i depr es ey magRe pysteteymipasigs duprydodicternine preansingiy Walepstiont gasisity.

descr i b%d Q&I’ gnﬂo c&%%%attlbﬂ E %r&?srfg851§ including t‘h@%ﬁtli]?er anﬁgm e of t he. .

i nvention relat to a net of treating a cognitlve dIS er, conprising
adni ni st er pagntsecoadipen, itlergonditiphbgingpaeatddcthe Iage Mefgét:tand/genawbhmtth ofthe he 5
crystallin sorders

et ude, by Ol AR AU R 8 R e R Y 6 Rl D 01

i ncl udes dalmmecrodugmaéccahelﬂmamra s(umagthe adtivihe effeacysplohinssgmetics and

Creutzfeld - Jakob di.sea s chor,ea, Prkln e, Pick's
i sease.  alftolRy PR AR N bRY Ry SERRT s R T A ¢
denent i 1®) , thanitte. d@fmmteneofmﬁmt ailifédingifioh d difdagcCoranddidal csmamen (mcluzn;w ng
| esi ons, traunm,,.i nféctl Ens anl(lj 10 rel ated, condi ti.ons | ncl. H V

i nf ect i on) "CHEBOPAD R Pestt WD 2 BRI aRl 93 it HOSG%? Nig by d mild

cogni tive gk hiRMia afDCilladoethusifbth RESH BOImS kehssay t@-gﬁvﬁﬁé‘aﬂ&h&fa%d menory
i npai rment, ammesi aigi di sgrder and ge rel ated cognitive decline. Wen used
to treat cOYRIESVENVEs Bendptempofdisdics ?rﬁﬂéedeaﬁ%%an oA i nvention may

be admi ni syefRdidgkubOMiAek Wal typickily B Refitord¥nNSHidcbadg@ctrmind@laudi ng
anti-Al zheiner’ s agents and anti-_ 15 Parkinson's agents. Exenplary

conpounds ﬁﬁf%qtfvweﬁwélaerWaE%@a@p@ pdisatingRsyroRathisinn, omseridlsy der

SNRI's have a0 RESIT t30aA: he ﬁ?l@ol% §:8&Lh¥R of Bk Etﬁb%técﬁlﬁﬁ{yf@me 9% St ress
urinary incontinence (Dmochowski (2003) Jour nalp Ur ol og

1259- 1263) imprapsmentiibthe@ptieibyerpmaratiens, WMM%W @hﬂmeﬂoamrglsq @ndaberret hod
for treati Ql%blﬁ&t"o@s&cu[)? F%}’e %b &ﬁh%@ﬁﬂg&ntlgag G léosdqueqat?% 4Rk Ng to a
t her apeu C

patient a tica tiv unt of e crysta conmpound of

t he i nvent i patienim hgsfédhtd@atorse%t thspﬁlers@saasqsraad gondriponddspared decregoagounds  of
t he i nugnt ed. i I I j peutic
agent s ﬁ?n%’?ﬂg?%n %ﬁ{@ggfﬁ%f%% %t a%(%%p?%%%%ﬁdg@%%w&{g Qéa ? %leéfc haglse cl asses
are descri b?enhrfmeuselhmuoﬁug b})(éiﬁlphﬁ,icianwiﬂil\ilﬁﬂure tlhst thmdﬂm@d)ﬂmgum bf mwiticahgent i al s

f I
nas recent Py BetdrPuslin P8V Ratfe 0! R fisdRrbR Ry YRS (Risael
et al. ( 206&)1t1cheofmreaﬁﬁ(18)Th4biiQ oﬂiéhﬁﬂt)cula'fhﬁuewyai @bd)nda@ ageitpay laléo bémg he

i nventi on, its. expected a |I|t t0| bit SERT and NET, is al so
expect ed tﬁgfﬂlg%’“‘tdh'f‘ssthﬂf ?9? Seign. d&%‘ée é‘H W&‘Fone SHRYETRY 25 TBHEC] nvent i on

rel at est oa@usi@thoth fhdrwdy! @atcaigeficQmict aﬁ@ddsmgec}&ymeem adpeRPoI & Ng
adm nistering to a patient a therapeutically effective m)unt of the
crystall i ngle(%%%gm 3Ry sofikat they @west grpount ot active agent that exhi 1ts e desired

effectiveness is administered and, further, that administration is continued only so long as
is necessary to successfully treat the disease or medical condition.
Pain Disorders
30 SNRIs have been shown to have a beneficial effect on pain such as painful diabetic
neuropathy (duloxetine, Goldstein et al. (2005) Pain 116:109-118; venlafaxine,
Rowbotham et al. (2004) Pain 110:697-706), fibromyalgia (duloxetine, Russell et al.

(2008) Pain 136(3):432-444; milnacipran, Vitton et al. (2004) Human
11-



Si butram ne, a norepinephri ne and dopam ne reuptake inhibitor, has been
shown to be useful in treating obesity (Wrth et al. (2001) JAVA
286(11) : MBL0o3ABEI5 The crystalline conpound of the inveaTiusaQ11iduzsigo its
expected ability to inhibit NET, is also -14- expected to have this
utility, and another enbodi nent of the invention relates to a nethod for
treating obesity, conprising admnistering to a patient a therapeutically
ef fective anmount of the crystalline conpound of the invention.

Desvenl af axlR@epr@inaediBky 191837- b@g%@hﬂml&qvénﬂfa)@lﬁeeoy ﬁerta@rQ@OSm)t ons 5
associ ated Wi th menopatise (Deecher et al. (2007) ocri nol og

148( 3) : 1376eadz8hy 45(W4C1r5%t131uﬁa| e e@h%@ﬁlﬁ@f g llﬁWétl?W\?@F?ﬁ T%me@a%fqro its
expect ed agba{tfntglé phid dhslarueplcamﬁ%l%{g ﬁfﬁqnlNErng oS RliSe a%%%ﬁt?cqll)t/ errhave this

utility, and another enbodi nent the invention relates to a nethod for
treating va@@wpﬁﬁhe§syﬁ§9klmn§0ra@@@@pé@edw@mm rrepisp b e thegapaptidaly ng

admi ni SEer g OufoBRLNIPR nBuhbE! BRENLIARILMoRILECh Y B ARRURD g fuhe

crystalllne conmpoun I nvention. Researc ' o nce the
crystalli nélscrdmpwhdledfy W&Yeafulhm@mqnowutwaeup@slsteld pem, gusmesdnbot h serotonin

reupt ake | Wa&babﬁ% 'nE{ hiy @g}ﬁ‘% Qa‘?lé. e%eBQJI#I iy tﬁ#Bﬁ&ﬁ%e gE‘H'aE’éoEla{%H

activity, IS a s a research tool
for invest wighbr cegls@lrbysamidylsrt@cliﬁamnmlunggcchtonWsW@mﬂc [uin; sawpd esludargi ng

serotonin naor. ne ne tran ter n i ol.ogi cal system or
sarpl o hav iy SUFBl BAF I atort pARIBRBHRL el e B Uit €Uy “be evpl oyea
i n suchiost udogsedvritt bancerthdrepyc@iad podteterrithdrapy dyRdrsint fdhradiic past-sirgical
Represent ati.ve bi ol ogi.cal systens Cgr éan%lgel\s Sgll t abl e fctﬁ’r sucfh studi es

i nclude, bBY™ SYETHRT PR RG9S Y REPPY): CRt! g sy R P PO gd

menbr anes, hédds&uemslaamgelsmmic:z@lhi@haebd@ﬂ@anﬁﬂanaﬁaﬁmmbﬁteﬂsmﬁh as mce, rats,
gui nea pigs,, rabbit dogs human}s1 and so forth), and the like, vmth

gs,
manmal s bePHEISHE B, fw%?laﬁﬂt?rmseapégfteoaﬁ it UG RInE; It?alioa?th@rl?%d? gof the

invention, c&RFISE RBioAalpRIARY Ak Emb;bveraMPARBosi-SpekdiivE Phih el ob¥erddnit fdngher i ng a
serotoni n reuptake-inhibiting amunt of the crystalline conmpound of the

i nvent i lon. PHR SEERMRSy inglydipg popt-aFoks PBHaREIHN 2sistatsd WillpRieheord Bilptcake in a

mammel i s LhhBikibedcibisiRFaRbSUBEY Fih: $RinBs0RRRWIEPAAIRSY's discase; and
reupt ake-inhi biting anount of the crystalline conpound of the i'nvention.

The cryst aVis¢aid peiorpeuittable bowel sypdremel & negisulal weerdseis thectepatigeniof esear ch

tool by co i sed as a

research t EQF%W%?% g%h?%aﬁ&gdeg? g‘ﬁﬂ&%rﬂé lsilélnaga[le co rgi gi ngd[gll\)s/\yek?%td;m n

t r anspor t encuaemthyr p@t-hapdisingeplgd (ﬁﬁN)r@d@b@mtbarapysindu}qu verighgratont act ed with

a serotpni u t] r u i,bitin
é?)n %uggp&fhsr.s %%Sé&g n%bt &aﬂlgilé%Fde?sr]srugleﬂ?eB{Bpgtﬁ% p&ﬁt n?[%%h nélsngf lf) g

anount "of ine conp e |1 nven e biologi cal
system or sapplos may b@)ﬂpm'sémderecbmtchmbmaimqmmﬂdmhﬂhber@eﬁ&ndgnmf1n¢lmchng)| ting
serotonin r ugt alfSal and/. [

. agticonvulsants antlgl)e renggn?pl ne eaQe tr?\gé 0 101 %glt ror{)ll qu usi ng .
conventlondf roceaures g & n? E& ure e nﬁ% Sgs % contacti ng
cells or t hmsgmmm ieﬂbctm@semmmwuﬂtak@ﬂmbnmt@dnungh'aﬂn&l clodieaund! to a mammal ,
for exanple adnmi ni tign, and so Thi s determ ning
Step may, oot ok aor%oga%n%@i h e e it P anal ys! o o
may comari se an observati on, eDepy@,gsqg@mdr@érg ve anal ysis. Measuring a
response involves, for

P Another embodlmgrrljt of the invention relates to a method of treating a depressive
disorder, comprising administering to a patient a therapeutically effective amount of the
crystalline compound of the invention. Typically, the therapeutically effective amount will
be the amount that is sufficient to alleviate depression and provide a sense of general well-

30 Dbeing. Exemplary depressive disorders include, by way of illustration and not limitation:

depression associated with Alzheimer's disease, bipolar disorder, cancer, child abuse,
infertility, Parkinson's disease, postmyocardial infarction, and psychosis; dysthymia;

grumpy or irritable old man syndrome; induced depression; major depression; pediatric
_12-



5 determning the effects of the conmpound on the biol ogical system or
sanpl e usi ng conventional procedures and equi pnent, such as serotonin and
nor epi nephoi2ne/0ewpt ake assays. The assay results can beCuwasdotio4zbes er m ne
the activity level as well as the amount of conpound necessary to achieve
the desired result, i.e., a serotonin reuptake-inhibiting and a

nor epi nephri ne reuptake-inhibiting anount. 10Additionally, the crystalline
conmpound of the invention can be used as a research tool for evaluating

ot her Chenﬁéiﬁéssﬁ@%@%ﬁ@pau?di‘deﬂr&b@n* p%sﬁjaﬁﬁmuﬁﬁlfeébhorﬂ RcesdR 8iPrigioassays to

di scover, for exa new conpounds haV|n%¥$ot serotonin

reupt ake- i ﬁ‘ﬁglénet’lﬁ?r% dgpreysiang vldaﬁﬁbpynérp@al yekrmae dersesstoak O prtiFHrt i ng
activity. iﬁb@@hﬁh@@&ﬂﬁ&noFR%oP&%@%ﬁbﬁ'W@m@&ﬁ@ﬁ#@&h@&x&@@eH@&ﬁ&%'0“ is used
as a standard in an assay to allow conparison of the 15 results obt ai ned
with a testompmpduridheaingenipr may headmipisterdd|ip pembipgion wid odfer theeppigent i on to
i dentify those VoA bre FeuBtRE fnh

reuptak§ |H%§E|t?§gm’ctlv n&?ﬁ%ﬁ%'¥3%?£exgmgﬁg?h?gdﬁﬁ E@n %ﬁgsfor a test
conpound oExam@ww&pmpwnﬂesmhmGM§©dﬁﬁssMsdﬁgmﬁdmewﬁto t he reuptake data for
the crystalline conmpound of the ipyepti] identify those test conpounds
that have the desired properties, EM%PW? ?mﬂ]sconpounds 20 havi ng

reupt ake- inhibiAmnmxan@b@h@yﬂﬁﬂnunwmqumkmmﬂt@mpﬁﬁbdpft@umgaldﬁyﬁWalIine
conmpound of inventio L nvent i on . ncludes,
o D opar ar s bR syl o s PR Err SSRARE et ng ¢ he
approprmntewaﬁmay&ﬁm@mddbh@eanahmslExﬂmﬂmheﬂkﬁs%ddaﬁﬁmnmﬂmﬂem¢wiwoﬂest
conpounds intere Thus, a test.co d can val uated in a

b of o1 cal TstlipR a5 hs it Sutiiy (i-GRAD e eiind Safed P ES e ng o

bi ol ogi cal passality2sovdet; r@ataagtce@trdemmmomOtemapfemosadeulanﬂ‘alneabs@@aay val ue;

(b) conductjng the hiol ogi y with the cryst? ne conpound of the

i nvention PIEFS&‘ AR ARy thTdé? PERIF (s O BPEPT BB TE) SUFR ¥t onduct ed

ei ther bef gyfdanBhdr@nalety IGORISHINIQRE D \Wetidit @Ip@ﬂact(»br}y,dlg@wér HORPBA! i ng the
first assa§ value fromstep (a) wth the second assay value fromstep (b).
Exenpl afy Brendigistas suxen)s phelizsiyeh seeorpbit welh%ﬁrsgmlﬁélgﬂﬁth%e r eupt ake
assays. 30%%%%@_' fafis oSN T RS AP sl/:m%@c%{% disorders, sdhEas

crystal line conpound of the invention is typically admnistered to a
patient i nsebirephrenipraed maniptigaseend effedtivafiserdapesilidyrfuagtiononetudiag i on.  Such
phar maceut | cal.:. St 3 Hapt g i) y any
acceptableb%oﬁnggé d%$%ﬂ§%r uﬁ&:_%gk aﬁﬁc‘%ﬁﬁ%ﬁnk glﬁﬁot ?ﬁ?ted to,
oral, r ect sdxuahaagyisel alisorden sedial anmh@l@@rdet,@pd @@Bta(membuswdilwgiersr makdmegmal ) and
parent I r d by those
skill e %Eﬁﬂ&? d?JeP %mep&%%gé%({]dg&glrlﬁg}t%?é (lglhtéén(%%ﬂze}&m% #Q@ﬁﬁ% g@entl on has
been for nuhabtada anil phamalarbital | .o vgéras bzahdrawa:lrsysdraﬂnbs thg nﬁayramse fromthes¢t may be
di ssolved i,n a,suit her, the Gr Y ound of the
Mvent o HebsRsEtich af kP el BEeP il diRleny Ofp Gt bl ISR MRS SRS per
day (e.g., adninseredih beﬁb1hatrm3mmrotlﬁe®ureratpmumSagdlas Iuyc)udmg"anadqaressgines. dai l y dose,
in atwce da|IX dose, in a h% ﬁ» ﬁ dos and so forth.
AccordlnglyxeIHIBﬁBmBWE@ﬂWH@ﬁ 1% 8%F%@% Fedhsict es to a pharmaceuti cal

corrposizlts! on (]3-8n@fohﬁ)kﬁgleawmblﬂiﬁ%%]dmméeﬂe}én%@Eﬂpb@bé(ﬁfoﬁ@tfd’nli@l{ deed the
crystallin canp of the invention e t1o may.__contaln
ot her t her BYSTRETEOLRd (ABHRIMSTPHGd gL o BEYer bR YRS ShELussi ng

conposi ti oRglafhife, ool ASi e hBQleﬁ@iﬁpéHéBﬁn%atHgQ\DﬂD%Nﬁlkmes aay (&osp be
referred to herein as the "active " to distinguish it from other

conponent s 6TA@h@mﬂﬁkﬁﬁﬁﬁﬁHBGhmEébﬁﬂésT@ﬁem%QWﬂF@Pe“FH&WH%@@@?|ca

conposi ti ofgefontidifsd aqseaéd BMBe LydRhIGR hiedhoGORE aédﬁnga&éﬁ%@@&mtl cally 15
effective amount of the crystalline conpound he invention. Those

ski | | edB0 nhynseactyity quqierrbéedigmszeémg Hoswearent a therapeuticably ffteftve amowaf|of
conposi ti Oﬁlemtaﬁﬁ@tc%ﬂodﬁﬁ Ptk h1‘?&}%n‘t"?0n When used to treat depression, the crystalline

compound of the invention may be administered in combination with other therapeutic

agents, including antidepressants. Exemplary compounds within these classes are
13-



therapeutically effective anmount, i.e., bulk conmpositions, or less than a
therapeutically effective anmount, i.e., individual unit doses designed for
mul ti pl e WO ®6208t i on t 0 achi eve a therapeutically ef PeTitise@1amsust .
Typically, the conposition will contain from about 20 0.01-95 wt % of active
agent, including, fromabout 0.01-30 Wt % such as from about 0.01- 10 Wt %
with the actual amount dependi ng upon the fornulation itself, the route of
adm ni stration, the frequency of dosing, and so forth. In one enbodi nent, a
conposi ti opessMbddaicg, for an oral dosage form for exanple, may contain
about 5-70 wt% or from about 10-60 w % of active agent. |In one exenplary
enbodi ment, a pharmaceutical confdgriioRsgBkeEont ai ns from about 1 to 20 ny
of active agentsndielcHBbMGhehd RMcARAMior relaes 1oa FRHBH oAelakiMEa BGEREvcand from
about 1 to 10 ng of active agent. In another exenplary enbodinent, a

phar maceut fiseiderc ermiusingadminoetngitn g ptcohs &lb@mutlsar&g'cﬁf@gﬂwglwn%ﬁheve agent ,

i ncl udi : : 0 J : active
e L e e S L R e
carri er or ilkxtedtiohend netdiynifaeon) deieritia, whieh phlnderatceenciatiad dommpesd.¢.i ons of the
| nvention. \TAGENONEE Ofcrd AR I Bleb@ R faddls BRGLPDER ol GRIDI nat i ons
of carriers or exclpienits, W epend on & hode of > adm mi St ration bei ng
used to tremk'sdispmae,tand sdndle dpatitientvasonlat ygpeenod (g dindalinfemndinianom), ord di sease
state. In this -17- . J%g’f"hdt t he. preparati on 1of. a tsui tabket.con}%&)si tion for
a parti cul SY A EF A R LR AR ORI PY M TS WESRE™6F t hose

ski | | edi0o nrdihiel q@haitiomo@ictudagl HIAT ihfectiohd dhdtabofish) tyxing anddieas] viméxci pi ent s

used in sugh. conpositigns are .conmercially avajlable. By way of . further
AR S AR R AR A S s R O R O R

