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54-[ 2- ( 2- FLUOROPHENOXYMETHYL) PHENYLI Pl PERI DI NE COMPOUNDS BACKGROUND COF THE
| NVENTI ONVOBI2BL0D56H1 THE | NVENTI ON The present i nveoriuspomwebedes to
442- (2-fl uor ophenoxynet hyl ) phenyl ] pi peri di ne conpounds having activity as
serotonin (5-HT) and norepi nephrine (NE) reuptake 10 inhibitors. The
invention also relates to pharmaceutical conpositions conprising such
conmpounds, processes and internediates for preparing such conpounds and
met hods of using such conpounds to treat a pain disorder, such as
neuropat hic pain, and other ailnents. STATE OfF THE ART 15Pain is an

unpl easant sensory and enotional experience associated with actual or
potential tissue damage, or described in terns of such danage
(I'nternational Association for the Study of Pain (1ASP), Pain Term nol ogy).

Chronix payny 2RQrlﬂi13ORGMEN@))@YMETHWPH'EMHH@EMDINE@OM%M for an
injury to heal (American Pain Sociely. "Pain Conirol in the Primary Care

Setting.” 2006:15). Neur opat(iteR iQF BHEANVENTI&ANd or caused by a 20
prinmary |esion or dysfunction ¢%3 Q3F@ EﬁgﬂﬁJﬁ%?te”‘ Peri pheral neuropathic
pai n occurs when the | esion or dystunctron et s the peri pheral nervous
system and cemntheglesaatiinapdibhirela@atoy \[\Zleliﬂtlb@phﬁﬁalxmemyl)ﬁb(éhfyq@q%hdﬁheaf fects
the central nervous. system (I ASP). Sever al pes of therapeutic
agents aceMPORRSHRNPZISEHDE & SCFeRin hEHTT0ad ﬁP@pglﬁpﬁmer@IE)dwr@a kef or exanpl e,
tricygli e ﬁ§é$% Cﬁﬁﬁ ol Mely! r eupt ake
|nh|bﬁ{o?éﬁ?%hg @9@ ca é?ﬁﬂ?c Hﬁéﬁﬁplganggu?panm&kgg%gggﬂhﬁﬁgggm

pr egabal Icm)npoumisg prakedseshmdanteemedimds fapipoipdriag sunhsiomppendy. andmostiddsrod,
oxycodone, . q¥done |, evor hanol(ﬁsd t r anpdol However élgathic pai n
can be vé‘§‘§1gdP? QUL @b PRIRHSHETHBIcR ap O%hlé@’%nof‘mﬁ% Plent s

achi evi ngjinRhtsbest, partial relief of their pain (Dworkin et al. (2007)
Pai n 132:237-251). Moreover, all of the therapeutic agents currently used

to treat 30 neuropathic paln havdi&aEﬂmﬂﬁ_ﬁﬁﬂe effects (e.g., nausea,
sedatjon, d|z ness anqr ol ence é tha limt thEI% §f4ﬁpt§lfness in
sone patients Bvx‘zBraWHp &5a8) SNIY B Siemo foris e§&?ﬁe§°e YHLHMES "d1%6Rét P'ne and

venl af ax |p6&>nt1@1rt%s@5 A ge SR cBEiBeldIif terhis BE shdhelagiye (RfcrhdtRabl A@go&@u&opat hi c
pai n. These g%ents inhibit the r eupt ake of both serotonin (5-

2010/ 0569a1p mdsszxf $oing@A8DB PhipdtassojralggyamChEoniGPAT persists hwm@baw@mm ne
(NE) Dby bi B?}(O\?lgltBS ex 8tea?1lﬁ9etfgghr?ﬁl?(r}glt885 PARRRR d‘ Il P&nSh &%@?gﬁal t%n&g'j%” and

NET, respec OXet ine and venra ave hi gher

af finity thoPribbRICdreSatting ¢ 2006:NE Noaobsdihia\phinek pain.inifid@Ra4) cBised by Rsychi atry
55(3): 320- 322) S5Preclinical studies sugqest that inhibition of both SERT
and NET PEaBS losionss dxsiynetion ipdhs nraYQ susteec PryBharplasprapathiGRain eefhat hi c

and_ot her,, l@grtﬁé‘fgguoﬂ \/uk Hﬁﬁﬁﬁ&f‘oﬁ a fi%&E'?n}: dfeﬁéspﬁgal 1 2008)s Ng%{@h&r aaRekERcol ogy

51(7-8):1 ckers et I oor g. en1 Lett.
18: 3230- 32abpathicshidaivherethedésio @ABBJunPaomaiidets tht Cdjtrad hO8d6sysend(INSENi zucki

(2004) Human Rsychophar ﬁolo i 19:815-81%). However, in cllnlcal st udi es,
t he inhibiti or?e}é/?ra%g @E% HaR-UHE @R R HGI 8“%“%@ 0 BPamsiropgthitRidRa and
ot her si %l@élfl?%ﬁep&ﬁﬁé $licyRlic @htldeﬁa?&%l)ts @cAy), S-Ep(ﬁﬁnm%ﬁél %%reigﬂéﬁhﬂ-@m

Thus, therapeutic agents having nore bal anced SERT and NET affinity or
slighdy rtumﬁ@nnthffolaf(SNRiﬁt)ycamM@hm@i Bgands (be., pahapentin and pyregabelin)l f or
treating tgp%a rlllldgc 1?6' re]lnc\{\h p101d gro%{js ¥ engg n?cl 1516,Soix(§lec'\oc?ofnfee&%t%hdonecgvgrsl)hgr?o sea.

and tramadol). However, neuropathic pain can be very difficult to treat with no more than

40-60% of patients achieving, at best, partial relief of their pain (Dworkin et al. (2007)

Pain 132:237-251). Moreover, all of the therapeutic agents currently used to treat

30 neuropathic pain have various side effects (e.g., nausea, sedation, dizziness and
somnolence) that can limit their effectiveness in some patients (Dworkin et al. supra).

SNRIs, such as duloxetine and venlafaxine, are often used as first line therapy for

treating neuropathic pain. These agents inhibit the reuptake of both serotonin (5-
-1-



Thus, a need exists for novel conmpounds that are useful for treating
chronic pain, 15 such as neuropathic pain. In particular, a need exists for
novel corpwounowstdsat are useful for treating chronic paiPaTAisdowhet3ohave
reduced side effects, such as nausea. A need al so exists for novel

dual -acting conpounds that inhibit both SERT and NET with high affinity

(e.g., pKi > 8.0 or M and bal anc inhjbition (e.aq. SERT/ NET
bi ndi ng KYI5XYIPHHRINg, SIHTiaIi mreplﬂe@ummﬁ%ﬁ bifing t&\m\ﬁqrmmw?éﬁpr esent
i nventi O'ﬁo{?brgﬂ%é;pﬂﬁée ARG PORNYRd Npat régge/&w@ggn%%o& b&h Bﬁﬁy’%@t’%& and

serotoninr ake 1nhibitory activity nor €pi nephri ne reupt ake
i nhi bit orvynlafalxmm haye higheoaftinmy For, SERilhmdnmdsO OETt (Meishnoarer nb (200 Béalpect ed

to be us and v ous as therapeutic agents for those di seases and
di sor der?si’?{”é‘ftr%%ﬂgbﬁ'g@t ed by inhibition of the 25 serotonin and/or

nor epinephri nerédAnaPaLdies su Bﬁh‘ha%%lﬁ&%ﬂlaﬁb&hfsm #hd 1€ n@a%rp&cﬂec@isa@he
invention relates to conpounds of fornula %@ o where: a is 1, 2, 3, or
T enyrpt

4: each Hr mmmaaﬁ sEaetsisttroptrpnt of aeurepathic @@d 0 RiCRBIL %atesz(J omgscht aben,

hal o, R4, R5, a ent roge halo or
a phar maée&l ca hgﬁné‘édpgoﬂlsé?gg ﬁfﬁ {elfgé)o?g%%% ? ?(%@s(oggéédaorg /P[ﬁ i nvent| on

rel ates tL@ttcmmﬂmziB spFishibdimet @. (2000) BamhgsR 1 (4() 8)1 0R3 6pard Moclarekhyxdoagen
and: (i) R4 is fluoro, R6 is fluoro, and a i 5&7'2 R4 is
f1 uoro, Fﬁéﬂw Rygendarngagodogy, 195n13-R9); &Iomr%m %Jlm@l pludiss ghe gihibition of

tri f 'i?’]?ﬂa{élbfe? re?of’tle&'fbg% dtegal%d ﬂo'tl)augg% g& 8M§P$P9 eff&qs {(?refslt ZReIh C’(2064)' s 2,

and uor o,
(1v) R4 i@irf Thot 26(IRG446 1430)0Thys, ahrmla]@utls a@ants( hra)vu@flmD& eldnoe dSERS and
fluoro, chl oro, and

ais O: gﬁ]éiﬁg?f*&}tmésmlwag%r SERffighuare %Qe?tgd f maaﬂcr%lx %Se@ﬁ ¥t o, and:
(1) a isatikd éNrofic ipRinlwiBhr&iudisy Rwicl WAL efffdts, Qubl MO Rise0r

Thus, a need exists for novel compounds that are useful for treating chronic pain,
15 such as neuropathic pain. In particular, a need exists for novel compounds that are useful
for treating chronic pain and that have reduced side effects, such as nausea. A need also
exists for novel dual-acting compounds that inhibit both SERT and NET with high affinity
(e.g., pKi > 8.0 or K; < 10 nM) and balanced inhibition (e.g., a SERT/NET binding K ratio
of 0.1 to 100).
20 SUMMARY OF THE INVENTION
The present invention provides novel compounds that have been found to possess
serotonin reuptake inhibitory activity and norepinephrine reuptake inhibitory activity.
Accordingly, compounds of the invention are expected to be useful and advantageous as
therapeutic agents for those diseases and disorders that can be treated by inhibition of the
25 serotonin and/or norepinephrine transporter, such as neuropathic pain.
One aspect of the invention relates to compounds of formula I:

(R"); |

N
@
where: ais 0, 1, 2, 3, or 4; each R'is independently halo or trifluoromethyl; R’ is
-



(tii) ais 2 and R is 4,6-difluoro; or (c) R4 and R5 are hydrogen, R6 is
fluoro and; 20(i) R3 is fluoro and ais O; (ii) R3is fluoro, ais 1, and
R is 3-fwoanw/05694fil uoro, 5- trifluoronethyl, or 6- fl u®C®/USEINI0F43RB i S
fluoro, ais 2, and R is 4,6-difluoro; or (iv) R3is chloro or nethyl, and
ais 0; or 25(d) R3, R4, and R5 are hydrogen and: (i) R6 is H and ais O;
(i1i1) R is H a ;s 5-flugro or 6-fluoro; is fluoro

and a i s hgdrogen, hafo, Gt - 16alkRL Ri-vpd Re aresmfi?n?a%lﬂyahydgogfn Oah§6 ORPT 4 5
4-fluoro hMJcH&EdAlly‘aEc ?fafblel%%[t%eréd&) R6 is fluoro, ais 2, and R is

