WO 2009/094260PCT/US2009/030811 KAPPA SELECTIVE OPIOID RECEPTOR ANTAGONIST
Ethanol use disorder is a significant and prevalent worldwide health problem and is a causal factor in
serious medjggleeneliiies and behaviors, such as liver cirrhosis, liver 5Scapegfy ¢apnagheart
disease, ischemic stroke, fetal alcohol syndrome, automobile accidents and fatalities, and domestic
violence. Ethanol dependence is a chronic relapsingidisorder, and relapse represents a major
challenge to treatment efforts. To date, there is no therapeutic intervention that has proven to be
satisfactory in preventing relapse and sustaining abstinence. There is a need 10for new and more

effective pharmacotherapgetics ¢ratdirevabismatientsio bettereanirohizeingdmnol consumption as
well as battle risks for relapse. The current pharmacological standards for treatment of ethanol

dependence in humans in the United States are naltrexone (an opioid antagonist), acamprosate (a
functional glutamatg@ntagosisiisaniddisairant {an aldefiydel deysiogedusa inhipiaemEndn
combination with behayioral. management, these agents ate approved for maintaining abstinence.
hough Mol Ao B B P R D A RO R Uit Her S e aares, at
least in part, emnttittiogaty bimcdisaamndicheedc Foolinsfantelcotanypatients siagnasée with ethanol

dependence tg%\&er&onc rfrzﬁatt%@{)t @15 of nxiety and/or depression, or schizophrenia. The current

treatments described apove do o Blrr(’)ei/slc]i%‘%%nléﬁ?'for these comorbid symptoms that may play a

role in subsequent EthmmIdwgrdi&md'srarelaps’e.rﬁhesmgmmmibwlpp@v_mﬁ@nsmamagent that
wil enable the ptient o alistall grseduae heavwelband drinking A allevils sapgemitant symptoms

of anxiety an pression or schizophrenia. Naltrexone is a'mu receptor preferring opioid receptor
antagonist havwgn2edrstagtifistastivity atcatioh viape inéevspioigebeprorsemihkappasd delta.

Clinically, naifexane 0as gdermensiiats.sfficasyn matataining¢taangl abstinence and reducing

ethanol craving. However, naltrexone may cause hepatotoxicity at doses exceeding 50 mg per day
and approprie@atiabliRBrieerPtequsED T ¢ hepHt GRIBRY ik AHERIRNY- concerning in a patient
population with enhapceg-siiscaRURNIMIG: XEL RRLORFAHSERIB NG At ARt MESPRPENding ON

the experimental conditions, selective activation of kappa opioid receptors have been shown to either
increase or dBEPEBSEEBASTHAIOHSF ethaABICHRES £28iSBIRIHEIE8 T thawePiriAEHfay be related to

additional phﬁﬂ@ﬁ@%@ﬁkﬁﬁ&@&ﬁ@@m@%&h@ﬂ@m@mHiu&glt&rueﬂwbgéﬂa@%ﬁg@mss. On the
other hand, selective p ,armacolg%i}cal kappa receptor antagonism or genetic deletion of kappa

receptors haleWEEHISHEI S Hekerassy Bimassratk s ARarAion ARSI SHERER R oholism.

This 5suggestsanphay Makrsiigahagest dfakis dssalestive ailagenstiemiberkappaaliesisiis mu and
delta opioid receptors could fill a sirgg}ificant need in e&gtnol use disorder thera .There is a need

y.
for a pharmat TR RYEHIH BtFk SO GSb B o SRRSO SRR HERS 125552 DY aRa PR ptor
antagonist selgativititichbetiada@isdeitheehhferl dopbadmacduticabagantihatmplioinprdwextattcomes in

one or more of;,number of daxg %?st%?gnqt oRa 8&&?&%@@&% ; eg@%q%r %Qggﬁ%{nkmg days on a

1
ang/or TES8101) . .
per month basis; a GPhUmMber of drike pér 8rlnklng ay over a one month basis. Theré'is a further

need in2éthapaobise wisefid érrthesapy fmran ageptaimatthvil menpins r até: effiedsydomontardboth of
use disorder relapse. The present invention provides for such an agent that will enable the
patient to abstain or reduce heavy ethanol drinking and alleviate concomitant symptoms
of anxiety and/or depression or schizophrenia.
Naltrexone 18 a mu receptor preferring opioid receptor antagonist having
25 antagonist activity at each of the three opioid receptors, mu, kappa and delta. Clinically,
naltrexone has demonstrated efficacy in maintaining ethano! abstinence and reducing
ethanol craving. However, naltrexone may cause hepatotoxicity at doses exceeding 50
mg per day and appropriate monitoring is required. This hepatotoxicity is particularly
concerning in a patient population with enhanced susceptibility to liver injury because of
30  their ethanol use.
Depending on the experimental conditions, selective activation of kappa opioid

receptors have been shown to either increase or decrease consumption of ethanol; the



anxiety and depression or schizophrenia that are frequently independent comorbid conditions in
patients with ethanol use disorder. 150pioid receptor antagonists, such as those compounds in WO
2004/026308yHawe: heshgdisclosed. The compound disclosed herein is a kpppa ORRIARSEPtOr
antagonist. This compound's properties make it suitable as a therapeutic agent for facilitating ethanol
use disorder withdrawal such as reducing the quantité/ of ethanol used at each drinking 20session over
a defined time period; reducing the frequency of ethanol use days over a defined time period;
maintaining diminished quantity and/or frequency of use over a defined time period; or abstinence from

ethanol consunpptigmeneiasiefineshiing Reriock | Rbe s UNpaBRAS IRERRINIBs8s Shew @gsmall animal
models make.it suitable to treat anxiety and/or depression or schizophrenia disorders in patients

having said dRESPARRAGMSSEUVin ASHENEEA OE SARBrOTE TSE P i Batidftd 4160 5 ethanol use
disorder. In piishaspeghalensisrpcaviseditagonBmidtigsachid 423 2 diprathadahsryiryrrolidin-

-yl-methyl]ph noxg/ébenza ide or a phar eutically acceptable salt thereof In a second aspect, there
< provided: Py ORGSR RO AR O SOy LIRS A EPRAIBRY s amide o
a pharméaceusicaitytaegepiabie:saltthereothat idn sctbitt aapeghibeforispravigedasphanmadeutical
formulation c rising,3-fluoro-4- 4]-152- 5-dimethylphenyOpyrrolidin-I-yl- mett&%g1 henoxylbenzamide,
ora pharmacge(g“gj}nc0 ff/)ggcr & tf%?ec é‘é %gg?e% i %%%51&% %‘né;[\:g{l og %ﬁa@#fgggﬁ %’P’acceptable
carrier, diluent and/Ghexcipiented forlm zhioudteaspd ctythicreddh provide diaophartnaegutical formulation
comprising ()3 forpeds 14423, dmeUNNSIVRXIRIEIn-4 v ety Ipheppxylbenzamide, or &
pharmaceuticaI]Iy accept%%ale Balt ther o?, In‘association with' a pharmaceutlca?fay acceptable carrier,
diluent and/oplexuiptentical agens Hatemb adiprert, ctieopresentdisel osureofirowitkdsrasfivetisod of
selectivgly anfaganizing kaRRa ARIOISECaRIS: '&"ﬁg%gﬁ%ﬂx{g&%&%%ger%é%%%@&réiﬁs 4
administering a therapeutically effective’amount of (S)-3-fluoro-44442-(3,5- _
dimethylpheriopgrrefidirkybendipadapoyperprames fobasiph dmrscs atitathenresbiable salt
thereof, to salghRANIERE disorder therapy for an agent that will demonstrate efficacy for one or both of

anxiety and depression or schizophrenia that are frequently independent comorbid

conditions in patients with ethanol! use disorder.

15 Opioid receptor antagonists, such as those compounds in WO 2004/026305, have
been disclosed.
The compound disclosed herein is a kappa opioid receptor antagonist. This
compound’s properties make it suitable as a therapeutic agent for facilitating ethanol use
disorder withdrawal such as reducing the quantity of ethanol used at each drinking
20  session over a defined time period; reducing the frequency of ethano! use days over a

defined time period; maintaining diminished quantity and/or frequency of use over a

defined time period; or abstinence from ethanol consumption over a defined time period.

The compounds’ properties as shown in small animal models make it suitable to treat

anxiety and/or depression or schizophrenia disorders in patients having said disorder, or

25  asan independent comorbid disorder in patients also having ethanol use disorder.



In another embodiment, the present disclosure provides a method of treating ethanol use disorder in a
patient in need thereof, which comprises administering a therapeutically effective amount of
(S)-3-fluoro-444[2-(3,5-dimethylphenyl)pyrrolidin-1-yl-methyllphenoxybenzamide, or a

pharmaceutically acceptable salt thereof, to said patient. In another embodiment, the present
disclosure provides a method of treating an anxiety disorder selected from panic disorder,
obsessive-compulsive disorder, social phobia, generalized anxiety disorder, specific phobia, and
posttraumatic streis di ogder in atﬁ)atient in nﬁe(gl_ thereof, which comprises administering a
therapeutically eff et I?irﬁ%ﬁfﬁf’o ere 15 provided. .
(S)-3-fluoro-44442-(3,5-dimethylphenyppyrrolidin-1-yl-methyliphenoxybenzamide, or a
phaimaceutically acceptabl f; to said patient. In another embodiment, the present

disclosure provides a method of g an anxiety disorder selected from panic disorder,
obsessive-compulsive disorder, secigf phobia, generalized anxiety dis@rder, specific phobia, and

- O
method of treating a depressive illness selected from major depression, dysthymia and bipolar
disorder in a patient in need thereof, which comprises administecring a therapeutically effective amount

of (S)-3-fluoro-4-[4-[2-(3,¢ 2?_ \ethylphe I:% n-0lidin-1 syi-methyl xylbenzamide, ok a
Pharmaceutionls STl ot T e SRR e
disclosure providesraasetisdl phteataiy casaé pressife iliness selected from major depression,
dysthymia and bipolar disorder, and ethanol use disorder in a patient in need thereof, which comprises
administering a therapeutically effective amount of
(S)-3-fluoro-4444213 Sedimeé tispiptictingbpia pticidetk:ylmethyliphenoxylbenzamide, or a
pharmaceutically acceptable salt thereof, to said patient. In another embodiment, the present
disclosure provides a method of treating an anxiety disorder selected from panic disorder,
obsessive-compulsive disorder;§ 5 phobia, generalized anxiety disorder, specific phobia, and
posttraumatic stress disorder ang a dgpressive illness selected from jor depression, dysthymia and
bipolar disorder, in a patient in need{hereof, which comprises adminisfering a therapeutically effective
amount of (S)-3-fluoro-4-[4-[2-(3,5-dirhet rrolidin-lytmetbytdphenoxy]benzamide, or a

) ther erWibdiment, the present
disclosure provides a method of treating-s disqrder s ed from panic disorder,
obsessive-compulsive disorder, social phobia, generalizéa anxiéty disorder, specific phobia, and
posttraumatic stress disorder and a depressive illness selected from major depression, dysthymia and
bipolar disorder and ethanol use disorder in a patient in need thereof, which comprises administering a

therapeuticall{f¢fieltivscamnsiit-61.03) i3 eilisiphaaipvis S dinrlerhyn phehphpyerolibmmzpmide
-yl-methyl]phen ﬁXERfA&Eﬁ@MﬁQ&@@Q@E@ﬁ%%&é‘!'V acceptable salt thereof, to said patient. In
another embodiment, the present disclosure provides a method of treating schizophrenia in a patient in
need thereof, which comprises administering a therapeutically effective amount of

(S)-3-fluoro-444-[2(3, %9&%%@84%@%&)&@@5(9&9&% P @E;HM&BQWWMHSHE@QIHOY&

pharmaceutically acceptable salt thereof, to said patient. In another embodiment, the present
disclosure prddites>arienstyipheriiyg ddiBdptrenia, and ethanol use disorder in a patient in need

thereof, whigh @9mprises ABEIRisteling 2 heiaRstisrlly eHeciieramaunt t3) i3-fluatmds 12-(3,5-
dimethylphenyppyrrolidin-I-yl-methyl]phenoxy]benzamide, or a pharmaceutically acceptable salt

thereof, to sEitRFaRiaaceufiralrarernialle frsren o L CErRiREHd
3-fluoro-44412-(3,5dimataylRpenyitieyn-of vk methyiipbaneyyibansamide @niSInds tupro-41442-

(3,5-dimethyJphen rrolidin-1-yl-methyllphenoxylbenzamide, or a phannaceutically acceptable salt
thereof, for §8rﬁi‘%/}?g"rﬁﬁ&’5"gnﬂ?t§y§ fa B&Pﬁﬂ’é‘ri‘l “provided a compound

3-fluoro-4444243 isimstipahamigp, olidinhylrmetuiiahenoxyioenez ashidectsofS)n3ftvoraidd 4-12-
(3,5-dimethylphenyl)pyrrolidin-1 -yl-methyllphenoxylbenzamide, or a pharmaceutically acceptable salt
thoreof, for SHEN P BSRHBAS TR L GBS AP a0 o SxEifent

In one embodiment, the present disclosure provides a method of selectively

antagonizing kappa opioid receptors in a patient in need thereof, which comprises



6 - In another embodiment, the present disclosure provides a compound 3-fluoro-44442-(3,5-
dimethylphenyOpyrrolidin-1-yl-methyl]phenoxy]benzamide or (S)-3-fluoro-444-
[2-(3,5-dimethylphenyl)pyrrolidin-1-yl-methyllphenoxy]benzamide, or a pharmaceutically acceptable
salt thereof, for the use in treatment of: a) an anxiety disorder selected from panic disorder,
obsessive-compulsive disorder, social phobia, generhlized anxiety disorder, specific phobia, and
posttraumatic stress disorder; or b) a depressive illness selected from major depression, dysthymia

and bipolar disarder; or c) an anxiety disorder. selected from a) and a depressive illness selected from
oy o1 € et SIS R LT ATRR G L L TS OB R e 8 o il uso fsorder and

a depressivéiflegsspielediesiain)! -9i-gathaliphusediieidanane anashdabadisamarselected from
a) and a de ressig/é%illnissgselgcted from h); or schizophrenia; or h)ethanol use disorder and

schizophredf& R AHE My BRBYaMHE RAESBFesent disclosure provides the use of a compound

3-f|uoro-44412-(3,5? mmwm&mmeﬁwmwemm}phewmmqamiéﬁi@g £t use _
f'u0r0-4-[44&'&%}%?%%9&8qxpcpylgl%uﬁl@ﬂ;xﬂ;%ﬁ% A@%@%&%ﬁﬂg 1%23@495 'eetﬁcagph%é@&%yn@ga'ly
acceptable salt thereof, for the manufracture of a medicament for t treatrﬁent 0 gt%anol use disorder.

In a seventi®dspactivgier it Brébiodian ey psenshavesH e nd-Bubidishauorypeegzamide, or a
dimethylphemyipyieatieinyytepathy inhesexylkeszapisdgor (S)-3-
fluoro-4-[4-[2-(3,5-dimethylphenyl)pyrralidin-1-yl-methyllphenoxylbenzamide, or a pharmaceutica
acceptable salt the%je%r*?%g ﬁlé%n@lga}ngi%gtttuergrg?ggt%}éc |csgrﬁgﬁ%v)§réstﬁ(§lﬁ%3én%%ﬁ B3P AREA Lflie1 ﬁnggr
disorder seksdteiddiomm paricdiswiderbssbsessivepsbinp disimdedisordathdoeial phobia, generalized

anxiety disqrder 30eaifinRRORIALANL. Bﬁééﬁﬁ?é?ﬂ%&?gﬁéﬁ@&ﬂﬂﬁ&i@s@sé AeRESSlyg lliness

selected from major depression dysthymia and bipolar disorder; or c) an anxiety disorder selected
from a) andraiépresegee Haeed seiedieamonses) edmizisfpeasahblonaecdissitie s dedian amxiety disorder

selected frogy &30 ) cihanelidse disaeden ARHa AsRReSaG HINGss aRIAHEEHRUNR:AR6dpanol use

disorder and an anxiety disorder selected from a) and a depressive ilinéss selected from b); or

schizophrerfia2 hyestEHEF tlde wicarabledint Seridphenia patient.

In another embodiment, the present disclosure provides a method of treating an anxiety disorder
selected from panic disorder, obsessive-compulsive disorder, social phobia, .
generalized anxiety disorder, specific phobia, and posttraumatic stress disorder and
ethanol use disorder in a patient in need thereof which comprises administering a
therapeutically effective amount of (S)-3-fluoro-4-[4-[2-(3,5-dimethylphenyl)pyrrolidin-
I-yl-methyl]phenoxy]benzamide, or a pharmaceutically acceptable salt thereof, to said
patient.