Rem ngt on: mtherySaipeiitent fandidsialdiactiéread ade-Rhvddreagnitiveldiciind=dihdnaRed foi ppi ncot t
Willianms & Wi te,,,BgJést H?ms:@ Mar y] and (2000%' and H C Ansel et %I Y

Phar maceut e ICoBdsgisoplsFwihc satping Goprrung of he apysptigpamayherpdpifistergeh m

Li ppi ncot t cybihdtRRSyvitk oMk tiRrapBalctao e, erclMaledn 8N KclH8QageiReIQEENt at | ve
exanpl es of materials which can serve as pharnaceuti cal Fy accept abl e
carrierl® | Rekingen's aggits- aFxemply pempauaes Wighin theee qlaspessii drgeribstifeie®; such as

|l actose, 10 glucose and sucrose; spaLchgsSvesUCh as corn starch and potato

starch; cellulose, such as mcrocrystalline cellulose, and its derivatives,
such as sodi um akkdrynatoBeen ghomngp beeffecayhipr thedichtrientse saptd ugedry ul ose
acetate; powdRTeeLel Ty kD200 b bid;  18GhRHERLEs afdlfl as
cocoa butt e\reglg[r?ggcgépg%g?%rg( S\g@eéwrngfd S, blg‘%vctﬁg@ p%gnutm)oi I ,ﬁs’go(%{t‘%nseed
oi |, saff| emkedimiit of e saventiai rklates kd aymetbpd for roatmg oiréss arghry oybetaanasi | ;

gl ycol S r | : 2 ! erin..sorbitol,
manni to 0 aﬁ%ﬂ%gsﬁfgdtd %E‘?{Aetﬁ@%gt ?/8 gtlle?{l%e)ls Ereaggd,t%glhiﬁfegtgp eginﬁbilfltgggl){lgea S@aélﬁ% et hyl

| aur at e; ageanpoubd bf the invgntage Alen usadah trag strexg mesary imchytdhreooe, den@mddsalfum num
hydr oxi de; gl g, 881 K o RYEQ0CR:] 86 MALE L1, LBOL ANlC. SRLIAG: uder s

sol ution; ehf hyl~al co ol?; pho g\tle PUEr" &6 d |ong;pcoﬁp$e53e8 grgpel | ant
gases, suchntasnwaibaot oEkengriag avtpnsmdandhinyidsoflhyer oc desbidbeg;heitd ot her

non-t oxi ¢ conpati bl e. sub ces 20 enpl oyed . har maceuti cal conpositions.
Phar maceut | onl RUABSLE A SEUo et R Ty AT B e OBant § g

inti matzg: Y trBAtdis RBrogic fgigﬁaﬁjrﬂdgﬁﬁdﬂ%cﬂlﬁlﬁ ire}é@ntliylgﬁ_eﬁ shﬁi\xiél_l’ioae @f@f}ﬂ@-ﬁa&t&hﬂirfgﬁ! Iy
accepta e . carrirer an ne or m)re‘opt onal 1 ngre Il ents. ere utlng

ani for my. BPSREBE RGN & iy "I B a0 @R ety The erystaliie compound of the

invention, due to its expected ability to inhibit SERT and NET, is also expected to have

this utility, and another embodiment of the invention relates to a method for treating
chronic fatigue syndrome, comprising administering to a patient a therapeutically effective
30 amount of the crystalline compound of the invention.
Sibutramine, a norepinephrine and dopamine reuptake inhibitor, has been shown to
be useful in treating obesity (Wirth et al. (2001) JAMA 286(11):1331-1339). The

crystalline compound of the invention, due to its expected ability to inhibit NET, is also
_14-



| oaded into tablets, capsules, pills, canisters, cartridges, dispensers,
and the |ike, using 25 conventional procedures and equi pnent. In one
enbodi nerwQ 20tedopdear naceut i cal conpositions are suitabl ecrars2anak2s18

adm ni strati on. One exenplary dosing regi men would be an oral dosage form
adm ni stered once or twice daily. Suitable conpositions for oral

adm nistration may be in the formof capsules, tablets, pills, |ozenges,
cachets, dragees, powders, granules; solutions 30 or suspensions in an
agqueous Or ¢{fRBr@AURON tid i), dnd flokircl EmM&MBENt OF thwvgﬁndnr}eleteé tol d sthel

enul sions; elixirs or syrups; and the |ike; each containing a predeterm ned
anount of fqliéfe%’tglO\bégltag@mpﬂs‘\‘i\ﬂéﬁnlnﬁﬁeéﬁéé‘da PBIENGY BRI Ry STTREEON i n a

sol i d dosa%ﬁmh@%ﬁ%ébn@mﬂméémﬁ&ﬁﬁ&bﬁﬁcnw&ﬁmn tablets, pills, and the Iike),
the conposition wll "typical E%M rise the active agent and one or nore
phar maceut i cal IQesa@d@pmafblaéS rhiag peen shepehtogelioye sitsamotor symptemgr di cal ci um
phosphat a5 a6, abLe 1485 ngers, such
e srar oty SR8 ARy e TPedRY, G e ROP BB Tl IUSEE Lo L et

manni t ol , awdﬁbnegmmxmn¢0%medwmbwndhmgonsmgn@hidsmualbbwyﬁéRﬁwmdelIulose,
aJmnmes | , |

hurect ant SN%E’U%}]aisg‘ exlpe? eXYd lqb%(re tl‘gy ﬁtflg ag(? Qxfdthe? gl%[)&ﬁl?lerﬁ%g 1% nx%gﬁogf Iglrates ar
caIC|un1cakb@maheiﬁmotamngmnmapmmmaomsammhmaanhnwnqumaﬂ¢mm@mmgln
silicates, onat ion reta ents h

paraf 11 n: ABEERRTE R LTeR BRERL G A b P PR SR RHER i b nas.
wettingOag&nm&mnSMﬁh as cetyl al cohol and/or glycerol 10 nnnostearate
absorbents, such as kaolin and/or ?entogﬂi clay; lubricants, such as talc,
cal ci um stearate, magnesi um st ear af&¢“S61 P4 pol yet hyl ene gl ycol s, sodi um
lauryl sulfate, Silawih@éryﬁfhllﬁhélécﬁ@ohhwﬁﬁﬂé invEof id dXPeAGaD pSssedddthbuf f er i ng
agents. Rel eas ents, wetting agents, coating agents t eni ng,
flavoring Hefop8 Wwﬁﬁ&%&@f&%twqﬂ@g@w&nﬁ%@ é%tagﬁmhmoa@ﬁ@@tY% al so be
present i ncdhiguRdaraiReRpdctaad ﬁﬂ@utﬂﬁﬁ@%ieﬁéa@ﬁ&oolE@ﬁqmlsﬁ%afﬁnggﬁguhd}ﬂlgagent s for
tablets capsules, pills and like, 1nclude thgose used for enteric coatings,
such aslScePloifgisabsyaiems gt Wpivs HAYIAE WIOHN 9UAGISNNcRR A BSHEHal db e,

hydr oxypr owiablré%idﬁa@l&awstéhp&%aﬁp% e iRg ?erot@iﬁﬁ Q@&Mo@nﬁgmﬁ%ﬁﬁ%&xl ic acid
ester copolyners, celldulose acetate trinellitate, carboxynethyl ethyl

cel | ul ose, My &¢ @%plpwsipylsuqhémdws whishndydseondreted ebhes irviirnat &, vivand the | i ke.
Exanpl es o h fogRh! hapl B2 SR SndiRe!

wat er - so|uEﬁ§@%n??%§?g§%ﬁ Sy%%% &% §§%§%P§‘§g? , cygtg{%% ﬁﬂgﬁggﬁloride,
sodi um bi siimfted ®, calecticlwtrnetradss, @Lﬁbman@mbsmdﬂ, tisnus sdofpleseisolated otdams,| i ke; oil -
sol ubl n , h_.as -y I roxyani sol e,
but yl ata h{ %“0%3%“ ?&%ﬁg& 5 %@ﬁ&%@p%%%’%r H&géaﬁ & h‘?‘ﬂé‘%p%td%g £%§h§?o| and
the like; &wdikoptidl ooenals bclgg a@mmhcm ar gugtstah cmeq)antlculamnﬂqodmndnybhhedl am ne
Ak e v
controll ed rdUﬁﬂaEaBﬁlbﬁﬂngtalﬂﬁ)uﬁmﬁflthkecrﬁgﬂlmie cosipognd diyheviayentdn. emarmhﬁ

hydr oxypr o I ul ose in var pr o tlon r, ot
mair i oeb,  PHBUE LR bR Gy ph BrdeRe S RO HE NAGAA | cal
conposilsi Olﬁoﬂéf)méﬂlﬁfmb feupﬂaké RRibE 260H AT theQPRElliné cB@lp&gﬁr&fﬂleaﬂxﬁbnﬁ&y be 30
formul ated_so t hey elﬁgﬁe t he active ageq} only ?Leferentlally
in a certat ﬁ ?)réﬁ,t 1Behcomp0und of'the invention can also beused as a research too

conducting biological assays using such compound.

When used as a research tool, a biological system or sample comprising a serotonin
transporter and/or a norepinephrine transporter is typically contacted with a serotonin
30 reuptake-inhibiting or norepinephrine reuptake-inhibiting amount of the crystalline
compound of the invention. After the biological system or sample is exposed to the

compound, the effects of inhibiting serotonin reuptake and/or norepinephrine reuptake are

determined using conventional procedures and equipment. Exposure encompasses
-15-



of the gastrointestinal tract, optionally, in a delayed manner. Exanples of
enbeddi ng conpositions which can be used include polyneric substances and
waxes. Thwoaetaope20agent can al so be in mcro-encapsul at @edTfuseent/ouf518
appropriate, with one or nore of the -19- above-described excipients.
Suitable liquid dosage fornms for oral adm nistration include, by way of
illustration, pharmaceutically acceptable enul sions, m croenul sions,

sol utions, suspensions, syrups and elixirs. Liquid dosage fornms typically
conpri se t bghtRGh{ ¥dls d98RLe FNE 1RRoMPSIHY, £indik€REing Be SRS o £ REmEYRNPI €,

wat er or other solvents, solubilizing agents and emulsifiers, such as ethyl
al cohol , i &5SEEMYF byl GRbY- adwitiyration apdieatoeh. Ehipgdetcraivinasted MEnzyl al cohol |
benzyl benzgahfiec nREQRKL SREAIYGR! a qhardndtit Yh@RS @G Rbmp@idas (€. 0. .
cottonseed, groundnut, corn, germ olive, castor and sesane oils

gl ycerol, p@@rvahwﬁ@f mgﬂlhtaalv@msw ,b@awtnﬁylr@sn@nsgw@mes f@rrﬂztamahety aci d
esters af ﬁ%% in 10
suspendfgngagé@ﬁélgg?ﬁ% tm)ixt%l%é ftélﬁﬁ@% xyFé}tS T Sost ggérq{l/ al cohol s,

pol yoxyet hgdémenetionelmsodediresand equipimcntasuck gt @r@onlmmmmﬂ@phﬂmd meptdel | ul ose,

al um ni um r xtures
fhoreof | Lo KL ST Ry B BN g A I e B AR e BRES £
corrposi ti onﬁcomfpommanelcmwtt@ anmena;hebiemmdmésaUG@ iageratonini rbumldsagiebﬁmg m The
term™unit dao qge fOifl tq(ee Bta 1515; hysically discrete unit suitable
for dosi ng™® pat rient, i¢ rgupa A0 FPREHt ai ni ng a predet ermi ned quantity
of the m|ctive ageditlonaay ahd ayﬂdhﬁdbolﬂfp@dmt(ﬁ'thd’hﬁvéjﬁsh tachethat apatdehich ef f ect

ei ther al one pr i n combi nati on fM th 0N nor.e 1addlfional units. For
exanpl e, sHChOGAIY “36‘8%8%‘ GTHE" G caé’ﬂéltﬂsé%a STE6Yet'STTPTE §°8nd t he
l'ike. I'n anoditeverefsbedinfhew Edﬁﬁp(ﬁl@ﬂ@lﬁ&lntglb@ﬂlsseﬁ)ionﬁﬂ\@upt%Bhlbﬁlﬂgal’ e suitable
for inhaled 20 adm ni stration, gi W|% typ |callé be inrﬁ%he fo mof an
aerosol or AAVEBAREROrCIRAPATRG I Cr PR RLEING AIVEREn B Bis AAGY FlF‘é’tSté 188 using

wel | - knowncglghdur@ bthe BMbaeR is $¢8 Bs AfarflaRiERdh b&&Y 1o 2bY cPRPEIRLA oPthe

met er ed- dose i nhal er. Nebulizer devices ][or oduce a stream of high velocity
air that® cEyeEobined vithsdsit cpmppund aagwil thy srystafing compennd jo§ the AMentid i nt o a
patient's foqaa{urfya{hggeytestt eaﬁﬁounmh%ﬁm&we@amﬂsh@er Ifeelstmw @hibRgconpri ses
the active agent” 25 dissolved in a carrier to forma solution, or

m cr oni zedadély.cbryi retexaimple, epupiaky dasy for @teﬁtﬂompau@uw@ﬁ@mf test mi croni zed
particles tive
agent as agér?lgeoglﬁ lg%&réd%r%lﬁak%%g% th@ée‘? @0%?0{1%&?%%% ﬁlg&etli?ﬁr; stream
during i nquldattlfy)ﬂnoseetmtemmnéwmdraye }b@\ﬂ@benedpmpmmlleateagomeswmmous@s t he
active I,