4, 5- d|fluoro or 4, uoro; (vi) R6 is chloro and a is 0

(VI i) R6is cbﬂt@rtl@;r aaoencsoflthe arvdntﬁzbn lickates-th compoynds of ferorudg Tlor
5-trifluoromethyl; 5(viii) R6 is chloro, ais 2, and R is 4,5-difluoro; or
(ix) R6 is brono and a is 0; or armaceut fcal | y acceptabl e salt thereof
Yet anot her aspect of the (Rnye o pharmaceuti cal conpositions
i si i } nd a conpound of the
contain other active agents
sant i depressants,

i nvention. Such 10 conpositions
such as anti-Al zheinmer's agents
anti - Par ki nson's agents, dual s ! rine reuptake inhibitors,
non-steroidal anti-inflanmmtory nor eRi nephri ne reuptake inhibitors,
opi oi d agoni sts, opioid antagonisHs, sel ective serotonin reuptake

i nhi bitors, sodium channel blockers, synpathol yticélD and conbi nati ons

t here Q@ﬁfgdlngly, in yet 15 another aspect of the invention, a

phar maceutical conposition conprises a conpound of the invention, a second
active agent, (@HﬂsaKMﬁhﬂﬂhyﬁﬁQM£ﬁkﬂy acceptabl e carrier. Another aspect of
the invention relates , ,to_a conp ion of aactive agents, conprising a
conpound of the |n&§ﬁ$ﬂ%ﬂu%ﬁdRa“ Hh&ngéﬂ$@e agent. The conpounds of the

i nvention can be fgﬁrgiggﬁ%“;@gqgh&&oogmqeg ﬁpﬁﬁyﬂﬁ&B”B lrdsugdltlona

agent (s). Wien for O’separately, & pharnaceutically acceptabl e
carrier nmaffudremicthyl, wdéelwird;h the additional agent(s). Thus, yet another

aspect. of the inve tl n.r | at e a conbj nathn
compotd ti ons. the iR R R IR R 2 ﬁﬂanﬁﬁwee%? o, or

conp05|t5Qﬁd§R@p{|S|ng a conpound of fornula I or a pharmaceutically

acceptabl e salt
(iv) R* is fluoro, R’ is chloro, and a is 0;

(v) R*Yis chloro, R is fluoro, and a is 0; or
(vi) R*Yis bromo, R is chloro, and a 1s 0; or
15 (b) R? and R* are hydrogen, R is fluoro, R® is chloro, and:
(i)ais0;
(i) ais 1 and R' is 5-fluoro or 6-fluoro; or
(iii) a is 2 and R is 4,6-difluoro; or
(c) R* and R are hydrogen, R® is fluoro and;
20 (i) R? is fluoro and a is 0;
(i1) R? is fluoro, a is 1, and R is 3-fluoro, 5-fluoro, 5- trifluoromethyl, or 6-
fluoro;
(i11) R? is fluoro, a is 2, and R' is 4,6-difluoro; or
(iv) R? is chloro or methyl, and a is 0; or
25 (d) R?, R", and R’ are hydrogen and:
(i) R®is H, and a is 0;
(ii)) R°is H, ais 1, and R' is 5-fluoro or 6-fluoro;

(iii) R® is fluoro and a is 0;



thereof and a first pharmaceutically acceptable carrier; and a second

phar maceuti cal 25 conposition conprising a second active agent and a second
phar macewoDcaldosemecept abl e carrier. The invention al soPCEsL@s/064308 Ki t
cont ai ni ng such pharnmaceutical conpositions, for exanple where the first
and second pharmaceutical conpositions are separate pharnaceutica

conposi tions. Conpounds.of the jnventipn pgossess serotonin reuptake

i nhi bi tory acti vit ¥VaRd 80U48r&isiln Biﬁék‘gﬂﬁt%ﬁ@oﬁhﬁf%ﬁWBF& activity, and
are therefore expeglegt 9k, 4365 Wnda® it DSLAREMLIST 430&MuSHd O treating
patients suffering frog1a di sease or disorder that Is treated by the

i nhibition of the <en® enéhlorarddaris Ohe nor epi nephrine transporter. Thus,
one aspect of the inverd.ion relates tq,a hod treatding; a in

i sorder such as: ndli Sbab AMerdah o higs Toheroseburbest Bt bihdos
fibronyal gia; a depyig§Re VechllbroO4 feX, asdRhisass5 aBlRko;dePr ession; an affective
di sorder such as an.agglety di sorder; attention deficit hyperactivity

di sorder; a cognit i(ix¢ Rdiskypaerand @dh0as dementia; stress urinary
incontinence;0 Qrﬁ%%%cgﬁ%%ﬁu%c§%ﬂgﬁﬂﬂﬁ% Qgﬁsity; or vasonotor synptons
associated w t ﬁ%nopause, onprising a%%lnistering to a patient a 5

t her apeut i cal Ijet ehdteetdsyect dnmigntvedtion raaopoytdraicciieil compodifiens.

Still another aspect of the invention relates to a nethod for inhibiting
ser ot oni KOMPLHNERPIAIMACCHIGHHHIACEHIABIS Y ad % erpeend algthe inveRBomaPiell | a
ser ot gni r - i.0hi.hi t.i ng . 0 (0 jon. Yet
anot . aeiBHRBRHELshRLRY e IR AL edint AR AR I ok HERh

nor epi nephti¢consulsentptaakideprossantseamneltarkiosprs icng, dill saatoninsticrepingphrmet he
mamal , a norepi hephrine transporter-inhibiting anount of. a conpound of the
i nvent i ofcUPAHG %lil}g{%‘i’férn%%%fefd%g?ntf'ﬂ’élamﬁ%%’i 8f ?,snoa?nl%%)?aa_e (PRt hod f or

i nhi bi ti RghiBREPLHA aLEHRE Aifoid AEaPOTIRR] BRRIN REothBHREF S iRhiBitsR MRl
conprising admnistering to the mamual, a serotonin transporter- and

nor epi nepbdiumechianizal Spwkem syimphitvilyticsgpndroooinatibnathemop odnebrdinglyhm yet

i nventd on. 15Anpn e .conpounds, of formula |, conmpounds of particular

|t or B Ap RS on i RETRN, fbSrecsty St sAupayfoy BRAP IS SseRPolEdt of ¢ han
or equal thoindbaidhn, 4 s&oaddctar dobit, Bid Opharfab&iidmMly 4RKpthbldlcaldes. Anedter than
or equal to about 8.0. In another enbodi nent, conpounds of interest have
bal anced aSFERToLhe INETtiQtclaies tp a dombinating pé a¢this agamfe, ERIPTISHISecOAPOBBE h SERT
and NET Qupeinblilid, %Ed%%g%%pﬂgéveo{géggrfﬂ G rodpéi‘st o%’tﬁ?s}nv%ﬁ orednipaose having
a serotonin reuptake inhrbrtion p val ues of greater an“or ‘equal to
about 7. Gomndatad ekt oefehidatty frotahakdditionul bgdnt@y) Wheb@nialliies of greater
than or equal to about 7.0. Si nce conpounds of the invention possess
ser ot¢hi nepaplak BhaARrpitically aceptabicicprrigh nayhedps ndgshvith herddisioarle

i nhi bi tor, i A elilee. : earch tools.
Accordiné%??&%nghgﬁgggﬁsgfggﬁg inv%%?%%%ﬁbgﬁggégé?goﬁggﬁgosggf usi ng the
conpoundphafmachetidahvenpasgionasthe esebinetiort cohsisigp rirstghagnaonteatt i ng a

bi ol ogi cal assay using.a conpoun f. the invention. Conpounds of the

nvent i oROBARSIPR GBI G COBPRHR) AP b hBHrEAs GO BRADITAYE  anot her
aspect Ofih&B& anBUSHL( ﬁ?l@rrﬁ@deﬁﬁ@ﬁlyta@ce?)tdm& bede0hn®Y 3 dal bRgnRctRRh compound
in a biological assay, conprising: (a) conducting a 30 biol ogical assay

Wit h 20 t esmpesitipooerdpisanga sscode activiciagent aad sapcandl phermydepticrdlydwedpitabde t he

bi ol ogi cal ass?ﬁ mﬁtq.a qompgﬁnﬂ of .the invention to erHde a %gcond assay
val ue; w87 & n T8¢ ByCRUnn 4180 (eliivr e f & QRaLPE Bl dharmacepice! Sompe i ent I y

Wi th st egod &ainpBhée thCRIPRId é&@oﬂd’[?;a%é&ehti@é %amgmﬁm dré 9dpaidtep (@) with
the second assay value fromstep (b). WD 2010/ 056941PCT/ US2009/ 064308
Exenpl ar phineAcegicehforaresiionsi ncl ude a serotonin reuptake assay and a

nor epi nephri ne r - St - - - ' jon
relates to a ﬁ%ﬁﬁ%§£%$%gﬁ§ﬁ@%ﬁ%égpﬁ%%ggéﬁggﬁl§§§§E%¥%$m§gﬁ%#§%§g%%rising
ser ot3Mmi motdpaieppoiid £uptakd dihéione pdiivithearld /e gRe¢dORI&pe@Ed todchusefuhes met hod

conprising: (a). contacting.the biological systemor sanple with a
therapeutic agents for treating patients suftering from a disease or disorder that is treated

by the inhibition of the serotonin and/or the norepinephrine transporter. Thus, one aspect

of the invention relates to a method of treating: a pain disorder such as neuropathic pain or
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5 conmpound of the invention; and (b) determning the effects caused by the
conpound on the biol ogical systemor sanple. The invention al so
rel at es twoppmusesies and i nternedi at es useful for prepaPChgScanpewsngls of
the invention. Accordingly, one aspect of the invention relates to a
process for preparing conmpounds of fornula |, the process conprising
deprotectjng a conmpound of 10 formyla Il11: (111) or salt thereof, where P
is an ameWBO-rBYadg]é'ci‘ 3%635%61;1550{‘%?1“614 SR bAREERIRE: Bt SHGHEIROIICE MRS her e
a, R, ang a%?i_‘eﬁr BESdE8S at@&lfti'oﬂ%@ﬁéi?ﬁ}ﬁﬁe%c'ﬁ%tﬁﬁisbrdéf;al doenfti® S REGIdeY §lidh-as! N Ot her
aspects, the invention relates to novel 1nternediaté&s used I n such

pr ocesseslemehiveistrassotrinery insprinenat chioeici fatigetsyodronsl ab@gyt @ vabenotee of
conmpounds_of  the inwgq}iog for the nanufactgre.og.ne icqgen%s, especially
for the MEMBICEATTYEIBTY WEQMELRBHPS QEBYSINSFAGMIRIPEHEE iy PHIH &i sor ders,

depr essi RerfRAEARS Frecid fabIMT dicoMbERISof tAS IR BAtig deficit hyperactivity
di sorder, cognitive disorders, stress urinary incontinence, for inhibiting
serot oni n r eupttifleacihsr aspeetratdlhc ingentfosrrelatehith i mcthpdfor mbibiepthyaretenineupt ake
inanm | ..,20 Still another.aspect. of. the.inventjon_r es_t he use of
compoundaerén Trirme SIS brEeREENRhpb Bk M L s Bl BrbPul ol hent
of the i nvebitingamaduet ¢haSsng®add bemeiimenBmT Ay bERoDESEYBd O bverdtidn

| NVENTI ON DEFI NI TI ONS = When descri bing t he conpounds, conpositions, nethods
and pr océ¢'diss tayy meHiedFer inRipaHte ORCPIRGRATNG FeURGkAdN £ BFMMHLOBIPERBELS ol | owi ng
nmeani yyJs : . i i.ndi (A . in, the

si ngu ara/g#ﬁgéwégﬂﬁ%gﬁﬁﬁhﬁﬂ’éﬁﬁ%ﬁgﬁﬁgﬂ%é%ht ee%§F¥@§B%%§QHgﬁ%?Ural forns
unl ess t kempomicexdithefnvastiorc | Aad dnotlthir ebicesf tht heewiceis dideetet &r armethdd for