In another embodiment, the present disclosure provides a method of treating a depressive
illness selected from major depression, dysthymia and bipolar disorder in a
patient in need thereof, which comprises admirﬁstering a therapeutically effective amount
of (S)-3-fluoro-4-[4-[2-(3,5-dim ethylphenyl)pyrrolidin»ll -yl-methyl]phenoxyJbenzamide,
or a pharmaceutically acceptable salt thereof, to said patient.

In another embodiment, the present disclosure provides a method of treating a depressive iiiness

selected from major depression, dysthymia and bipolar disorder, and ethanol use

disorder in a patient in need thereof, which comprises administering a therapeutically
effective amount of (S)-3-fluoro-4-[4-[2-(3,5-dimethylphenyl)pyrrolidin-1-yl-
methyllphenoxylbenzamide, or a pharmaceutically acceptable salt thereof, to said patient.

In another embodiment, the present disclosure provides a method of treating an anxiety disorder

selected from panic disorder, obsessive-compulsive disorder, social



In an eighth aspect, there is provided a pharmaceutical composition comprising a therapeutically
effective amount of (S)-3-fluoro-4-[442-(3,5- dimethylphenyl)pyrrolidin-l-yl-methyliphenoxyThenzamide,
or a pharmaceutically acceptable salt thereof, and a therapeutically effective amount of a tertiary
amine tricyclic norepinephrine reuptake inhibitor selected from amitriptyline, clomipramine, doxepin,
imipramine and (+)-trimipramine, or a pharmaceutically acceptable salt thereof, in association with a
pharmaceutically acceptable carrier, diluent and/or excipient. A preferred embodiment of this

iti [ )-3-fl -4-]442-(3,5- . . . .
et o TR e B S RSy TSRy s il sal
thereof, anduirdipdemiasiar ithphadacedtiCally maeepiahtsdatt, thandomia alil dipisith aspaids, there is

provided the use of a compound (S)-3-flupro-4-[4-[2-(3,5~ . . . . .
Cimetnyion RN OIS RE L S DR AR 5 oot SR i sa
thereof, anchm dertiarf/(&pdndusicydHet Horcphndphethel rphgiake ynbibiiar selected from amitriptyline,
clomipramine, doxepin, imipramine and (+)-trimipramine, or a pharmaceutically. acceptable salt thereof,
in the man u%%t?lﬁfg%gf g%g% ﬁ:%zr%nelhqaefo(?rtﬁé PLTRHERS } yag)cg%ﬁ%’g%’] ﬁ%&lgg%S?ﬁ’etﬁ oF agti‘agpressive
illness selected from mzjer eeprdssion tidystivymid ehdunipotaidisontelpooicieetihanolusietditesdier and
a depressive. liness SEISHRMAIOMPLRRIGElEH ambodinant of thisaspect of the present disclosure
comprises (S)-3-fluoro-44442-(3,5- ’dimethyl henyl)pyn-olidin-f-yl-methyl]phenoxyThenzamide, ora
pharmaceutaaHEed prapeey ﬁoﬂﬁ’é’f’eﬁ?‘aﬁ% PhfSYandidpestaImatis et iR daotstable salt
thereof. 72 gep i LEMibasRECt ANSIShISRIRYIdES L08 s 8RR AAMBRMAI S Frllliare 4444 2-
(3,5-dimethylphenyl)pyrrolidin-I-yl-methyl]phenoxy]benzamide, or a pharmaceutically acceptable salt
 thereof, an&%gw%z@ié%@ﬁiﬁélamam Byesrd Sracphaihisbaomaiisoa edapisirisgiethereof, in the
manufacturenef A mgdicanegat e T&?ﬁo‘iﬁﬁﬁm@tﬁ@l&}@ﬁ—?@%iﬁﬁz ,@L%%%%ﬁﬁ%ﬁ%h‘?g*)ﬂﬁ%lﬁ’&ﬂic |

disorder, obsessive-compulsive disorder, social phobia, generalized anxiety disorder, specific phobia,
and posttradryatiecdipd ihansardbensinbiethnn Ohase nsisdh s atiahisdaly berddoseidcted from a).
Selective k .qpioid receptor antagonism has been shown to decrease dependence-induced
ethanol self administration in ethanol dependent Wistar rats while nondependent animals were not
affected, Walker aHtiPRYBY, SRATHPEY s pRaRREsTig e poey! PeetitgS2009/030811 8
advance oniinezpptistication, pddaym2Qed iegsf vk hSikritarlys mieslacking the gene that produces the

kappa opioid receptor or the. endogenous li precurs prodynorphin, drink significantly less
aiconol thar AT BT e HeA A Lo RS R L e S PR 58 s ecmov e
al., Alcohol 2Q06n 4Dy 886)x5lbbasiinédn estalilmhedthatileretematdiatidnghipbgtwaend ethanol use
disorder and %nxi{aty and/or depression disorders, as independent comorbid conditions, in the same
patients. ArBR Cen. Psychiatry, 61, 807-816 (2004). This association points to the desirability of
treating both the ethanolhysendisdrueart dheipivecm depbrde mreodse rbid thndkictyrandiocbiepressiamnd

disorders ingagfigntswith A RAe ALHYVE Rharmacsttisal aggRs-LQit has also been established that
there is a relationship between ethanol use disorder and schizophrenia, as independent comorbid

conditions iA4HEP&REE D atBFRP s EctE irrrRp st ot reidd22-693-510 (2007). This
association pgiat EB@%@&@H&M%@@&%@M&%MM@?&i§%§@&ﬁ&ﬂ9dependent

comorbid schizophrenia in patients with a single active phaimaceutical agent. 15Ethanol use disorder
is a cluster BFCaHREbEISEAGH sHE PHiRIblogical symptoms demonstrating there is a continuing

use of the substange.deapig&ignificantusarselatedprohiensolhere.is ampattereiyereaitdolidin-1-
self-administ{atiog t res ]tjs in toleran ,Wfllthdra){v | and compulsive substance-taking behavior.
TEnUAT SiRatitEey

The problems refa}tfE O BTN RE G dT M a&d There may be repeated failure to fulfill major

role 20oblig&ibrsnrapemiech vspyinditliationbinethlyidphitrisphpeivatlyida zaradphis;mavttiplealagal
problems, and recyrrent cial ?’}8‘ inter%etlhsonal problems. These problems occur repeatedly during

SN
the same 159%egntﬁ period, ook roruse I therapy
In a sixth aspect, there is provided a compound 3-fluoro-4-[4-[2-(3,5-dimethylphenyl)pyrrolidin-

1-yl-methyl]phenoxy]benzamide or (8)-3-fluoro-4-[4-[2-
(3,5-dimethylphenyl)pyrrolidin-1-yl-methyljphenoxylbenzamide, or a pharmaceutically

acceptable salt thereof, for the use in treatment of ethanol use disorder,



Tolerance is the need for increased amounts of ethanol to achieve the desired effect, or a diminished
effect with continued use of the same amount of ethanol. 25Generally, withdrawal is a behavioral
change, having physiological and cognitive components, that occurs when blood or tissue
concentrations of ethanol decline in an individual who had maintained prolonged heavy use of ethanol.
After developing withdrawal symptoms, an individuafis likely to' consume ethanol to relieve or avoid
those symptoms. 30As used herein, the tett,’ "patient” means mammal, "mammal” means the
Mammalia class oéhéi%rﬁérver e ratetS' aen(l;]egge eslé 0;”}3”}5"1 ('E'Siarll%’;(l)trj}&d%sr,1 JjJtﬂll'ls no (E%gg gp, a human.
WO 2009/094260PC 2008) @8?311?@} nlri anol use disorder heludes ethan tse and ethanol
dependencéinr@tshsrdépentidndertiasbeplepsylrormsticscanddrispsiolbgical manifestation of the
dependencexgethanalHipraicB - inieinyethanalpsa disgmaramieluses withdrawal disorders
such as ethanol withdrawal with or withqut perceptual disturbances 5and ethanol withdrawal delirium.
See DSM-IVHPRRapsurIbriRcs Rt shelihrrahdar BievieninittsaBieRiRl Revised, 4th Ed., Text
Revision (2@00). Alsarthieinieiprtional-clasgifieaian ofiRiseasessdenth Bavaion«(:Brd4Q) and
updates provides classification for many of the disorders described herein. The skilled artisan will
recognize tHAFHERORIE SRBPHARAE ABHRINASAIASS SREFHiSRbRiGRLPSRmERAhE Wbrders
described hgiginid® and those described in the DMS-IV-TR and ICD-10, and that terminology and
classification systems evolve with medical scientific progress. .  As used herein, the term
"therapeutidBlly effefErsGdREers SeMeisdous MR drarasitRic e fEaRRS 89495 nd means an
amount of tga&aAperind or a phaiui.aceutically acceptable salt that is sufficient in one or more
administrations for 15 treatirtlf% ethanol use disorders, an anxiety disgrder as described above, a

depressive filness 45 FesehEi P B vslssted S B AN aAbT SmardT Fsklarsdratsciadfsme ¥F Bbth of an

anxiety disafgler anhandeREESHRRIINASS aSCAZRPNIRRIAIR 8l &ABAIAtIaN 6f ethanol use disorder and
schizophrenia. The term "treatment” and "treating" as used herein means the management and

20care of aPatienttBFARESE HSRE Brat SRS SF SLCsh ifsre sERadmistration and use of

ethanol. Theyte,in igliatended dadngdidadhe fultispeaitbrapintervention fputae athapgliuse disorder
from which the patient is suffering, such as administration of the active compound to alleviate the

symptoms tBREHBTESIREHEOT Wel@y progression of the ethanol use disorder and to reduce the
quantity of gfhanokepnsyhiesipeanrdrinking day on a 25 one month basis or heavy use days on a per
month basis, or both. The management and care of a patient for the purpose of combating ethanol use

disorder incldes (RSBl oI S RHRRMH3pound to inhibit the physiological or
psychological onsét edsymatboisfer resyraptiotiofuae peoniinued:use orenhancediuse-4TThgzpatient

to be treategijge@l@ggggﬁ%}%mgmmﬁ[njgl%gﬁgg@9]% Auman Qle(igl}g,)_The term "treatment” and
in al th

30"treating" as used hérein also méans the management and care of a patient for an anxiety disorder

selected froffipenicldrddrtier- dbadaylpbesshpareveinisoriactistrhsneospikcneraidtiZdanxiety
disorder, spegific phabidRpdRestiruRalCRIEESHAIRL HeHR MR PO 0SA20QARGT{ H2009/030811

10 depressive illness selected from major depression, dysthymia and bipolar disorder; or both;
schizophredig2@ateayirerbisdiigelsthanol use disorder in said patient. The term is intended to

include the full spegtium gfiinigivention fopthesdisardarsoiro Bmhichthepatianuissyffering, such as
adminisvarion st aciie compoing to paleuiate fle sympioma pr complcations, and to delay
fluoro-4-{4-[2-(3,5-dimethylphenyl)pyrrolidin-1-yl-methyljphenoxy]benzamide, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of:
a) an anxiety disorder selected from panic disorder, obsessive-compulsive disorder,
social phobia, generalized anxiety disordér, specific phobia, and posttraumatic stress
disorder; or |
b) a depressive illness selected from major depression, dysthymia and bipolar
disorder; or

c) an anxiety disorder selected from a) and a depressive illness selected from b); or



patient to be treated is preferably a mammal, in particular a human being. The spectrum of ethanol
use ranges from none (abstinence) to low-risk use; then unhealthy use (excessive) which
encompasses risky use and problem use; to ethanol use disorders which include ethanol abuse and
ethanol dependence. Ethanol consumption is 10excessive when it causes or elevates the risk for
ethanol related problems or complicates the managément of other health problems. It should be
appreciated that increasingly heavier drinking (heavy drinking days per month, amount consumed per
drinking day,over a month, or both) correlates with increasing adverse consequences to the patient
and higher fﬁreshoel 1 Hﬁetﬁlg(g c %?Jé}fh%ﬁ6{S§?§8%6r?['%‘iﬁt8£§&5’rﬁ)re°£ches definitive 15stages
of ethanol déseasecshates (ethiinallebusé adcheidnol iteperelened) ihild; dnited States, men who

drink five or more standard drinks jn a day (or fifteen or more_per E%g nd women who drink four or
more in & dbl (or SREOL HO AT RN HE R TOT Bl et SRFRIE DI OB ACErEtdy se). I
Europe, meiilno ditnked fioits{B29) per day and women who drink 3 units (24 g) per day are at risk
for ethanol r@lated S}():&?Zbgemsn%g g‘lisky use). Individual responses to ethanol vary, however, and ethanol
consumptioft at a riSky e evel may be a problem requiring treatment depending on many factors,
such as agéy) co-exidtanglasadiitons;ramd nebthicpliieninse. A standard drink in the United States is
any drink that conr]%i(g a}bl% tafoucrgetg{ra\n%rsarinos{ﬁ%g ur a‘?«%‘g”ﬁlg %P%%tl ({)}.SE?Uﬂuid ounces or.1.2 feall
tablespoons). Stan ard Grin %eduwae Sare: 1267, 6 beef or ¢ oIer;O§-%5”:891.—%117l %aa‘ﬁ f&ﬂ%‘rf‘ﬁi 3z. of
table wine; 8ic¥e srfomifidd Sidlyetechidd 3Hbery or port); 2-3 oz. of cordial, liqueur or aperitif; 1.5 0z
of brandy (admﬁmﬁgﬁyl:)ﬁﬁ%ikﬁm-ﬁtlﬁaﬁlﬁg@aisﬁiuégﬁ%mé%ﬁ%ﬂﬁwgﬁm hiskey, etc.).
es of bevera

These are approximate, as different brands anc ) ges vary in their actual ethanol
content. In Befeipeblsifaltitieieck sthdiHier aheak ety sdeminscansiet SOR sy emordiftrycEength
beer; a singlg,aashaRl 2RiiikAnd:siRiandard oiass aiwing./ARevit e Hnited Hialgs measures,
these are approximate as different brands and types of beverages vary in their actual ethanol content.
WO 2009/093360P0T AV £ObYEpRIMIne or a %@Wﬁ@é&ﬁﬁ%&ﬂ%&@@%@@@hﬁ@@ﬁﬂ@e compound of

the present joveation aRthGOMMANBetRede gy fab R eRRIIngMGm: ARINVELKRoWR inthe art. See,
e.g., P. Stahl, et al., Handbook of Pharmaceutical Salts: Properties, Selection and Use, (VCHA/Wiley-

VCH, 2002)prsfsreg srpodimgnt ¢ ibinsaBpstipseteprivss (fat fipentratddtidal 5Sciences, Vol. 66,
No. 1, Januapy AByiph I isfb Hgrmuatorth A3 heRbRBaReHHcR], farmpiation ar pligimaceutical

composition" is intended to encompass a product comprising (S)-?;-fluoro-44442-(3,5-

dimethylphesgoRisbisIfath thTsele i [PRBRRIB Pz AR dED Ry il Rsc eRiablaIyaicbepiable salt
thereof, or in admixturgmithsjis-enantiarpeRiiQdaRharmacestisalvikeasoariablg aplt thereof, and the

inert ingredient at make up the carrier. Accordingly, the phaimaceutical formulations encompass
any compos‘%’i%ér?ﬁigoﬂé%& %&?ﬁz'@?ﬁt{‘Yﬁ\}%’enOX;ﬁg%Z&mlcpe’ ora
fluoro-4444gk@bademathlipheeptibyersildihe:gofireath gl iphemegayiline ndamidenareai phanieceutically
acceptable sglt ersafalone. or.nAAmXIYTE Wit s enantiomer, o pharmaceulicall ageeptable
salt thereof, and a pharmaceutica carrlerrfngl e andfé)rli%}()axupleﬁfi.l p@bmp%sﬁ?llons of the present
invention carphismprantherapeuticatiyestiettaléyarmpntbdd salt thereof, in the manufacture of a
_ (S)-3-fluoroﬁ4114 148%;1(5311t’?ﬁc)jlir%l%tftlfélz%l%rgﬁ/%?_yrroIidin-I-yImethyl]phenoxy]benzamide, or a phatmaceutically
acceptable sa {Rereor, and a erapeutically effective amount of a tertiary amine tricyclic
norepinephrhe rewpiake! 26inhitvitderselected from amitriptyline, clomipramine, doxepin, imipramine

and (+)- tnimipraming, ot & ghamaceufically accepiable;salL ereof can conveniently be

disorder; or

c) ethanol use disorder and a depressive illness selected from b). A preferred
embodiment of this aspect of the present disclosure comprises (S)-3-fluoro-4-{4-[2-(3,5-
dimethylphenyl)pyrrolidin-1-yl-methyl]phenoxyjbenzamide, or a pharmaceutically

acceptable salt thereof, and imipramine, or a pharmaceutically acceptable salt thereof.