BN t 6 §V1%’r¥1é8h?qu]?gllt1\4%%%lgﬂ aﬁ@éﬁ (%Jaf&)}{su Pop toatﬁglé&gttal?ﬁg COnzpfoﬂlé& g'f

conbi nat i ofte lm\hte'ﬂfm)if aMet ’élmeabpdcisaéthenm&he?mrsinduéasrarsgmrae mrebmhmerﬂs bmbunt of

the acti Ve a%erﬁr%at}'lo%lo?gom ari c?a% &gﬁr % aB%ﬁgrtiat asS%ysf\%néﬁg% %ﬁ?llyg{sﬁé %E&%{ ﬁd_adose

formul ati on rrses-a It 0h Uore S5

l'i quefied nztta)pﬁkid:rmmjz testsyamlpoaﬁls af mkkrast. ofHus,or tot @sapsund carhlyeckvalubtad incal kane.
Optional c tso such -20- | ati ons i nclude c ol vents, such as
o hanor or SHBRNb ot Bed St e s e 22 el BideiRe £ PebRsaf B o oi ¢

agidd Izascr:] [ ltV:ith 3,tesadstdn1g>hy@©rprdsmdeauﬁﬂat aswmmbfqtpmaadtﬁg&hemlaa%lbg{ apagpar ed by
a | ng cni or pressuril ze or oa ane to Sulta e cont al ner
cont ai ni ng™t ﬁéhee%sﬁta&lgle&@@ﬁ9und&%§dmentlm O S)ecﬁﬁd‘sscaﬁéfa@&r"f@&”ént (i f

present). dtep @h %Q@ﬁ&lc&d%uﬁéifb@%?es hdtor E&lﬂuﬁ@r{tly\(ﬁthaﬁ%%) hid m §Jrﬁmh¥1§d and
then conmbined with the gro pel | ant. Alternativel suspensi on fornul ati on

can be prePsrEs appy Egragonsiep kY vathcbatereny %%ayga%fc &@fnaﬁ*ﬁp (Bh FHeBwBAT zed

particles gfidshar A6dyk ‘i&f’elﬁg%émmﬂf&ﬁd h Qe HALhORupEkd 6Rs| oaded into an
aerosol canister, which orms a portl on of the [ nhal er. The crystalline
AR 3 KT A M Ek % TS

compour® of the invent
The crystalline compound of the invention is typically administered to a patient in

the form of a pharmaceutical composition or formulation. Such pharmaceutical

compositions may be administered to the patient by any acceptable route of administration
_16-



10 (e.g., by subcutaneous, intravenous, intranuscular, or intraperitoneal

i njection). For such adm nistration, the active agent is provided in a
steril e swbuvi2ome208uspensi on, or enul sion. Exenpl ary solP¢@nissoifion2sps epari ng
such formul ations include water, saline, |ow nolecular weight al cohols such
as propyl ene glycol, polyethylene glycol, oils, gelatin, fatty acid esters
such as ethyl oleate, and the like. A typical parenteral fornulation is a
sterile pH 4-7 15 aqueous solution of the active agent. Parenteral

formul ati opguamy, Bt 56t IGARIAH, DraNSR! vaFae ns@l, WitalcuzBpisal (RERBINLT zers,
preservatives, wetting agent's, enulsifiers, and di spersing agents. These
fornul ati oﬁ@nsr%%rylak)@n@l BHeriprabmedes of pdmipiytraivn. Bowavestibwill ke yndpisiopdbY e medi um
a sterilizipg &ARQGn tht kR ln8he blryﬁtﬁﬁlih@Eér%bun@BftIH@ﬁltvent-BBGr’laQSééﬁt al line
conpound of the invention can al so"be adm nistered transdermal |y 20 using
known t r anfdeplsisd, igeRy vefopgepstiversstalioe Bxmi i érmay, berbysokrdip sitalih e
conpound c?a}nae PR G A PEITRARA BAnERDBRERTRy bR UG AR AL ARY| ene

gl ycol , yet hyl'ene’ gl ycol nono urate azacyclog I'’kan-2-ones, and the

l'i ke, and ﬁm@mMm@ﬁ@tedmuwprhwpamtﬁwd¢gshm¢danﬁﬂeh%vmﬁyugy3$énW)Amdlt|ona
exci pients I rs, may be used
in such trgh dgﬂgﬂgdqggagp %B&?HH%§¥$g%£&§%@¥gggg?¢%H$’the crystalline
conmpound of theAcqmvcmely,omommqmttmdmmmthﬁ 1s‘t®t1e1dreilauesc@arbhanma¢emncahn th one or
nore ot her ther peutlc a gsitions of the
Movent on SUURORET ST GO Bar ChRaL Re g R 7 Bess G ot er d wi th
t he crysx abémpstemctomhemdntmh trheccbnmim‘bnmay Foaraiextasmh@apehficandanposi ti on may
further co e one ofr. r e Qgggs.galso referred &o as 11seconda Y
agents(s)" 8‘&% B AR TR GBS CORRYT AN Ahei Ratl e SRR W

anti convul Sﬂtm SivERvhl' eRY bBPbé frred aNhdréle pY @8 SaiivS ageai)t noﬂB@hgmmoﬂoﬁa agents,
dual serotonin- noreplnephr ne reuptaﬁe i nhibitors (SNRI's), non-steroidal

anti-infl aﬁ’ili‘ﬁrt‘@ﬂpoﬁﬁlégrﬂé q lf%%“ Sugh PEBF REPMY i ne reupt ake i nhibitors,

opi oi d agoni st spaaRIRLEtaPERBEHLES theARY@tibh @picalgowneﬁrﬁa th§1@b&ﬁ1¥:éll§ze
serotonin reupt ake inhibitors, -21- sodium channel bl ockers

synpat hiol y£ifesiye gerne ehibe aatilins camronad pf the pies. Shenipkifed Brthaytwill

therapeut i ¢8R Rovdlver, IRl Apmgmuﬁ&l L Ritibm nﬁgéorﬁmﬁtm@ﬁa@a e descri bed

herein. By combining the crystalline conpound the invention with a

secondary Hgeneutically ¢ifestiverapapy 1. @alwllbeormqaltlé%dr leps, than a hesapqugpdlly r eupt ake

I nhi bi tor yeﬂ*&tn'vé/ 5&13 nt, qgr ﬁﬂhﬁ(ﬁﬂhﬁﬂl & d’eﬁgl%datjélem{ﬂﬁpfetﬁ'dﬁlﬂﬁ 281G fo\ﬁkltlﬂ{ve and

activity associ ated e secon ary a .g., antidepressant

activity), adgrapguttmlll}yeffmveamqune ompbndht @mpsiiticewjhantrcizun doait

conposidy o el ok VRLcal to

For mui 0 PRAES P i b Atk e RPN 5181 Fol B ok BR85! G0

t wo- conpon é@th%amﬂoém tictoal arqouumdlepmld'mgsupgnihf: lfcnrmlutauald uaeﬁt ag eoumevdr

conp05|t|on CO i n three t|ve e Accordin in yet

anot her asp m]tmsg'f‘tlotnh{el ?rﬁ% ‘EhtY on Osmg’paﬁgls maé@u elem%tgf‘lrposf i lgpélsmr%lri ses the

crystalli namab]rasﬁmmdmjfdostagefdrmy&)nbxmrple mayecnmd aba@it V@ vae ot froranbbua

phar maceut i |y a ta arrier. Thir fourt etc. ctive .agents may

D6 be | nef Bl Rhaihe Euhphant PO B § Glrber) oS hount o

conpourgd otortdifs firdiv bul ovtb 10ag of sctindlident, sicRided, froasabiat Il t@ss5 maef agunt of

secondary agents, may be | ess th‘ian t he ampunt 15 typi call adm ni stered in

monot her ap§gent and from *ﬁ?@t Lol mg p %Bvec%ﬁ%fodmn%hereﬁénnlwe PERHeY be eit her

physi cal | ypRarhectudéal Ebrﬁﬂt&n%ﬁ@&ﬂ&ln@ﬁf&h ¥BouR8 @0 #8 of RNt AgcmOMRARIdg ON
cont ai ni ng both ag/ents or each agent may be present in separate and

di stinct cHRPFEPY/on® Iwmect 26t 288t Fpstamals tl@%ﬁ%lﬁ%ﬁ%@&&m@me feypuittedneousl y
or sequent g Jngangg;mgﬁgﬁm)ses the crystalline compound of the invention 20
can be conbined wth a second active agent using conventional procedures
and equifpment tAnY¥ eanierdiondeirinber cAAPISAL Mt bauschijdbe Bhasvreentics] ng t he
crystallin n nt

et onal Ty R o e S A R e et a1y
accept abl ecoabinitens pigcafrermaraxghiantyacd depand lon domalkiof edminsoatpmibsingg t he

Cr Yt ARk Rbub b RYPRE Bfine e SRR AF 1 YS: AGEM ARY 2

phar maceut i cal
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25 acceptable carrier. In this enbodi nent, the conponents of the
conposition are typically m xed or blended to create a physical m xture.
The physiwal2orioo6205e i s then adm nistered in a therapeurcralskyr1efifsegt i ve
anount using any of the routes described herein. Alternatively, the active
agents may renmain separate and distinct before admnistration to the
patient. In this enbodi nent, the agents are not physically m xed 30

t oget her before adm nistration but are adm nistered sinultaneously or at
separ ate t iJyRe, RS pRPRaiGH & aGoRIRSIdnipdfition RHE aﬁ@ﬂﬁ%&&'&ﬁ&mﬁ%ﬁa@&l packaged
separately or may be packaged together in a When adm ni stered at

separ at e t EByIthinhe scepeefdbesy skifedhin thg wharrt%ilt&al gt Peddiignallyi QUEsTeer | ess
than 24 hopg$,iaf fked ﬂ%@béﬁﬂo@&bf?@ar%orﬁrﬂ@rcﬁﬁ%ﬂ&lﬂeOfay ?ofﬁ‘{tﬁé}t' on, -22-
rangi ng anywhere fromconcurrent with admnistration of the corrpound of the
i nventi on tlystsiontcopventionpl Sorpoktionwslniqupkprs desgringdsio Rewfrgrane dha Jyiense

sequent 'Sal ﬁ}a héset (‘w}zb% Buﬁ 1t1t09q41 c%rttax*lhha{?ﬁs & U]?Qm%r t he invention
can be orally adm nistered ’sinu taneo s y or sequentially wth another
active ageMuarysidig0@Oncnd &bCetssel wial hPlomeatealit@Dobege oashaskPivge 5 agent,
where sequ i l

adm ni st ra?n}we?yo yg?ﬁ'e co 1t20‘31hg%8@g% ﬁ%@é%%wha 0?§§4n%y 1B§Jg9%98r m ned
time later (e. gReprﬁmﬁaﬂm@Lwcam@lbsemf muteﬂaﬂsrxelﬁclhmnrssrvbaslﬁra)mac,émﬂoaﬂylati vely, the
conbi nati on r t o fjout es ni.stration,

e one B ® ST R S ¥ o BRI GBS FeRR he ki
conpri ss gluf:@séshd dmmg&tai@u'emsmmphomlmgchtalﬂepcﬂamtaadﬂ beﬂ}mlo]sé) sagnpound of the
i nvention and at ast .one ad onal dos e f rm c e or nore of
the® seconadigedt bR cuiioro Rt PR S0 BP0 carry
out the netdgdsli@bsctdie cti@Bhic@ie; pbReertd fr&éaczdﬂﬁ&hgﬂ?t gf;@itﬁi} and ctdigeggcond (or
third, etc.) dosage formtogether conprise a therapeutically effective
anount of SRSPRY EOCRY BRHEE AGIUPPHEOW EEETEHY Stih %P%@ﬁ?lf&ﬂtt%lﬁeeé %i sease or

medi cal  copgdibw@ill s@ndd, bBW oil é&%ﬁqnai@cry%e@qmngl(yﬁals sWHeR prdpslengled, are
present in a ther apeut| cal | y effecti ve amount, i are typicall

adni ni stder 8ycelnpdypla selie chien, mrb'énlcla@naolméﬂoalpféfatﬂie&eaglmph Sef fushat ef fect
when co- adpindi sitar £ emyi ﬂultaﬂ:ea wo%&*f@lluhg a{g%m@qna%nﬂag%m&lﬂﬁydrsmmﬂdon The

secondary agent can be’in or m of har maceutical | accept able salt,

sol vat e, opluménain Rydpide; slg@v%@ids@w@gen %Waj,@r, Betnia salinguisingeys somde: y agents
listed beI 24 o SN ORTM; o} 149 d.are

comer ci al é&avﬁolh‘) B?%g%?e%{a}r? ﬁtﬂ)rg%gr %lsged?)h%gcgn\%{egﬁst |51(§;C'rillla[S procedures and

reagents. chloroﬂu@e«pﬂrleslenn@hydv@luamcarbmszhm;itharngn-agimompamdb tubstandsgt are not
limtedqo; mantine, rivastigmne, selegiline,
R e A

tacrine, presentative anticonvul sants
(antiepi | ept [ csI)harmszdeumie cdmytosicipies anotypickliy prejhrdddhy tR&roaghéy azlohtamtdg,
al but oi n, I 0X but r c acid amaze

ci nr o e, T BRAA AP AL O bl SERUA Rk SRR S o o
et hadi one, rmtd’rqmunal mgd@i,len&t I‘[thb msnlnng &]hlbjiim{ ldendk o siptiene yiagitign t@abmaé otin,
acosam de L L g 2L AEFPE EaCo L Br o o, ggeup sul 2o,
oxcar bansept:@Erentmalqﬁfweb@es adequipment.
In one embodiment, the pharmaceutical compositions are suitable for oral

administration. One exemplary dosing regimen would be an oral dosage form

administered once or twice daily. Suitable compositions for oral administration may be in

the form of capsules, tablets, pills, lozenges, cachets, dragees, powders, granules; solutions

30 or suspensions in an aqueous or non-aqueous liquid; oil-in-water or water-in-oil liquid
emulsions; elixirs or syrups; and the like; each containing a predetermined amount of the
active agent.

When intended for oral administration in a solid dosage form (i.e., as capsules,
18-



30 phenacem de, pheneturide, phenobarbital, phensuxim de, phenytoin,

pot assi um brom de, pregabalin, primdone, progabide, sodium brom de, sodium
val pr oat ewo=0i2tsmwre, tiagabi ne, topiranmate, trinethadi ecgusealijousiic aci d,
val prom de, vigabatrin, zonisanm de, and conbinations thereof In a
particul ar enbodi nent, the anticonvul sant is selected from -23-

car bamazepi ne, gabapentin, pregabalin, and conbinations thereof
Representative anti depressants include, but are not limted to: adi nazol am
am triptyl taBRes, FlIQEhO HRMKPE the @8 HIRIH WA ty A 1IN c8Rpike (R @tive £RhMUNERLA

hydr ochl ori de), doxepin, impramne, |ofepramne, mrtazapine,

nortri ptyl PHBorepheimergtigilymecertablepagicantusa 2s SpHBn FigRtgf AisalcMel i di ne, and
combi nat i opgoshiRE &Rflia FERLEREAL Bal YRo BEthbrisBa e NG QR RIRY SitthSs kAfchtde, but
are not limted to: anmantadi ne, aponorphi ne, benztropine, bronocriptine,
car bi dopa, magrpEsiHbYr eehilate, lagiope senperaczludoss ouapiol. andoglicigacidgrindeispexol e,
ropiniral e L I 0. i i C i QNS

{hor eof Lo e e e B b tor s
(SNRI s) i nedagidehunipgtantsr et glyderilt digintegrating agefitadieieds agarsagen kafiami ne,

dul oxeti ne il naci.pr - I I: a ' | .t her eof
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i soxepac, isoxiﬁén] ket opr of en, 20 ketorol ac, | ofem zole, |ornoxicam

mecl of enamat e, NECABPERENTENRS PEEN S NP RIAECRIS SRref i 3% @%d mesal ani ne,

i ropr of enperfihifOsdcAR OftBserAA MY MAXiIAAR 1Y ARo b@blfel;éihmncth@gﬂaﬁnadéhtﬁﬂéﬁ ul'i de,
ni trofl urbi profen, ol sal azi ne,. oxaprozin, oxpinac, _oxyphenbutazone,

pheny| bift aSURROSItIONT: FECERIAY gnatipg dgeats forgableto srrstieh, PildsAnd kg tircluds {Rski cam

sul f asal az{Q.forsifletidafingS YRMAE 881u1ds8 B MIhaldth PRIVIRG adclafPhitfafild ¢ acid,
ti oxaprofen, tolfenamc acid, 25 tolnmetin, triflum'dafe, zidonetacin,

zonepi r ac, hedigyeows| methyleelblash phtbgfte] methacpdictacidunethaceris adideetat |, t he NSAI D
: | et . . . .
I'S selec egoqggﬁn?rrs?kaﬂl%s@ﬁ?etité PRI, c%fbox%{%é{i?ﬁ%{h‘?ﬂceuhﬁgégIﬁlg%le?@'é%yl and

ket opr of en, ol'ac, nel oxi cam naproxen, oxaprozin, pi

conbi nat i onsthyhestlalofe dontate spenindte ahdthe Eld oekiampies of plremdNSMiPBIlY scospthldet ed from
i bupr ofgn, i in., k . r f.or. . naproxen
sodiunfﬁpa%&ﬂgg%%%E%ﬁ?gﬁgﬂgﬁggg%gﬁggﬂgﬁgﬁgéﬁ?%%F@%Kﬁég% g%yglaxants

i ncl ude, buydreghéoridetsolium tisdfateosodomr insteipisdthed, sodiurh el iexawloneljke; oil-

cycl obenzappie,, O 10 5a as LRI BLANSe, RRHNOFAIAATRh 2K, Q0P nat i ons

hydroxytoluene, lecithin, propyl gallate, alpha-tocopherol, and the like; and metal-
chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric acid,

25 phosphoric acid, and the like.