2010/ 05694 1PCT/ US2009/ 0643%8 "conpr. si n%ﬁ "iﬂ%'Udi nagla(a and "having" are

i nt ended MYPHALSHOIW] FEPRKE 2 HERGICRIRSRITINA FW gy BN AAr L SOBHEI 8 errent s

ot her thaamiNGelihSiotfle RlaBIRNL S scr@bohinHIRSIRr ARG iRPhAHARbA LRS- Of

i ngredi ents, properties such as nol ecul ar wei ght, reaction conditions, and
so fort hinfgkiinpemeunt eraeconmpobed ahdherstentdn.as bei ng nodified in all

i nst es by the term5 "about ..". un s otherw se i.ndicated. Accordingly,
the nlber o) s b PR ar S b i RROTIRST PHAETHBPIS o RBSEndl g
upon the h@l&iﬁg 2B G HIB IR chh@nt SHRLY Bt SERT Becah tiainne qhy td BSouR7es&tan Nvent i on.
At | east, and not as an atteg&t tolimt the application of the doctrine of

equi val enthybitery chesta dplei) ef NEReredterithan orcqehl taghowrd. & hioungthet | east be
: S liaht of i HE; ek s 4 b o
const v, A0 U PO LS TN 0, Y ol

sat ur at edafy gKocaudarbogi SBRTWAL NETRY. D eFdriheeedmpsunds angdigchlalinteessare
ot herwi se defined, such al kyl groups typically contain from1l to 10 carbon
at ons2tand9sR ERYIEE 2 SFigfond Eqvprags ml@lg%pﬁ%p valugy ofghpale) than ef cawal tRypbout

-G _6al kyl i ; I res e j y of
excaripl ¢, b norchip iR reur R RRBIE AT, AlCH bt SR BELNER 0 SEUEEY P
tert-butylQ. n-pentyl, n-hexyl, n-heptyl, 15 n-octyl, n-nonyl, n-decyl, and
the Iike. . When a specific nunber of carbon at o%j ﬁ intended for a

particul ar t erGSOEPRBRG; 9 the MECHHONNOSSCST SEAPCBBT MBI UORAGVEY ecedi ng

the ter myag nsibaephite regﬂﬁk@ﬁlﬁmﬁbﬁy adiRy ! £EMombduRhkydiso tRANSs an al kyl
group having from1l to carbon at'ons, and the term"-C _4al kyl ene" neans

an al ¥yl eersarghdeqs. hAviondinglyoemelaspectHf ther ibuentian aefstes whaedogdof ksengcthe bon
atons are in an ?.ce.tale conf i Hratlion. . . o
compounds of the Thvention as research tools, comprising conducting a biological assay
using a compound of the invention. Compounds of the invention can also be used to
evaluate new chemical compounds. Thus another aspect of the invention relates to a
method of evaluating a test compound in a biological assay, comprising: (a) conducting a
30 Dbiological assay with a test compound to provide a first assay value; (b) conducting the
biological assay with a compound of the invention to provide a second assay value;

wherein step (a) is conducted either before, after or concurrently with step (b); and (c)

comparing the first assay value from step (a) with the second assay value from step (b).
-5-



The term "al kyl ene” neans a dival ent saturated hydrocarbon group that may

be linear or branched. Unl ess ot herw se defined, such al kyl ene groups

t ypi cal | ywoantodisew4firom O to 10 carbon at ons and i ncl ude pCrars2enamsbe,

-Co_i al kyl ene, -Co_2al kyl ene, -Co_3al kyl ene, 00 _6al kyl ene, -G _4al kyl ene,

- C2_4al kyl ene and -G _6al kyl ene. Represent ati ve al kyl ene 25 groups incl ude,
by vvay of exa{rgyg net hyl ene, ethane 1,2-diy "et hyl propane-1, 2-

diyl, iofpajqal iy sineluge 3 Sepoifinin f?é‘ﬁtaéﬁéssiy Bndif wrepeﬁahrm?e like. It
I'S under Sr& a@?ﬂé/ ‘&*ﬂt@trhnfoﬁt%r Qépl&’t'cﬁ’@ﬁ‘e ﬁl%ﬂﬂdn%l'a%ég%éaﬁféﬂfbd(‘cﬁ*s gﬁlg%UCh as
-Co_i al kyI ne- 0_3al kyl ene- 6al kyl ene-, such terns nt ended
to incl udbealogtealasbsielmm salhpbammpnsmg(scmtomn EanSpDhersatdrqpleaperlgﬁ tapspogtersot

resent ex t for oval ent ttachl the ups se rat d by 30 the
Pl oot ane < Bt et Shrhyi e D onBL iR e BibioD5y SReh hu ARRE G >

hydr ocar Q@ﬁpGﬁM twe hﬁf@ﬁt‘i’iﬁ]\’ ahé (B)'d@t%%uﬁﬁ%i%%%&@@a@@@i bWﬂteCdt)nﬁﬁﬁn@bn kigast
one, and typically 1, or 3, carbon-carbon triple bonds. Unless otherw se

defi ned, bml@ﬂcélskyﬁmlorg@mnlﬁs typically contain from?2 to 10 WD

2010/ 056941P 200 bon ex
- C2_4al kynyl C-E/hg% ?ﬂg%ggéa%?{ C_Leggei%rkr?}%l mﬁera%artgslesﬁ ul Olr\zpe p%lrn'l%%nyl gr oups
i ncl ude, cbtﬁpm@r}ds(bff t@lﬁﬂ@tﬁn @Ich&ﬂdl&igly,rbnﬁlamyfwﬂ the ﬁrvlaﬂﬁiorﬂrela%sytb,aprocess

n- hex-3-ynyl, and the |ike. The term "hal 0" neans fluoro, chloro, bronmo and
i odo. ﬁowwrﬁer@moutdfeofﬁﬁm%l *th¢ ProsessfcaRRipiAL depiotesting 2 compewidafl a* or
"having tfg% fpcture” is not intended to be limting and is used in the
sane way t hat t e term"conprising"” is commonly used. The term
"pharnmaceutically acceptable" refgrs to a ma't erial that is not biologically
or ot herw se unacceptabl e -- dlin the ipvention. For exanple, the term
10 "pharmaceutically accerg bl e ki erOrefers RO a material that can be
incorporated into a conposition and adm ni ¢d to a patient w thout

ra%tl ng in an unacceptabl e

manner wi th other conponents off"t hey cofposi Y on. RSuch pharmaceutically
acceptable materials typically [have] net the gsequired standards of
t oxi col ogi cal and manufacturing INSting, and include those materials
identified as suitable 15 inactive ingredients by the U S. Food and Drug
Admi ni strati on. The term "pharmaceutically adtleptable salt" neans a
salt prepared from.a base.or an.acid which is accep table fo m nistration
Lo a pat OBASAI LGP KNG Rrih i ing-RjoteClng WOURIR A s COmBPUSET il an
safety fog 1RwhkNa) RACSRAGE TLILI B inclieWa¥Bhulad I of 18, HGREHRIPOMH dthat the sal ts
covered by the invention are not required to be pharmaceutical Iy 20

accept ablaspest the lnm@hna@atsawt@votlntmedlmausaden@mmn@se& hat are not

i ntended for mn| glrati le salts
can b der  ved ot pHaPR ok DufRhh iy OB B bR R BT BRI P aces
and fromfghae m@efauue@btMecﬁ@ﬁﬁ@tt@léb@ectamlgrﬁamb enO RGBT ﬁe@t@mﬁeus lLigeful

addi tion, when a conpound of fornmula | contains both a basic nmpiety, such
as an anifPletreading pain @wrdire depiestiye disendersaffectize Byriderse atiatign doficiywi t t er i ons
may be f n r S ein. Salts
deri ved 1(‘% 5] mglfot ncggcog% igd 391% adé\gcote rgb rgﬁldt@r g)alﬁ?%{t%elsl%é f&%ﬁlﬁbﬁgl%ammnl um
cal ci um scoppét reuprke irca nfammtiadus:, fot inhtbitiy norggngsirintreupeakgd a enantrasiganous,
potassi u sodium and zinc salts, and the |like. Salts ri.ved from

phar n?é)ce[ﬁ“t”@élﬂhﬁr aweehRfdl Bveripairlatp 3 s ysnef errerauads gfd F IBRHeR §S

secondar Yo Qadh h&L.! Bfiér AFBeSng bRBbHAIAR FURShldofdrAmbaESd RRiYCl T C

am nes, naturally-occurring amnes, and | i ke, such as arginine,

bet ai ne, caffeine, chdBETELED NEﬂCBéH"EMMOFyTHEéNVMTI@N di et hyl am ne,

2-di et hyl am noet hanol, 2-di net hyl ar’%noet hanol , et hanol ani ne,

et hyl enedi am ne, N-et hyI nmor phol i ne, [ peri di ne, gl ucam ne,

gl ucosam ne, WBdd dHsB€bin W RRBFUAG, coBPEIRNG! ABThBEs androcesses of the

2010/ 056941PCT/ US2009/ 064308
25 invention, the following terms have the following meanings unless otherwise indicated.