administered in a pharmaceutical composition containing the active components in combination with a
suitable (pharmaceutically acceptable) carrier, diluent and/or excipient. Such phaimaceutical
compositions can be prepared by methods and contain a 25 carrier, diluent and/or cxcipients which
are well known in the art. A generally recognized compendium of such methods and ingredients is
Remington: The Science and Practice of Pharmacylack Publishing Co., 19th Ed., 1995). The
compositions can be administered parenterally (for example, by intravenous) or orally. The amount of
active compound in such therapeutically usefuégé)g\positions is such that an effective dosage level will

be 30afforded for e3EHTERERHGrLFERLS RANSE HRCHSS RO SCHBRASRbber 8P 9F rdsknit invention
exists as a steFadisamaphdaigetkbaen] rafeiensepiedbegompaunit dthepieseniinvantion are
WO 2009/094260P T/EQJS 009/036%?1 12 rc}}eant to also include racemic mixtures the{eof. Herein, the
Cahn-Ingold$FBIBY & fdﬁsm s (%e EFPATE TR 1Y T 8T o YbliRCTSITEIE Specific
stereoisomexs ibiespreparestby siereasperifiesyninasi disiegiabantiomeatitatyqgure or enriched
starting materials. The specific stereoisomers of either starting materials or compounds 5can be
resolved by%echnia’ﬁég’v\%ﬁ 8&%1?ﬁefﬁgt%\aggﬁ’cﬂagécﬂ%%{%u%?ﬁSﬁ%’"ﬁ%’é’&ﬂ‘é{ﬁ’ﬁ’& Wi SFganic
CompoundsoBal phighanebSerkli2bd 1@ (Wl a1 d984)spad fengtintiomersl Recematas anrgiflkesolutions,
J., Jacques, A. %ol!et, and S. H. Wilen (Wiley 1991), including chromatography on chiral stationary
phases, ens{f&E @5 olutions, or fractional crystallization or chromatography of diastereomers
formied for #)at puepesel 10sdthrsdiasteieariencisalidetbRiged ahirahzompound is resolved into its
~ isomers, but absorlsttfﬁconfg%%é%tions 0(5 \i)#itical rotations are not determined, the isomers are arbitrarily
designated as isom&e T 1S HIRPC R RFHTR ST RGP SR DRSS 3‘”&6‘1’11%86‘?‘?5% the present
invention argegonienplaiedoadtbinaing presdnatimvention riheharelefepecimhorintaniis aisilegle
enantiomer. 15The compounds employed as ini i@k’s rtin terials nthesis of the compound
of the prosd HTEATGTAE AN KA LI BHEnE HORCO ey AR Rl
synthesized using specific references provided, by standard procedures commonly employed by those
of ordinary skill in the art or are found in general reference texts. 20Examples of known procedures
and methods include those described in general reference texts such as Comprehensive Organic
Transformations, VCH Publishers Inc, 1989; Compendium of Organic Synthetic Methods, Volumes
1-10, 1974-2002, Wiley Interscience; Advanced Organic Chemistry, Reactions Mechanisms, and
Structure, 5th Edition, Michael B. Smith and Jerry March, Wiley Interscience, 2001; Advanced Organic
25Chemistry, 4th Edition, Part B, Reactions and Synthesis, Francis A. Carey and Richard J. Sundberg,
Kluwer Academic / Plenum Publishers, 2000, etc., and references cited therein. The tertiary amine
tricyclic norepinephrine reuptalce inhibitors amitriptyline, clomipramine, doxepin and imipramine are
commercially available as hydrochloride salts. The compound (+)-trimipramine is commercially '
available as a maleate salt. The 30preparation of alternative phaiuiaceutically acceptable salts from
the commercially available salt form is by standard procedures commonly employed by those of
ordinary skill in the art. WO 2009/094260PCT/US2009/030811 13




As used herein, "equiv" refers to equivalents; "mg" refers to milligrams; "g" refers to grams; "kg" refers
to kilogram; "mmol" refers to millimoles; "mL" refers to milliliters; "um” refers to micrometer; "cm" refers
to centimeteyy L orefers ip liters; "C" refers to degrees Celsius; "M" refers t law; Qg refers to
Angstroms, "h" refers to hour 5or hours; "v/v" refers to the term "by volumeg(f[gl%géggn é‘%%z
concentration of a substance in a mixture or solution;"DMA" refers to dimethylacetamide; "DCE" refers
to dichloroethane; "AcOH" refers to acetic acid; "DCI\SI" refers to dichloromethane; "EtOH" refers to
ethanol; "MS" refers to mass spectrum; "APCI" re_fers to atmospheric pressure chemical ionization;
APY refers tpieimasAENS RERRaHIR I oNERNAN T B TeflsdpdRuasted R chamalagigphy: tR”
refers to retention time; the term "enantionieric excess" or "ee" refers to the percent t%y which one
enantiomer, BTofifsscdhedssm epiidttaeppie hosadastireheard plasuERr sueprezrorphin,
1(E1-E2)/(ElahmlitdR0nHseRss REdndaiers 40 dilbieipreiielon&ieland sreagent ) dgR &S refers to
N-(2- Hydrox et%Dplgerazme-Nr- 2-ethanesulfonic acid); "EDTA" refers to ethylene diamine
15tetraacetic¥d‘§l Reis PROYeiRr 4 10-gEdidisine s sl Hbisphakd V0GP 7863 to guanosine 5™

diphosphate; "MTER"nigfgssd@srbinaetihl-ha-dhiazrlAyHathy pyiRgiding s o sdefihsdg
subcutaneous; "ip" refers to intraperitoneal'%;o" refers to per os (oral); "iv." refers to intravenously.

20Preparatict oIS H N Vel P IRt RS SL5PIORR oAU RSAGRYS SErBH B Atons ip 4 5asaFe of

4-hydroxy-bepzigehyden(%eg., Bs0oheaive AAYAMNdeNd Bids difbiasadensanitdle,¢56.96 g, 1.00
equiv) in DMA é?Sl(i)#nL) at 23.C ntgé:omplgtel 25dissolved. Add potassium carbonate (1.5 equiv,
84.88 g) and FeRPHERAATTE A PR FE4RoE LS G PBthashiBe FataPanEsdl FamP TR ction mixture

over H20-icesik iy )arfditerdthpecsoibd olerddieipppmimvasth theolidodib ywatarwiseaangkary under
reduced pressure to obtain Intermedijate 1. (82.40 g, 83% yield). MS (APCI): (M--1) 240.0 14
Prepargtcl%n 0 l%ﬁ%edr?r%oe%%g?eegag u%cgr%}t}ﬁt-]fﬁ- 8%%%1%‘%%‘6%@-%%%@3&‘61 PSHRIE R of
3-fluoro-4-(4{ditmypipheiaoxyjsdepeatittile a2 gy tibidbeguhs #3:4athamol)dreginetiyl sulfoxide
(75 mL), add potassi onate (0.5 I 208 oal.the mixture to 10 C and add hydrogen
peroxide (35 6%%%%@0 : (? ;ﬁY ‘ﬁq\%%r%@wqgé? ég{?laﬁ&gdfSgclir#leor%gﬁlé%%}ert}éeture below 40C.
After the addilgomalstititiod teattiphatiitheretiond hsPdisortive mikthedrolepetd20tigen(@0imL). Filter the

solid over filte id wi r.twice d nder reduced pressure to 10obtain
Intermediateggﬁ(%%%%}g%ﬁé%% dl)gn\lé/lyléab ?%%igle\%(\%?E%%é? XA %n?[

4-{442-(@,5-Dimethﬂ%@hy§§rﬁ¢@@qﬁ©ﬁr§sﬁ-¢m@mﬂppg}@'ﬁmyb@a«ﬁmr@mmamidbgi@n?art 1- Racemic
4- {4-12-(3’539&15&19%'&Hﬁﬂé&%&ﬂ@&@1&@%%!&1{1‘%1{1#@%@@8%‘%%&@@ despite significant

use-related problems. There is a pattern of repeated self-administration that results in

tolerance, withdrawal and compulsive substance-taking behavior. The problems related
to ethanol use disorder are varied. There may be repeated failure to fulfill major role

20 obligations, repeated use in situations in which it is physically hazardous, multiple legal
problems, and recurrent social and interpersonal problems. These problems occur
repeatedly during the same 12-month period.

Tolerance is the need for increased amounts of ethanol to achieve the desired
effect, or a diminished effect with continued use of the same amount of cthanol.

25 Generally, withdrawal is a behavioral change, having physiological and cognitive
components, that occurs when blood or tissue concentrations of ethano! decline in an
individual who had maintained prolonged heavy use of ethanol. After developing
withdrawal symptoms, an individual is likely to consume ethanol to relieve or avoid those
symptoms.

30 As used herein, the term “patient” means mammal; “mammal” means the
Mammalia class of higher vertebrates; and the term “mammal” includes, but is not limited

to, a human.



fluoro-benzamide Add a solution of 3-fluoro-4-(4-fotyl-phenoxy)-benzamide in DCE: AcOH, 25:2 (100
mg, 1 eqin 6.7 InL, 0.06 M) to 2-(3, 5-Dimethyl-phenyl)-pyrrolidine (70 mg, 0.4 mmoI 1 eq) in a sealed
tube. Orbltalw(%[)@g g&ture for 16 h at room temperature 20Add sodlumg dride (1.5
eq; 127 mg) in two portlons Stir the mixture at room temperature for 10 h emove the so vent under a
stream of N2 gas at 40C overnight. Dissolve the crude reaction mixture in DCM and adsorb onto
Stratta-NH2 (55 microns, 70A) Phenomenex, Inc., 41 Madrid Avenue, Torrance, California,
90501-1430, U.S.A. Purify by flash chromatography on Si02 calti idge using a gradient of CHCI3: WO

20091094260°CT/ 00903004} A5 £ NEHOH G A0 b 88 3, Aderala e

compound (100 mg, 60%) as a racemic mixture. MS(EIC 419 P

54-{4-[2-(3,5Onsrestprtentrenis) aasyelid ﬁwh%@diynmémfaém@@f@skﬁamﬁm Isomers 1 and 2

Isomer 1'50”3%15%@1%@‘{8'%%1%%318%'&&%1% the RGBT R HQ Pgkefpnaniomers from
Example 1, Pait |, is purified by chir chromatogr hy using Chiratpalc AD (250 mm X 4.6mm, 10um)

eluting with H@@@@W@%WE&W@@W@O#W s wrkeur I?ﬁ?ﬁ%&‘%lffb?ﬁ“fh@’%@mer 1
compourd (%RdaghBHHtyhRMRY dGAIR: FRoDRRIYY 98%0: IMaIRIRY MM il refered ée herein

as Example 1A). A second eluting enagtiomer (9.7 mg), tR=12.9 min. is designated as the isomer 2

compound (rM@Wé@&WQF&n%@@%rﬁpl@‘ﬁEgge’?f&?&lf‘%} RPPB M dhs TBisrsfionYo; MS(EIC):

g\/l+1) 419O| 15%@@@&%@@& mgaéa@)wana?}gkbsamh@@@m Q&%'&Qd@f&g ﬁ@m@ﬁs?ea@m%@hare
etermined tq be, respectively, (S R), using the we n Mosher methqd. Generally, this
method invol é Ef%ﬁ%?l% %?FS‘(% Wity ﬁ#ﬁ%ﬁ@%ﬁ%ﬁ’d%@f?%’?ﬁ?&%l ffeagent

alpha- methoxyealks&mémwﬁmﬁm&ﬂawm&wblasﬁmamd @A%Hﬁrohﬁewgdﬁyrﬂt&mmwhatwe analysis

of theNMR s tra of he resultin S so sible to determine absolute
conflgugf@ltlon%& éhpsﬁcny sjrr%haln %b%ﬁrgmu n“@o.@ﬁ qﬁlf |gﬁglmff°ff‘?§368]ﬁ iguration of the
MTPA mmetyclns&lfe:zlﬂoshestsmnmtﬁvs ()R&landdibel btzestgﬁmprsgadmublet of doublets (one of the

couplings is roughly tWI e oth he a alute ion of the amine under examination is (S).
sed ?% [} PAne AT ﬁl W s
If this signal is an apparent rlpllet coupf: é’s are simila rﬁﬁeaﬁ%mgl uteynorﬁlguratlon is (R).

Conversely, ifttheapoutiicaliratifiacof théohd TRl snpedtiaep ismount of the compound or a

pharmaceutically acceptable salt that 1s sufficient in one or more administrations for

15 treating ethanol use disorders, an anxiety disorder as described above, a depressive illness
as described above, 2 combination of ethanol use disorder and one or both of an anxiety
disorder and a depressive illness, schizophrenia, or a combination of ethanol use disorder
and schizophrenia.

The term “treatment” and “treating” as used herein means the management and

20 care of a patient for the purpose of diminishing or discontinuing self-administration and
use of ethanol. The term is intended to include the full spectrum of intervention for the
ethano! use disorder from which the patient is suffering, such as administration of the
active compound to alleviate the symptoms or complications, to delay progression of the
ethanol use disorder and to reduce the quantity of ethanol consumed per drinking day ona

25 one month basis or heavy use days on a per month basis, or both. The management and
care of a patient for the purpose of combating ethanol use disorder includes the
administration of the active compound to inhibit the physiological or psychological onset
of symptoms for resumption of use, continued use or enhanced use. The patient to be
treated is preferably a mammal, in particular a human being. The term “treatment” and

30 “treating” as used herein also means the management and care of a patient for an anxiety
disorder selected from panic disorder, obsessive-compulsive disorder, social phobia,

generalized anxiety disorder, specific phobia and post-traumatic stress disorder; a



(S), H2 appears as a triplet in the (S)-2-phenylpyrrolidine and as a doublet of doublets in WO
2009/094260PCT/US2009/030811 16 the (R)-2-phenylpyrrolidine. Further, details are available in P.

Vidal, et al., Qrganic.dssiters, 9 (21), 4123-4126 (2007). As described ghovgsaagsiaie mixture of

enantiomers is prepared and separated into Examples IA and 1B by chiral chromatography. A
preferred method of preparing 5SExample IA is enanti selective synthesis using enantiomerically pure
243,5- dimethylphenyOpyrrolidine and substantially tollowing the procedures described above in
Example 1, Part 1. As noted above, the compound of Example 1A, or a pharmaceutically

acceptable Sé@p@&@s{ﬁz@fi1iﬁe@s%%l‘é&ﬁé\ﬂef@%&lﬁéj&s&eﬁ{e@iéﬁ!?ﬁéﬂ%%ﬂ]%@@%m& gligriaf ggonists, at

10the kappa opioid receptor. Features of the compound of Example IA are one or more of its structural

features and WidlotfieHoprepERisadmarfaE sy thelud sehinakuschitiripkipiadasdptbr selectivity

(binding affinity), kappaskecapiaragtivity (ﬁa@mﬁmdﬁwyanpmwm@%M@&%@@make in
small animal models, bigavailability in small animal models and tolerability regarding undesirable side

effects in smAMEARSEHERALCTHIE SXiRRATSH SHRE ForipBusaaseR 4 s IaAY & GRIBPREE dPxiolytic,

antidepressasll AndARERSHENOHS activibpirtamsal, animalmedptassaysn AsHsedherginTkappa opioid
receptor selectiyity means in vitro binding affinity at the kappa receptor of less than 1 nM and more
particularly IQSSTHAI OF GASFS BIELARRY » MAtth BT oA BIERRF @ity at the mu and delta

opioid receptors areriogreataniladnbanlyl astcgenre iy areaterthanr@ b low-Alsouaswsed herein,

selective kappa opjpid receptor antagonist potency means in vitro, competitive binding displacement of
a known agoﬁ?%eg{ggs%qﬁégcgsﬁWE‘%g 15?0?%8%%%&%@%@%%8&%? §r§f%ﬁ.€m use; t?neﬂ@%‘[ﬂa%% in vitro
competitive hiixdidgrespiac@mizdt eftknohrbmse antkdeltal2eedptor agoinists @greateiothan 15 nM
and generally greater than 20 nM. he.compound of the present invention is described as a
celecian e S s o o B e SR R
antagonist" ahd tiavegsmeagohigiiowitbiitlitprobbyes. At'stentihbantagenistdithat ieversiblgyeceptor ligand
without intringic activity, S influence recentor: Vi sfitutive receptor
activity) and prevents b%ﬁ?n%ﬁ ftr?gltc%:ompe%iti\)épﬁeann%r, 6%&1}\%%0%%&1 e%%\ggeﬁlgé%%aw
non-endogenvigs ¢ taehthrecbpiior carctiisersth agunistnised iigsmebnitquiagesivethetfinsiotaeity . It

inhibits the recopIDs QWEIRGHYIY AEoRRITEYR MR A00RNORMRORE FaliHr 20RRI0ANR i

15  stages of ethanol disease states (ethanol abuse and ethanol dependence). In the United
States, men who drink five or more standard drinks in a day (or fifteen or more per week)
and women who drink four or more 1 a day (or eight or more per week) are at risk for
ethanol-related problems (i.e. risky use). In Europe, men who drink 4 units (32 g) per day
and women who drink 3 units (24 g) per day are at risk for ethanol related problems