Compositions may also be formulated to provide slow or controlled release of the

active agent using, by way of example, hydroxypropyl methyl cellulose in varying
proportions or other polymer matrices, liposomes and/or microspheres. In addition, the
pharmaceutical compositions of the invention may contain opacifying agents and may be

30 formulated so that they release the active agent only, or preferentially, in a certain portion
of the gastrointestinal tract, optionally, in a delayed manner. Examples of embedding

compositions which can be used include polymeric substances and waxes. The active

agent can also be in micro-encapsulated form, if appropriate, with one or more of the
-19-



Represent ati ve norepi nephrine reuptake inhibitors include, but are not
limted to: -24- atonoxetine, buproprion and the buproprion netabolite

hydr oxybwwoapramszosmaproti | i ne, reboxetine (for exanpl e PCTRESY)H0ets50%et i ne) ,
vi | oxazi ne, and conbi nations thereof In a particular enbodi nent, the

nor epi nephrine reuptake inhibitor is selected from atonoxetine, reboxetine,
and conbi nati ons thereof 5Representative opioid agonists (opioid

anal gesi cs) and antagonists include, but are not limted to: buprenorphine,
but or phanolpoveRERLB&: exdipivelr ocodei ne, fentanyl, hydrocodone hydr onor phone,
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et | ot 1 no s R ARbuS SR SRRy BT e G S Ra b bR
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cl oni di ne, doxazosin, ethb}lne uanf aci ne, mpdafinil, phentol am ne,
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t ansul 0Si NinvakbnGRFYe @aéuagaﬁntahﬁﬁa@g‘age form. Tﬂg%nﬁﬂhﬂlpﬂ&isﬁ% bk feAtth @Ns
illustrate representatlve phar maceut 1 cal  conpositions of the present

i nvent ilon: PIEREAY dissretpipigsutabladontlosap a nrticat. For cach ANt LIRS Ry at i on

The CryStabkh&&nﬁﬁ%@ﬁﬂﬁﬁy@fm&Qﬁwba<§@Eﬂ&ﬂm&ﬁQpQ%mC§ﬁé@%n@&ﬂﬁQ,&ﬁﬁtose (440
g) and 30 magnesium stearate (10 g) are t oroug@» | | ended Re resul ting
sufle

conposi t i opff¢cs elth?éhlon%qd@aommajlona&rlw Qje bampie ag Bits( §@oe&@glpéﬂi such
conposi tio crystalline conpound (20
ﬁmpg F%eafgﬁﬁ@ rgaey be Qa{)ar_llllesptlalglg{] rl?ltlse 51¥d ShE Hﬁe

ng) is thoroug tarc mcrocrystalline cellul ose
(89 ngy) and nagmespthen entbedment theZomgpsitiofyef thie yatvgnigon are suitable for inhaled

20  administration, and will typically be in the form of an aerosol or a powder. Such
compositions are generally administered using well-known delivery devices, such as a
nebulizer, dry powder, or metered-dose inhaler. Nebulizer devices produce a stream of
high velocity air that causes the composition to spray as a mist that is carried into a
patient's respiratory tract. An exemplary nebulizer formulation comprises the active agent

25 dissolved in a carrier to form a solution, or micronized and combined with a carrier to form
a suspension of micronized particles of respirable size. Dry powder inhalers administer the
active agent as a free-flowing powder that is dispersed in a patient's air-stream during
inspiration. An exemplary dry powder formulation comprises the active agent dry-blended
with an excipient such as lactose, starch, mannitol, dextrose, polylactic acid, polylactide-

30 co-glycolide, and combinations therecof. Metered-dose inhalers discharge a measured
amount of the active agent using compressed propellant gas. An exemplary metered-dose
formulation comprises a solution or suspension of the active agent in a liquefied propellant,

such as a chlorofluorocarbon or hydrofluoroalkane. Optional components of such
220-



-25- is then passed through a No. 45 nmesh U.S. sieve and | oaded into a hard
gel atin capsule (200 ng of conposition per capsule). Exenplary Celatin
Capsul e Reormi2awsma For Oral Administration The crystal PCchaSecanpasngl of t he
invention (100 ng) is thoroughly blended with 5 pol yoxyet hyl ene sorbitan
nonool eate (50 ng) and starch powder (250 ng). The m xture is then | oaded
into a gelatin capsule (400 ng of conposition per capsule).

Alternately, the crystalline conmpound (40 ng) is thoroughly bl ended with

m crocryst arbRBokahditdeQs80lvAML, GBEh RIFhAd or B&and, JHkudiiehnfBARESE UM St ear at e
(0.8 my). The mixture is then |oaded into a gelatin capsule (Size #1,

White, Opatfibifantaoloatenglcd acid lesthip cuidtgXsarip euch sprapesitions medviiellyy Tabl et

For mul at i O?regé}éd@%dné‘%'ﬁm%ﬂ%? pralsud hydrofludBRK&MNS b dlitabReos@ipound of the
i nvention , starch (45 ng) and " mcrocrystalline cellul ose (35 ny)

are passedCQW@agﬁleatcm@ agon, qeasnl (@ roesent) andethe prafagiantdef prdsertd ubhprgparThe
granul eg SQs @%%ﬁeﬂe theQ%éngg ? oﬁQe@Qfﬁtﬂé}Pco 8%11?1hﬁ%91§bll§nt'\b 16 15

mesh U. sie A solutio o‘yV|n pyrroli as a 10 %
sol uti on i Altsmetivelye awespersjoni fgrnmlatiod con bdprepaidim soray oxygeedasihg of arch (4.5

mg), magnegi, aﬁttﬁo%%ﬁglzg(?g% g@%oftﬁ‘é‘é%u%@& t(]T grmuﬂltlgntqh% r%g%({%?{{tg |'s then

passed throu Sl eve he 's6dium car St ar ch,
nmagnesi um st wosat @n&mﬂ, whaticfoamea pdreon efdbkedhdler. t he granul es. After m xi ng,

the mxture is ed on a t hnet t abl e, vvelghlng
20°100 g, Al ¢ of Raperg iy pgneiyld HeinsBREE Gtk e fbnh et R oughl y

bl endediowi tdg. ,rﬁycsmb@mnsb@l intraveno@l Intth@seulad @0 intig)erit@ichl igj@eriont). okirdechf umed (10
ng), and st ar|c aci ure i en co ressed to.form

Tobi eto- ( S6ETATBI I B L B NI MG BRI A EE P SRy Ry @ al | i ne
conmpound ( #QénpTary sbisedtk ptégﬁﬁmg sotieneadativnk hckfle 6aten Sshlaferw(rﬁ&eﬁma)r
croscarnel | os um (25 ng)

| actose (12 an ium stearate (5
ng). The mWﬂgﬁ?aécq Sﬁh@ﬁ%&%lﬂ@%@é&olww %nagfg/ﬁﬂgwg gﬁ'd% ﬁt/aﬁfiet (600 ny
of conposi tdt@Nsuches eth@ml@te) andBRENRY. A WpRd SREMSdral Tormidieh &f 4 9&i1ERH 4O al
Adm ni stration hefollovmn %]égredlents are mxed to forma

suspension2@AtaPRitiag oo agtyc ageng oP Ut HdOmydHionp@RY 2o FANEAH O RN on:
| ngr edi ent §MNMEALs, stabilizers, preservatives, wetting agents, emulsifiers, and dispersing agents.

These formulations may be rendered sterile by use of a sterile injectable medium, a
sterilizing agent, filtration, irradiation, or heat.
The crystalline compound of the invention can also be administered transdermally

20 using known transdermal delivery systems and excipients. For example, the compound can
be admixed with permeation enhancers, such as propylene glycol, polyethylene glycol
monolaurate, azacycloalkan-2-ones, and the like, and incorporated into a patch or similar
delivery system. Additional excipients including gelling agents, emulsifiers and buffers,
may be used in such transdermal compositions if desired.

25 If desired, the crystalline compound of the invention may be administered in
combination with one or more other therapeutic agents. Thus, in one embodiment,
compositions of the invention may optionally contain other drugs that are co-administered
with the crystalline compound of the invention. For example, the composition may further
comprise one or more drugs (also referred to as "secondary agents(s)") selected from the

30 group of anti-Alzheimer's agents, anticonvulsants (antiepileptics), antidepressants, anti-
Parkinson's agents, dual serotonin-norepinephrine reuptake inhibitors (SNRIs), non-
steroidal anti-inflammatory agents (NSAIDs), norepinephrine reuptake inhibitors, opioid

agonists (opioid analgesics), opioid antagonists, selective serotonin reuptake inhibitors,
21-



Crystal line conpound of the inventionl.0 g Fumaric acid0.5 g Sodi um
chloride2.0 g -26- WD 2012/ 006205PCT/ US2011/ 042518 | ngr edi ent sAnpbunt

Met hyl pawabker®od®sg Propyl paraben0.05 g Granul ated sugaraB2& 1942508 bi t ol
(70% sol ution)12.85 g Veegun(r) K (magnesiumalumnumsilicate)l1l.0 g

Fl avoring0.035 nL Colorings0.5 ng Distilled waterq.s. to 100 nL Exenplary

I njectable Formul ati on For Adm nistration By Injection The
crystalline conpound of the invention (0.2 g) is blended with 0.4 M sodi um

acet ate bufd@im %hﬁél'b%kérg gm&&tholyﬂaﬂeanﬁ%oﬁf)mﬁtﬂ%s IRt NS dkaimBRs | S
adjusted to_pH 4 using aqueous drochloric acid or 0.5 aqueous

sodi um hyd P%Wlaéleraa@nﬁ@é@%%ﬁ? yell kmyvlt ﬁéhp ytypng ejemples westdsieriped hereipect i on i s

added to pB?\éblqﬁmﬁ‘l ttpéc’at&stmﬁebua;ﬁlpeﬁn@&tﬁ@qnvemsn mtﬁwéc%naa%y Sé%ﬁ{‘trfﬁlé tered
through a sterile E l'ter 22 m cron) EkOVI de a sterile solution

sui t abl e f deragy ﬁﬁtrrﬁesqc}alaﬁdohe qutqﬂnetevpt@kﬁ in mla@trvytyammmmpbm@ns For
Admi ni sty a}éuﬁﬁk&%hfbﬂ%la@ﬁ%@pand activity associated with the secondary agent (e.g.,

antidepressant activity), using only two active components. Since pharmaceutical
compositions containing two active components are typically easier to formulate than
compositions containing three active components, such two-component compositions
provide a significant advantage over compositions containing three active components.

10 Accordingly, in yet another aspect of the invention, a pharmaceutical composition
comprises the crystalline compound of the invention, a second active agent, and a
pharmaceutically acceptable carrier. Third, fourth, etc., active agents may also be included
in the composition. In combination therapy, the amount of compound of the invention that
is administered, as well as the amount of secondary agents, may be less than the amount

15 typically administered in monotherapy.

The crystalline compound of the invention may be either physically mixed with
the second active agent to form a composition containing both agents; or each agent may
be present in separate and distinct compositions which are administered to the patient
simultaneously or sequentially. For example, the crystalline compound of the invention

20  can be combined with a second active agent using conventional procedures and equipment
to form a combination of active agents comprising the crystalline compound of the
invention and a second active agent. Additionally, the active agents may be combined with
a pharmaceutically acceptable carrier to form a pharmaceutical composition comprising the
crystalline compound of the invention, a second active agent and a pharmaceutically

25 acceptable carrier. In this embodiment, the components of the composition are typically
mixed or blended to create a physical mixture. The physical mixture is then administered
in a therapeutically effective amount using any of the routes described herein.

Alternatively, the active agents may remain separate and distinct before
administration to the patient. In this embodiment, the agents are not physically mixed

30 together before administration but are administered simultaneously or at separate times as
separate compositions. Such compositions can be packaged separately or may be packaged
together in a kit. When administered at separate times, the secondary agent will typically

be administered less than 24 hours after administration of the compound of the invention,
9.



10The crystalline conpound of the invention (0.2 ng) is mcronized and then
bl ended with lactose (25 ng). This blended m xture is then |loaded into a
gel ati n iwbabetdoeavscartri dge. The contents of the cartripdfaSaria/ 042518

adm ni stered using a dry powder inhaler, for exanple. Alternately, a

m croni zed conpound of the invention (10 g) is dispersed in a 15 solution
prepared by dissolving lecithin (0.2 g) in demneralized water (200 ni).
The resulting suspension is spray dried and then micronized to forma
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Modi fi ed Eagle's Medi um
comprise a therapeutlcally effective amount of active agents for the treatment or prevention
of a disease or medical condition in a patient.

15 Secondary agent(s), when included, are present in a therapeutically effective
amount, i.e., are typically administered in an amount that produces a therapeutically
beneficial effect when co-administered with the crystalline compound of the invention.

The secondary agent can be in the form of a pharmaceutically acceptable salt, solvate,
optically pure stereoisomer, and so forth. Thus, secondary agents listed below are intended

20 to include all such forms, and are commercially available or can be prepared using
conventional procedures and reagents.

Representative anti-Alzheimer's agents include, but are not limited to: donepezil,
galantamine, memantine, rivastigmine, selegiline, tacrine, and combinations thereof.
Representative anticonvulsants (antiepileptics) include, but are not limited to:

25 acetazolamide, albutoin, 4-amino-3-hydroxybutyric acid, beclamide, carbamazepine,
cinromide, clomethiazole, clonazepam, diazepam, dimethadione, eterobarb, ethadione,
ethosuximide, ethotoin, felbamate, fosphenytoin, gabapentin, lacosamide, lamotrigine,
lorazepam, magnesium bromide, magnesium sulfate, mephenytoin, mephobarbital,
methsuximide, midazolam, nitrazepam, oxazepam, oxcarbazepine, paramethadione,

30 phenacemide, pheneturide, phenobarbital, phensuximide, phenytoin, potassium bromide,
pregabalin, primidone, progabide, sodium bromide, sodium valproate, sulthiame, tiagabine,
topiramate, trimethadione, valproic acid, valpromide, vigabatrin, zonisamide, and

combinations thereof. In a particular embodiment, the anticonvulsant is selected from
3.



DVFN, N- di net hyl f or mam de 10DVSQdi net hyl sul f oxi de

EDTAet hyl enedi am netetraacetic acid Et OAcet hyl acetate EtOHet hanol FBSf et al
bovi ne sewOrmRABEBESA- ( 2- hydr oxyet hyl ) - 1- pi per azi neet hamesaistaniog2sagi d
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abbrevi ati ons used herein but not defined have their standard, generally
accepted neaning. Unless noted otherwi se, all materials, such as reagents,
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(S)-3-( S) oXxy- 2meth yl propy pyrrofldine-l-carboxylic Acid t-Butyl
Est er Representatlve anti-Parkinson's agents include, but are not limited to: amantadine,
apomorphine, benztropine, bromocriptine, carbidopa, diphenhydramine, entacapone,
levodopa, pergolide, pramipexole, ropinirole, selegiline, tolcapone, trihexyphenidyl, and
combinations thereof.

10 Representative dual serotonin-norepinephrine reuptake inhibitors (SNRIs) include,
but are not limited to: bicifadine, desvenlafaxine, duloxetine, milnacipran, nefazodone,
venlafaxine, and combinations thereof.