Additionally, as used herein, the singular forms "a," "an" and "the" include the

corresponding plural forms unless the context of use clearly dictates otherwise. The terms

-6-



| ysi ne, met hyl gl ucam ne, norpholine, piperazine, piperadine, polyam ne
resins, procaine, purines, theobromne, triethylamne, trinethylam ne,

tri propyhsoizom/ossronet ham ne, and the like. Salts deri vedTiusemd/ 064308
pharmaceutical ly acceptabl e i norganic acids include salts of boric,
carboni c, hydrohalic (hydrobrom c, hydrochloric, hydrofluoric or

hydroi odic), nitrig¢, 5 phosphoric, sulfamc and sulfuric acids. Salts
derived fFORPPHEF meicelifingald 5%\6%&55%6@«65&%?%% SHS AL NTS of

al i phati %%%M}ﬂon@ﬁél%er(t?o&er thah tel |GstedHIMAARE CA L FukBRls &prds@REi Co

| actobioni ¢, malic, and tartaric acids), aliphatic nnnocarBoxyllc aci ds
(e.g., acetitgicsboliingrédignts, provicdtjcspndpisomolecdmdweight, Faaotigmewditeonacindsp, am no

id 9. ti | ut am i.ds), t] b | i id . g.
benzoi ¢, "I REOTEEEh St e ARV st gure mogRisdar iR ie fefang (7
tri phenyl'gsst ! enRSd Stfidrwid iABREE. PYEG@NBly, Aed lintcps bt forflr M6l Qxybenzoi c,
p- hydr oxybenzoi c, 1-hydroxynapht hal ene-2-carboxylic and

3- hydr oxynpiekirheiioan thap may yphodeperdingopeisthe dagedrisorertieh sougsds Pr pbtatsids
(e.g., f i leic. oxali n cl.ni i, ds) .. .glucuronic ndel i c,
ot e, niovap fiea Rl SLledh A R AGHT Mt it SRR ™
benzenesubt®int of cQargIbas sotht eeupe of &t ddihisceachtnnaibessholitint deast SeEdts@iddc, 15
met hanesul f.oni ¢, napht hal enesul f oni ¢, napht hal ene- 1, 5-di sul foni c,

napht hal éh&g dtheyicpentedongrifigam digits gnd braprly ngirdinaiiraending fegbrighes. aci d,
and the like. ppeepy 'Ell It %{eﬁﬂs asﬁia%{&la?ent FREARIH ﬁ%gllb%ﬁ g?cgupax%%ﬁﬁ%%ef or med
by one or nore nolecul€s of a solute, e.g., a conpound~of fornula’l or a
phar mac e tinc@radr Ibyaneb ek ptalbb ssotBaiwtisct deéined fsuclasdylogreumrty pioaléy conltan filoesl af a

solvent. Quch solvates are typically crystalline solids havi a

subst ant il_§|01a o e 701 AP Do ot @l Cact Pante Br é‘gxeq%ﬂ%&ia\l}é
SO'V?nts-Cﬂ&ﬂﬁﬂeRaﬁ%y%ﬁ%h@%&ﬁ%%ﬂﬂ%@hn%ﬁk?ﬁywﬂ?%héﬂﬁhﬂq%ﬁ&ﬁﬂ?&hﬂLSODFODanO!,
acetic acid, and the like. en the solvent is water, the solvate forned is
a hydr at e-propyl, isofflepyl erbutyls seetbapdusetoayl] serefftee tipeetyhmehaxy!, nrlepnd, an

amouni_ sufficient to effect treatnent when adm nistered to a patient in
need #%ef@%?ﬁ’V?@?Yh?ﬁ%qﬁﬁ%ﬁﬁﬁeﬁkedrug needed to 25 obtain the desired

therapeutic efWr&ta spgcerficaxaiiRl 6f catbdhabmp atihtcaadd forafphiculay ranmuat for
treating neuropathic pain is an ampunt of conpound needed to, for exanple,

reduce, $arsptdeesnurabar gif gerben atomsrisshonn praecdiigihe sars afsubsstiPbprhi ¢ pain or
to treat t ngler | ving cause u i | Ne e. qt her t he
term ~of Feap e g it e AT nBhoDRRRA i BBl o] diaioiSlofiEatly

resul t, whd @hmrmay, pikdylcRetRssaray dieylénctdrelippatiigd fod0 toeisekon dtoms,extamPl e,
when studying a system conprising a nqrepinephrine transporter, an
"ef f et i VR GRPRIMIOMEALE iBENY RecCRiRBlSRONHEWEEONt 0 i nhi bit nor epi nephri ne

reupt ake. i 7 i ng: y y rej ans the
{roating or trustRohi s GRah BEiahy kR PR g BB NG (R TEl b

neur opat hinearpaibngnched. alUplass ehéryisutlined saclnakytehe giopps typauallacdytaia fromman) ,

that includ one or nore .of the followmng: (a) preventing the di sease or
medi cal é)&ﬂﬁﬁt%@mﬁ% %ﬂé&ﬁ?@%?&?r Fagplc. -ﬁgww%n -@%‘ﬁg%fg@%%‘fﬁ%}le’
patient; €hlaigr&ld c@_lahlkg}&n&,h@z_galﬁﬁ@@eeaﬂr-cgggkﬁ@ﬁe. cR&Edch@fve hikSlene

elimnating or causing fegression of the disease or nedical cohdition in a
pati eift ; gfaipssnghpteeby way of heandpls.aastbylone, pdinedl2-dighdithyteme")5ptiopanc-1,84 owi ng

or arresting the d | nt of the diseasg ,or i cal ndi tio

pat ent - o paph TSR h At Ao o B b Ee TR kb lope
condi ti ORyHeR tike #RYleRHerm FRdTu®X 2R @rbonk SudhedsCy tdlleAtidg- ek PpaAs-irc pai n”
woul d i nclude preventing neuropathic pain fromoccurring, aneliorating
neur opat hi-esabiailenc-.suph teews pregnisadedipandide thaiabsenemel crbandtems.ig- the

synpt ons r ¢ N i rm.ipati oS i de 10
those. mariiti @8 AR BoPabex Pt ELMalbT o lhagntya B BRARY s Rl R e
prevest i ol alkiiabe ’f@. presently being treated for di sease prevention or
treatment of a_specific disease or nedical condition, as well as.test

subj ects i n wibeferEbAYeNH s PRRONON ISR ysAluE e IeirorgrRargraur BaichmPei ng
used in Vi . i . h erms used
herein a?ﬁq?%?éﬁéggk?gf aveﬁ?ﬁgf$ﬁé§§#%%?gﬁ%ggﬁ?galééoaéhﬁﬁ e?%?%%ﬁ by

t hose of topldibnadsy GiKedslotharwiskelefined, sachwiikyotyl gromys pgidadly monthm foore 2aspéct ,
this invention relates to conpounds of fornula I: (l) or a
pharmaceutically acceptable salt thereof As used herein, the term "conpound
of the invention" or "conpounds of the 20 invention"” include all conpounds
enconpassed by formulas I, Il and Ill, such as the species enbodied in
formulas ha, Ilb, Ilc, and lid, and all other subspecies of such fornul as.

I n addi tion, when a conpound of the invention contain a basic or acidic

o - e



25 the invention. Accordingly, those skilled in the art will recognize that
reference to conpounds herein, for exanple, reference to a "conpound of the
i nvent i orwoaniestmonpound of forrmula I" includes a conpeamdaisedoofnetsnsil a | as
wel | as pharmaceutically acceptable salts of that conpound unl ess ot herw se
i ndi cated. Furthernore, solvates are -10- WD 2010/ 056941PCT/ US2009/ 064308
al so included withi t ope of s | nvent unds of the

i nvent i offarbqs ajgEpy a gfc%ﬁﬁl@kﬁméz «aLlway rﬁmgﬁypylsayﬁrggso@ YRy al so

| nol ude xRl ARl APl FRITRUBIRay bf SmMEAENONG. RopyRIG-BlOTS have
been enrlcﬁed wth ai%ﬁgghagfn anugfoa c néggwglgﬁg?enﬁnggﬁfthe atom c
mass predmyindﬁ@K&w@dﬁm@ﬁUehh:nature Exanpl es of isotopes that may be

i ncorporated into the cqnpoun of the nvent for exanple, include, but
are not |imi té@l %Bm gﬁfo gﬁ?anig&%mlﬁl&gml 10?&05 35s5 36C1, and 18F. Of
particul ar i ntAanesl hakh, aR %@d&ﬂafe fé@{dwl ahalvnﬁgrthe e Hr ' hdviAdHReOr
carbon-14 which can be use for exa in tissue distribution st udi es;

conpoundstra¢tuted ismatantendsdrip dh élﬁmtlmg @S@dﬂmﬂeﬁsw@ wiiy thaptheersi t e of
netabollsn1r tu .0 ppl e, in 10 conpounds having greater netabolic
stablllty, ﬁzﬁn 15%@% %ng? ?%rnula | enriched in a positron emtting

i sot ope, such Tas téﬂ@ﬁ"phaﬁﬁa]o‘é@n@mg adcdptabidYirefersian hectisanat i§ 06t tidagiphley |1 n
Positron Em ssi on Top pﬂé> PET studles The conﬁgghds of the
i nventi o@rﬁﬁ\fi@fvlﬁ@wcﬁ ° thdep ysxbiadhaiorention: A'oF exgRRiRehs b tory activity

and ngy e@g Eéﬁ%al@ipecﬁﬂé@ g.t?-L '}e?err ﬁl'a%é!r hb’ﬁla%rb% iR Jratjeéfu%%pe”' es,

such conpounds are e use as therapeutic agents for treating
chr oni ¢ pamposisoic indsdnmieistagbtoh Eatipat \mthd%y camiry unang:ptth]bdad bialigioal ¢ffedtnt o a
single conPound doubl e therE can be_ achieved, i serotonin reugtake

i nhi bi t o) THERFHIL Y BAGSSPEBICTRBRET w&hpétfﬁfa%@mmrﬁ Hithorqmpastian i usi ng

a S'ng'epﬁ%%h%@mﬁﬁﬁ9Q&%Bbbk§haﬁﬁa@@ﬁﬁ&ﬁ@qﬂbéﬁﬁ{ﬂﬁq H%bﬁﬁ§d§89ta'n'n9 one
active conponent are typically easi'er t0 20 formulate than conpositions

cont ai ni gritriogiadtand enapofsbmiagttestinguaid is¢Indd Gosompiorielstidantifipdss suishl

provi a signific over s Contalnlng two active
conpoﬂgnﬂ§mngemgmé&ﬁ®€%%ﬁgﬁsg§) J%Hg%éﬁf ®bi nephri ne reupt ake

i nhibitors (SN'REFeémﬁ'flﬁlaffﬁa[c%uﬁ@hl?(ébté{)@abfl@@ltsﬁﬁ_ﬁn& Eiﬁeﬂt preparblEfron0basexanpl e,

m | naci pran, dul oxetine, and venl afaxi ne 25 exhibit 2.5-fold, 10-fold, and

100- f ol d ag@Fidovhigh tswce%é%@f@@da%mﬁr@)onft@ﬁ PSERL, yolps aETmma épacsalisel y .