20 (risky use). Individual responses to ethanol vary, however, and ethanol consumption at &
risky use level may be a problem requiring treatment depending on many factors, such as
age, co-existing conditions, and medication use,

A standard drink in the United States is any drink that contains about fourteen

grams of pure ethanol (about 0.6 fluid ounces or 1.2 tablespoons). Standard drink

25  equivalents are: 12 oz. of beer or cooler; 8-9 oz. of malt liquor; 5 oz. of table wine; 3-4
oz. of fortified wine (such as sherry or port); 2-3 oz. of cordial, liqueur or aperitif; 1.5 oz
of brandy (a single jigger); and 1.5 oz. of spints (a single jigger of 80-proof gin, vodka,
whiskey, etc.). These are approximate, as different brands and types of beverages vary in
their actual ethanol content. In Europe, one unit is a standard drink and comprises one-

30 half pint of ordinary strength beer; a single measure of spirits; and a standard glass of
wine. As with the United States measures, these are approximate as different brands and

types of beverages vary in their actual ethanol content.



receptor activity) by shifting the equilibrium of the receptor conformation to its inactive state and
inhibits binding of an agonist to the receptor. In a high constitutive receptor activity environment, an
inverse agorjst yijbdiffeggntiate itself from a neutral antagonist. The compeyqd b fsxatpple 1A or a
pharmaceutically acceptable salt thereof is Seffective over a wide dosage range in the treatment of
ethanol use disorders and in treating independent comorbid anxiety and/or depression or
schizophrenia that may also be present. For example, dosages per day will normally fall within the
range of about 0.05 to about 50 mg/kg of body weight. In the treatment of adult humans, the range of

about 0.5 to about 94 el sipalearstiddetdess dsniyblsal HBUBEL Hilkheul Quaderstood

that the amount of the coméﬁé)émd actually administered will'be determined by a physician in light of the
relevant circ GATRERRTLES heeRiamy s O TEBREREOR SR eBhTGhikneoH Aha 46 betrsated, i8Mgd, weight,

and responsg; of-theiidiviciuph Ratieptihe Saue iy 9N nalienlsh INPIYMS, @Rd tgishosen route of

administration, and therefore the above dgsage ranges are not intended to limit the scope. It should

also be undeYstbod MBthat theBergeuritds CorApBeT U nite rdegabobtbamageutical o s e range that

affords gelectiviercentrad kappadeceRianpecopancy and does not appreciably block mu or delta opioid,
or other, receptors.

: he compound may, be administered, by a varigty of roytes such as oral,
transdeinial, subcu&ee%ﬁ@, 86%%%%&?%%%%@%‘&%%%ﬁ@%ﬁﬁ%@?ﬂéom is well
knohwn, thhe d@gﬁg@i@ifofﬁlehiﬁml dembhq;;gﬂm @pmﬁg@&ﬁhﬁph ﬁiﬂﬁg@?ﬂ@@fﬂd@of f2-gg\eral fagtors
such as the potency, of the.sele specific compound, the mode of administration, the age an
weight of the%b%ﬁ?eh#tl? Cgﬁﬁg{yg?@%&‘?fﬁg g%ﬁ}ﬁﬁg] %ng)ggr%e%]tzeadfu é?ﬁdoﬁ]%r?ﬁgnﬁﬁgtfga dnsidered to be
within t_he skﬁbpdﬂa@lam#aﬁeaamf,m?émmmmhh ég(ist_ingidite@atonre trhaietmmtmid;ptimal_dosing for
the terthyy s disyclic dnoreainepling suplate D RIRapTReReTt, Fe aveiage dly adul

dosage of the norepinephrine reuptake inhibitors are: Broa g dual B5se ar/’day
amitriptyline 25-360Ma3206! dlomigraininerREr256 51 00- 200 ioxepim28300ai00x200( WD
2009/ 09426%&EM—%&?Q—%??‘-Q%&&H}%})henyl)pyrrolidin~1 -yl-methyl]phenoxylbenzamide, or a

pharmaceutically acceptable salt thereof, alone or in admixture with its enantiomer, or a

pharmaceutically acceptable salt thereof, and a pharmaceutical carrier, diluent and/or
15 excipient,

Compositions of the present invention comprising a therapeutically effective
amount of (S)-3-fluoro-4-[4-[2-(3,5-dimethylphenyhpyrrolidin-1-yl-
methyljphenoxy]benzamide, or a pharmaceutically acceptable salt thereof, and a
therapeutically effective amount of a tertiary amine tricyclic norepinephrine reuptake

20 inhibitor selected from amitriptyline, clomipramine, doxepin, imipramine and (+)-
trimipramine, or a pharmaceutically acceptable salt thereof can conveniently be
administered in & pharmaceutical composition containing the active components in
combination with a suitable (pharmaceutically acceptable) carrier, diluent and/or
excipient. Such pharmaceutical compositions can be prepared by methods and contain a

25 carrier, diluent and/or excipients which are well known in the art. A generally recognized
compendium of such methods and ingredients is Remington: The Science and Practice of
Pharmacy Mack Publishing Co., 19” Ed., 1995). The compositions can be administered
parenterally (for example, by intravenous) or orally. The amount of active compound in
such therapeutically useful compositions is such that an effective dosage level will be

30  afforded for each active ingredient.

It will be understood the compound of the present invention exists as a

stereoisomer. As used herein, references to the compound of the present invention are



imipramine 25-300 100-200 (+)-tr mipramme 25-300 75-200 Those compositions, containing two
active components, may be administered in the same physical form or concomitantly according to the

above descifagddosangs. The dosages for each active component can bgsegsiird sgparately and
can be given as a 5single combined dose or given separately. They may be given at the same or at

different times as long as both actives are in the pat'%nt at one time over a 24-hour period.
Concomitant or concurrent administration means thé“patient takes one drug within about 5 minutes of
taking the other drug. Because the goal is to provide rapid symptomatic relief to the patient, in most

cases when fgatmenlds staied hednadrsasivasticbberidagministersdiiedhermatignt close in time

and typically concomitantlg' thereafter, the timing of each dr?'s, administration may be adjusted so

long as bothS§EREIARS ALtk RSHE ARkt e tea NS R REIBVRREE A PORF e HSEEOISOMEiR criteria

for ethanol deperdpnreersebiostbrio ReMd VyhRds aupatiesafiethanal ysarteadingdesglinically
significant imE)airment or djstress as %nifesteq bé at l%e%st three selected from the following group,

occurring at SAYHREWRAH the S SRS HISERTIT S &S L s e matese S & reBo aifer (a) a
need forssubsianialtydherebsestiampanis«df ieibanahthaehieveintotisasitnaf e desired effect; or (b)
substantially gdiminished effe ith continued use_of the.sam of nol; (2) withdrawal, as
demonstrate%ﬁﬁ%ﬁi%%%ﬁa&ﬁ%@%&ﬁﬂ%&%& t éi%l,i% %oﬂﬂe same, or a
closely relatdihanthstanc Ris-takaestare Revelotienoit], iithgrawal Spihpiamiss (B). &thkngMaleften taken
in larger am g%&é QrQvera l%&%ﬁ ergo%t%enc /as gqéggded;p(ﬁg %herg iS a persis Qt desire or
unsuccessfu(?e s fo cut-down or Control el%hano? use; fg)r% gresa%’(?egrlgfa ﬁ?nléesig }slﬁce’%%’ N activities
necessary td@bmmgﬁdkim@@mmhmmwgmdf@khaeit@@ﬁe@isfc(ﬁl)aémﬁmmtpwptab,occupa_tional
or 25re?6€a“§2{%ﬂ'ﬁ%l!%&%&ﬁ%r%%éﬁﬁs‘.‘W&Q%%%P&%%H&%Sfiﬂ%%ﬁk?é&ﬁ% %@‘E‘s%e%h%”to' use 1

continued despite knowledge of having a persistent or recurrent physical or psychological problem that

is likely to haaksPesrreriisagtsmevacptisataatpyoathzaabt detgthmne! tepemaeneeccahiberibith
physiologicadependencsi that is guidgnee.Qf t%f?é‘ﬁ?rﬁfx\é{ﬂ@%@m%ﬁgEﬁé%@hg?&ﬂ%?‘ﬂﬁe

physiological dependence, where no 30evidence of tolerance or withdrawal is present. However, it
should be urRigf6 Y TREPSGTCPPOIZODISI0D #28EPOT RIS2UUY G308 1thegpreferred

embodiment is a single enantiomer,

15 The compounds employed as initial starting materials in the synthesis of the
compound of the present invention are well known and, to the extent not commercially
available, are readily synthesized using specific references provided, by standard
procedures commonly employed by those of ordinary skill in the art or are found in
general reference texts.

20 Examples of known procedures and methods inciude those described in general
reference texts such as Comprehensive Organic Transformations, VCH Publishers Inc,
1989; Compendium of Organic Synthetic Methods, Volumes 1-10, 1974-2002, Wiley
Interscience; Advanced Organic Chemistry, Reactions Mechanisms, and Structure, 5%
Edition, Michael B. Smith and Jerry March, Wiley Interscience, 2001; Advanced Organic

25 Chemistry, 4™ Edition, Part B, Reactions and Synthests, Francis A. Carey and Richard J.
Sundberg, Kluwer Academic / Plenum Publishers, 2000, etc., and references cited therein.

The tertiary amine tricyclic norepinephrine reuptake inhibitors amitriptyline,
| clomipraumine, doxepin and imipramine are commercially available as hydrochloride
salts. The compound (+)-trimipramine is commercially available as a maleate salt. The

30  preparation of alternative pharmaceutically acceptable salts from the commercially
available salt form 1s by standard procedures commonly employed by those of ordinary
skill in the art.



called "psychological dependence” may be the result of a protracted withdrawal where physical
symptoms are not readily detected and often manisfested as psychological complaints such as
dysphoria okganbeg@niaed he essential feature of ethanol abuse is a maladapting fasiesmmef ethanol
use Smanifested by recurrent and significant adverse consequences related to the repeated use of
ethanol. In order for an abuse criterion to be met, the,ethanol-related problem must have occurred
repeatedly during the same 12-month period or been persistent. There may be repeated failure to fulfill
major role obligations, repeated use in situations in which it is physically hazardous, multiple legal
problems, and recunent@beiatianctinierpersanal diprdiemsnnliterihe ehilegiadrr gthanol
dependence, the criteria for ethanol abyse do nof inclugde tolerance, withdrawal, or a pattern of
complisive (EFAHR e TRCTSUR IRy e R Chrsatiin CAL e o dflc BS6" Aliagnosis of
ethanol abuseililjireemptet:-bisthe diagonsisrof ethanthdepeacdanee:f the iefliay dtepattern of
ethanol use has eyer,met the criteri r dependence. 1 Eurﬁher information and details regard ethanol
use disorderrﬁa%?sisotgg &g t?fi%%sp?ggernetﬁé%r??p%ﬁﬁa ; o‘%arﬁ po a‘%‘élﬁ%lt{:%ﬁlﬁ’gzcgcerﬁfgﬁlgos% thereof, is
found in3DSM: TR “v/vT hefdrdepbadent ‘Gonvotbidcdnxiétyalisordersireatediby dfie present
compound. o1, 8 pharmageulically.accepioblnsall hereot, afe selecied iom pagicdisgudey, obsessive:
20 compulsive disorder, social phobia, generalized anxiety |sorc%r, Specific phobia, ana posttraumatic
stress disordéchfhres@atisoidetdiasite treatdd atohie DA ehmitamtlichittoettthmot; ida@hiBorder in a
patiert. [he paiclanansiew sauias capiarupiated.as Aseta bla.comarhiscndiipas gl as defined
th and Human

in DSM IV TR, and descri ’ed in United States Depat iment of Health ar rvices, National
Institute of MdstaicakbamzagsNI APl aEdR MNEogphesy 9ressuRipektinfoThitOreéme details
regarding the anxiely disarisrdessgibed.aboye.and treaied hihaPiesenLEAMBRKAG, or
phaiinaceutically acceptable salt thereof, are found in DSM-IV-TR. The independent comorbid
depression iffEsSePtreaetefystiethn SSEEBMPBIFE oBEaRtigmImBEclitiBAKFSedBBtable salt
thereof, are sgiagled fram-mAinaeniRssien ,ﬁwmraﬁmﬂtt{ia@ﬂ%ﬂ@w@zﬁm@@ﬁmders may be

treated alone or concomitantly with ethanol use disorder in a patient. The particular depressive
ilinesses contermpldidarad %@WQ@%@WW@W@QIH@@ I sfereiabié comorbid conditions
by the presepiéeption e asAsfinedinhalMiotit apd desoribedinddnitedrStatesiiagnaitinent of
Health and Human Services, National Institute of Mental Health, NIH Publication No. 02-3561. Further
information a{ﬁtaaaﬁffgﬁéﬁ%jga%ﬁ’lpg TRETHAD LSS SoHBRO e b STPEAB B 4R GUALRBRE By the
present compiphashiong Papricettically accepiablel saltagspafypeerioylig @MY TR.  The
. independent comarbid, schizophrenia treated by the present.,compqund, or a pharmageutically
acceptable s& ?F.Seﬁpe%‘f??ﬁé?aag Sthe sﬂgﬁfﬁé% gﬁ’ﬁ&&?ﬁ%’or@%ﬂ% G EOanfo%Z? di%e\f‘%ntiated and
residual. Thisetksotdartraegnbestyeated alone or 10concomitantly with ethanol use disorder in a patient.
The schizophrenia contemplated as a treatable comorbid condition by the present invention is as
defined in DSM IV TR. Further information and details regarding schizophrenia treated by the present

compodfd, or a pharmaceutically accefrtepiedintheietfymeiiaerid in DSM-IV-TR.
3-Fluoro-4-(4-formyl-phenoxv)-benzonitrile

7 N
Z
H
o
F

Stir a mixture of 4-hydroxy-benzaldehyde (50 g, 1.00 equiv, 409.4 mmol) and 3,4-
difluoro-benzonitrile (56.96 g, 1.00 equiv) in DMA (750 mL) at 23 °C until compietely
25  dissolved. Add potassium carbonate (1.5 equiv, 84.88 g) and heat the mixture at 100 °C

for 3 h. Cool to room temperature. Pour the reaction mixture over HyO-ice (1.5 L).
Filter the solid over filter paper, wash the solid with water twice, and dry under reduced
pressure to obtain Intermediate 1. (82.40 g, 83% yield). MS (APCI): (M"'-1) 240.0



As previously noted, an anxiety disorder, as described above, a depression iliness, 15as described
above, and ethanol use disorder may be simultaneously treated by the compound of the present
invention, orgagPhaspacestically acceptable salt thereof; or schizophrenia gs-grssihagakpve, and
ethanol use disorder may be simultaneously treated by the compound of the present invention, or a
pharmaceutically acceptable salt thereof. The compound of Example IA is preferably administered in
connection with 20and/or subsequent to an educational and/or behavioral modification program to
enhance diminution in frequency and/or quantity of use or abstinence from ethanol. The programs may
be more effective by focusing on educg&gg}mmﬂy@@émmcmmn goals, reducing the
incidence of program non- completlon As noted above the compound of Example IA is a kappa opioid
et A e rRERB AR 85 vitro and in vivo assays. All
ex vrvo and in vrvo experrments are performed accordrng to the polrcres of the Animal. Care and Use
plia errcan Association for the Accreditation

of Laboratory Animal Care- approved guidelin
scintillation proximity assay (SPA) - based GTRZ7-E 3
accordance with (Emrnerson et al., Pharm Exp Ther. 27E
2009/094260PCT/ 2009/0 0811, 21 6) Hong et al. ciety for Neuroscrence Abstracts, 434.6
(2000) and (DeLapp & 4§ Is’:(glhﬁ’é’@ ‘1‘9@9‘} S%ézﬁvnf}ﬂ]r O eBERLE s e fel %@sp(mded in 20

mM HERES etlaﬁrmmma&mcﬁ)mmlhqﬂrgfﬁgzzsﬂfmmmin&waﬁmdﬂﬁﬂmai%&yaw (©f GefRy-[358],
compound, bra pension (2 i and whea utinin, 5 cqated SPA
bentis (WA RO P SO FRATE 1 o LM (Ml AGBRE P b OBER 1 majwel)
are added to1c%aqhm)mmtwekmwtpamnﬁﬁ&ﬁm@tmmﬁdmmm Aﬂ&ﬂM fdfticancentration
per We”) Is a% t?e%lr(l: m?nr?xbm 0%%“1{“(1{1 E t%r 98 qglgyett 1062? i {[ are sealed and
incubated for four hours at room em erature then p ’Iaced in"a Tefrigerator ove nlglh o Bllow the beads
to settle. Signelid Ostalfility a@pbt;weixiemermhédvtdz b@wﬁmhwmﬂamémm@wedzmmﬁom
temperafure and. ppccg p Elmer Life and Analytical
Screncei?léu 54%%%2%%%%%%1 %g}laﬁigl&gw I@ ant ”giﬁit §ssays specific agonists are
added at the following concentratrons. mu-opioid receptor (MOR) DAMGO ([D-Ala2,N-Me-Phe4,

G1ly5-ol]-Enkephalin, Sigma-Aldrich catalog nurghgr13.57384) 1 micromolar; delta-opioid receptor

(DOR) DPDPE ((D- Pen2 D- Pen5) Enkephalln Bachem Catalog number H-2905) 30 nM; and
kappa-opioid 4=idciBuéd fi Pireeths ybrpser olidin-1-vimethvil-phenoxvi- 3-fluoro-benzamide

813)-N-Methyl-N47-(1- pyrrolrdrnyl) 1 oxaspr o[4. 5]dec -8- y11 benzeneacetamlde Sigma-Aldrich
Catalog number U103) 300 nM. Kb va
equation (see Cheng and Prusoff, 20B X
(DeLapp et al., 1999). For n>1 evaluationg, the summarized averg
the stated number of runs (n=2 or 3) calg -
SE=STDEV (Kbl + Kb2 Kb3)/SQRT n (n=2-or 3);
SEM=SE x Geometric mean Kb (nM) x LN(10).