Representative non-steroidal anti-inflammatory agents (NSAIDs) include, but are
not limited to: acemetacin, acetaminophen, acetyl salicylic acid, alclofenac, alminoprofen,

15 amfenac, amiprilose, amoxiprin, anirolac, apazone, azapropazone, benorilate,
benoxaprofen, bezpiperylon, broperamole, bucloxic acid, carprofen, clidanac, diclofenac,
diflunisal, diftalone, enolicam, etodolac, etoricoxib, fenbufen, fenclofenac, fenclozic acid,
fenoprofen, fentiazac, feprazone, flufenamic acid, flufenisal, fluprofen, flurbiprofen,
furofenac, ibufenac, ibuprofen, indomethacin, indoprofen, isoxepac, isoxicam, ketoprofen,

20  ketorolac, lofemizole, lornoxicam, meclofenamate, meclofenamic acid, mefenamic acid,
meloxicam, mesalamine, miroprofen, mofebutazone, nabumetone, naproxen, niflumic acid,
nimesulide, nitroflurbiprofen, olsalazine, oxaprozin, oxpinac, oxyphenbutazone,
phenylbutazone, piroxicam, pirprofen, pranoprofen, salsalate, sudoxicam, sulfasalazine,
sulindac, suprofen, tenoxicam, tiopinac, tiaprofenic acid, tioxaprofen, tolfenamic acid,

25 tolmetin, triflumidate, zidometacin, zomepirac, and combinations thereof. In a particular
embodiment, the NSAID is selected from etodolac, flurbiprofen, ibuprofen, indomethacin,
ketoprofen, ketorolac, meloxicam, naproxen, oxaprozin, piroxicam, and combinations
thereof. In a particular embodiment, the NSAID is selected from ibuprofen, indomethacin,
nabumetone, naproxen (for example, naproxen sodium), and combinations thereof.

30 Representative muscle relaxants include, but are not limited to: carisoprodol,
chlorzoxazone, cyclobenzaprine, diflunisal, metaxalone, methocarbamol, and combinations
thereof.

Representative norepinephrine reuptake inhibitors include, but are not limited to:
4.



(S)-3-Fornyl pyrrolidine-1-carboxylic acid t-butyl ester (10.0 g, 50 2 mmol)
and THF (100 nL, 1000 mmol) were conbi ned under nitrogen, and the resulting
sol uti on waxawbmwd to - 78C. 2. OM i sopropyl magnesi um chipomiuseotitn4isits- ( 30. 1
m., 60 2 nmmol) was then added dropw se over 10 minutes. The m xture was
allowed to warmto room5 tenperature slowy overnight. Then saturated
aqueous NH4C1l (100 nL) was added dropwi se to quench the reaction. The THF
was renoved under vacuum and the resulting m xture was extracted with Et0Ac

(2 x 100 mhhmoRAfhe IMBropABPATIRH: BIBGHA @b hEHL A6h, Wabhotisiad, ur at ed
aqueous Nad (1 x 1080% , then Jgﬁgd over anh?%?o}tljﬁggﬁgzsdl E)fllter ed, and

concent r at @&Omﬁm@ Heueramplse(SeY uehoxpinsdyapxagis. dicpmpaaiany thegsofaln 2phase 10
chr omat ogr ?&hé’ lz(r%%oﬁhéhp fhe n%?epgleﬁ}{rﬁlg Seupelc GR¥GiEE RO e £EOR btchidxfifsaNes) to

yield the | owi ng as clear oil
(S) - 3- (( S) reboxgyige. @Ry combypatipps ﬁlﬁ@pﬁll ypyrrolidine-l-carboxylic acid t-butyl

eSt er ( }0 i g 1§$p(%}%ﬁ%%é?)p%?€?0ys%sw aﬁaﬂ%@s%ﬂ a sts61nél1%1@(9 b&t ﬁg}e 38 ( br S,

2.94°°2.82
2 12 (m m)t hn11te920 bmplmorplmle, bBtHphandl, cpleine, dilg@rogedeintHentanyl52 - 1. 44 (m

(1 gg 31( (R ﬁ}idr%c%g r%ex C%grflrérgﬁ?ﬁet_)lﬁ g%@r%ﬂé%rl%hg&r%géfﬂegg? % X ﬁ%lg L—%m g t-butyl
ester (2. 8n@rphﬂr¢dnaélbuphinnglab3@fk1)e ndl btpINWER n@%@@lel\/hﬁtre)@h@(ﬂ)ﬂoﬁohmew -4.40, (brs,
;.H)123 ( %2 i%}’cog I%%XY?%O%#QI&%ZO&W pr(gpn%@%kg% trﬁ%la%lorln ané lgﬁmblg}arlr%pélll_i) SH)Z ,6 )
0.88 (di0 JthefeoB TnzertBirpmballiBent{, the api®agonkizis s8khted from codegesi gnnent of the
(Dl o ana NBAHO LS g8rosod R o s Sossdele CPR M er | Al { hat
el ut ed secemgladdUshdgohbih&ioanakisf.s, the 2nd el uting peak naterial was
determ ned to blge (reSserllz‘gtlve sggct%ergt':o%m rl§u takgjg}ﬁbnors (bSSRIS) 1nlg|?u%e b|1_1|te;1r|c;|ngt Hf--"T'N
Hg Y p
limited to: citalopram and the citalopram metabolite desmethylcitalopram, dapoxetine,
15 escitalopram (e.g., escitalopram oxalate), fluoxetine and the fluoxetine desmethyl
metabolite norfluoxetine, fluvoxamine (e.g., fluvoxamine maleate), paroxetine, sertraline
and the sertraline metabolite demethylsertraline, and combinations thereof. In certain
embodiments, the SSRI is selected from citalopram, paroxetine, sertraline, and
combinations thereof.
20 Representative sodium channel blockers include, but are not limited to:
carbamazepine, fosphenytoin, lamotrignine, lidocaine, mexiletine, oxcarbazepine,
phenytoin, and combinations thereof.
Representative sympatholytics include, but are not limited to: atenolol, clonidine,
doxazosin, guanethidine, guanfacine, modafinil, phentolamine, prazosin, reserpine,
25 tolazoline (e.g., tolazoline hydrochloride), tamsulosin, and combinations thereof.
The following formulations illustrate representative pharmaceutical compositions
of the present invention:
Exemplary Hard Gelatin Capsules For Oral Administration
The crystalline compound of the invention (50 g), spray-dried lactose (440 g) and
30 magnesium stearate (10 g) are thoroughly blended. The resulting composition is then
loaded into hard gelatin capsules (500 mg of composition per capsule).
Alternately, the crystalline compound (20 mg) is thoroughly blended with starch

(89 mg), microcrystalline cellulose (89 mg) and magnesium stearate (2 mg). The mixture
5.
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is then passed through a No. 45 mesh U.S. sieve and loaded into a hard gelatin capsule
(200 mg of composition per capsule).
Exemplary Gelatin Capsule Formulation For Oral Administration
The crystalline compound of the invention (100 mg) is thoroughly blended with
5 polyoxyethylene sorbitan monooleate (50 mg) and starch powder (250 mg). The mixture is
then loaded into a gelatin capsule (400 mg of composition per capsule).

Alternately, the crystalline compound (40 mg) is thoroughly blended with
microcrystalline cellulose (Avicel PH 103; 259.2 mg) and magnesium stearate (0.8 mg).
The mixture is then loaded into a gelatin capsule (Size #1, White, Opaque) (300 mg of

10 composition per capsule).
Exemplary Tablet Formulation For Oral Administration

The crystalline compound of the invention (10 mg), starch (45 mg) and
microcrystalline cellulose (35 mg) are passed through a No. 20 mesh U.S. sieve and mixed
thoroughly. The granules so produced are dried at 50-60°C and passed through a No. 16

15 mesh U.S. sieve. A solution of polyvinylpyrrolidone (4 mg as a 10 % solution in sterile
water) is mixed with sodium carboxymethyl starch (4.5 mg), magnesium stearate (0.5 mg),
and talc (1 mg), and this mixture is then passed through a No. 16 mesh U.S. sieve. The
sodium carboxymethyl starch, magnesium stearate and talc are then added to the granules.
After mixing, the mixture is compressed on a tablet machine to afford a tablet weighing

20 100 mg.

Alternately, the crystalline compound (250 mg) is thoroughly blended with
microcrystalline cellulose (400 mg), silicon dioxide fumed (10 mg), and stearic acid (5
mg). The mixture is then compressed to form tablets (665 mg of composition per tablet).

Alternately, the crystalline compound (400 mg) is thoroughly blended with

25 cornstarch (50 mg), croscarmellose sodium (25 mg), lactose (120 mg), and magnesium
stearate (5 mg). The mixture is then compressed to form a single-scored tablet (600 mg of
compositions per tablet).

Exemplary Suspension Formulation For Oral Administration
The following ingredients are mixed to form a suspension containing 100 mg of

30 active agent per 10 mL of suspension:

Ingredients Amount
Crystalline compound of the invention 10g
Fumaric acid 05¢g
Sodium chloride 20¢g
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Ingredients Amount
Methyl paraben 0.15¢
Propyl paraben 0.05¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285 ¢
Veegum® K (magnesium aluminum silicate) 1.0g
Flavoring 0.035 mL
Colorings 0.5 mg
Distilled water q.s. to 100 mL

Exemplary Injectable Formulation For Administration By Injection
The crystalline compound of the invention (0.2 g) is blended with 0.4 M sodium
acetate buffer solution (2.0 mL). The pH of the resulting solution is adjusted to pH 4 using
5 0.5 N aqueous hydrochloric acid or 0.5 N aqueous sodium hydroxide, as necessary, and
then sufficient water for injection is added to provide a total volume of 20 mL. The
mixture is then filtered through a sterile filter (0.22 micron) to provide a sterile solution
suitable for administration by injection.
Exemplary Compositions For Administration By Inhalation
10 The crystalline compound of the invention (0.2 mg) is micronized and then blended
with lactose (25 mg). This blended mixture is then loaded into a gelatin inhalation
cartridge. The contents of the cartridge are administered using a dry powder inhaler, for
example.
Alternately, a micronized compound of the invention (10 g) is dispersed in a
15 solution prepared by dissolving lecithin (0.2 g) in demineralized water (200 mL). The
resulting suspension is spray dried and then micronized to form a micronized composition
comprising particles having a mean diameter less than about 1.5 um. The micronized
composition is then loaded into metered-dose inhaler cartridges containing pressurized
1,1,1,2-tetrafluoroethane in an amount sufficient to provide about 10 ug to about 500 pug of
20  the compound of the invention per dose when administered by the inhaler.
Alternately, the crystalline compound (25 mg) is dissolved in citrate buffered (pH
5) isotonic saline (125 mL). The mixture is stirred and sonicated until the compound is
dissolved. The pH of the solution is checked and adjusted, if necessary, to pH 5 by slowly
adding aqueous IN sodium hydroxide. The solution is administered using a nebulizer
25 device that provides about 10 ug to about 500 ug of the crystalline compound per dose.
EXAMPLES
The following Preparations and Examples are provided to illustrate specific
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-0.003 Hf 2.988 3.050 -0.062 Hg Overlap with Ove Overlap with Ov ND Hg'
3.364 3.389 -0.025 ND: not determn nable Note that the first two

| etters cwonrespwmbsto the 2nd el uting peak material andPCmaseéloashetter of
t he di astereoner refers to the Mosher's ester chiral center. SRS
di astereoner: 1H, CDCl13, 6 ppm 7.60-7.51 (m 2H); 7.43 - 7.37 (m 3H); 5.04
5(dd, J= 8.0, 4.0, 1H); 3.52 (s, 3H); 3.51 -3.45 (m 1H); 3.36 (t, J= 8.4,
1H); 3.28 - 3.12 (m 1H); 3.07 -2.90 (m 1H); 2.59 -2.39 (m 1H); 1.97 -
(1680\]( m6 2Ehbodtm®fs of the Aedtih. Thbse sfecAR ctbodiBidhts, dwd3er( #te ndrinnddd t3H) ; 0. 90

8, 3H).
1imit|;26 scope of the invention in any way unless specifically indicated.
The following abbreviations have the following meanings unless otherwise
indicated and any other abbreviations used herein and not defined have their standard

5 meaning:

BOC t-butoxycarbonyl
BSA bovine serum albumin
DMEM Dulbecco's Modified Eagle's Medium
DMF N,N-dimethylformamide
10 DMSO dimethylsulfoxide
EDTA ethylenediaminetetraacetic acid
EtOAc ethyl acetate
EtOH ethanol
FBS fetal bovine serum
15 HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
PBS phosphate buffered saline
THF tetrahydrofuran

Any other abbreviations used herein but not defined have their standard, generally

accepted meaning. Unless noted otherwise, all materials, such as reagents, starting
20  materials and solvents, were purchased from commercial suppliers (such as Sigma-Aldrich,
Fluka Riedel-de Haén, and the like) and were used without further purification.

In the compounds described below, the two chiral centers are identified by the *
and ** symbols. Note that the * chiral center is known; however, the ** chiral center is not
known unambiguously and is based upon the first elution peak by reverse phase HPLC

25  from the mixture of diastercomeric intermediates (the protected alcohols).
Preparation 1

(S)-3-(¢(S)-1-Hvdroxy-2-methylpropyDpyrrolidine-1-carboxvlic Acid +~Butyl Ester

aas

8-



SRR di astereonmer: 1H, CDCl13, 6 ppm 7.62 - 7.52 (m 2H); 7.44 - 7.36 (m

3H) ; 5.06-4.98 (m 1H); 3.52 (s, 3H); 3.52-3.45 (m 1H); 3.39 (t, J=
8.8, 1H);wB.80/®64 (m 10 1H); 3.10 - 2.96 (m 1H); 2. ®0TAS20404%5m8 1H);
1.96- 1.80 (m 2H); 1.58- 1.45 (m 1H); 1.43 (s, 9H); 0.96 (m 6H . EXAMPLE
1 Crystalline Hydrochloride Salt of

15(S)-3-[(S)-1-(4-Chl orophenoxy) - 2- met hyl propyl | pyrrolidi ne crystalline
(S)-3-((S) 1- Hydr oxy- 2- et hyl propyl ) pyrrolidine-I-carboxylic acid t-butyl

ester (2.6 g, 3-FoRRY Ipy ol RiRA-darBRFlid ackd - Bt A-odref (109r0B@ N ZBRAR) 4nd- 4 1L,
32.0 nmmol , 1@). wergyrdl séol veaé |gICDIVF (12 ﬁm_ d150 g(r)rrml H (385 ny,

16. 0 mmol , T&IFeﬁlQQqnlf 1098 npwpl syverarymbierEndeitrogea eanddha Iie%}ﬂ%ng sqhigon Wés m xture

was Sti rreE’ocﬂ‘édtBOWCtQWfséﬁrHﬁﬁmﬁ es1ﬁ1gch§>gdemﬂ¥ﬁ@%l%ﬂ%o NhibHGRe- The
m xture was heated at 90 ours, then cooled to roomtenperature.

The ni xt ur élemédeéﬂtqpa@ae@dewotmmh@s( érﬂiegw(tgl@ e pllered taaighadd womh wat er (50
L The a e organic
) 8 %Hﬁ’g%%}ré Aty i Og'h ﬁié)&eh%&hﬁ%&ghﬁ {t 2 eg%d rig) 9 addd 9

| ayers wer nbi ned, concentrated. The
crude BOC- gropwese tehcheli the mactisgi dhe ThEsvas h@movm pider sebubm apd khgrresulting

chr omat ogr r, 100% f.
chr omat ogr %H qXSG (K%Be}t(&ara% 1&1@8% z?g 290?]?%%1 %%%ﬁe d gllgPllé QCQO/%MH @@S R CEt OH (150
m., 180 mnwlashed Wtk satuvatedraquamasttEi (i rxel((DO aaL)r thamirfednmperahydreusi™NmSA@8 hour s.