Some, ho r e | as a pKi at
SERT of  Jrt g e R RAET HE oS ol Bortel Losb R e 875 0 "o
sel ecti vendasipod ﬂdas thel s@lt@aﬁae&mbgdhaamen@ch arb (ﬁot Ryeinéd rbctpharmaepadaigs have
a nore bal anced SERT and NET act|V|ty, . have the sane pKi val ue at

bot h HERRCeRERbAESRIts (pugh a@smtﬁ@ %de&cqamm%@at Hemet lﬁlteﬁlé% Afypi cal |y
been nan%ﬁ kt&gmBQ§§? érﬁﬁt: tRaly a&cgﬁt pfmﬁg | Y fpb&b' e ML(r)

ISIS/ExaM/so twar e nta ar a, orni a ypl ca conmpounds
of the i phemiacomidally ecdm@&zlblmangdnmsn HbARAR-bases and from pharmaceutically

L uor ophenoXy IR AL ) RhenYl T et 0 e DR S, ISR B s ROUNS

both a basic moiety, such as an amine, and an acidic moiety such as a carboxylic acid,

25 zwitterions may be formed and are included within the term "salt" as used herein. Salts
derived from pharmaceutically acceptable inorganic bases include ammonium, calcium,
copper, ferric, ferrous, lithium, magnesium, manganic, manganous, potassium, sodium, and
zinc salts, and the like. Salts derived from pharmaceutically acceptable organic bases
include salts of primary, secondary and tertiary amines, including substituted amines,

30 cyclic amines, naturally-occurring amines, and the like, such as arginine, betaine, caffeine,
choline, N,N'-dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol,
2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine,

-8-



REPRESENTATI VE EMBODI MENTS 5The foll owi ng substituents and val ues are
intended to provide representative exanples of various aspects and

enbodi merwe 20fo/asbe1i nventi on. These representative val uesTarseomnssngled t o
further define and illustrate such aspects and enbodi nents and are not

i ntended to excl ude other enbodinments or to limt the scope of the

invention. Int zgre gard, th representatlon that particul ar val ue or
substi t udtng, @%}Y lucarpuge, aotpBeling, pRHemc PP By g IS Kiged8t-her

val ues or,sHASHebBRMige ftﬁé’cHizltaHl%e' Hﬁﬁ&h&l‘aﬂuﬁ@‘{?épﬁﬁhﬁfef ﬂr&ﬁétiﬁ(miﬂ%déﬂ‘cﬁt ed. In
one aspect, this invention relatés to conmpounds of formula I: (1) I
corrpounds’;heollikexc cYahts derived fidre phmn@gemtlcally: acpep@b& indrga@ic agids orclutle sEht&:tblf R is

|G bal kg ieteames b bty 0B A o DR AR SOl e ar

hal o oy oyR§sghBSL, %@ﬁaﬂd@fd@ulfﬁﬁ& aids. @aﬂ@rﬂérlv@dlﬂom%@rmd:eé@tﬁ%hlﬁtrdcep@blﬁﬁa' kyl
groups include - CH2CH3, and -CH(CH3) 2. In one enbodi nent, R3

hydr ogen organwrceds lnﬁlldﬁ galts @f alijhaiy Iy dionyloreidse o ditrerglucoric, gy chljel ﬁ@ﬁt})@n

]; :’lugqug e 33181110 Qﬁrc? taﬁtalac Qcﬁsr? a %%g?%%%bﬁﬁpéoxg%c ax{ar ?eggrgac%rucfll)u 391’Ir100 20
enbodi nemérnat, Iﬁ@pm@mmda t@ﬂud‘r@admb ac1t1s) amin® LidsTaigs a@ﬁﬁldﬂfﬁld@mﬁﬁ@&bl@
formula la: WD 2010/ 056941PCT/ US2009/ 064308 (| d) I n one, enbodi nent of
conpound$ranaticaRerylic acld(e.g. sbayeie oyeMorqbrmtio diRhsnplaesticogentisichyl ; R4 is
hydr n, r r ol R6 is
hydr gggn hllﬁuugr%fd ﬁﬁ@&%a@é a(lg&sgrg}on@? nhfadr{ot)ﬂ ag%g%%’dl néggxgyelg?)%bounds of
formul a Ip; h}&imwb&nzomilshydmxylnepldbqiem Bdadexflorand| Bahydmxxmbhthhlnn@ﬁe

enbodi nent _.of co nds f f or nul 3-f.l uoro, Jluoro, 5-fluoro,
5- trifl &BFbBﬁiélﬂ%%;q) 359&30% 1% G’&P@OX%FF agids ﬁér’sf CHTAIAE: S ic BSOS of

formla lyBidsR31cirohtd, %ﬁﬂ&&e'ﬁm@fc hicH@Hi8; orb¥c 'pﬁmlai/cdf)é)rﬁgﬂﬂeﬁie Ju'lf%ﬁfcch01d§5 i's
hydrogen or fluoro; and R6 is hydrogen, fluoro or | oro. In yet

anot her éﬁgohemntsuﬁbHEOMDmlfoﬁlcf @hMicaethaneauhfcle iseTipsiccan be dep| ct ed

&5 ol | oyt gl PSS o MR 4> o g Bt Rent

cormound%nsaifoﬁfaraﬁuh)acolufénesla&om@ abgly, Qﬁﬁfbl@ﬁmﬂ'dm&@e R4 is hydrogen or
fluoro; R5 is hydrogen or fluoro; and R6 is hydrogen fluoro or chloro. In

one parti cul arfhadgratisobmto Ieeanng epmplsk or pggregaiefumed by onc PomeTd a | exhi bi t
a

molecules of a solute, e.g., a compound of formula I or a pharmaceutically acceptable salt
thereof, and one or more molecules of a solvent. Such solvates are typically crystalline
20 solids having a substantially fixed molar ratio of solute and solvent. Representative
solvents include, by way of example, water, methanol, ethanol, isopropanol, acetic acid,
and the like. When the solvent is water, the solvate formed is a hydrate.
The term "therapeutically effective amount" means an amount sufficient to effect
treatment when administered to a patient in need thereof, i.e., the amount of drug needed to
25 obtain the desired therapeutic effect. For example, a therapeutically effective amount for
treating neuropathic pain is an amount of compound needed to, for example, reduce,
suppress, eliminate or prevent the symptoms of neuropathic pain or to treat the underlying
cause of neuropathic pain. On the other hand, the term "effective amount" means an
amount sufficient to obtain a desired result, which may not necessary be a therapeutic
30 result. For example, when studying a system comprising a norepinephrine transporter, an
"effective amount" may be the amount needed to inhibit norepinephrine reuptake.
The term "treating” or "treatment" as used herein means the treating or treatment of

a disease or medical condition (such as neuropathic pain) in a patient, such as a mammal

9.



-13- SERT pKi>7.9 and a NET pKi >8. In another aspect, this invention

relates to conpounds of fornmula Il: where: 5(a) R3 and R5 are hydrogen
and: WO 2010/056944i ) R4 is fluoro, R6 is fluoro, and aPC3/U32009/064308

(ii) RAis fluoro, R6 is fluoro, ais 1, and R is 4-fluoro, 5-fluoro,
5-trifl uoronethyl or 6-fluoro; (i1ii) R4 is quoro R6 is
fl uoro,

s 4,5-difluoro, uoro, or 10 6-di fl uoro;
(iv) R4 aﬁfl?\ﬁe;%a ﬂﬁ@alil)s thahinshuges %Fooram?rg the R fol1oRing: (4 prevewngi&le. s chloro,
R6 is fl ‘dl@e@se d?'ri'ﬁied@ca'l Soriiti®H from occurrln 1 2. Ifré%ﬂylaﬁﬁc IR RPBF 2 RRichS (61 OF O,
and a is O; or (b) R3 and R4 are luoro, R6 s chloro, and:
15(i) a |ame®pra¢1ng )haadls®seloranddlédl cpsdlﬁom Ilworebnmmatﬁgfolr Qarsolg I@gl‘eéﬂlq)n of theis 2
and Rl is.4, 6-difl 0 c) R4 and R5 are qr.o and;
(Y Re i disthap ot Sondiog fagtifief” ey S Ring B A8 of oy sqhdin’
3-fluoyo,. e5sfow19g 8 arRestihg thfeldéoa@lsméﬁwf thedisdasd babdical (Cohdilioftdh 4 patfdntior o, a
Is 2, and is 4,6-difluoro; or (iv) R3is chloro or nethyl, and a is O
or ( d) R®r (@@llemﬂnmeéy@pmqfq@dlgwe or medical condition in a patlent For

example, the term "treating neuropathic pain" would include preventing neuropathic pain

from occurring, ameliorating neuropathic pain, suppressing neuropathic pain, and
alleviating the symptoms of neuropathic pain. The term "patient" is intended to include
10  those mammals, such as humans, that are in need of treatment or disease prevention, that
are presently being treated for disease prevention or treatment of a specific disease or
medical condition, as well as test subjects in which compounds of the invention are being
evaluated or being used in a assay, for example an animal model.
All other terms used herein are intended to have their ordinary meaning as
15 understood by those of ordinary skill in the art to which they pertain.
In one aspect, this invention relates to compounds of formula I:

R"); |

N
@
or a pharmaceutically acceptable salt thereof.
As used herein, the term "compound of the invention” or "compounds of the
20 invention" include all compounds encompassed by formulas I, IT and III, such as the
species embodied in formulas ITa, IIb, Ilc, and IId, and all other subspecies of such
formulas. In addition, when a compound of the invention contain a basic or acidic group
(e.g., amino or carboxyl groups), the compound can exist as a free base, free acid, a
zwitterion, or in various salt forms. All such salt forms are included within the scope of
25 the invention. Accordingly, those skilled in the art will recognize that reference to
compounds herein, for example, reference to a "compound of the invention" or a
"compound of formula I" includes a compound of formula I as well as pharmaceutically

acceptable salts of that compound unless otherwise indicated. Furthermore, solvates are
-10-



5(i) Reis Hand ais 0; (ii) Reis H ais 1, and R is 5-fluoro or
fluoro; (iii) R6is fluoro and ais O; (iv) R6is fluoro, ais 1, and R
S 4-fl uowo,208ydskager o, or 6-fluoro; -14- WD 2010/ 05694 PPTNSRH206209©64308
v) R6 is fluoro, ais 2, and R is 4,5-difluoro or 4,6-difluoro; (vi) R6
Is chloro and ais 0; (vii) R6is chloro, ais 1,and R is 4-fluoro,

6-f | uor o, rifluoromethyl; (viii). R6 is chloro, ais 2, and R is
4,5-difl G&Pdngkb‘ﬁeds*’(”’lt@é)lﬁ%scpge P BHITEHIOR i s 0: or a phar maceutical ly

accept abl e saldynf Gﬂb%ﬁ@@(f)f the jnventidh, Qg%eﬁ@%s@@&hp&fnﬁ%QHH@ﬁjér %tﬂe@ff mula |1,

R3 and R5 are hydrogen. This can be depicted as tforrmula ha: (Ha) 10 In one
enbodl rremmaycn‘lsmnlpdclmd@pmallydatbnlﬂdapohlmouﬁdls i.8., Mhemsrane oRGr0rs atbmgdaes beend a i s

o th t,. R4 f. 1 d. '

%11 Dor 0 2hd o SRS Mhying i p gt RS diten o R B0 mke PP sttt et
R4 is §| ygu inRBturs EXd#D516s offsdtSped tﬂeﬂ%a?l bd ﬁc&péradsdflhﬂéczﬁ@eorﬂp&mds bt wero, or
5,6-difluoro. I n one enbodi nent, uoro (;4I(p;o,1%ar]gi a3€|s 0. In

anot her emsotiPREar cxarp|¢, sncedepbi, argRBof 1§mﬁ¢djf9r i3 Ialnd3 G G her 15
enbodi nent 1is I hl or n
Cl, 4(1 P Bf 1culRplntefre are C ?%P (?]ijoﬁrmt(i]laal1 e 6%[1@57‘"}8 0%1 nd a NET

2
6-

N

enbodi nent, Nese COMPoUN

pKi >8. carbonllm velioft ba&fbeelma@woﬁemm;ﬂé it 6isque Wikdisbidfonfsardiast orhpoun@Sofind R4
are hydrogen R5 is fluoro, and R6 is chloro. This can be depicted as
formil a Ifpuauly hemjchod in devigrinmne pnsaieheat 2 yie angsehnkion tssulfing. don example, iy i s

) th
erhod Gron T8 UGl oaticB BT o8 Pl A Tomnh LERid 10 ™" ose
conpoundgosifrof emittihg isokdpeesdeh his t' (g 'SERD q:ddj '3¥, ®high dambNSEdpfir 8ampl¥On

2010/ 056941PCT/ US2009/0643 In still another enbodi ment of conpounds
of for nmuiPQsifion Eussiony %%‘ﬂg‘yt{yﬁwb@t ficsnd R6 is fluoro. This can be

depicted as f qrh@‘ébﬁ‘lpbur?ds of the invention have been found to possess serotonin reuptake

inhibitory activity and norepinephrine reuptake inhibitory activity. Among other

15 properties, such compounds are expected to be useful as therapeutic agents for treating
chronic pain, such as neuropathic pain. By combining dual activity into a single
compound, double therapy can be achieved, i.e., serotonin reuptake inhibitory activity and
norepinephrine reuptake inhibitory activity, using a single active component. Since
pharmaceutical compositions containing one active component are typically easier to

20 formulate than compositions containing two active components, such single-component
compositions provide a significant advantage over compositions containing two active
components.