15 Part 1- Racemic 4-14-[2-(3,5-Dimethyl-phenvD-nyrrolidin- 1 -vimethyl-nhenoxv}-3-

fluoro-benzamide

Add a solution of 3-fluoro-4-(4-formyl-phenoxy)-benzamide in DCE: AcOH, 25:2
(100 mg, 1 eqin 6.7 mL, 0.06 M) to 2-(3, 5-Dimethyl-phenyl)-pyrrolidine (70 mg, 0.4
mmol, ] eq) in a sealed tube. Orbitally stir the mixture for 16 h at room temperature.

20 Add sodium triacetoxyborohydride (1.5 eq; 127 mg) in two portions. Stir the mixture at
room temperature for 10 h. Remove the solvent under a stream of N; gas at 40 °C
overnight. Dissolve the crude reaction mixture in DCM and adsorb onto Stratta-NH," (55
microns, 70A) Phenomenex, Inc., 411 Madrid Avenue, Torrance, California, 90501-1430,
U.S.A. Purify by flash chromatography on Si0; cartridge using a gradient of CHCls:



25 WO 2009/094260 22 Table 1 PCT/US2009/030811 Opioid Receptor In Vitro Antagonism
GTP-T-S Kb (nM) Example No. hMu hKappa hDelta 1 (racemic) 56.7 (n = 1)

WO 2009/094260 PCT/US2009/036811
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EtOH: NH4O (97:3:0.3 to 88:12:1.2) to afford the title compound (100 mg, 60%) as a
racemic mixture. MS(EIC): (M+1) 419 '

Part 2
5 4-14-12-(3.5-Dimethyvl-phenvi}-pyvrrolidin-1-vimethvil-phenoxvl-3-fluore-benzamide

Isomers 1 and 2

E AT SO

Isomer 1 lsomer 2
Example 1A : Example 1B

A racemic mixture (40 mg) of enantiomers from Exampie 1, Part 1, is purified by
chiral chromatography using Chiralpak AD (250 mm X 4.6mm, 10um) eluting with Hex-

10 0.2%DMEA/EtOH 90/10; Flow rate 1 ml/min; tg=6.7 min, to afford the isomer 1
compound (9.6 mg). Purity (%) by LC/MS: 99%, ee(%) 98%; MS(EIC): (M+1) 419
(referred to herein as Example 1A). A second cluting enantiomer (9.7 mg), tr=12.9 nun.
is destgnated as the 1somer 2 compound (referred to herein as Example 1B). Purity (%)
by LC/MS: 99%, ee(%0) 98%; MS(EIC): (M+1) 419.

15 The absolute configuration of Isomer 1 (Example 1A) and 1somer 2 (Example 1B)
are determined to be, respectively, (S) and (R), using the well known Mosher method.
Generally, this method involves derivatization of a chiral substrate with the two
enantiomers of the chiral reagent alpha-methoxy-alpha(irifluoromethyl)phenyl acetic acid
(MTPA), followed by the comparative analysis of the 'H NMR spectra of the resulting

20 diastereomers. It is also possible to determine absolute configuration of 2-
phenylpyrrolidines by the multiplicity of the H2 signal. if the configuration of the MTPA
moiety in the Mosher’s amide is (R) and the H2 signal is a doublet of doublets (one of the
couplings is roughly twice the other) the absolute configuration of the amine under
examination is (S). If this signal is an apparent triplet (both couplings are similar) the

25  absolute configuration is (R). Conversely, if the configuration of the MTPA auxiliary is
(S), H2 appears as a triplet in the (S)-2-phenylpyrrolidine and as a doublet of doublets in



543 (n=1)293 (n=1)IA (isomer 1) 40.1 (21.3,n = 3) 2.12 (1.06, n = 3) 264(111,n3) 1B (isomer 2)
69.6 (22.8, n =2) 44.8 (14.7, n -=2) 220 (149, n=2) The Ki values are determined using the
Cheng and Riysgfédsurya) equation Ki=EC50/(1+[ligancl]/Kdx) and are rgpeafigsihslewsn Table 2. For
n>1 evaluations, the 5summarized averaged values are a geometric mean of the stated number of
runs (n=2 or 3) calculated as Mean Log Ki-Average %(il + Ki2 + Ki3); SE=STDEV (Nil -F Ki2 +
Ki3)/SQRT n (n=2 or 3); Geometric mean Ki (nM):f "N Mean Log Ki; SEM=SE x Geometric mean Ni
(nM) x LN(10). These data show the compound of Example 1 (racemic) and particularly the compound

of Example W([gomsshhats RetRMonichiOreseniorantagaists selggtivedar togdsappa receptor

relative to thgert?gﬂsagcbdﬁlt%rz%ggf)ztgrézogg)t?le 2 InVitro Binding High NaT /GDP

As described above, a racemic mixture of enantiomers is prepared and separated

into Examples 1A and 1B by chiral chromatography. A preferred method of preparing

5 Example 1A is enantioselective synthesis using enantiomerically pure 2-(3,5-
dimethylphenyl)pyrrolidine and substantially following the procedures described above in
Example 1, Part 1.

As noted above, the compound of Example 1A, or a pharmaceutically acceptable

salt thereof, is a selective antagonist, or in selectively blocking the effect of agonists, at

10 the kappa opioid receptor. Features of the compound of Example 1A are one or more of
its structural features and biological properties afforded by those features including kappa
receptor selectivity (binding affinity), kappa receptor activity {antagonist potency),
efficacy at reducing ethanol intake in small animal models, bioavailability in small animal
models and tolerability regarding undesirable side effects in small animal models. In

15 addition, the compound of Example 1A evidences anxiolytic, antidepressant and
antipsychotic activity in small animal model assays.

As used herein, kappa opioid receptor selectivity means in vitro binding affinity at
the kappa receptor of less than 1 nM and more particularly less than or equal to 0.6 nM.

In contrast, in vitro binding affinity at the mu and delta opioid receptors are

20 greater than 5 nM and generally greater than & nM.

Also, as used herein, selective kappa opioid receptor antagonist potency means in
vitro competitive binding displacement of a known agonist at less than 6 nM and more
particularly less than 3 nM.

In contrast, in vitro competitive binding displacement of known mu and delta

25  receptor agonists is greater than 15 nM and generally greater than 20 nM.

The compound of the present invention 1s described as a selective kappa opioid
receptor antagonist. This description 1s intended to include both “neutral antagonist” and
“inverse agonist” within its scope. A “neutral antagonist” is a reversible receptor ligand
without intrinsic activity. It does not influence the receptor’s own basal activity

30  (conmstitutive receptor activity) and prevents binding, in a competitive manner, of an
agonist (endogenous or non-endogenous) to the receptor. An “inverse agonist” is a ligand

with negative intrinsic activity. It inhibits the receptor’s own activity (constitutive



Ki (hM) Example No. Mu Kappa Delta 1 (racemic) 12 (n =1) 0.225 (n=1) 170 (n = 1) IA (isomer 1)
16.4 (8.25,n = 3) 0.597 (0.373, n = 3) 122 (38.6, n = 3) | B (isomer 2) 101 (33.7, n = 2) 13.9 (0.293, n

= 2) 165 (1&%; simodesbag hese data show the compound of Example 1 (ragefichapdpatiicularly the
compound of Example |A (isomer 1) selectively bind the kappa opioid receptor relative to the mu and

delta receptors. WO 2009/094260PCT/US2009/03 ;/311 23 Opioid Receptor Occupancy (RO) in Rat
Brain In order to bridge in vitro potency to in vivo efficacy and to evaluate the occupancy of the
compound of the present invention at opioid receptors, an in vivo rat 5Smodel for monitoring opioid RO

is employedrdeelfiés assay ypiccadasgshefsaattiexantofkte receptor conformation to its inactive
state and inhibits binding of an agonist to the receptor. In a high constitutive receptor
activity environment, an inverse agonist will differentiate itself from a neutral antagonist.

The compound of Example 1A or a pharmaceutically acceptable salt thereof is
5  effective over a wide dosage range in the treatment of ethanol use disorders and in

treating independent comorbid anxiety and/or depression or schizophrenia that may also
be present. For example, dosages per day will normally fall within the range of about
0.05 to about 50 mg/kg of body weight. In the treatment of adult humans, the range of
about 0.5 to about 50 mg/kg, m single or divided doses, 1s typical. However, it will be

10 understood that the amount of the compound actually administered will be determined by
a physician in light of the relevant circumstances, including the condition or comorbid
conditions to be treated, the age, weight, and response of the individual patient, the
severity of the patient's symptoms, and the chosen route of administration, and therefore
the above dosage ranges are not intended to limit the scope. It should also be understood

15  that the amount of compound administered should be within a dose range that affords
selective central kappa receptor occupancy and does not appreciably block mu or delta
opioid, or other, receptors. The compound may be administered by a variety of routes
such as oral, transdermal, subcutanecous, sublingual, intranasal, intramuscular or
mtravenous routes.

20 As is well known, the dosage of each component in a two component medicament
depends on several factors such as the potency of the selected specific compound, the
mode of administration, the age and weight of the patient, the severity of the condition to
be treated, and the like, This 1s considered to be within the skill of the artisan and one can
review the existing literature to determine optimal dosing for the tertiary amine tricyclic

25 norepinephrine reuptake inhibitor component.

The average daily adult dosage of the norepinephrine reuptake inhibitors are:

Broad Dose Usual Dose

mg/day mg/day
amitriptyline 25-300 100-200
clomipramine 25-250 100-200
doxepin 25-300 100-200




,ug/kg) ((5a)-17-(Cyclopropylmethyl)-4,5-epoxy-3,14-dihydromorphinan-6-one) , naltriben (10 jig/kg)
(17-(Cyclopropylmethyl)-6,7-didehydro-3, 14b
-dihydroxy-4yopspoysy-2',3'-benzo[b]furanomorphinan) and GRI 0354 5pfreRdaMeitank 4-[(3,4-
dichlorophenyl)acety1]-3-1[(1-pyrrolidinyOmethyl]-1-piperazinecarboxylate) (1.5 jig/kg) 10 are
simultaneously administered intravenously in a singlg injection and used as RO tracers for mu, delta
and kappa receptors, respectively. Administration of the three tracers peonits one to understand the
relative selectivity of the opioid receptor subtypes occupied and the degree of receptor occupancy that
occurs at anyrspiaéifiieesubtype at effieacypdn RO, the distrgloution of the tlacer in various brain regions
is measured-by-151L-G/MSIMS{ARH1000-MDS-Sciex)-groviding-a-nenradioactive method for detecting
the amounis oHFIEEF BN with rigjﬁ'é%sitivity. Rec 38?6?%@cupancy s then calculated as the
difference in specific accumulation of tracer in animals treated with a compound of the present
invention versus animals treated with vehicle alone. In.this method the str'at%a,re ion of high mu,
delta and kappa opTgfbﬂ?é’ggmg?lﬁ%‘?fsﬁW@%ﬂ%F?ﬁ’sﬁp%oéﬁﬁf’ﬂ%‘é%rn&% i %ﬁ"%%ﬁﬁ’lénthe
cerebellum ¢adxaite reigioinal émanthotepioitl retapiocs}dieprestntsbnondpetifiedrdwapacciimulation.
Receptor ocgupancy.'s defennined 90 minuies following a,single ora, dose of a.compoynd of the
present invertion or .§3hrsaf%flowmgpa intatration Tor dose- espoﬁse‘ eValuation: Data represent the
mean SEM ofigkceptinimccdpangined-Gratstpor dose groupewitleraciheaawveighing dpproximately
25230 g. .Male Harlan Spraque Dawley rats treated with the.c d of Example IA of the
present invelon e T e B S T A Y IR Ie S5, 16 and 20
mg/kg The tésmanimialy exbilsitatt e dukeidspeeiemiciavdho Prippdatssapo Avgcupaimcsbinthe striatum
5.5 s followip,qral peminiStiAUaM.] ik, calsulaiRd 4@ ERER [onkanee-srerianacauRancy of the

compound of Example IA of the present invention was 0.45 mg/kg. Consistent with the in vitro binding

data, the coRfpetiadtlsT Batishiple MOBfageRdSB IR dhstiEsthisd Hghus e@ilihpfor the kappa
opioid WO 2002/0942680P I 4520 AA3A8 1A 2 HaseRIARMVOmREREY CtRg-REsigpificant occupancy

of either mu or delta (measured in the striatum) receptors at doses up to 30 mg/kg meaning the EDS0
at those rec&ptss % eheufErsrperingIign TRy il Aditsieg ROVEREGH babasratepiprEBUBancy are

driven by roughhduenariienahiperaases: B Masmamn@drain exposure of the compound of Example
5IA of the present invention . up to a dose, of 3Q mg/kg. Tgtﬁse d§ta support that followjng oral
hds

administration the doffotHa B E IECPRRGAR VNP D5 ¥abya BioicPREEER rs in the rat brain
with high potghas! use Bxpiisyite evets]bf iheicRmponpaohdmxamiie-dhs i hendtsidaim following
adminiafrgati(in V\{e‘:ée d%irmi %d in tl?e same samples used to anti%/ the l%zelgc oEPioid 10 receptor
occuparicy. Beld bf %ﬁ%ﬁf’& IR 8%’ BEteE By eSS (APT4 006, DS 8i§>51 4nd quantified
from a standarelcunuentif Fexanhle) kAl preparedistinat bramthort) geratefof abbst3ntidbByain Levels
Example |A ?nréarlegé)esf arrgg{lli(l% %%(g{ﬂ].'ﬂllce)ll 0 ch{pq\;\geslsn"fgxication or the desired effect; or (b)

substantially diminished effect with continued use of the same amount of ethanol; (2)

withdrawal, as demonstrated by either (a) the characteristic withdrawal syndrome for

20 cthanol; or (b) the same, or a closely related substance is taken to relieve or avoid
withdrawal symptoms; (3) cthanol is often taken in larger amounts or over a longer period
then was intended; (4) there is a persistent desire or unsuccessful efforts to cut down or
control ethanol use; (5) a great deal of time is spent in activities necessary to obtain
ethanol, use ethanol, or recover from its effects; (6) important social, occupational or

25  recreational activities are given up or reduced because of ethanol use; and (7) ethanol use
is continued despite knowledge of having a persistent or recurrent physical or
psychological problem that is likely to have been caused or exacerbated by ethanol.

Ethanol dependence can be with physiological dependence; that is evidence of

tolerance or withdrawal is present, or without physiological dependence, where no

30  evidence of tolerance or withdrawal 1s present. However, it should be understood that so-
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called “psychological dependence™ may be the result of a protracted withdrawal where
physical symptoms are not readily detected and often manisfested as psychological
complaints such as dysphoria or anhedonia.

The essential feature of ethanol abuse is a maladaptive pattern of ethanol use
mantfested by recurrent and significant adverse consequences related to the repeated use
of ethanol. In order for an abuse criterion to be met, the ethanol-related problem must
have occurred repeatedly during the same 12-month period or been persistent. There may
be repeated failure to fulfill major role obligations, repeated use in situations in which it is
physically hazardous, multiple legal problems, and recurrent social and interpersonal
problems. Unlike the criteria for ethanol dependence, the criteria for ethanol abuse do not
mclude tolerance, withdrawal, or a pattern of compulsive use and instead include only the
harmful consequences of repeated use. A diagnosis of ethanol abuse is preempted by the
diagnosis of ethanol dependence if the individual’s pattern of ethanol use has ever met the
criteria for dependence.