The sol uti gP Das oncent r eda unt H% odlyj[ el Sd r12 n ude product as a
nmono- HC1 sdi't . The“EFHbe ’ﬁB ol ol a‘fr{l VST EEAHWEE” Ph ?rglgpl?}gﬁanol (5 nL)
to pr Odllmceclalmmogr,apmm(bl g B3, 12 g crude, 50-60% diethyl ether in hexanes) to yield the
following as clear oils:
(S)-3-((S)-1-hydroxy-2-methylpropyl)pyrrolidine-1-carboxylic acid #-butyl ester
(3.8 g; 1* cluting peak). 'H NMR (400 MHz, DMSO) & 4.60 — 4.38 (brs, 1H), 3.40 — 3.22
(m, 2H), 3.28 — 3.02 (m, 2H), 2.94 — 2.82 (m, 1H), 2.28 — 2.12 (m, 1H), 1.92 — 1.82 (m,
15 1H), 1.70 - 1.56 (m, 1H), 1.52 — 1.44 (m, 1H), 1.38 (s, 9H), 0.87 (d, /= 6.8 Hz, 3H), 0.83
(d, /= 6.8 Hz, 3H).
(S)-3-((R)-1-hydroxy-2-methylpropyl)pyrrolidine- 1 -carboxylic acid #-butyl ester
(2.8 g; 2nd eluting peak). 'H NMR (400 MHz, DMSO) & 4.50 — 4.40, (brs, 1H) 3.42 —3.28
(m, 2H), 3.18 — 3.06 (m, 2H), 3.04 — 2.92 (m, 1H), 2.26 — 2.12 (m, 1H), 1.78 — 1.68 (m,
20 1H), 1.62 — 1.46 (m, 2H), 1.38 (s, 9H), 0.88 (d, /= 6.8 Hz, 3H), 0.82 (d, /= 6.7 Hz, 3H).
Assignment of the stereochemistry of the title compound was done by the Mosher
ester analysis (Dale and Mosher (1969) J. Org. Chem. 34(9):2543-2549) on the material
that eluted second. Using this analysis, the 2™ eluting peak material was determined to be

(S,R):

25

5 (SRS) -

Proton 3 (S.R.S) 5 (SRR) 5 (S, R.R)

29-



10 heated to 55C. Diisopropyl ether (25 nL) was slow y added under constant
stirring to forma honogeneous sol uti on, which was cooled to room
t enper at Wwe.20iwe208act i on vessel was scarred and seed cPEZTUEsRE10#2508Nn
heati ng and slowy cooling 100 ng of crude HCl salt using simlar
conditions) were added during the cooling process. Solids fornmed and the
solution was allowed to sit at roomtenperature for 1 hour. The solids were
filtered and 15 washed with diisopropyl ether (10 nL) to yield a white
solid (1.4 g). The filtrate was concentrated and crystakld gation was
repeated twice to YioKInd la tof&bRe) 2.4 g (PIORRS precipyst akhons) . The
precipitate was fjzgsolved in wphgr and TyopRighyzed 1o ghyg the title
conmpound as an offfpwhit crys‘tzqg(gl ne sjotid ﬁélf‘ g, 99% Bl@?sty . Alternate

I

Preparation of Titre O SWeﬂép’ﬁﬁlg'%Hr Cr@jv(gm@%g%h[ C—07\ i N

crystalline HC(PE 3 equiv H's cauiv H's ND
- - 1- hydr oxy- 2=t wipropy rrotidines rboxytic d—t-butyl ester

R) - 1-hyd U HpyT ot 0356 06’5 butyl  est

. g, nmo N . °p T phEnypProSHnT 0 41,70 g, ol , .
35.0 144 T ) ﬁcy"BJH ?h“" 58 l, 1.1

: e~ ' 5 Oyerlap widpBod [ Ovatap with Boc -

eq.), P chl or oppgiior—(o7r- 9 9 SR 1115 L ara—r ) ane
2- et hyl -tetrahyj’:[f'fur at (3003@@) wer corr‘nr}‘Zm and the’o‘ogisel purged with
nitrogen. Dii sop'%y! azo in?'gggX%Mtb &31 é'o.. ; ﬁS 1 1'3?5.5) was added
slowy at room t efBerature SVBM A Nk s PVEHE WHIY UF el was then stirred at
roomtenperature H$er night .3 0 ne resulting

m xture was stirred at roomterrp@PaPerdétefféllna@B m nutes. The phases were

separated and tRge 9@ ifest lt\%/ﬁ:fter%é:rr Qd ey ki MM%IAI@H(Y\@IEer (600
m.), washed with diluted saturated - agqueous Na f m.), then dried

over Na2SOHhinddetier ef e disgtergpmeraciRoie ﬁw@ﬂ@s@@reﬁ%teﬁ?l@raﬁré@wat e. Additional
hexanes (50 mi)gpehgadded apddde s g§§1ﬁé§ddﬂt§1h gﬁ&tﬂﬂjf 4P8S 351! 1§ 53&” 30

m nutes. Solids were filtered off” ‘cr ude BOC- pr ot ect
i nt er medi atddl, 4s 84, #Ri BK); 3i5L (s, WHi; ékﬁlwa%“c (vl Houi 36 (t.eld= By, lsH)l 3.2&—gdP

chromat ogr g (99402 90 (m, 1H); 2.59 - 2.39 (m, 1H): 1.97 — 1.80 (m, 2H); 1.59 — 1.45 (m,
1H); 1.43 (s, 9H); 0.93 (d, J = 6.8, 3H); 0.90 (d, J = 6.8, 3H).
SRR diastereomer: 1H, CDClj;, 6 ppm 7.62 — 7.52 (m, 2H); 7.44 — 7.36 (m, 3H);
5.06-4.98 (m, 1H); 3.52 (s, 3H); 3.52-3.45 (m, 1H); 3.39 (¢, J= 8.8, 1H); 3.30-3.14 (m,
10 1H); 3.10 = 2.96 (m, 1H); 2.60 — 2.40 (m, 1H); 1.96 — 1.80 (m, 2H); 1.58 — 1.45 (m, 1H);
1.43 (s, 9H); 0.96 (m, 6H).

EXAMPLE 1
Crystalline Hydrochloride Salt of
15 (S)-3-[(S)-1-(4-Chlorophenoxvy)-2-methylpropyl]pyrrolidine

PR
o<

(S)-3-((S)-1-Hydroxy-2-methylpropyl)pyrrolidine-1-carboxylic acid ¢-butyl ester
(2.6 g, 10.7 mmol, 1.0 eq.) and 1-chloro-4-fluorobenzene (3.4 mL, 32.0 mmol, 3.0 eq.)
were dissolved in DMF (12 mL, 150 mmol). NaH (385 mg, 16.0 mmol, 1.5 eq.) was

7
N

crystalline

20  slowly added in three portions, and the mixture was stirred at room temperature for 10
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5 20% Et OAc in hexanes) to yield (S)-3-[(S)-1-(4-chl orophenoxy)-2-

nmet hyl propyl ] pyrrol i di ne- 1-carboxylic acid t-butyl ester (5.5 Q).

(S)-3-[ (Syoreo&ivsor ophenoxy) - 2- met hyl propyl ] pyrrol i di meTivSe@nioaesys i ¢ aci d
t-butyl ester (24.7 g, 69.8 mol, 1.0 eq.) was conbined with 3 MHCL in

cycl opentyl nethyl ether (200 nL, 8.0 eq.). The m xture was stirred at room
tenperature overnight. Mst of 10 the solvent was renoved by rotary
evaporation to yield a thick oil. Diisopropyl ether (300 nL) was added and

the vol umeniagestun@dt nfit2vh Y TREHHEREWLONa @@ dYfoF Ohadry, tRiaRekdtd @Bmt 0 yi el d
a slurry. The slurr¥hmas stirred at roomtenperature for 2 hours, then

filtered akiperee | hedpixpagwaspaadriiskihaing (f mopdoprhekyeraes0 m) and
dried to yi®lHL 5} h%etaqﬁe'o@s 1%9&%9 R e Bod lvith he28heR Vo0RHE . T - or%'ath% Bepduct was

reslurrled in vol unes of” Et OAc 15 (room tenperature, ing 'to 50C, then

cool ed to PEErPOMEEGdaicd peder N@zmmﬂil&rqdh@quc@tre@ﬁpﬁhﬂmu@%@w@m line
solid (1%8. Jpowder
Xray it T B e g AR A o 20
PXRD di f f r &d0@tetieh cisimtyg@phKa Depddtidnvasi@ridmn) usimdi %IM lo@l mEn@,Hanal ysis

was per f or E‘i%ﬂ t1§o Eﬂe RS %H?th%%a%‘éﬁﬂéd‘aﬁr&o’hf‘é&@%%wegf&fg%@ﬂl o de of 2 (20)

per mnute p Size over a rang wo-t het a
angl e. Sanmlmnvmseomeemecbldlticbdryquairetdzthsmaéé preduched e piso- H§1 alltt Fﬁhm | ayer of
powder ed nat nmet al

e . "t e HED SR TR e R B ALER e B SL Bt ferm for
t he crysx ahéatemleo Bytd] dmﬁnbplropyde:ﬂ&a{% mlf) wdselowty ediicd omder Sorstaawiiriing tbl G 1. The

sanpl es were h round prior tq testing, in aorder to duce. particle size
e For oot AR R 8 k&P Rl o obm g, B BEGRAESHE o
powder di f%@%ﬂ@a@amms (rfﬁﬂnaEdaM@g shdfsloatly basial i oemgepialiedci altFl G 1
strongly |nd|cated t hat the cryﬁ al line hydrochlorlde 3 é possessed good
30 crystal Fih§ YiPIAERANBRE) 3rpf Gfev iR f1oy8r e At e rehts AIM<taifticng

cal orinmetr %hﬁtf&@as\éﬂ%&ﬁtbfs@'éﬁ%gmu&hﬁ&atﬁre-feﬁ‘ 1l mtc rogERoli& wete fildddiglg Q 100
nmodul e with a Thermal Anal yst controll er were col |l ected and anal yzed

usi ng TR | athed nathdésoprenyhether sHY By @r»gd%w%ﬁ@ld (k4g)-2Phefiftratg Wb e of the

crystal | i ng,dydf00hhe Efyglﬁué@do&l vk rdfagted &M@%Iym X‘@)%al BEEULALEhY Wei ghed into
a covered alum num pan.” After a 5 mnute isothermal eq U|F brati on period at
22C, the shigpipsiatigas). The precipitate was dissolved in water and lyophlhzed to give the title

compound as an off-white crystalline solid (2.4 g, 99% purity).
Alternate Preparation of Title Crystalline Hydrochloride Salt

T &

N/7—o\ \4
le) crystalline

(S)-3-((R)-1-hydroxy-2-methylpropyl)pyrrolidine- 1 -carboxylic acid #-butyl ester

20

(35.0 g, 144 mmol, 1.0 eq.), triphenylphosphine (41.5 g, 158 mmol, 1.1 eq.), p-
chlorophenol (37.0 g, 288 mmol, 2.0 eq.) and 2-methyl-tetrahydrofuran (300 mL) were
combined and the vessel purged with nitrogen. Diisopropyl azodicarboxylate (31.2 mL,

25 1.1 eq.) was added slowly at room temperature over 2 hours. The mixture was then stirred
at room temperature overnight. Hexanes (600 mL) were added and the resulting mixture
was stirred at room temperature for 30 minutes. The phases were separated and the organic
layer was washed with 1.0 M NaOH in water (600 mL), washed with diluted saturated
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5 heated using a linear heating ranp of 10C/ mn from22C to 250C. A
representative DSC thernograph is shown in FIG 2. The DSC

t her nogr apb 2devo65r at es that the crystal |l i ne hydr ochl oPciass@iviisas
excellent thermal stability with a nelting point at about 128C and no
significant thermal deconposition bel ow about 200C. 10A representative TGA
trace is shown in FIG 3, and indicates that a sanple of the crystalline
hydrochl ori de salt did not |ose any significant anount of weight fromroom

t enper at ur gqleBusAQRE.20MAL S Mnch Aric® B MaBY, tél\'yfef&l th@udosecqhott@si dual noi sture
or solvent, EXAMPLE 4 15Dynam c Mi sture Sorption Assessnment A dynamc

moi st ure sBMBEEGAC( Priond Sevan A mlaMsts addesinddle rsuwiespighae was

sor pt i on- dggRuRbi AmRLRET $&ls WeR: fH%FJdQ)rfFTE%%efld)ﬂhe thge BOYSirdlebiae
hydrochl oride salt of the invention usin at nospheric m crobal ance,

SGA- 100 sy gxamediyrias Tvgk oil, phigh é@h thegpurd 1@)51110Agg1a>hmn@tc@r@éy ¢1-10-

appr oxi nat ghoy el set at 20 the anbient
val ue a{gat géeysj—:?(gffz? r{)ﬁ% X\%%tHrS{?e?d sis. 5?_? (Q%l\/g%;thglfo |2s consi sted of a scan

rate of S%mélbfm¢wﬁpﬁmhdmetly¢ash®phm0e¢tlvlhjel chtgt (5. ﬂﬁ)m dity range of 2%

rel ative hum di t 0 ' 1 di r me

i sothermal |y at }S%g ) io(é( edh?%%}{ﬁi@w_\%é% rOPﬁIb?’f%gé g E%%m%%ihﬁgéfl% 4 The
DVS profi l butglbs;mnSMUag @8. 8tnhmd)1 t.heq. ¢Wy$¢oariti1ne|d@v1ﬂn)8dh:/[dﬁhll1mlcycdk@esal ethgls a 25

reversi ble _sorption/ deso |on rofile with ni ficant h scopicity.
The cryst aftrde bt SERTor eMelid Vit ke R S SRR P exposed
t o a brigadtheuyaivekittwas rmitged by ﬁmarg%apeiaabn wq/mdlm}dctktgﬂ UpisbproPd%hee(3a0i ve
hum dity, a | es hap. about 1. ai n osed to up.to 85%
ot i ve' it et pReRARCHE Pl S et at by ndted ySrEPmE R s st ihde oal
possesses @Wiylda sk} mad sltulrﬁkva@itlrmlgf@smahlsdratyreb@! DiudS eh altatd vl 30
hum dity LE 5 Solu and Stabjlit The crystalline ydrochl oride
salt of thw BSRKP B W ew@/ 5%98&9%@%}%%&%0’ ghl %‘.dlﬂieﬁgp yiggth
2012/ 006208K67dubl®2Rl1s 0435 Ririty). The product was reslurried in 5 volumes of EtOAc

15 (room temperature, heating to 50°C, then cooled to room temperature) to yield the title

compound as a crystalline solid (18.0 g, >99% purity).
EXAMPLE 2
Powder X-Ray Diffraction

A powder X-ray diffraction pattern (PXRD) was obtained with a Rigaku Miniflex
20 PXRD diffractometer using Cu Ka (30.0 kV, 15.0 mA) radiation. The analysis was
performed with the goniometer running in continuous-scan mode of 2° (20) per minute
with a step size of 0.03° over a range of 2 to 40° in two-theta angle. Samples were
prepared on quartz specimen holders as a thin layer of powdered material. The instrument
was calibrated with a silicon metal standard, within +0.20° two-theta angle. A
25 representative PXRD pattern for the crystalline hydrochloride salt of the invention is
shown in FIG. 1. The samples were hand ground prior to testing, in order to reduce
particle size interferences to the relative intensities.
The numerous intense powder diffraction peaks and relatively flat baseline depicted
in FIG. 1 strongly indicated that the crystalline hydrochloride salt possessed good
30 crystallinity.
EXAMPLE 3

Thermal Analysis

Differential scanning calorimetry (DSC) was performed using a TA Instruments
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in a wde pH range: SOLUBILITY CONCENTRATION (ng/m) HC1L pH 2.0 >10 50 nM
phosphat e-buffered pH 7.4 >10 un-buffered water >10 The crystalline

hydr ochl owode12mb1050f t he i nvention (10 ug/ nmL concent r atconS2aisnshas good
stability with no loss of purity after storage for 3 days at 40C.: Sol ution
Change in HPLC Peak Area (%9 50 mMcitric acid pH 2.2 100.5

Model Q-100 module with a Thermal Analyst controller. Data were collected and
analyzed using TA Instruments Thermal Solutions software. A 1.22 mg sample of the
crystalline hydrochloride salt of the invention was accurately weighed into a covered
aluminum pan. After a 5 minute isothermal equilibration period at 22°C, the sample was

5 heated using a linear heating ramp of 10°C/min from 22°C to 250°C. A representative
DSC thermograph is shown in FIG. 2.

The DSC thermograph demonstrates that the crystalline hydrochloride salt has
excellent thermal stability with a melting point at about 128°C and no significant thermal
decomposition below about 200°C.

10 A representative TGA trace is shown in FIG. 3, and indicates that a sample of the
crystalline hydrochloride salt did not lose any significant amount of weight from room

temperature to 200°C, which is consistent with the loss of residual moisture or solvent.

EXAMPLE 4

15 Dynamic Moisture Sorption Assessment

A dynamic moisture sorption (DMS) assessment (also known as a moisture
sorption-desorption profile) was performed for the crystalline hydrochloride salt of the
invention using a VTT atmospheric microbalance, SGA-100 system (VTI Corp., Hialeah,
FL 33016). A sample size of approximately 2.73 mg was used and the humidity was set at

20 the ambient value at the start of the analysis. The DMS analysis consisted of a scan rate of
5% relative humidity/step over the full humidity range of 2% relative humidity to 90%
relative humidity. The DMS run was performed isothermally at 25°C. A representative
DMS profile is shown in FIG. 4.

The DMS profile demonstrates that the crystalline hydrochloride salt has a

25 reversible sorption/desorption profile with insignificant hygroscopicity. The crystalline
hydrochloride salt has a small weight gain when it exposed to a broad humidity range from
2% relative humidity up to 90% relative humidity, and less than about 1.0% weight gain
when exposed to up to 85% relative humidity, which indicates that the crystalline
hydrochloride salt possesses only a minimal risk of hygroscopicity below 85% relative

30  humidity.