Many combined serotonin and norepinephrine reuptake inhibitors (SNRIs) are more

selective for SERT than for NET. For example, milnacipran, duloxetine, and venlafaxine

25 exhibit 2.5-fold, 10-fold, and 100-fold selectivity (measured as pK; ) for SERT over NET,
respectively. Some, however, are less selective, such as bicifadine, which has a pK; at
SERT of 7.0 and a pK; at NET of 6.7. Since it may be desirable to avoid selective
compounds, in one embodiment of the invention the compounds have a more balanced
SERT and NET activity, i.e., have the same pK; value at both SERT and NET + 0.5.

30 The compounds described herein have typically been named using the AutoNom
feature of the commercially-available MDL® ISIS/Draw software (Symyx, Santa Clara,
California). Typically, compounds of the invention have been named as 4-[2-(2-

fluorophenoxymethyl)phenyl]piperidines. Partial numbering of the compounds described
-11-



(I'lc) I'n one enbodi ment of conpounds of fornmula Ilc, R3is fluoro and a is
0. In another 5 enbodinent, R3 is fluoro, ais 1, and R is 3-fluoro,

5-f | uor o,wb-20twasbd4mor omet hyl , or 6- fluoro. I n another echas2emN6430R3 is
fluoro, ais 2, and R is 4,6-difluoro. In another enbodinent, R3 is chloro
or nmethyl, and a is 0. In yet another enbodi nent, these conpounds of
formula Il1c.exhihit a SERT pKi>7.9 and a NET pKi >8. In yet anot her
enbodi medEe} 1538 ds of formula I, R3, R4, and R5 are 10 hydrogen. This
can be depicted as forrmula lid: (lid) In one enbodi ment of conpounds of
formula Iid, R6 is Hand a is 0. 5%l1got her enbodiment, R6 is H ais 1,
and R is 5-fluoro or 6-fluor &)t ot her efrboggnent, R6 is fluoro or
chloro, and a is 0. In yet another “gnbodi g R6 is fluoro, ais 1, and R
is 4- 15 fluoro, 5-fluoro, or 6-fl : anot her enbodi ment, R6 is or
chloro, ais 1, and R is 4-fluor fIRioro]. o 5-trifluoromethyl. In one
enbodinment, R6 is fluoro, a is 2, ¢ R is & 5-difluoro or 4,6-difluoro.
In one enbodiment, R6 is chloro, a#s 2, and R is 4,5- difluoro. In

anot her enbodinent, R6 is brono and a is 0. In yet another enbodi nent,

t hese conpounds of fornula Iid exhibit a SERT pKi >7.9 and a NET pKi>8. 20In
one enbodi nent, the compoundgpffrkREstYERBLBRRAYe high affinity for NET
and have a relatively baIancg%_aéﬁrﬁrry_gﬁr_SERT_reIative to NET, and in
one erbodi mentTheHolidveing atistinichis dndrvaNET arcahtahdadeto tpoovsEREprasentatnee parti cul ar

enbodi nent, the conpounds of the. inventiaon, exhibit SERT pKi >7.9 and a NET
pKi >8. SUEHPPs phyarioup ﬁme%&rﬂéﬁwowenwf%%ﬁ%@@m 9RESOYHOB4308 SERT

and NET aGfie¥ bieYniegddiab rhenRdefife Muﬁifartélﬁicﬁfa%éci’s Bl R caPaNgs .  For
exanpl e, the foll ow ng conpound of the invention: exhibits a SERT pKi of
7.9 and aoNERndkd taodxcBidg othps cobpdinteintreat to hmiisthaycope ofthel inwengigni n Biig he same
assay, the fol] ow ng compounds exhi.bit . either |ow binding.at both rgets
Canon bt et SpRarEREy I e ooy ‘e har e PESepSa Bped g
2- met fiy )in any wiIENERRALdS BbriEdIues HROGERMBES rofaR® aivdagoPinl & pédili@ilyi on can
be prepared fromreadily available starting 15 materials using the
fol | owi ngndjesied-al et hods, the procedures set forth in the Exanples, or by
usi ng ot her eage! . ' j tthat are known to
t hose skiIIegﬁﬁﬁﬂg%?eé?ﬁgsﬁfgﬁgﬁg'bﬁ%gg%gﬁﬁ3%?%§f%?%§gJUres may illustrate
a particul ar enbodi nent of the i tion, it_is understood that other
enbodi ments of the inventiqRr'cs simlarllyy pregpared using the same or
similar nethods or by using ofh ethods, _rwagehts and 20 starting
materials known to those of ordin the art. It will also be
appreci ated that where typical o pfocess conditions (i.e.,
reaction tenperatures, tines, ;,feactants, solvents,
pressures, etc.) are given, othex process cdhditions can al so be used
unl ess otherw se stated. Wile opﬂinun1reaction cqﬁgitions will typically
vary dependi ng

In compounds of formula I, The integer a can be 0, 1, 2, 3, or 4. Each R'is independently

15 halo or trifluoromethyl. R? is hydrogen, halo, or -Cjgalkyl. R*, R’, and R® are
independently hydrogen or halo. Exemplary halo groups include fluoro, chloro, bromo,
and iodo. Exemplary -Cjsalkyl groups include -CH3, -CH,CH3s, and -CH(CHzs),. In one
embodiment, R is hydrogen, fluoro, chloro, or methyl. In one embodiment, RYis
hydrogen, fluoro, chloro, or bromo. In one embodiment, R’ is hydrogen or fluoro.

20 In one embodiment, R® is hydrogen, fluoro, chloro, or bromo.

In one embodiment of compounds of formula I, a is 0. This can be depicted as

formula la:

-12-



-17- WD 2010/ 056941PCT/ US2009/ 064308 on vari ous reaction paranmeters such
as the particular reactants, solvents and quantities used, those of

ordi nary WwRi2blo/isew4the art can readily determ ne suitabl @Craseanom308
conditions using routine optimzation procedures. Additionally, as will be
apparent to those skilled in the art, conventional protecting 5 groups may
be necessary or desired to prevent certain functional groups from
under goi ng undesired reactio he choi ceg of a suitable protecting group
for a particular functional as well |as sujtable conditions and
reagents for protection and h functional groups are

wel | -known in the art. Protectilng groupg er than those illustrated in
t he procedures described herej e ” a%4desired. For exanpl e,
nunmer ous 10 protecting groups, ei r ijntroduction and renoval, are

described in T. W G eene ang M Wits, RProtecting Groups in Organic
Synthesis, Third Edition, WIlel, New York, 1999, and references cited
t her ei n. More particularly, in the schemes(lbel ow, P represents an

"am no- pr,.ot ect i .group, " a termuysed herejisn to, nean,a praotectin roup
sut tabl 617 85 prBouERHY camfebfic ey FH IS S sBdn ol GG, ot B
Repr esentreti{ Nedrafin) Oudlodtig6td, BILIGHRLRS id Mekelda.or Plibrogd ROis HyldRddead to,
t - but oxycar bonyl (Boc), trityl (Tr), benzyl oxycarbonyl (Cbz),
9- f | uor edlporechiosy©abrors (Froc), fornyl, benzyl, and the |ike. Standard
deprotection t i TFA I i
1 dioxane, Hothn oo B SERbS RN R Al D PRl o B Bed v,
when predemiula For exanpl e, a Boc group can be renoved using an 20 acidic
reagent such as hydrochloric acid, trifluoroacetic acid, and the |iKke;

INjy enpl oyipg catal yti c hydrogenati on
conditions such as H2 (1 arm qPd/ C in an algoholic solvent. The

' TREC g group. In the schenes

bel ow, L represents a "l eaving gfoup,” a used herein to nmean a 25
functional group or atom which e be displaced _hy another functional group
or atomin a substitution reaction] sdth as[a nﬁ%leophilic substitution
reaction. By way of exanple, sent ati ver1 eavi ng groups include chloro,
brono and i odo groups; sulfonicéister groups, such as nesylate, tosylate,
brosyl ate, nosylate, and the |liKe; and acyl oxy grdlips, such as acet oxy,

trifl uorqgacet ox .and the |i ke ui t.abl i.neri diluents sol vents for
AR v e R R O e i A RS i A T A
t et r ahy di@fiusramelhFHo) 6-fARRS O doiHce embodintbhiTeF ByhpAIHIBET ARmuRME) R is

di met hyl sul f oxi de (DMSQ), toluene, dichloronethane (DCM, ch| orof orm

( CHC1H) , hadweemer flidee; R” iwbydouon gsﬂmpg%swsﬂmn 06480:®; and R” is hxdtogen,

reaction %QFOJ%$§#“” | y conducted at a tenperature within the range of
about -7 t 0

about” 110C, for exanpl e at roomtenperature. Reactions may be
moni tored by us@ctafothet Bmbadifienchi @iRoasd e yrniulk ©)a is i ghigeihferdapitee

I i qui d chraomat ography (HPLC), and/or LCMS until conpletion. Reactions may
be conpl 88 @Mylddchut es, may take 5 hours, typically from1-2 hours and up
to 48 hours, or days, such as up_to 3-4 days. Upon conpletion, the
resulting m xture or reactipn doct may besfurther treated in order to
obtain the desired product(R )] @ pl eq thel resgbting mxture or reaction
product may be subjected to one “of ' ol | owi ng procedures:
dilution (for exanple with satur bxtraction (for exanple, with
et hyl acetate, CHC13, DCM aque R-10N#dshihg (for exanple, wth DCM
satur ated aqueous NaCl, or sat

i (Ic)
15 In one embodiment of compounds of formula Ic, R! is 4,5-difluoro, 4,6-difluoro, or 5,6-
difluoro. In another embodiment, of compounds of formula Ib, R? is hydrogen or fluoro;
R" is hydrogen or fluoro; R’ is hydrogen or fluoro; and R® is hydrogen, fluoro or chloro.