Further information and details regard ethanol use disorder that is treated by the
present compound, or a pharmaceutically acceptable salt thereof, is found in DSM-TV-
TR.

The independent comorbid anxiety disorders treated by the present compound, or
a pharmaceutically acceptable salt thereof, are selected from panic disorder, obsessive-
compulsive disorder, social phobia, generalized anxiety disorder, specific phobia, and
posttraumatic stress disorder. These disorders may be treated alone or concomitantly
with ethanol use disorder in a patient. The particular anxiety disorders contemplated as
treatable comorbid conditions are as defined in DSM IV TR, and described in United
States Department of Health and Human Services, National Institute of Mental Health,
NIH Publication No. 06-3879.

Further information and details regarding the anxiety disorders described above
and treated by the present compound, or a pharmaceutically acceptable salt thereof, are
found in DSM-IV-TR,

The independent comorbid depression illnesses treated by the present compound,
or a pharmaceutically acceptable salt thereof, are selected from major depression,
dysthymia and bipolar disorder. These disorders may be treated alone or concomtantly

with ethanol use disorder in a patient. The particular depressive illnesses contemplated as



Plasma exposure of Example IA of the present invention in the rat following administration is
deteimined from plasma isolated from trunk blood collected at the time of tissue collection for receptor

occupancy.skeviismsihg compound of Example IA are 20detected by LCAISAAS(AF:4H00, MDS
Sciex) and quantified from a standard curve of Example |A prepared in vehicle treated rat plasma. WO

2009/094260PCT/US2009/030811 25 Table 4 Plasypa Levels Example IA oral dose Example IA ng/g
SEM n 30 106.03 22.22 3 10 65.20 29.08 3 3 15.433.54 3

treatable comorbid conditions by the present invention are as defined in DSM IV TR and
described in United States Department of Health and Human Services, National Institute
of Mental Health, NIH Publication No. 02-3561.
Further information and details regarding the depression disorders described
5  above and treated by the present compound, or a pharmaceutically acceptable salt thereof,
are found m DSM-IV-TR.

The independent comorbid schizophrenia treated by the present compound, or a
pharmaceutically acceptable sat thereof, includes the subtypes paranoid, disorganized,
catatonic, undifferentiated and residual, This disorder may be treated alone or

10 concomitantly with ethanol use disorder in a patient. The schizophrenia contemplated as
a treatable comorbid condition by the present invention is as defined in DSM IV TR.

Further information and details regarding schizophrenia treated by the present
compound, or a pharmaceutically acceptable salt thereof, are found in DSM-IV-TR.

As previously noted, an anxiety disorder, as described above, a depression illness,

15 as described above, and ethanol use disorder may be simultancously treated by the
compound of the present invention, or a pharmaceutically acceptable salt thereof; or
schizophrenia as described above, and ethanol use disorder may be simultaneously treated
by the compound of the present invention, or a pharmaceutically acceptable salt thereof.

The compound of Example 1A is preferably administered in connection with

20  and/or subsequent to an educational and/or behavioral modification program to enhance
diminution in frequency and/or quantity of use or abstinence from ethanol. The programs
may be more effective by focusing on educational and behavioral modification goals,
reducing the incidence of program non-completion.

As noted above, the compound of Example 1A is a kappa opioid receptor selective

25  antagonist. The selectivity is demonstrated in both in vitro and in vivo assays. All ex
vivo and in vivo experiments are performed according to the policies of the Animal Care
and Use Committee of Eli Lilty and Company, in compliance with the American
Association for the Accreditation of Laboratory Animal Care-approved guidelines.
Kappa Affinity In Vitro

30  GTP-y-S Binding Assay

A scintillation proximity assay (SPA) - based GTP-y-S** agsay format is carried

out substantially in accordance with (Emmerson et al., J. Pharm Exp Ther. 278,1121



4.631.633.32.270.793.11.17 0.47 3 P-Rat protocol 5P rat 12 hr ethanol drinking The test animals
are selectively-bred alcohol preferring (P) rats. These rats voluntarily consume more than 5 g/kg of
ethanol perglay:andispaet all of the perceived criteria for an animal model gf-gleohadigsagkhey attain
blood alcohol contents between 1050-200 mg %; they will operant respond to obtain ethanol; they
consume ethanol for pharmacological effects and taste, smell or caloric properties; and they
develop metabolic and physiological tolerance and eventually dependence with chronic ethanol
access. 15Animals Female P rats are obtained from a breeding facility at the Indiana University

Medical Centeyois; |mﬂiﬁfg6&@18 Ik 4458 Ralsoseeiodiiduallysnovsediooan savisynasgnsaly, controlled
facility and r light/dark ¢ hts off at 1500 ho All
crugs are b PR A L A e BT ORI SRS SN ORE L e solubilized
in sterile wateyolyNhE sitopviad adelition efMIYT nete aeid\/l ‘EMZLOQQQQ&]Z@@I@@TMS@QWOB%H 26
Unless otherwise med c%mpounds are a&glnlstered r|or e onset of the dark cycle using a

counterbalafted WithiRSUBjatt et f&lffﬁg?a éﬁ What gorm agglutinm
5 coated SPA beads (WGA PVT SPA, GE Healthcare, 800 Centennial Avenue, Piscataway,

NJ 08854) (Img/well} are added to clear bottom 96 well assay plates. GDP (200 pM to
achieve a 50 uM final concentration per well) 1s added to the membrane solution prior to
addition to the assay plates. Plates are sealed and incubated for four hours at room
temperature then placed in a refrigerator overnight to allow the beads to settle. Signal

10 stability at 4 °C 1s determined to be > 60 hours, Plates are warmed to room temperature
and counted in a Wallac MicroBeta® scintillation counter (Perkin Elmer Life and
Analytical Sciences, 549 Albany Street, Boston, MA 02118 USA. For antagonist assays,
specific agonists are added at the following concentrations: mu-opioid receptor (MOR)
DAMGO ([D-Ala’, N-Me-Phe*, Gly’-ol]-Enkephalin, Sigma-Aldrich catalog number

15 E7384) 1 micromolar; delta-opioid receptor (DOR) DPDPE ((D-Pen’, D-Pen’)-
Enkephalin, Bachem Catalog number H-2905) 30 nM; and kappa-opioid receptor (KOR)
069593 {(+)-(5a, Ta, 88)-N-Methyl-N-[7-(1-pyrrolidinyl}-1-oxaspiro[4.5]dec-8-y1]-
benzeneacetamide, Sigma-Aldrich Catalog number 17103) 300 nM, Kb values are
determined using a modification of the Cheng-Prusoff equation (sece Cheng and Prusoff,

20 Biochem. Pharmacol. 22, 3099 (1973) as previously reported (Delapp et al., 1999). For
n>1 evaluations, the summarized averaged values are a geometric mean of the stated
number of runs (n=2 or 3) calculated as Mean Log Kb=Average (Kbl + Kb2 + Kb3),
SE=STDEV (Kbl + Kb2 -+ Kb3)/SQRT n (n=2 or 3); Geometric mean Kb (nM)=10"
Mean Log Kb; SEM=SE x Geometric mean Kb (nM) x LN(10).

25



Experimental Procedure 5Following a 4-day acclimation to the colony, rats receive homecage access
to a bottle of EtOH (10% v/v; Ancare, Bellmore, NY) in addition to the standard bottle of water. Access
to water angyH0msdds@s well as standard laboratory chow, are freely aygitaplegfnse{ats reach a
stable level of daily intake, the EtOH solution is increased to 15% v/v. Consumption of EtOH and water
are monitored for approximately 6 - 9 months 10priQx to drug testing. Food and fluid intake are
measured via force transduction with a PC-controlled Drinking & Feeding Monitoring System (TSE
Systems, Bad Homburg, Geimany). Consumption of food, water, and 15 % (v/v) EtOH are continuously
monitored for 12 hrs following drug or vehicle administriation. For some experiments, continuous
monitoring for 24 hours is carried out. 15At 1 mg/kg and 3. mg/kg administered orally, the compound of
Example 1A decreased the amount of ethanol consuméﬁ%@@%@%us vehicle). P rat progressive
ratio responding for ethanol This test assessegithdtmotivaienitenwork for access to ethanol in P
rats following 20ethanol abstinence. This animal model sing%t_egsethanol craving Female P rats
(Indiana University Medical Center, Indianapolis, IN, USA) -housed in an environmentally
controlled facility and maintained on a 12 h light/dark cycleKlightdon at 0600 hours). Compounds arc

solubilized in sterile wa}e&b the dropwisg,addition of 85% Jactic 25acid, mixed freshly prior to use,
and administere(%}ﬁ%%rm%ye of 1 mL/kg Uhless otherwise%% compoundg‘iégr(éﬁgdministered p.o.

60 mm prior to thé éxpenimental sessio. (Bosks are assignéti(using a counte¥Balareédl, within-subject
design (n=8-11 ﬁPﬁE&ﬁE’F[H’nenOt}éﬁ Qq%,tﬁ)w'_r%quce qufkty'-d@ggc_e%avo%rm pfne;hﬁnol (DOH), the
g

water bottle 30on the homecage is replaced witha bottle containin % EtOH (v/v; Ancare, Bellmore,
NY) for two days!pridrmaperant tFaiRifde THicughout tHeSrést.8f the BxperidiefidPats=ate allowed ad
libitum access to water and standard laboratory chow in the homecage. WO 2009/094260PCT/U
S2009/030811 27 Daily 60-min sessions are conducted in standard rat operant chambers, housed

within sound-attend&6riy FRRIHERARE IRdssisEs Hhensnd fiarfiVunyE &JuaHR10.5 cm diameter

stainless stegl-harsf ﬂPﬁiﬁ%%%@?&%%%&%&%%%@ﬁﬁ@@.sw&’@l PRrXImRIRH 1.5 cm
apart. Two retractable operant levers in each operant 5chamber are located approximately 15 cm
above tHe gRtPIBBIZSR IS A RN ATRet EERBETIO UYAT S fobasesA e bR Wt iiEErPthe levers,
through which @ iRRRE Gy Bk REPAGHMGIS (IRISed D dekyey KIsPONSE¢oRtingaaethanol (15%
Et01-1, v/v). Upon a reinforced res%onse, a stimulus light is illuminated during the 4-sec dipper cup

access. Oparatiomut IHeGHmOT AnH enehiormrrR & dRYEs He Moatrdmeddndidesiied by 10personal
computer foGebirerradiaisiAlthexend (@b pathcseasioshad stindhpeaturseskathsnd levers are
retracted. Rats are trained to press a lever for EtOH reinforcement. Initially, respanses on either
ver are coNIEIE G AL G ARE PR QTR FOPCbHiE RRELLEE T the
reinforé@menidspsig nalegbbigtilsshitdtinfparst kupipsrighttabris ithedatie ranahBudieh the response is
made. Oncerégéstgarn to press a lever to obtain EtOH reward, the response contingency is changed so
that responses fade on one lever (active lever) are reinforced, using a fixed-ratio (FR)-1 schedule of

reinforcement, while responses on the

Table 2
In Vitro Binding
High Na™ /GDP
Ki{aM
Example No. Mu Kappa Delta
I (racemic) 12 (n=1) 0.225(n=1) 170 (n =1}

1A (isomer 1) 16.4(8.25,n=3) 0597 (0.373,n=3) 122(38.6,n=3)
1B (isomer 2} 101 (33.7,n=2) 13.9(0.293,n=2) 165(18.6,n=2)

15 These data show the compound of Example 1 (racemic) and particularly the
compound of Example 1A (isomer 1) selectively bind the kappa opioid receptor relative

to the mu and delta receptors.



other (inactive) lever are not reinforced. Over a period of 3 - 4 weeks, the response contingency is
increased to FR-3, such that 3 lever presses are required for each 20reinforcement. Once a stable
level of respesdingissRached, the response contingency is changed to agregressivessaiio schedule of
reinforcement. For this procedure, the response requirement is slowly increased throughout the
experimental session such that rats work progressizﬁly harder to receive the EtOH reward. Specifically,
the response requirement is increased as follows: all rats begin at an FR-1 schedule of reinforcement;
25after three reinforcements, the schedule is increased to FR-2; after three reinforcements at that
level, the schedule is increased to FR-4; after three reinforcements at FR-4, the schedule is increased
to FR-6; and sq qn. Each session is scheduled o last a total of 60 min. The amount of EtOH that is
consumed (MMHGLREEAIGY | ?%‘H&?’H%,(% Eléﬁa%é“r?umber of responses on the active and inactive
levers, and the brehkpaiativtridadsBOidefinechag tha igbestiER wahdageached during the session.
The compound of Example A is adminjstered p.o..60 min prior to.testing.at 1, 3, and 10 mg/kg. The
nUmber of AR TRt ST S R ARG A T SHL R g5 i i vivo at

2009/094 266 foS2008603@RP102BRIP 10amgliageth <0. Obswsssysehidei skiegtantity Offlethanol
consumed and th)?g%ra?gw_(w&t, ﬁ@f@ﬁﬁ) H%% O%\ﬁa_g glt the 19 %ggf%{%ggn% %ﬁ?naof Yersus vehicle). The

data evidendse's fion'i Ork TOr ACCESS 10 ethanol despite thelr éxtensive operant
history for ethdtniblerd( Biregdandiced Higpestnénmiay(iRadtilidehydypdrthérmiaisiagedeial phenomenon

well charac BRSNS RSB T RS, QUL S Bl oot e daure of s

anxiolytic efiictdob@htreyDararerjtbnfllandraiidimaltydhyiliveipreibioddabangbizing. Strgdszinduced

hypert? rmia is by measuring body temperature, and stress-induced.increases jin y temperature,
| II%% Ilé!%gmlaé ? ounl ng

; are sihultanegus stered infravepously m a simgle pjection and used a .
via rectal théfmometer this srocedatire entaife 05|n§]the an alf@prlorto measuring the baseline body

temperaturetragdirfgr(inasdlihe dedriperat ucespioxs, Iieephanding Ayithe expenmetitethand insertion of the
DRSNS Da RERO WD AR 45 minutes. A

rectal probe@é@&%‘%&%@%%%E%tsn%%%gt%fr? '1%19&’9&’3(%? 1
second body température measurement IS recorde inutes Ir'st measurement. The

change in bodyupnipamdthesi{TRzannusepl)ic defined dx e strestamdepadioypétipeshic response.
Male Fischep t=- I . | palis,. | ighing: 275 - 20 g are tested.
All animals e%rfgi Ql%%‘?w%%@?%qok?%ég gv{ﬁ%?flooglﬁ éen g%@ﬁr%ﬁ? W%%?gé\%ﬁggg%%aﬁé%&?% and

maintalfted &I M TighBHAPR GBI Rz bir aiti 0e:08 ncoredieelie privhed Bacstespetithent, food is
removed from,REME$30es 9 atsOeaonaledfandes], sedhatihsapinals are daigd.ial-aRproximately

12-18 hours before the experiment. Rats are transported from the colony room in groups of n = 10, to
a proceduretfssiitsses dp spsgifreaecara Hooa P hBarP A B GEETAOIIFRE GF WiHh Bk SE compounds

in the range @t br3candvbAupaikadisanivad ncstedileiwatanvwithithe drepwisa-additing of 85% lactic
acid. A solution of the metabotrgopic glutamate subtype 5 (mG1u5) antagonist 3-[(2-

! st 3-[(
methyl-1,3-tAFE SR G EHIRAIYRBITE- R E B ePRIPRE UISSERRLAF PN €K@ s a positive
controkdmmegdigiryrielioudnentising, waik ake cefeleitchigabaiirhemencégaiBofapthbthe experimenter

turns off the lights and leaves the room_.The dosing ropm gR%?m A) is darkened for the rerHainder of
the 60 mm prlggﬁ%tgfﬁ)] émrﬁé%é%mnspemﬁc tracer acctimulatioh. Receptor occupancy 18 determine

90 minutes following a single oral dose of a compound of the present invention or 5.5 hrs
following administration for dose-response evaluation. Data represent the mean + SEM
of receptor occupancy in 3-6 rats per dose group with each rat weighing approximately
25 230¢g.
Male Hartan Sprague Dawley rats are treated with the compound of Example 1A
of the present invention using a 3% lactic acid/water oral formulation at doses of .03, .01,
3.1, 3, 10 and 30 mg/kg. The test animals exhibited a dose-dependent level of kappa
receptor occupancy in the striatum 5.5 hrs following oral administration. The calculated
30 ED30 for kappa receptor occupancy of the compound of Example 1A of the present
invention was .45 mg/kg. Consistent with the in vitro binding data, the compound of

Example 1A of the present invention displayed high selectivity for the kappa opioid