EXAMPLE 5
Solubility and Stability

The crystalline hydrochloride salt of the invention has very good aqueous solubility
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50 nmM phosphate-buffered pH 7.4 100.0 5 The crystalline hydrochloride salt
of the invention also has good stability at roomtenperature with no

degr adat iw0 2012600688 days at concentrations of 1 ng/nL amdTAG20my/mis518 ASSAY 1
10hSERT, hNET, and hDAT Bi ndi ng Assays Menbr ane radi ol i gand bi ndi ng
assays were used to neasure inhibition of |abeled |igand (3H-cital opram or
3H ni soxetine or 3H WN35428) binding to nenbranes prepared fromcells
expressing the respective human reconbi nant transporter (hSERT or hNET or

hDAT) in opdegidegHdetiRr m ne the pK, values of test conmpounds at the
transporters. 15 nbrane Preparation FromCells Expressing hSERT, hNET, or

hDAT Reconti nant _hBghHBHAYyoni c k| HANCENRATION (mgdptijed cel | | nes
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concentration ofiﬁ:@aﬂ}fﬁﬁ’m@@ﬁaﬁmﬁqﬂ%w was det etMWhed usi ng la Bi o- Rad

Bradf ord Protein Assay kit. Menbranes were snap frozen and stored at -80C.
Chi nese hafRt Gy <AMAL by dRAREAD &3 IR iRl BTN LEHRIM he \Weke pur chased
from Per ki nE%arrgsf and ystor ed1 at -80C.1 -341- aI13| ndi ng Assa;l/s Bi ndi ng assays
wer e per f otampdraiute with go dedradatigsaner g0 dave at gpngentigties of bimgml afd YOO pi assay
buf fer (50 Jris-HCL, 120mM NaCl, 5nM KC1l, pH 7.4) with 0.5, 1, and 3 pg
menbrane protein, for SERT, NET and DAT, respectively. Saturation binding
studies, to 5 determ ne radioligand Kdsamal ues for 3H cital opram

3H ni soxetine, or 3H W N35 ecti were, conducted using 12

di ffergl)rﬁ)t radi ol i gand concen rTa%Ii@%ﬁsaergég?%éé’%nrgoAn%S@SOOS- 10 nM

(3H ci t al opr am MeMbie 2diohiMrd3thdn soxgt wae)usahtd nika@sd hhibhlonIFHBERBS5428) .

I nhi bi ti . f det inati. .of test d
conduct ed TR 1TSS Of ¢ G opeA o ok g Hek HF et R PO

from cells expressing the respective human recombinant transporter (hSERT or hNET or

hDAT) in order to determine the pK; values of test compounds at the transporters.

15 Membrane Preparation From Cells Expressing hSERT, hNET, or hDAT

Recombinant human embryonic kidney (HEK-293) derived cell lines stably

transfected with hSERT or hNET, respectively, were grown in Dulbecco's Modified
Eagle's Medium (DMEM) medium supplemented with 10% dialyzed FBS (for hSERT) or
FBS (for hNET), 100 pg/ml penicillin, 100 ug/ml streptomycin, 2 mM L-glutamine and

20 250 ug/ml of the aminoglycoside antibiotic G418, in a 5% CO, humidified incubator at
37°C. When cultures reached 80% confluence, the cells were washed thoroughly in PBS
(without Ca”" and Mg®") and lifted with 5 mM EDTA in PBS. Cells were pelleted by
centrifugation, resuspended in lysis buffer (10 mM Tris-HCI, pH7.5 containing 1 mM
EDTA), homogenized, pelleted by centrifugation, then resuspended in SO0mM Tris-HC],

25 pH 7.5 and 10% sucrose at 4°C. Protein concentration of the membrane suspension was
determined using a Bio-Rad Bradford Protein Assay kit. Membranes were snap frozen
and stored at -80°C. Chinese hamster ovary membranes expressing hDAT (CHO-DAT)
were purchased from PerkinElmer and stored at -80°C.
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10 3H- W N35428, at 11 different concentrations of test conmpound ranging
from1l0 pMto 100 p, M Stock solutions (10 mMMin DMSO) of test
conmpound wenre1zpnear ed and serial dilutions made using PCratsean/oBsis er (50
mM Tris-HC1, 120 mM NaCl, 5nmM KC1, pH 7.4, 0.1% BSA, 400 p. M ascorbic
acid). Non-specific radioligand binding was determ ned 15 in the presence
of 1 p.Mdul oxetine, 1 p.Mdesipramne or 10 p. M GBR12909 (each in Dilution
Buffer) for the hSERT, hNET or hDAT assays, respectively. Follow ng a 60

m nute incubation at 22C (or a perpggingutfih€ient to reach equilibrium, the
menbranes were harvested by rapid filtration over a 96-well UniFilter G-/ B
pl ate, pretreatBddiReetar 85 pafoyeehip atevel #eay Rise ingigrbrelsme pha09 uhi t h 300

p-1 20 washhuiffes doaR TV HAISHbiM NI %nNRREL pBH F-Eitd.5 4Cind Pt es ver e
dried overni ght at roomtenperature, approximately 45 p.1 of

M cr oSci nt memPong Petdi, foriS Brdr, WEddard @Pedjn) desbestiviely r Sethigtent bipding stadiantd t at ed
via liqud intilLlati )2 [, it 1 > : uration

i sot her Lr?ts %g%lﬁ%énﬂgiilgle%agaﬁ Pﬁgg%ggp gﬁe{l%&ﬂlgfn%l’sﬁ%gd}? f/}\l/léé: g@a@ﬂgég‘%’e aphPad
Sof t war e, raspectiviaweRicegdicte@Aying | Cdidfercat rwdivligadeogsnegtanednging from

concentr at | I . i I [ i Response

(variabl e ts)'lggsp'gﬁlg‘lo(giﬁtéﬁ%gﬁ?i\b&?f%@%ﬁ%ﬁiﬁ&{@hgﬁg's . i)\F/aI ues for the
radi ol i gancfH\AWﬁmfglé&)erIahibtﬁoﬁ paayssat detaminetion sfgfkheslns af sishgpntpoendsat ur at i on
Bi ndi ng G obhal Fit_ algori spn.Prism GraphPad. pK atj ve decadic
Pogar | thm geerergiey gy’ d B lpd, ooaBL ThaeRlu bR T+ om ¢ he
best-filo | GSOVNGBISUESS at langfférbe cheben@dtions of tedt bempadil ednigiaiehm LspMgo t he
Cheng- Prusg&é 1gquati on (Cheng & Prusoff 30 (1973) Bi ochem Pharnacol.
22(23):3099-3408): K = ICso/ (1+[L]/Kd), where [L] = concentration
radioligand.  Stock sbnRioSHITP M Gh DMIENMRE R ohpOlifdAvE@ablepare@sndisesdled in this
assay and found to exhibhit a SERT pK, > 8.0 and a NET pK, > 8. 0. -35- Assay
2 hSERT, AREPI:RREIGEHE e Bl e g a0 RN YRS, SmM KCl, pH

Neur ot r ansmiat ¢.€%, BEX, Ak . BS&8)Bic\WBIHE NSEetific PRIRAR BilNhPivhd Qer@ined
3H serotonin (3H5-HT), 3H norepi nephrl‘ne (3H- NE), and 3H dopam ne (3H DA)

upt ake §nt 8 thepiesense eflyMdyjoxgfinenbu Bineort 103 FERIEP0Y BSERT, hNET or

hDAT) in omﬁﬁoﬁ@uﬁiﬁ F e RSER PenNat GGyt a@aﬁyspﬁeiﬁﬁe@%b@omounds at the
transporters. 3H5-HT, 3H NE, and 3H DA Upt ake says HEK- 293 deri ved

cell lines st ablf%lbwﬁwoel@hlé@ iygubifich SERS C (ﬁl\E]e,riOérsu%EjAfﬂ,tOF@élpecti vely, were

. ‘ , : o A SERT
268 (1 or R BBl b Y o R O e e, 5
L- gl ut ani nEFdhpla@5Ocigiadtviti0.1% eokathnondimmesindevaakdi (iratsivothGHO8 (f or hSERT

d hN f o/ W 9 L difi j ; t 37C
an -5) Washao%%ég{?g%nlg ggzs—k@ b Yo I\IIa!bl,athﬁg% gg%lcg.”ﬁfa%k (Vle% rfg@ 8?%%1};9‘[@[ a

When cultures reac confl'uence, were was oughly in
PBS (wi t houtonGafperatact, MyRegimataly 45if pEMicb$dint5"-AMEBTAE Iner PRBSed @ell | s wer e

rarvest e RSB RO S S M 508 5.
the cel |l pethretiorieshsmendetnalpycdgeinglGraghPhd Prigh Softwart padk@gGraphPad
Software, Inc., San Diego, CA). 1Cso values were generated from concentration response
25  curves using the Sigmoidal Dose Response (variable slope) algorithm in Prism GraphPad.
Kq4 and B, values for the radioligand were generated from saturation isotherms using the
Saturation Binding Global Fit algorithm in Prism GraphPad. pK; (negative decadic
logarithm of K;) values for test compounds were calculated from the best-fit ICso values,
and the K4 value of the radioligand, using the Cheng-Prusoff equation (Cheng & Prusoff
30 (1973) Biochem. Pharmacol. 22(23):3099-3108): K; = ICs¢/(1+[L])/Ky), where [L] =
concentration radioligand.
The compound of Example 1 (TFA salt) was tested in this assay and found to

exhibit a SERT pK; > 8.0 and a NET pK; > 8.0.
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t enper ature Krebs-Ri nger bicarbonate buffer containing HEPES (10 mM), CaCl2
(2.2 MV, ascorbic acid (200 p.M and pargyline (200 pM, pH 7.4. The final
concent r avpan12afo6él | s in the cell suspension was 7.5 xPCOAISe@lhlogisng , 1. 25
x105 cells/m, and 5.0 x 104 cells/m 20 for SERT, NET, and DAT cell Iines,
respectively. Neurotransmtter uptake assays were perfor med in a 96-wel |
assay plate in a total volunme of 400 pi assay buffer (Krebs-Ri nger

bi car bonat e buffer containing HEPES (10 nmV), CaCl2 (2.2 m\V), ascorbic acid
(200 p.M and pargyline (200 pM, pHpéA#pr With 1.5 x 104 and 2.5 x 104
cells, for SERT, NET, and DAT, respectively Inhibition assays for 25
determination of pl CIERAI NN @ t Vet ik dufduct ed with 11
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Y
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M bi 37C th
p. M ascay bLg, aci, tl]e-l;gs%Ectﬁfg %?%Hg% éﬁﬁﬁr Iy @?‘Tﬁg@lﬁggg{e?rﬁg tg‘s&%ﬁ?ﬁe LS w

t he respectlve C prior Ition
neur ot r ans MGt ealyes 3FHeH-cMpO@QIs atth¢ iramboroncent rati on), 3H NE (50 nM fi nal

concentration) or 3H DA (33&995}31\43}1'1\%'%5%9?/{:&5%&' S@Q Non- specific
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o over MRk Sphigand 2oyt mP et B enasl@nin anot GBI Sakha “haaed
and incor pﬁNET)Ia@thgoa@g/@agbﬂ MDA, ﬁlmm@zhlaﬁlﬁm%ednaculbmqtgtdmg gvhl;ﬂ | ati gnf
spectroscopy nni t|9n curves r anal yz S n a r|sg; of t war e
package (c?‘élB‘ﬁ?Sé%FCg?ﬁr Hard, e the egly Wsree%ﬁedéﬁ foughtst TN Qabow

gener at ed ﬁﬁcpprg%r?ﬂmqﬁtea%mnnmm SEPRYI VAR wisd RGvdshe b}?b&ﬁﬁ’fugﬁlonaps e
Response (vari abl e sl ope) al gorlthm in Prism G aphPad. The conpound of

Exanpl el51 { H8ap@fpy J mipaées ¢ washedoricp by Fasespgiséyin BRd- theiussatrifeecdo Tk hi bit a

serotonin E@%%%Kﬁvés’ﬂ‘éc@ﬂd%d%tﬁé Eé'ﬁg)eﬁé}'rék% AS%BE?e@%PgéﬁﬂQUﬁuﬂﬁ%rﬁﬁl{ I%Bh“ ne
reuptake inhibition pl C50 val ue of Vivo SERT and NET

Tr ansport ererrm@umﬁce@s@tlwr bigarpynate; hﬂéfelr epatfaningHRBED( 19dnMy (@kdp (2.2
occupancy. B SRyt AP AR B FtiE B M AT B Bl B Bt
adm ni st r atélbmn (hacell aispansiohmani 6)x 10f cdlisail, LRFp ndB/mlFmidI Sk e cells/ml
Subcut oot BRI gR Bt ko FBEr i at e dose (0. 0001 to 100 my ko)
rats (> n=4 perNgrr@twm)smatreEuI&akeh@sai_yzﬁdre@Erf@rﬁed iiff 4 06-tvelrasspoplate $n 4 ddal m nut es
to 48 hour Sglumg 09 E A Iagsg;[/ ut?er%grebs Elenggrr tﬁlcarr]bocillatse %&E:rec%nt%pmng ﬁEPES (10
mM), CaCl, (2.2 mM), ascorbic acid (200 uM) and pargyline (200 uM), pH 7.4) with 1.5 x
10% and 2.5 x 10* cells, for SERT, NET, and DAT, respectively. Inhibition assays for
25  determination of pICsy values of test compounds were conducted with 11 different
concentrations, ranging from 10 pM to 100 uM. Stock solutions (10 mM in DMSO) of test
compound were prepared and serial dilutions prepared using 50 mM Tris-HCI, 120 mM
NaCl, 5mM KCIl, pH 7.4, 0.1% BSA, 400 uM ascorbic acid. Test compounds were
incubated for 30 minutes at 37°C with the respective cells, prior to addition of radiolabeled
30  neurotransmitter, *H-5-HT (20 nM final concentration), *H-NE (50 nM final concentration)
or *H-DA (100 nM final concentration). Non-specific neurotransmitter uptake was
determined in the presence of 2.5 uM duloxetine, 2.5 uM desipramine, or 10uM GBR-

12909 (each in Dilution Buffer) for the hSERT, hNET, or hDAT assays, respectively.
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20 Rel evant brain regions are dissected, frozen and stored at -80C unti l
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animals, are nonitored. 25 See Hess et al. (2004) J. Pharmacol. Exp. Ther.
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par gyl i ne, PRPEFNY§S,  Riepies 0‘%’"’?\;‘/'@ gt {eé‘ﬁ‘?mpP@Mo&‘é“FP Rmals, areimpuiipieday for 5
m nut espsat ST ekt 41, @%@Jlﬂaa(vﬁ@comm)cpazwr 3bNE4{SHMMrudd esipEcdub vel y, prior
to termnation of the assa&: &%ra pid filtration over a 96- well UniFilter

GF/ B pl at e OPrenpiesare Arepiieh by gnesanizivg fog s RiggehBd- B Bl Resmeweh 650 pl

wash buf f etyelgh@f s@mtlt PESHCaNdo div ®dcpsamvnkantprat 4 Bulfr. Radibligah@ addi tion of
- 45 pl of McroScint Tm20 (Perkin Elmer). |ncorporated radioactivity is

quant i t at e@SYFIAIMAAIY HRSOCTEEMAE i3 Yr Vethasspiolte &%@wvolmﬁo%%ﬂwsey
neur ot r ans Rifrd: @50k tTaH 81151 BRI NICDSEhNE RADA @sbEBS A, pH 7.4) with 650 pg wet