In one particular aspect of the invention, the compounds of formula I exhibit a
-13-



NaHCO3); drying (for exanple, over MgSO4 or Na2SO4, or in vacuo);
filtration; being concentrated (for exanple, in vacuo); being redi ssol ved
(for exampbeoionse94l: 1 acetic acid: H20 sol ution); and/ or Ppuniskecomsison (for
exanpl e by preparative HPLC, reverse phase preparative HPLC, or
crystallization). 15By way of illustration, conpounds of the invention can

be prepared by ong or, more of the follow ng schenes, which are detailed in
the exanples PSeREARIR NETpRe st arting material 1, for exanpl e,

4- (2- car boxyphgoylihg aggédé,%g%ﬁaehﬁaﬁ Ry éocco%g;oaﬁ&sdoftfaﬁﬁw ;.ester (P=Boc),

is commercially avallable, and undergoes a borane reduction to form
conpound 2. Suitable reduction reagents include borane dinethyl sulfide
conpl ex, WO 2010/056941PQ§M 009/ (64308 9- por abi_cycl o[ 3. 3. 1] nonane,

bor ane 1,2-bis(t-buty|thio)efhal- s &'t but yl am ne conpl ex,
borane di (t-butyl)phosphi ne conpl E rahydr of uran conpl ex and so
forth. The next step involves co pdr gxyl group of conpound 2
into a | eaving group. For exanp, 7 cafR undergo tosylation with
an 5 appropriate reagent such j ol uenesugfonyl chloride (TsCl) in a
sui t abl e base such as triethylengdiamne, to formthe tosylate ester,
compound 3. See, for exanple, Harldung et al. (1997)mpynt hesi s 12: 1433-1438.
Al ternately, conpound 2 can be conbined wi th net hanesul fonic anhydride in
N, N- di i sépiespyl et hyl ani ne. The 2-fl uorophenol conpound 4 is coupled with
conmpound 3 by i ] | Spl.acenent. The protected amne is then
depro#gcted tégvggﬁgﬂgh%%ﬁ%%gﬁg{o "the invention. Conpound 4 is either
comrerci al |y avai | @hIRé,is fitorosRf Batlioky, anyatihesi zed by techni ques that are
wel | known in the art.,Schene B. 15Conpounds . of the invention may al so
be prepared using HERKFﬁB@Hbﬁﬁl%gﬂﬁpi%ﬁ]ﬁéQégféﬁL@NP¥%ﬁﬁB@U¥and Yamada
(1967) Ms_ ) PN. 40: 2380-2382), followed by deprotection of
t he aning}ﬁﬁkkg)re cfrgﬁﬁyg%fypically conduct ed using standard M t sunobu
coupl i ng condi t i ongiii) BSiinfuaror RUsXlueys hes?.codtRdiin i dedifinomz ddidifudroxyd at e
such gs %ggéq%g azodi car boxyl ate (DEAD) or diisopropyl azodi carboxyl ate
(DIADﬁ)a 438" bhosphi ne catal yst such as tri phenyl phosphi ne (PPh3). The

starting material, (RORBQUNEHS, RCRRKIRE, IMALKEST zed as fol | ows:

(v) R* is chloro, R® is fluoro, and a is 0; or

(vi) R* is bromo, R° is chloro, and a is 0; or
(b) R? and R* are hydrogen, R is fluoro, R® is chloro, and:
15 (i)ais0;
(i) ais 1 and R' is 5-fluoro or 6-fluoro; or
(iii) a is 2 and R is 4,6-difluoro; or
(c) R* and R are hydrogen, R® is fluoro and;
(i) R? is fluoro and a is 0;
20 (i1) R? is fluoro, a is 1, and R' is 3-fluoro, 5-fluoro, 5- trifluoromethyl, or
6-fluoro;
(iii) R? is fluoro, a is 2, and R' is 4,6-difluoro. or
(iv) R? is chloro or methyl, and a is 0; or
(d) R?, R", and R’ are hydrogen and:
25 ())R®isHand ais 0;
(ii)) R°is H, ais 1, and R' is 5-fluoro or 6-fluoro;
(iii) R® is fluoro and a is 0;
(iv) RS is fluoro, a is 1, and R' is 4-fluoro, 5-fluoro, or 6-fluoro;
-14-



WO 2010/ 056941 Compound 6 and conpound 7 are coupl ed using Suzuk
coupling reaction conditions to form conpound 8. Representative catal ysts
i ncl ude paibl2advesse4and ni ckel catal ysts, such as PCT/US2009/064308

bi s(tri phenyl phosphi ne)pal l adiun(11), tetrakis(triphenyl phosphine) 5

pal | adi unm(0), [1,1- bis(diphenylphosphino)ferrocene]dicloropalIadiun(ll),

bis[1, 2- bis(diphe hosphi no).propang].pal | adi un(0), | adi um(11) acetate,
[1,1' -bis (di pheny|b)n‘§ uﬁ&fdé¥§«f@§ lﬂ4ér<§86<?ﬂ°a£é‘r6($?‘y0%d the |ike.
Optionally, a base bﬁRe%gggM%qnhgl§bls reaction, such as sodium carbonate,

sodi um bi car bonat e, pot assi um phosphat e, trlethylanlne and the |iKke.
Conpound 8 is hydr dgerktisdhlotapiis alahg Riisi Hud®, Pehworarmnsgriflacamettyly( wet

Pd(OH) 2/ C) to form conpeu ich oes a borane reduction to
form conpound 5. St%? ‘g?é‘?r&%?lzs %‘sgr 3#93 é‘?’toﬁer comrercial ly
avai l apl e, or are rg@@fhyMQMBngﬁhggd by techniques that are well known in

the art. Preferred | eaving groups (L) include halogens and triflate, and
exanpl es of c@ﬁp@bﬁ@ﬂﬁﬂﬁﬁ@ﬂm@@ﬁnﬁbbwahﬂkﬁﬁdho 5- 15 fl uorobenzoat e.

Exanpl es of c n

(A acs, ot ol SerAblT ol S Gmpounoffamns S SRRt YRR ne- 1- ¢
arboxyll¢m&@pﬂ&ﬁa@@ﬁﬁhﬂ£ﬂaer. | f deS|red pharnaceutlcally accept abl e
salts of the conmpounds of formula I or Il can be prepared by contacting the
free acid or base formof a COr of forrmla I or Il, respectively, with
a pharmaceutically acceptgb) r acid. [20Certain of the internedi ates
described herein are believed t thaccordi ngly, such conpounds
are provided as further aspects df the inJE bn i ncl udi ng, for exanple,
conmpounds of formula Il11: WD 2 : 009/ 064308 (I11) or a salt
t hereof, where P represents anfamn -pf%tectlng §roup, particularly t-

but oxycar bonyl (Boc) where a, d R3-6 are as defined for fornulas I or
I1. I'n one enbodi nent of the invéyiti on, conpounds of the invention can be
prepared by deprotecting 5 conpouhds of fornula |I({ll&)0 provi de conpounds of

formula | or II arnace tlc | | ccept abl e sal.t .t her eof

Fartndr debhs pubodpsiufignapactvadomedle ich bahier: Fori T4AIG: BRER SorBcedur es
for prepapbiher érﬁ%cﬁﬁ@ﬂt Rt 15%0%) rﬁfqy AEsro%4 i hehd RVRAL IR0 X-flLstoes medi at es
thereof are described In the Exanples set forth bel ow 10UTI LI TY Conpounds

of the i tBwrpoathybosédbioser bxanether ambiodioreapiRiépfivomeR t isdoake is Akndi t or y
activity.,iTh hese ounds X ed to h eut | 6ut|I|ty as
conbi nea Redy S stiSErA S APEHP R - B RE e s Rt A PERa B M1 ' e
enbodi merhlors, Qtﬁ&@ﬂ@dshpzindtﬁ& chib¥@iidn® R ‘A9 SI8I6RHS RE filord andRME 0X lhlifaﬁcﬁhét equal

serotonin r eupt ake
embodiment, R* is bromo, R® is chloro, and a is 0. In yet another embodiment, these

compounds of formula Ila exhibit a SERT pK;>7.9 and a NET pK;>8.

In another embodiment of compounds of formula II, R? and R* are hydrogen, R’ is
fluoro, and R® is chloro. This can be depicted as formula ITb:

R'); |

Cl
N
H (Ib)
20  In one embodiment of compounds of formula IIb, a is 0. In another embodiment, a is 1 and
R! is 5-fluoro or 6-fluoro. In another embodiment, a is 2 and R'is 4,6-difluoro. In yet
another embodiment, these compounds of formula IIb exhibit a SERT pK;>7.9 and a NET

pKi>8.
-15-



15 inhibitory activity and norepi nephrine reuptake inhibitory activity.
The inhibition constant (Ki) of a conpound is the concentration of
conpet i ngwbi2gemded4m a conpetition assay that woul d occupgTAG0/0643n%e
transporters if no radioligand were present. Ki values can be determ ned
from radioligand conpetition binding studies with 3H ni soxetine (for the
nor epi nephrine transporter, NET) and 3H-citalopram (for the 2 erotonin
transporter, é&ﬁéﬁf anofler gahod i O%O%%WS of ‘Lor%&ﬂ,@r qpd Ry e g}@oa@ri ved

from | G5Qny P ueFudrd. THR BhBidBG-RE SR YorHRI et he Cheng- Prusoff equation and
the Kd of the radioligand (Cheng & Prusoff (1973) Bi ochem Pharnacol.

22(23):3099-3108). Functional |c3Qwal ues cgn be determned in the
functional inhibition of 9@5 e pys descrj bed gn Assay 2. These IC50
val ues can be converted to Ki usOnrg (Reng- 25 Prusoff equation
er. It is noted however,
Assay 2 are such that the

| C50 val ues are very close to tthe R vaFues,”should a mat hemati ca
conversion be desired, since the D 2010/ 056941PCT/ US2009/ 064308
neurotransmtter concentration (9 or NE) used in the assay is well bel ow
its Kmfor the respective transpdtter. One measur e(| the affinity of a
conmpound for SERT or NET is the inhibitory gpnstantn?pKi for binding to
t he trandpen¢ embodimeninicopmoueds of foreulndgaki ipdluosyaid 2 i tle agotheise 10 of

the K 3. in [ of. P cyl | nter e having a
e s COMOUMR S0 MDD 0 B Yl iRl DB 1
enmbodi merfluogy. eatapoththanbadimeny &P is fucabolit 27aR R Geripediflsrofin thehémvent i on

of particular, interest also include those having a pKi at NEI greater than
or equal cMbodisesnt. &7 is chlgrrior metBile anghy t%%dmafﬁt@wglb%ie@ﬁélméhw than or
equal to . it §rIgdt JRRY, MPQE _ i nterest have a 10
pKi at Né@ﬁ@?%ﬁﬁﬁﬁ?ﬁéﬂ%iﬂ%%?@?ﬁ%-0 toﬁg%892%% ano?%%%ginbodinent, conmpounds
of interest hdwgectanpHicr anbSERENGsfaanmoudsaf formdglaR’ tR', aldBf az. 9 and a pKi
at NET of greatei t han. or e&u I %o a@g - 8.0. I'n anot her enbodi nent,
corpotthadoeen Lhis&en hgdep! e%?%" u F and at NET greater than or equal
techni ques that are well
known in the art, as well ﬁg1in ssays delkcribed herein. 15In one
enbodi ment, conpounds of t nveént Lan exdi bil a NET pKi>8 and: a SERT
Ki/NET Ki in the range of 0.1 to ;& SERT NET Ki in the range of 0.3
to 100; a SERT I (1/NET Ki in the range of O 10; or a SERT Ki/NET Ki in
the range of 0.1 to 30. In anothge ofeJo-3 ~ conpounds of the invention
exhibit a NET pKi>9 and: a SERT Ki/NET Ki in the range of 0.1 to 100; a
SERT Ki/NET Ki in the range of O. 0 100; a 20 SERT Ki/NET Ki in the range
of 0.3 to 10; or a SERT Ki/NET Ki Hn the range OQHQ 1 to 30. Another
measure of serotonin and norepi nephrine reuptake |n%ibition is the plCso
val ue. | nnenecabbditciEsticonpounpduTdsrmila i1af Rf B9 ahdy & @ Bemetheni n reupt ake

i nhi bition pl C50 val ue of ﬁreatqn t han or eayal to about 7.0 and a.