WO 2009/094260PCT/US2009/030811 29 After the pretreatment period, rats are taken individually
to a brightly lit adjacent room (Room B) where baseline body temperatures are determined by insertion
of the rectakpgohgsiybrigated with mineral oil. Body temperature is assessgguisingeaBsitemp(r)
BAT-12 Microprobe Theiniometer with a Physitemp(r) RET-2 rat rectal 5 probe (Physitemp Instruments
Inc., 154 Huron Ave. Clifton, NJ 07013). The probes inserted approximately 2 cm into the rectum.
The core body temperature is measured (this is the baseline body temperature, TI, in degrees C). The
rat is then placed back in the homecage, and remains in Room B. Ten minutes later a second body
temperaturermepsn iR Fdecandat (2)ifdac: diEference beiweamthe fitskand-seeraddody
10temperature measurements (T2 - Ti) is used as gn index of stress-induced hyperthem ia. A
secont sucl BRI G o EOR BTSRRI Lo BN B A Gt SAGERET Bith a

sub-thresholgt eloaeinfirchiargiaze poxidec(ERIRY) isweiyiélapph receftor thevgaugycambifatiay study,
Example 1A(1, 3,;and 10 mg/ 0, 60 min pretreatment) is dosed tggether with chlardiazepoxide 1
kg, po, 2 e A TR T BT RHOTE D L TRE B thoe LBl Study
1.The c6mpoinaf dfcErasal éntArisacimpimsteed pf 060g%m. Phicwtdatm easpoertienfadidvaseline core
body temperature,at 1. nd..10 mag/kg. The .compou roduces a.dose-dependent,. but

mon sianitcant e B T e B e R E08e ore bocy
temperaturergsensorsitechedamireipoditive g0pennoi.compound significantly reduces stress-induced
hyperthermia (p < @ Q5) withoutaffenting HanalinshadyIRnPeTates: SHt.2- 1R sappound of

Example |A is administered p.o. at 1, 3, and 10 mg/kg, together with 1 mg/kg chlordiazepoxide, 60

mm. prior toafedEHERfENT ok sEsentewbie bo sie rparaturecdSe sarately iBe by sbebfracedther 10

mg/kg Wamk%g&@&eeﬁa%éy%m%%ﬁmﬂiﬁéqEA%Q@@&%% -2 AAIMNSRAGT IHESAlRe body
e

temperature). The compound of Example A increases the efficacy of a sub-threshold dose of
chlordiazepoXitfe k815 aeritEisdSpmmiz ARneed eHois pf SraelndOdeanippbitiat®izap <0.05).
Importantly, kagslinggore body temperature is not affected. 30Study 1.Compound of Example IA
alone: Vehicle = 0.98 + 0.10; 1 mg/kg Example IA = 0.84 + 0.07, 3 mg/kg Example IA = 0.80 + 0.10; 10
mg/kg Example IA =- 0.75 + 0.11; MTEP control = 0.42 + 0.09. WO
2009/094260PCT/US2009/030811 30 Study 2.Caaypeand of Example IA and chlordiazepoxide :
VehicIeE: 0.86 + 0.06; 1 mg/kg CDP alone = C;%?fﬂé %?6' 10 mg/kg Example IA alone = 0.74 + 0.04; 1

mg/kg Example IA and CDP = 0.68 + 0.06; 3 ‘éellﬁple IA and CDP =0.70 + 0.07; 10 mg/kg
Example IA andEzRRpE 047 + 0.07. 5The data from StudizarpdndL evidence the compound of
Example 1A, a(l)%ﬂe Qgs agnodest anxiolytic effect. However igsgognbination with a benzodiazepine, a
more robust anX|of§'/(f|c &%c%is s$een with the compound ofléfﬁaimﬁ’le IA at lower doses. These data
suggest the use of the compound of Example IA alone, or asS&Madjunctive treatment with a
benzodiazepire anx%yti\, agentfor ai"l)ﬁ%gg}%s;iaui'dci' —16 1635 3

10 171.47 78.53 3

3 39.20 8.67 3

1 19.63 11.05 3

3 7.23 0.42 3

! 15.30 7.29 3

Plasma exposure of Example 1A of the present invention in the rat following
administration is determined from plasma isolated from trunk blood collected at the time
of tissue collection for receptor occupancy. Levels of the compound of Example 1A are

20 detected by LC/MS/MS (API 4000, MDS Sciex) and quantified from a standard curve of

Example 1A prepared in vehicle treated rat plasma.



Mouse Forced Swim Test This test evaluates the effect of test compound on mice mobility as a
measure of antidepressant effect. The less immobility compared to vehicle, the more pronounced the
antidepressaigi1diaeeitest. 15Male, NIH-Swiss mice (25-30 g) (Harlan Sprsgriedaoiggsindianapolis,
IN, USA) are housed in a vivarium for at least one week prior to use with water and rodent chow freely
available during this acclimation period. Animals arg femoved from the vivarium to the testing area in
their home cages and allowed to adapt to the new environment for at least one hour before testing.
20Mice are placed in clear plastic cylinders (diameter: 10 cm; height: 25 cm) filled with 6 cm of water
(22-25 C) for six minutes. The duration of immobifiggiduring the last four minutes of the six minutes test
period is scored. A mouse is recorded as im \%ile when floating motionless or making only those
movements necessary to keep its head above Watet. 25 THe test compound is administered p.o. 1 hour
prior to testing atdafypshgikg, 3.0 mg/kg and 10.0 mg/kg, reakBysertgroup in a vehicle of 5 ml of sterile
water and 30 ml of dlilgted (10x) lactic acid. Imipramine is evalu)ated as a positive control, 15 mg/kg: p,
30 mm. prior to teosrt?ngor%eof 4, At 10 0 mg/kg, the compound 8g§xample IA demonstrates
antidepressant-Like activity (p<0.05 versus vehicle, Dunnett'SKast). 30A second study is carried out
evaluating p-ant-3-mglkg-toses-of-the-compoun tofExamp I h5

1-and-3-me b}élb,guunu EAalllpI" /ﬂ\\zaIOiﬁle at
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dose of the compound of Example |IA 10and 5 mg/kg imipramine also evidenced statistically significant
antidepressdhReffpetomler each of vehicle control, imipramine 5 mg/kg alone and | mg/kg of Example

A alones. As}i,r}&pgjr}?j’tigihsa%:}yd}jlw%r mine 15 mg/kg demonstrated statistically significant
antidepressant effect over vehicle céntrol (p<0.05, Dunnett's test for all statistical evaluations).
15Table 5 Effect of Example IA and Imipramine on immobility in mouse forced swim test Treatment

Mean (s) SE Vehigige tect animals are selectively-bred alcohol preferring (P) rats. These rats
voluntarily consume more than 5 g/kg of ethanol per day and meet all of the perceived
criteria for an animal model of alcoholism. They attain blood alcohol contents between

10 50-200 mg %, they will operant respond to obtain ethanol; they consume ethanol for
pharmacological effects and not taste, smell or caloric properties; and they develop
metabolic and physiological tolerance and eventually dependence with chronic ethanol
access.

15 Animals

Fernale P rats are obtained from a breeding facility at the Indiana University

Medical Center in Indianapolis, IN, USA. Rats are individually housed in an

environmentally controlled facility and maintained on a 12hr light/dark cycle (lights off at

1500 hours).

20

Compounds
All drugs are mixed fresh prior to use and administered in a volume of 1 mL/kg,

Compounds are solubilized in sterile water by the dropwise addition of 85% lactic acid.



183.90 11.23 8 Example 1A- | mg/kg 151.53 10.59 8 Example |A - 3mg/kg 172.02 13.05 8 Imipramine
5 mg/kg 161.94 13.54 8 Example 1A - 1 mg/kg and imipraminc 5 mg/kg 90.93 12.35 8 Example 1A - 3

mg/kg and WyPsaREEReMa/kg 67.98 8.47 8 Imipramine 15 mg/kg 61.70 Ll2Q:&e09/030811

26

Unless otherwise stated, compounds are administered p.o. prior to the onset of the dark

cycle using a counterbalanced, within-subject design (n = 8 — 11 per experiment).

Experimental Procedure
5 Following a 4-day acclimation to the colony, rats receive homecage access to a

bottle of EtOH (10% v/v; Ancare, Bellmore, NY) in addition to the standard bottle of
water. Access to water and 10% EtOH, as well as standard laboratory chow, are freely
available. Once rats reach a stable level of daily intake, the EtOH solution isincreased to
15% v/v. Consumption of EtOH and water are monitored for approximately 6 — 9 months

10 prior to drug testing. Food and fluid intake are measured via force transduction with a
PC-controlled Drinking & Feeding Monitoring System (TSE Systems, Bad Homburg,
Germany). Consumption of food, water, and 15 % (v/v) EtOH are continuously
monitored for 12 hrs following drug or vehicle administration. For some experiments,
continuous monitoring for 24 hours is carried out.

15 At 1 mg/kg and 3 mg/kg administered orally, the compound of Example 1A

decreased the amount of ethanol consumed (p<0.05 versus vehicle),

P rat progressive ratio responding for ethanol
This test assesses the motivation to work for access to ethanol in P rats following
20  cthanol abstinence. This animal model simulates ¢thanol craving.

Female P rats (Indiana University Medical Center, Indianapolis, IN, USA) are
pair-housed in an environmentally controlled facility and maintained on a 12 h hght/dark
cycle {lights on at 0600 hours).

Compounds arc solubilized in sterile water by the dropwise addition of 85% lactic

25  acid, mixed freshly prior to use, and administered in a volume of 1 mL/kg. Unless
otherwise stated, compounds are administered p.o. 60 min prior to the experimental
session. Doses are assigned using a counterbalanced, within-subject design (n= 8§ - 11
per experiment).

In order to reduce novelty-induced avoidance of ethanol (EtOH), the water bottle

30  onthe homecage is replaced with a bottle containing 15% EtOH (v/v; Ancare, Bellmore,
NY) for two days prior to operant training. Throughout the rest of the experiment, rats

are allowed ad libitum access to water and standard laboratory chow in the homecage.



The data from the second study evidences a potentiation effect of antidepressant- 20 like activity when
combination doses of Example |A and imipramine are administered at doses not evidencing

statistically gignificalagtivity when each compound is administered along YR 2009/030811
2009/094260PCT/US2009/030811 32 Prepulse Inhibition Prepulse inhibition (PPI) of the acoustic

startle reflex is used to evaluate sensory 5informati9:71-processing deficits observed in a number of
neurologic and psychiatric conditions. Schizophrenic patients exhibit reduced sensory-motor gating,
which is reflected in a reduced prepulse inhibition (PPI) of the startle reflex. This reduced inhibition can

be ameliorated (reyssedhhyiRhainaceuticahanips e holicagentsp&enan-piargaseical
compounds that induce psychotic-Like %ateéﬁﬁﬁ dopamine agonists, 10NMDA agta onists) also

disrupt (supPred) BB ATCaRHRS EREHRh DR AR SSeE Sin YiaFsd TS e fihs. PPI

represents a)meghaniamdoitihtegating! Oafiliering udrafrideletrniperaistiasithgsstieuli and is
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five control trials whgte Haseling) 1eSRERSLI R OO0 P@iﬁ'ﬁ&f&%@x@q&ﬁﬁdﬁfﬁéﬁﬁ%@s WO
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response contingency is changed so that responses made on one lever (active lever) are
reinforced, using a fixed-ratio (FR)-1 schedule of reinforcement, while responses on the
other (inactive) lever are not reinforced. Over a period of 3 — 4 weeks, the response
contingency 18 increased to FR-3, such that 3 lever presses are required for each

20 reinforcement. Once a stable level of responding is reached, the response contingency is
changed to a progressive ratio schedule of reinforcement. For this procedure, the
response requirement 18 slowly increased throughout the experimental session such that
rats work progressively harder to receive the EtOH reward. Specifically, the response
requirement 1s increased as follows: all rats begin at an FR~1 schedule of reinforcement;

25 after three remforcements, the schedule is increased to FR-2; after three reinforcements at
that level, the schedule is increased to FR-4; after three reinforcements at FR-4, the
schedule is increased to FR-6; and so on. Each session 1s scheduled to last a total of 60
min. The amount of EtOH that is consumed (in mL and g/kg) 1s recorded, as well as the
number of responses on the active and nactive levers, and the breakpoint, which is

30  defined as the highest FR value reached during the session.

The compound of Example 1A is administered p.o. 60 min. prior to testing at 1, 3,

and 10 mg/kg. The number of active lever responses 18 reduced following administration



5stimulus for each trial. Inhibition to startle reactivity is measured as each rat's percent change
from mean prepulse startle reactivity to mean baseline startle reactivity. [(Mean Baseline Startle-Mean
Prepulse Siggilejivganspaseline Startle] x 100. 10Example A is preparecbag/aSalliRisi a vehicle of
sterile water with 85% tactic acid added dropwise until soluble and administered at 0.1, 0.3 and 1.0
mg/kg p.o. in a | ml/kg dose-volume. LT-69593 ig prepared as a solution in a vehicle of sterile
water and administered at 3.0 mg/kg subcutaneously in a | ml/kg dose-volume. 15Data are analyzed
using a One-Way ANOVA (Treatment), with Dunnett's Multiple Comparison Test to assess post hoc

significanceoStatistital arayseswese aetfojloeskiguaianhéiathBiisnoad:03d Expetment 2: Reversal of
Morphine Induced Disruption of PPI: 20 ue Dawley ra 6 male, (Harlan, Indjanapolis, IN),
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vehicle one hourlﬁ%ri%&to t(?s;[int% an then dosed with either 20 mg/kg morphine (via subcutaneous
: .

injection) or VEhicie fiten Mikufes before testing. 25 The prepulseibition procedure and preparation of

Examplé IA are as described above. Morphine is prepared as a solution in a vehicle of sterile water
and adminis%%regm%tdzgeg Qﬁélég%%%cy@n%%usly in a 1 ml/kg dose-volume. 30Data are analyzed using
a One-Way \ ' , WI tt's Multiple Comparison Test to assess post hoc
significance. StatisticareheilysessargsperibpimagireGragiaPhes Pesmaliabb3depv@strated in
2009/094260BET4IS099/030ALL ATDIe,O R Brmie PORerineit - FAamnle pksol 69593
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vehicle / vehicle vehicle / 3.0 mg/kg U- 6 . o
flight response. This test evaluates a test compound as a measure of its anxiolytic effects.

10 The conventional and minimally-invasive method for analyzing stress-induced
hyperthermia is by measuring body temperature, and stress-induced increases in body
temperature, via rectal thermometer. This procedure entails dosing the animals prior to
measuring the baseline body temperature reading (baseline temperature, T1). The
handling by the experimenter and insertion of the rectal probe produce a moderate

15 increase in body temperature that peaks within 10 — 15 minutes. A second body
temperature measurement (T2} 1s recorded 10 minutes after the first measurement. The
change in body temperature (T2 minus T1) is defined as the stress-induced hyperthermic
response.

Male Fischer F-344 rats (Harlan, Indianapolis, IN, USA) weighing between 275 —

20 350 g are tested. All animals are individually-housed with food and automated water
available ad libitum, and maintained on a 12 h light/dark cycle (lights on at 06:00). On
the day prior to each experiment, food is removed from home cages of rats designated for
test, so that the animals are fasted for approximately 12-18 hours before the experiment.
Rats are transported from the colony room i groups of n = 10, to a procedure room for

25  dosing. Rats are dosed po in a dose volume of 1 mL/kg with test compounds in the range
of 1, 3, and 10 mg/kg dissolved in sterile water with the dropwise addition of 85% lactic
acid. A solution of the metabotropic glutamate subtype 5 (mGluS) antagonist 3-{(2-
methyl-1,3-thiazoi-4-ylythynyl]pyridine (MTEP) (10 mg/kg) dissolved in water is used as
a positive control. Immediately following dosing, rats are returned to their home cage,

30  and the experimenter turns off the lights and leaves the room. The dosing room (Room

A) 1s darkened for the remainder of the 60 min pretreatment period.
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After the pretreatment period, rats are taken individually to a brightly lit adjacent
room (Room B) where baseline body temperatures are determiried by insertion of the
rectal probe lubricated with mineral oil. Body temperature is assessed using a
Physitemp® BAT-12% Microprobe Thermometer with a Physitemp® RET-2® rat rectal
probe (Physitemp Instruments Inc., 154 Huron Ave. Clifton, NI 07013). The probe is
inserted approximately 2 cm into the rectum. The core body temperature is measured
(this 1s the baseline body temperature, T1, in degrees C). The rat is then placed back in
the homecage, and remains in Room B. Ten minutes later a second body temperature
measurement 18 recorded (T2). The difference between the first and second body
temperature measurements (T2 — T1) is used as an index of stress-induced hyperthermia.

A second study evaluating a combination of the compound of Example 1A dosed
together with a sub-threshold dose of chlordiazepoxide (CDP) ts carried out.