30 weight tissue (equivalent to 25 ug protein). Homogenates are incubated for up to 5 minutes
with *H-citalopram (3 nM) and *H-nisoxetine (5 nM), respectively, prior to termination of
the assay by rapid filtration over a 96-well UniFilter GF/B plate, pretreated with 0.3%

polyethyleneimine. Filters then are washed 6 times with 300 ul wash buffer (50 mM Tris-
37-



assays in which tissue honbgenates are incubated with 3H5-HT (20 nM or
3HNE (50 nM for 5 mnutes at 4C. ASSAY 4 O her Assays O her assays that
are used wo 2euraloo@se t he pharnmacol ogi cal properties of PeFtUSCanpasngls

i nclude, but are not limted to, cold |igand binding kinetics assays

(Motul sky 5 and Mahan (1984) Mol ecul ar Pharmacol . 25(1):1-9) with nenbranes
prepared fromcells expressi ng hSERT or hNET; conventional nenbrane
radi ol i gand bi ndi ng assays using radi ol abel ed, for exanple, tritiated, test

conmpound;  Hagioxoh 8a0H phi TuiigC R @AY FedUR MdoR@hll ¥ dine S erhniRMin fher exanpl e
rodent or human brain; neurotransnmitter uptake assays using hunman or rodent
pl at el et s; Piseared el hydrAvioxetineypr laidd despdrpaney i fd-ciizloriem oprH-pisercting,0

synapt 0so aty . 3 i é?ﬁ% ~ i n Paw Test
Corrpoundsngerslggcgg‘g&e's?eegnéeo%a{r?E?éflgd(r)&fg@?%h%@b%t| ;églllrtg’ tEgL@havi oral response
evoked by Mi&0S@ntl' 20 Reckin Gima isfaddaednil hoyrsxgdiosktiiet @lantiaed viadiqaidf | xed t o
the | eft. hind. f 1 I - L Fat s - ;3;@nd each rat
is condisti (g)&nﬁej[gi%@(‘)¥1 ﬁ)ﬁg%ggoﬁj& ? 8?8%%9%%&53? \ééssg%lat% %ioz %'%g%lgé? 1?lc"lg%l:y inder (15 cm
di anet er) . niSetvpociad detam@ng@k pdarcedecgrsspnasing GeapthP edPliyn Scfoept pdekegevehi cl es

d adni ni t eni cal i.p. . t - i d t.i bef
P P R E SRR 8 S BB Bafi bePbe RGP T RS RS o o
flinching bfaidtheud ltinegtetks (fandait)e-tidand apamilauselceatint&dTieonbtdpauws! y for 60

m nut es usi an aut ted 20 noci.cepti.o nal yzer .(UCSD Anest hesi ol ogy
Resear ch, Q%StlﬁP‘é‘a‘Eﬂnﬁ%r}“ forpger oy %fl\?gdgor“ﬁﬁ%?‘l“?té ‘of test articles are

determimed by c@rmalpaid 4 Mo NuNhRitiafatd dsk RGBS fdr Rest Egnpoahd-GbatedaBOuc/
conpound-treated rats (Yaksh TL et al., "An automated flinch detecting
system for use in the formalin nodRe8ptt peogptipadenyphiclesirytefl tiysucRpp|

Physi ol . 9860)vaRR88r d’irkhed BRAASBAYHE 10gV dTdhe JNBE ¥R {e8@b P BulRGShst

Conmpounds are assessed for their ability to reverse tactile allodynia
(i ncr easedthsénesaqupazicy \ERo vilnesiapheraeiated fivpcteasanéationsesnepicsyyves pauciad by

nerve inj ugﬁémoli@ll 90@9(6319&1@6 (variable slope) algorithm in GraphPad Prism.
15 Ex Vivo SERT and NET Uptake Assays
Ex vivo neurotransmitter uptake assays, in which the uptake of *H-5-HT or *H-NE

into rat brain crude homogenates, prepared from vehicle and test compound-treated
animals, are used to measure iz vivo SERT and NET transporter occupancy. See Wong et
al. (1993) Neuropsychopharmacology 8(1):23-33. Crude brain tissue homogenates are

20  prepared by homogenizing frozen tissue pieces in 0.5 ml (per mg wet weight) of 10 mM
HEPES buffer pH 7.4, containing 0.32 M sucrose, 200 uM ascorbic acid and 200 uM
pargyline, at 22°C. Neurotransmitter uptake assays are performed in a 96-well Axygen
plate in a total volume of 350 ul assay buffer (Krebs-Ringer bicarbonate buffer with 10
mM HEPES, 2.2 mM CaCl,, 200 uM ascorbic acid and 200 uM pargyline, pH 7.4) with 50

25 g protein. Homogenates are incubated for 5 minutes at 37°C with *H-5-HT (20 nM) and
*H-NE (50 nM), respectively, prior to termination of the assay by rapid filtration over a 96-
well UniFilter GF/B plate, pretreated with 1% BSA. Plates are washed 6 times with 650 pul
wash buffer (ice cold PBS) and dried overnight at 37°C, prior to addition of ~ 45 ul of
MicroScint'™-20 (Perkin Elmer). Incorporated radioactivity is quantitated via liquid

30 scintillation spectroscopy. Non-specific neurotransmitter uptake is determined in parallel
assays in which tissue homogenates are incubated with *H-5-HT (20 nM) or *H-NE
(50 nM) for 5 minutes at 4°C.
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Dawl ey rats are surgically prepared as described in Kimand Chung "An
experinmental 30 nodel for peripheral neuropathy produced by segnental

spi nal newoeolzgexson in the rat” (1992) Pain 50(3): 355P8631S20MokzEns cal
sensitivity is determ ned as the 50% w t hdrawal response to innocuous
mechani cal stinuli (Chaplan et al., "Quantitative assessnent of tactile
allodynia in the rat paw' (1994) J. Neurosci. Methods 53(1):55-63) before
and after -39- nerve injury. One to four weeks post-surgery, compounds are
prepared in phar maceuti cal |y accept ahlsgsyvehi cl es and adm ni stered
systemcally (i.p., p.o.). The degree of nerve injury-induced nechani cal
sensitivity before and after treat n@’r’??r@é@}@es as an index of the compounds'
antinoci cepti VeoReORENL ifaBarc aWIth Evall& RE El%%ﬂ&co‘ld@(c%[‘ﬁlbﬁé}u&ao?tégﬁen descri bed
with reference to specCific aspects or enbodi nents thereof, it wll be

under st oodc@yraundssiaclade, bﬁitdlifmlaﬁiﬂffetkd fd, eld lllﬁalldibeldalfr&km%ﬁ asyays iMaglskkhanges can
be made cor I e true
Pl 1t and R B R g ORI ¢ e by
appl|cableepnuemgth&IaeﬁﬂﬁhdmnGQUDmmh@m@ymehmkﬁemkMDQMMDﬂsn@panents and
pat ent app L.RAS h r | ) ence in
their enti %ag&%bega fﬁlcéxtagﬁe Eﬁlg{e&’ttgsgg fougg’crﬁaé%‘%ag&ng%fﬁ fika %e%%ngl nﬁé?e\rll dual l'y
i ncor por at esj;ubfromefoe exanpée fodene DnhumdﬁleihﬁlerAInshﬁtt@IuAIakE@says.usmg_ A
crystalline salt o

(S)-3-[(S) -E‘in-“%“ilréﬂ‘;"@ RS RoSSyy SRR PS8 BYFY By PESTH Y A Snd hydr ochl ori ¢
acid inta Iynhptomindrprepatdtions tharakhesraised by a powder x-ray diffraction
pattern 5 conprising diffraction peaks at 20 val ues of 8.780.20, 15.260. 20,

19. 080. 20, 20.360.20, 21.500.20, and 0. 20. 2. The conpound of Claim
1, characterized by having one orFmgna@I{dmegtonal diffracti on peaks at 20
val ues sel ected from 26. 420. 650..20, 9 %g 24. 7700“2(

14. 420. 20, 16. 740MBHNI it a5sgbop e i i h%%h VigB ErBio g #l any one

of Cainms By k80 4l inflb@sradtemiahf dsohy AmRRAVEHK 1s?<arfﬁﬁéﬂ tditifel1E@BMH Piw BRIMBIBI N 1N
whi ch t he geak positions are substantially in accordance with the peak

posi ti ons praglﬁeD@)él@Y B 290r3¥he)i aRd pgchy ratqs Conditioned to the band for 60 minutes

within a plastic cylinder (15 cm diameter). Compounds are prepared in pharmaceutically
acceptable vehicles and administered systemically (i.p., p.o.) at pre-designated times before
formalin challenge. Spontaneous nociceptive behaviors consisting of flinching of the
injected (banded) hind paw are counted continuously for 60 minutes using an automated

20 nociception analyzer (UCSD Anesthesiology Research, San Diego, CA). Antinociceptive
properties of test articles are determined by comparing the number of flinches in the
vehicle and compound-treated rats (Yaksh TL et al., "An automated flinch detecting
system for use in the formalin nociceptive bioassay" (2001) J. Appl. Physiol. 90(6):2386-
2402).

25 ASSAY 6

Spinal Nerve Ligation Model
Compounds are assessed for their ability to reverse tactile allodynia (increased

sensitivity to an innocuous mechanical stimulus) induced by nerve injury. Male Sprague-
Dawley rats are surgically prepared as described in Kim and Chung "An experimental

30 model for peripheral neuropathy produced by segmental spinal nerve ligation in the rat"
(1992) Pain 50(3):355-363. Mechanical sensitivity is determined as the 50% withdrawal
response to innocuous mechanical stimuli (Chaplan et al., "Quantitative assessment of

tactile allodynia in the rat paw" (1994) J. Neurosci. Methods 53(1):55-63) before and after
239.



15 4. The conpound as clainmed in any one of Clains 1 to 3, characterized
by a differential scanning calorinetry trace which has a nelting point of
about 1280 2012/6205he conpound as clained in any one of PCraiSasi1041508 4,
characterized by a 20 differential scanning calorinetry trace substantially
in accordance with that shown in FIG 2. 6. A pharnaceutical conposition
conprising a pharmaceutically acceptable carrier and the conpound as
claimed in any one of Claims 1 to 5. 25 7. The pharnmaceutical conposition
of O ai m el UMlier OROIIALISIRR FosBQFQIFROMPLNRAL ARPrphedapent sel ected from
anti-Al zhei mer's agents, anticonvul sants, antidepressants, anti-Parkinson's
agents, duBhargasegtichy gegspielsivaglry indedmitisierak ey stcArsaBy (igr @.0- h ol SeEEDI dal
anti -infl aHFﬁ?etr\Qari}{ju%Qﬁlﬁﬁc%d neARRI DGR IR ERL R AR BB LAY Sy as @RI 0i d

agoni sts, opioid 30 antagoni sts, selective serotonin reuptake inhibitors,
sodi um chatdet ofifhoedenosndssynpetierpliye prepertieind conbi nati ons thereof 8. A
process f or _pr Rl (g phdie GRTAMATHS Bkn Go@iBB KA 0RF BLinchakMBoL 10 5.
-41- conprising the step of: (a) treating a ydrogh oride salt of
(S) - 3-[ ( S) etbgdmerti$ thewsph ervol Py uderstasdhoy|tinso ploriipguryrsiliedintée wit that a pol ar

solvent to If 0Si L] r NG .

(9501 (5 YRR b pE RO GRS eSO Wihoyt dsparing BOBAE ¢ aci o
t-butyl estree spritvint kedpy df the hivemtion. @cliddionallyate thavestént dermitgrtbytapplicabln a f i r st
conposi tion;, an b) addi a nonpol ar solvent to forma.second conposition
f r om whi chp%tﬁ‘gSé%‘%%%“ﬁagué%%ﬂ’& REY AR D ea“8PatﬁltaaPﬂ%caEO‘lsoc“E‘gli‘%mPor med.

9. The procesherby Weaiptiad byhetendt is thep chlifetyao iprsase sxtedt@f iflcachddi Ng a

non- pol ar solvent to farm cond co sition; (ii) optionally cooling to
Cr T oot oy afcaenoug e CEPREY TG HELUI £ g sol i s o yi ol d

t he conpound. 10. The process as clainmed in any one of Clainms 8 to 9,
wherein the polar solvent is 15 isopropanol. 11.The process as clainmed in

any one of Claims 8 to 9, wherein deprotection is done with 3 M HClL and the
inert diluent is cyclopentyl nethyl ether.
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20 12. The process as clained in any one of Clains 8 to 9, wherein the
nonpol ar solvent is diisopropyl ether. 13. A process for purifying
(S)-3-[(Syore(#oeciesor ophenoxy) - 2- net hyl propyl ] pyrrol i di reTasaqniosisng)
preparing the conpound as clainmed in any one of Clains 1 to 5. 25 14. A
conmpound as clainmed in any one of Clains 1 to 5, for use in therapy. 15.
The conmpound of Claim14, for treating a pain disorder, a depressive

di sorder, an affective disorder, attention deficit hyperactivity disorder
a cognitive disorder, stress 30 uringrxiNgcontinence, chronic fatigue
syndrome, obesity, or vasonptor synptons t ons associ ated with nenopause. 16. The
conmpound cﬁwﬂaﬁﬁ@hﬂ%ﬂDﬁhereln the pain disorder is selected from

neur opat hi ¢ pai R ¢ryffaRin@ Wb IsR3-| (@M%bmoﬂoeménlggﬁk B@ﬂh?lprd%?ﬂpﬁ?oth@fﬂ@%ﬁ(h” tis.
17. Medi canent contai ni ng a conpound as cl n any one of to 5

5 18. Use ohydocddniisaardn ad:lanelpmrato, icharegisrizeh by @poweauxﬁgy @ffr@tlgn Mﬁemt he
manuf actsur 9?19% ﬁu&rﬁ%@a&f&ﬂgﬁ&m ot 90 Ti)Ges V¥ 7§lo 53 35 BdPaa %‘G%EU gy, the ”Ed' canent

is for the ain I sor epressrve sor der,
affective d@%@ﬂh%kZlsmﬂk%MaanSdé&OQOt hyperact|V|ty 10 di sorder, a
cognitive disorder, stress urinary incontinence, chronic fatigue syndr one,
obesity, or vasonotor synptons associ ated wi th nenopause.

2. The compound of Claim 1, characterized by having one or more additional

diffraction peaks at 20 values selected from 26.42+0.20, 30.65+0.20, 28.91+0.20,
10 24.77+0.20, 14.42+0.20, 16.74+0.20, and 5.20+0.20.

3. The compound as claimed in any one of Claims 1 to 2, characterized by a powder
x-ray diffraction pattern in which the peak positions are substantially in accordance with
the peak positions of the pattern shown in FIG. 1.

15
4. The compound as claimed in any one of Claims 1 to 3, characterized by a

differential scanning calorimetry trace which has a melting point of about 128°C.

5. The compound as claimed in any one of Claims 1 to 4, characterized by a
20 differential scanning calorimetry trace substantially in accordance with that shown in FIG.

2.

6. A pharmaceutical composition comprising a pharmaceutically acceptable carrier
and the compound as claimed in any one of Claims 1 to 5.

25
7. The pharmaceutical composition of Claim 6, further comprising a secondary
therapeutic agent selected from anti-Alzheimer's agents, anticonvulsants, antidepressants,
anti-Parkinson's agents, dual serotonin-norepinephrine reuptake inhibitors, non-steroidal
anti-inflammatory agents, norepinephrine reuptake inhibitors, opioid agonists, opioid

30 antagonists, selective serotonin reuptake inhibitors, sodium channel blockers,

sympatholytics, and combinations thereof.

8. A process for preparing the compound as claimed in any one of Claims 1 to 5,
41-
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comprising the step of:

(a) treating a hydrochloride salt of (S)-3-[(S)-1-(4-chlorophenoxy)-2-
methylpropyl]pyrrolidine with a polar solvent to form a first composition or deprotecting
(S)-3-[(S)-1-(4-chlorophenoxy)-2-methylpropyl]pyrrolidine-1-carboxylic acid #-butyl ester
with hydrochloric acid in an inert diluent to form a first composition; and (b) adding a
nonpolar solvent to form a second composition from which the compound as claimed in

any one of Claims 1 to 5 is formed.

0. The process of Claim &, wherein step (b) comprises:
(1) adding a non-polar solvent to form a second composition;
(i1) optionally cooling to effect crystallization; and

(iii) isolating the resulting solids to yield the compound.

10. The process as claimed in any one of Claims 8 to 9, wherein the polar solvent is
isopropanol.
11.  The process as claimed in any one of Claims 8 to 9, wherein deprotection is done

with 3 M HCl and the inert diluent is cyclopentyl methyl ether.

12. The process as claimed in any one of Claims & to 9, wherein the nonpolar solvent is

diisopropyl ether.

13. A process for purifying (S)-3-[(S)-1-(4-chlorophenoxy)-2-methylpropyl]pyrrolidine

comprising preparing the compound as claimed in any one of Claims 1 to 5.

14. A compound as claimed in any one of Claims 1 to 5, for use in therapy.

15. The compound of Claim 14, for treating a pain disorder, a depressive disorder, an
affective disorder, attention deficit hyperactivity disorder, a cognitive disorder, stress
urinary incontinence, chronic fatigue syndrome, obesity, or vasomotor symptoms

associated with menopause.

16.  The compound of Claim 15, wherein the pain disorder is selected from neuropathic
42
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pain, fibromyalgia, chronic low back pain, and osteoarthritis.

17. Medicament containing a compound as claimed in any one of Claims 1 to 5.

18.  Use of a compound as claimed in any one of Claims 1 to 5 for the manufacture of a
medicament.

19. The use of Claim 18, wherein the medicament is for the treatment of a pain

disorder, a depressive disorder, an affective disorder, attention deficit hyperactivity
disorder, a cognitive disorder, stress urinary incontinence, chronic fatigue syndrome,

obesity, or vasomotor symptoms associated with menopause.
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