For the drug combination study, Example 1A (1, 3, and 10 mg/kg, po, 60 min
pretreatment) is dosed together with chiordiazepoxide 1 mg/kg, po, water vehicle), and |
mg/kg chlordiazepoide alone is used as the positive control.

Study 1. The compound of Example 1A is administered p.o. 60 min. prior to
measurement of baseline core body temperature at 1, 3, and 10 mg/kg. The compound
produces a dose-dependent, but non-significant, reduction in stress-induced hyperthermia
(T2 - T1). Importantly, baseline core body temperature is not affected. The positive
control compound significantly reduces stress-induced hyperthermia (p < 0.05), without
affecting baseline body temperatures.

Study 2. The compound of Example 1A is administered p.o.at i, 3, and 10
mg/kg, together with 1 mg/kg chlordiazepoxide, 60 min. prior to measurement of baseline
core body temperature. Separate groups recetve either 10 mg/kg Example 1A alone or 1
mg/kg chlordiazepoxide alone (p.o., 60 min prior to baseline body temperature). The
compound of Example 1A increases the efficacy of a sub-threshold dose of
chlordiazepoxide to produce a significant reduction in stress-induced hyperthermia (p

<0.05). Importantly, baseline core body temperature is not affected.

Study 1. Compound of Example 1A alone: Vehicle =0.98 + 0.10; 1 mg/kg
Example 1A =0.84 1+ 0.07, 3 mg/kg Example 1A = 0.80 + 0.10; 10 mg/kg Example 1A =
0.75+0.11; MTEP control =0.42 + 0.09.
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Study 2. Compound of Example 1A and chlordiazepoxide : Vehicle = 0.86
+0.06; I mg/kg CDP alone = 0.75 + 0.06; 10 mg/kg Example 1A alone = 0.74 + 0.04; 1
mg/kg Example 1A and CDP = 0.68 + 0.06; 3 mg/kg Example 1A and CDP = 0.70 +
0.07; 10 mg/kg Example 1A and CDP = 0.57 £ 0.07.

5 The data from Studies 1 and 2 evidence the compound of Example 1A, alone, has
a modest anxiolytic effect. However, in combination with a benzodiazepine, 2 more
robust anxiolytic effect is seen with the compound of Exampie 1A at lower doses. These
data suggest the use of the compound of Example 1A alone, or as an adjunctive treatment
with a benzodiazepine anxiolytic agent for anxiety disorders.

10

Mouse Forced Swim Test

This test evaluates the effect of test compound on mice mobility as a measure of
antidepressant effect. The less mmobility compared to vehicle, the more pronounced the
antidepressant-like effect.

[5 Male, NTH-Swiss mice (25-30 g) (Harlan Sprague-Dawley, Indianapolis, IN,
USA) are housed in a vivartum for at least one week prior to use with water and rodent
chow freely available during this acclimation period. Animals are removed from the
vivarium to the testing area in their home cages and allowed to adapt to the new
environment for at least one hour before testing.

20 Mice are placed in clear plastic cylinders (diameter: 10 cm; height: 25 cm) filled
with 6 cm of water (22-25 °C) for six minutes. The duration of immobility during the last
four minutes of the six minutes test period is scored. A mouse 15 recorded as immobile
when floating motionless or making only those movements necessary to keep its head
above water.

25 The test compound is administered p.o. 1 hour prior to testing at 1.0 mg/kg, 3.0
mg/kg and 10.0 mg/kg, n of & per group in a vehicle of 5 ml of sterile water and 30 ml of
diluted (10x) lactic acid. Imipramine is evaluated as a positive conirol, 15 mg/kg: p, 30
min. prior to testing n of 4. At 10.0 mg/kg, the compound of Example 1A demonstrates
antidepressant-like activity (p<<0.05 versus vehicle, Dunnett’s test).

30 A second study is carried out evaluating 1 and 3 mg/kg doses of the compound of
Example 1A alone and in combination with 5 mg/kg of imipramine. Imipramine alone is

evaluated at 5 and 15 mg/kg doses and a vehicle control is included in the study. For the
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combination studies, the compound of Example 1A is administered p.o. 30 minutes prior
to adnunistration of imipramine 1.p. and the test initiated 30 minutes following
imipramine administration. An n of 8 per group is evaiuated for all groups. For the
evaluations of the compound of Example 1A alone, testing is initiated 60 minutes
5  following administration and testing of imipramine only treated animals is initiated 30

minutes following administration. A 3 mg/kg dose of the compound of Example 1A and
5 mg/kg of imipramine was substantially as efficacious as a 15 mg/kg dose of imipramine
alone and statistically significant over each of vehicle control, imipramine 5 mg/kg alone
and 3 mg/kg of Example 1A alone. The 1 mg/kg dose of the compound of Example 1A

10 and 5 mg/kg imipramine also evidenced statistically significant antidepressant effects
over each of vehicle confrol, imipramine 5 mg/kg alone and 1 mg/kg of Example 1A
alone. As in the mitial study, imipramine 15 mg/kg demonstrated statistically significant
antidepressant effect over vehicle control (p<<0.05, Dunnett’s test for all statistical
evaluations).

15 Table 5

Effect of Example 1A and Imipramine on immobility in mouse forced swim test

Treatment Mean (s} SE n
Vehicle 183.90 11.23 8
Example 1A - 1 mg/kg 151.53 1059 8
Example 1A - 3mg/kg 172.02 1305 8
Imipramine § mg/kg 161.94 1354 8
Example 1A - 1 mg/kg and imipramine 5 mg/kg 90.93 1235 8
Example 1A - 3 mg/kg and imipramine 5 mg/kg 67.98 847 8
Imipramine 15 mg/kg 61.70 1120 8

The data from the second study evidences a potentiation effect of antidepressant-
20  like activity when combination doses of Example 1A and imipramine are administered at
doses not evidencing statistically significant activity when each compound 18

administered alone.
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Prepulse Inhibition
Prepulse inhibition (PPI) of the acoustic startle reflex 1s used to evaluate sensory

5 information-processing deficits observed in a number of neurologic and psychiatric
conditions. Schizophrenic patients exhibit reduced sensory-motor gating, which is
reflected in a reduced prepulse inhibition (PPI) of the startle reflex. This reduced
inhibition can be ameliorated (reversed) by pharmaceutical antipsychotic agents. Certain
pharmaceutical compounds that induce psychotic-like states {(e.g., dopamine agonists,

10 NMDA antagonists) also disrupt (suppress) PPI and antipsychotic pharmaceutical agents
can reverse these deficits. PPI represents a mechanism for the gating or filtering out of
irrelevant or distracting stimuli and is operationally defined as the reduction in startle
response produced by a low-intensity stimulus presented before a high-intensity, startle-
inducing stimulus.

15

Methods
Experiment 1: Reversal of (+)-(50,70.,8)-N-Methyl-N-{7-(1-Pyrrolidinyl)-1-
Oxaspiro[4,5]dec-8-yl]-Benzeneacetamide (U69593, a selective K Opioid Receptor
Agonist) Induced Disruption of PPI:

20 Sprague Dawley rats, 40 male, (Harlan, Indianapolis, IN), weighing
approximately 250 grams and maintained on ad libitum food and water in the home cage,
are divided into five groups of eight and dosed (per os) with vehicle, 0.1, 0.3 or 1.0 mg/kg
compound of Example 1A one hour prior to testing. Each rat 1s dosed with cither 3
mg/kg U-69593 (via subcutaneous injection) or vehicle fifteen minutes before testing.

25
Prepulse Inhibition Procedure: Following a 5 minute acclimation period, the first trial of
a 40-trial session is initiated. The first five trials consist of 115 dB startle bursts, the
remaining 35 trials were a pseudo-random combination of prepulse and startle trials.
Prepulse trials consisted of a 115 dB sound burst preceded by a 65 dB prepulse of sound.

30  Startle trials consisted of 115 dB sound bursts. In addition, there are five control trials

where baseline response to the 60 dB background noise is assessed.
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The mtertrial interval (ITI) varied from 15 to 45 seconds and consisted of 60 dB
background noise. Startle Amplitude for cach trial is measured via accelerometer
(Hamilton Kinder, model SM100RP) where average force in Newtons is recorded over a
120 millisecond period initiated upon presentation of the 40 millisecond, 115 dB startle

5  stimulus for each trial.

Inhibition to startle reactivity is measured as each rat’s percent change from mean

prepulse startle reactivity to mean baseline startle reactivity. [{Mean Baseline Startle-

Mean Prepulse Startle)/Mcan Baseline Startle] x 100.

i0  Example 1A is prepared as a solution in a vehicle of sterile water with 85% lactic acid
added dropwise until soluble and administered at 0.1, 0.3 and 1.0 mg/kg p.o. ina 1 mbkg
dose-volume.
U-69593 is prepared as a solution in a vehicle of sterile water and administered at
3.0 mg/kg subcutancously in a 1 ml/kg dose-volume,
15 Data are analyzed using a One-Way ANOVA (Treatment), with Dunnett’s
Multiple Comparison Test to assess post hoc significance. Statistical analyses were

performed in GraphPad Prism v.4.03.

Experiment 2: Reversal of Morphine Induced Disruption of PPL

20 Sprague Dawley rats, 56 male, (Harlan, Indianapolis, IN), weighing
approximately 250 grams and maintained on ad libitum food and water in the home cage,
are divided into four groups of 14 and dosed (per os) with either 10 mg/kg or 30 mg/kg
Example 1A or vehicle one hour prior to testing and then dosed with etther 20 mg/kg

morphine (via subcutaneous injection} or vehicle fifteen minutes before testing,

25
The prepulse inhibition procedure and preparation of Example 1A are as described
above.
Morphine is prepared as a solution in a vehicle of sterile water and administered at
20.0 mg/kg subcutancously in a 1 ml/kg dose-voiume. '
30 Data are analyzed using a One-Way ANOVA (Treatment), with Dunnett’s

Multiple Comparison Test to assess post hoc significance. Statistical analyses are

performed in GraphPad Prism v.4.03.



15.10 24.04 50.16 8.61 The data in Tables 6 and 7 evidence that the compound of Example 1A can
10reverse the sensory motor gating deficits induced by the Kappa agonist (U-69593; Table 6) and Mu
agonist (mogahingsdaflg 7) in rats. These data support the use of the congpqung @t xample IA in
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compound as claimed in Claim 1 which is (S)-3-Fluoro-444-[2-(3,5-
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thereof 103.A pharmaceutical composition comprising a compound of Claim 1 or 2, or a
pharmaceutically acceptable salt thereof, in association with a pharmaceutically acceptable carrier,
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5 Table 7

PPI Results Experiment 2; Example 1A vs. Morphine

vehicle / 20 10 mg/kg 30 mg/kg
vehicle / mg/kg Example 1A/ 20 | Example 1A/ 20
vehicle morphine mg/kg morphine | mg/kg morphing
62.49 4.72 18.66 57.12
59.02 50.03 63.46 41.32
61.78 26.99 42.77 30.83
11.92 -12.64 21.98 6.85
15.96 34.65 40.70 16.56
31.67 32.59 0.18 54.32
%
Inhibition 63.33 5.49 21.00 18.94
68.89 49.11 21.21 45.40
61.08 53.95 50.34 42,78
74.24 44.81 26.48 46.29
53.15 35.01 18.04 39.26
45.35 -8.49 21.07 20.35
57.72 51.85 29.49 40.02
15.10 24.04 50.16 8.61

The data in Tables 6 and 7 evidence that the compound of Example 1A can
10 reverse the sensory motor gating deficits induced by the Kappa agonist (U-69593; Table
6) and Mu agonist (morphine; Table 7) in rats, These data support the use of the

compound of Example 1A in treating schizophrenia in patients,



e) ethanol use disorder and a depressive illness selected from b); or 301)ethanol use disorder and an
anxiety disorder selected from a) and a depressive illness selected from b); or g)schizophrenia; or 36
h)ethanol use disorder and schizophrenia. 7.A pharmaceutical composition comprising a
therapeutically effective amount of (S)-3-fluoro-4-[442-(3,5-dimethylphenyl)pyrrolidin-1-yl-
5methyl]phenoxy]benzamide, or a pharmaceuticallysacceptable salt thereof, and a therapeutically
effective amount of a tertiary amine tricyclic norepinephrine reuptake inhibitor selected from
amitriptyline, clomipramine, doxepin, imiprarnine and (+)- trimipramine, or a pharmaceutically
acceptable ¥altciAgreof, in association with a pharmaceutically acceptable carrier, diluent and/or
excipient. 108.The use of a compound (S)-3-fluoro-41442-(3,5-
dimethylphenyl)pyrrolidin-l-yl-methyl]phenoxy]benzamide, or a pharmaceutically acceptable salt

thereof, and a tertiary amingltrfeyclitincrépinephdte haprakevinhisitorlsglected from amitriptyline,
clom|pram|g%tgﬂmpégomggg%ﬁ§dgn& + htg{%gygm@ﬁch&@%&;g%g%?gg{ég%lﬁ acceptable salt thereof,

in the manufacture of a medicament for the 15treatmentof: a use disorder; or b) a
depressive illness selected from major depression, dysthymia and bipolar disorder; or -c) ethanol use

disorder and a depressiva | ted: D) . Jse.of & co N a3 5.
(S)-3-fluoro-4444£&¥'(3,5- gfﬁ@%\%ﬁ%ﬁ%l%&%@d%qy %E?ﬁ%%ﬁlegn(@(%ﬁgﬁggm% é, E)zr (a >

phaiinaceutiéahabdupabie saltdhietevfnaribyal Desrrodiieepieidnxivlyitcagentitiealipharmaceutically
acceptable asc%léﬁg%qg%ﬂqﬂa%@anufacture of a medicament for the treatment of: a) an anxiety
disorder selected from panic disorder, obsessive-compulsive disorder, 25social phobia, generalized
anxiety disorder, specific phobia, and posttraumatic stress disorder; or b) ethanol use disorder and an

anxiety,disorder Sgl.eCted}{rBHmaceuticai composition comprising a compound of Claim 1 or 2, or
a pharmaceutically acceptable salt thereof, in association with a pharmaceutically

acceptable carrier, diluent and/or excipient.

4. A compound according to Claim 1 or 2, or a pharmaceutically acceptabie
15 salt thereof, for use in therapy.
5 A compound according to Claim 1 or 2, or a pharmaceutically acceptable

salt thereof, for use in the treatment of ethano! use disorder,

20 6 Use of a compound according to Claim 1 or 2, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for the treatment ofd
a) an anxiety disorder selected from panic disorder, obsessive-compulsive disorder,
social phobia, generalized anxiety disorder, specific phobia, and posttraumatic stress
disorder; or

25 b} a depressive illness selected from major depression, dysthymia and bipolar

disorder; or

) an anxiety disorder selected from a) and a depressive iliness selected from b); or
d) ethanol use disorder and an anxiety disorder selected from a); or
e) ethanol use disorder and a depressive illness selected from b); or

30 6 ethanol use disorder and an anxiety disorder selected from a) and a depressive

illness selected from b); or

g) schizophrenia; or
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h) ethanol use disorder and schizophrenia.

7. A pharmaceutical composition comprising a therapeutically effective
amount of (§)-3-fluoro-4-[4-[2-(3,5-dimethylphenyl)pyrrolidin-1-yi-
methyl]phenoxy]benzamide, or a pharmaceutically acceptable salt thereof, and a
therapeutically effective amount of a tertiary amine tricyclic norepinephrine reuptake
inhibitor selected from amitriptyline, clomipramine, doxepin, imipramine and (+)-
trimipramine, or a pharmaceutically acceptable salt thereof, in association with a
pharmaceutically acceptable carrier, diluent and/or excipient.

8. The use of a compound (S)-3-fluoro-4-[4-[2-(3,5-
d‘imethylphenyl)pyrrolidin—1 -yl—fnethyl}phenoxy]beniamide, or a pharmaceutically
acceptable salt thereof, and a tertiary amine tricyclic norepinephrine reuptake inhibitor
selected from amitriptyline, clomipramine, doxepin, imipramine and (+)-trimipramine, or
a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
treatment of?

a) ethanol use disorder; or

b) a depressive illness selected from major depression, dysthymia and bipolar
disorder; or

c) ethanol use disorder and a depressive illness selected from b).

9. The use of a compound (S)-3-fluoro-4-[4-[2-(3,5-
dimethylphenyl)pyrrolidin-1-yl-methyl}phenoxylbenzamide, or a pharmaceutically
acceptable salt thereof, and a benzodiazepine anxiolytic agent, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for the treatment of:

a) an anxiety disorder selected from panic disorder, obsessive-compulsive disorder,
social phobia, generalized anxiety disorder, specific phobia, and posttraumatic stress
disorder; or '

b) ethanol use disorder and an anxiety disorder selected from a).