nor epi neHPABGESbtia ke 2ilhhida R dhdpPlueshon/aflueroefin gpetherambodinedy Rei§ual t o
about 7. Q4 ' n er ne ' 6 i r have a
serotonigh?gﬂgrggggiﬁﬁp%?Pigﬁ9%k%§g%5g@ggﬂggﬂg?éé?%@ﬁ?ﬁgﬁqégﬁé%ugfpto about
7.5 ard dluoar, Spiluvepturicauareu pt wianothbi dnbddimenl RSs orahloeo,afis gr @aitR'rist han or

equal to apout 7.5. In one particular enbodi nent, the_conpounds haye a
ser ot oni ff- %Bté@éorion?ﬁ 'FW%OIBP%SE%;QPG8_“1gf3d1&}eé‘5t3e6rls THGIR: b 2404R 1% about
8.0 and a NEIRBINGRNE MRS URE FHE@nURRIMRL 1975 RhGRD b Usdal' jgueat er than or

equal to about 8.0. 'In one partl%ular enbodi nent, the 30 conpounds of the
i nvent i onifhare bedretieedmpbdbEny A uebronio and,a ik v dn ytteinstheecpb@bmental ue at

bot h SERT, and NET 0. | n .ano i ment 0 nds of the
Covent o aF oRBPEEE oh Brree Y FRHPE AT PIGERY S NES PBVer ¢ he.dopani ne
transgorter (DPAGhe ehiBbdiga Bl onipotiRdsSofRAORGERRIH have Afsth ity for NET and
2010/ 056941PCT/ US2009/ 064308 conpounds of particular interest are those

t hat exhihbye 2 selasivedi brdansed pifindty fooP ESERTtatayrtoNERT tandtin pac embodmset. 5 ti mes
hi gher t rﬂ%ﬁe% Qﬁnlﬂ'y %’1’ IQETaI‘&Bﬂ\Dé ttoyS]gPQf. oke p%fticﬁlﬁ?temlbgdl?ﬁenk%ﬁes éon}lg)ounds of

the invention exhibit a SERT pK;>7.9 and a NET pK>8. Surprisingly, this balance of
-16-




times higher than for DAT, or at least 20 or 30 tines higher than for DAT

I n anot her enbodi nent, the conpounds do not exhibit significant DAT

i nhi bi ti omO 2br/es644tl anot her 5 enbodi ment, the conpound®CEgfIse@ow643e$s t han
50% i nhi bition of DAT activity when neasured at a concentration of 794 nM
Under the assay conditions used, a conpound which exhibits < 50% i nhibition
woul d have an estimated pKi val ue at DAT of < 6.1. In still another
enbodi mert=RcHHSEAASTHEY b REt MO HE 105 oSkl %@Harfﬁ%pqueabt%ﬂ{e i nhi bitory
act i Vi ty impfel ineat1cRRT cafloMalordfd invbdton, For exampl e in this 10 _
enbodi ment, conpounds of particular interest are those that exhibit a pK

at SERT and NET greater than or _esyal to aboHt 7.5, and a pKi at DAT
greater than or equal to about [ Ityis noted that in sone cases,

conmpounds of the invention may possgess & henweak serotonin reuptake

inhibitory activity or weak norep[nephrine take inhibitory activity. 15
In these cases, those of ordinarylskill in art will recognize that such
conpounds still have utility asfprifrarily either a NET inhibitor or a SERT

i nhibitor, respectively, or will haye utility as research tools. Exenplary
assays to determ ne the serotoni nNand/ or norepi nephrine reuptake inhibiting
activity of conpounds of the inveftion include by way of illustration and

not 20 limtati ays 1 hat sure RT and NET, .bi ndi ng, fqr exanpl e,
s descr BBl A SRBIAR Y et Er o of £ & GRGrURecB ATtor SEMIEEEAE | evel
of DAT bitnding R0, URIBKESwInG BMpBasdYexhilbitti@s: lbhﬂﬁin@iﬁgﬁf b&ABthrhdts Assay 1.

Usef ul secondary assays include neurotransmtter uptake assayS to neasure

conpet i t i(vesubstititioft oragrcadér tinding ant IR B itltknrid Nl (Regithorioaad dpnetkel)i nto cel |'s
expressing the respective human ox rat reconbi nant transporter (hSERT

hNET, 25 or hPAT™Y as descri bed j Assay 2, agpd ex Wy radi ol i gand bi ndi ng
and neurotrans er ¢ptake assf ine tlhe in vivo
occupancy of 2N AU BAT IS s dRsCri bet Yy O her
assays that are| useful t bl uat ¢ i es t est
conpounds i ncldde t hose gted LA . KXt i i agsdys incl ude
the formalin|paw [est described|in Assay 5, which|is g reliable predictor

of clinical 3Q efficacy for the pat ment of neur Of ic pain, and the

spi nal nerve ligation nodel descrﬂbed in Assay 6. TE% af orenenti oned assays
are useful in determning the therapeutic utility, tor exanple, the
neuropathic pain relievidighmehdVi ty, SBRTGED oundqufrﬁﬁg i nvention. O her
properties and utilities of conpounds of tEe i nventi on can be denonstrated
usi ng -24- WO 2010/ 056940RMFIUSZ009/ 064308 various ih4vitro and in vivo
assays, wel | -known to thes illed in art. npounds of the

i nventl on are expected ?dggz%useful foknfhe treatneﬁ%ggnd/or preventi on of
medi cal conditions in whiabtht/he regul atsioon of nonoani.fie transporter
function is inplicated, in particular those conditions nediated by or
responsive to the 5 inhibition of serotonin and norepi nephrine reuptake.
Thus it is expected that paid®pksr ¥R di sease or disorder that
is treated by the inhibition o € serotonin anad/’or the norepinephrine
transporter c&onpeuhdealttbdidygntentanitetpeepang Bomheadlyewhiladd styrtmpf ect i ve

amouni_ of a serotonjn d norepi nephri ne_reuptake inhibitor th
vent] o e AP R eGSR PPOS Shisy SOORR dhpbedxapitfo o
di sor der $ySufld oAifer MRUERRACRE Gt BhdstakDg hEQNY Bafird kndRH t& THoNIGIIRBIN;
depressive di Sorders such as major depression; affective disorders such as
an anxi etthe ait.sblthiergh the fodlomiimgprdeddusest miny Plastaae apatticuldr sabdéimentoighe t i ve

| chroni.c | ow back

pai - and"GRbabar b ot EO LS RS RaE o DB eRER B R eTBHEd per dose
or the t @kdarcnBuip thadithdbsdiilgtmethods or by using other methods, reagents and
20  starting materials known to those of ordinary skill in the art. It will also be appreciated that
where typical or preferred process conditions (i.c., reaction temperatures, times, mole ratios
of reactants, solvents, pressures, etc.) are given, other process conditions can also be used

unless otherwise stated. While optimum reaction conditions will typically vary depending
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15 per day may be predetermned or it may be determ ned on an individual
patient basis by taking into consideration nunerous factors, including the
nat ur e arsloewdsswy of the patient's condition, the con@Criusnooom643g8
treated, the age, weight, and general health of the patient, the tol erance
of the patient to the active agent, the route of admnistration,

phar macol ogi cal consi derations such as the activity,

fic
phar mac ol YEFIPESICAHIPIRGATRSLFIS Sf Bt BatfirEar ipctpns S&l:“cep‘i?é‘nggé%&“t%d any
secondar y,;af&fse oP&idthrH 4l B E%eeaheé%n @Ky td%ﬁ‘en‘niﬂé%mté@l@?éa@%ﬁ cditforRat i ent
suffering froma di sease or nedi cal condl tion (such as neuropathic pain)
can begi nswmgtroutaneppgidetaionipnegddesage or a dosage determ ned by the

t ti h t d of t
o ovent 0 amer ok at s o SO e BB €5 o et B REO G itse o
nedi ca s thhaQbe fRaédsBitos d@ﬁre‘dﬁg?f@/@hﬂ%ﬂﬁiﬁ%nétfcﬁ@t EB0ps mﬂlluna?a%bﬁgl l'y be

nonitored on a routine basis to determne the effectiveness of erapy. For
exanpl e, Uinﬁesmﬁéaftachgnmeme@batcn |0éa|@w|ta’ole profrstisg ewupflon hparti¢laciunciemels  of
treat ment f en q i f

oy overshel a4 e GiulRE SRR s B Fp Rl SR dblosiisnat o ¢

t o exer cifggctiang gaeummb@bvanqmywneﬁ the aBalmO&et&ige@oumhatthmgth@sb dupeited

basis, nmay al so be used to help evaluate 30 a patient's pain |evel.

| ndi cat orl% thegrrogedures dpseribed Bershagaabriusednididesitsds FepemMedumsidisn, are

wel | - tE&l gﬁ?é&sséﬁ{d ‘éhgl 1ﬂtfbdh@t?or@£rfdreﬁ1@gala£1% dre 'e!i h AR hl*?%én% ah@ the
treat| ng physi ¢ican.” Conti nuous nonitoring by’ the physician I'nsure that
the opti r@aIMawots) Pratcrsagt Groapageditganid Synﬁesza,dﬁnrd BdieoedWdty,Now Yoxken ti ne,
as wel | gzéaml tlngtge determ nation of the -25- WO

2010/ 056941 S569 084S M eilir ati on of treatment. This is of particul ar
val ue when seaghdaniiRBeRt & BE ScRhRO LB W r&H8lR s LB fho-BRtdBRE Lroup,”

sel ection, dosage, and duration of therapy may al so require adjustnent. In
t hi s way a teieuseddatamett rnezmga pmorectngl gdxmplsngaké@ ﬁnqux@nm@uﬂu@sm@tj mstttmms ever

th f t ..t
Lri s 3 i OO R A kD R bl ve e SRS in G oS i hueh BT PRI 8L 1 o

adm ni st rafytdFedrboss? IOBb U@leqmlr)yb@&y R EarBényil Bcngcmafeylymtw%sﬁﬁl ly
treat the di sease or Ical condition. Pain sorders SNRI s have

been showhmpe). fapel, &eb@demddha lkfef$fé@<iard>demateﬁtl@u@hhmguq@amﬁmgemﬁ abrdt i c
t | ld 18;
neur opet M FA A RN Sl SR TG RS

(dul oxet ipagectiigssedps, e/hexabrese(nZOB&) exRaiple, Mﬁg(c@rolﬁﬁ&n%%mmémmngmﬁn Vitton
et al. (2004) Human Psychophar macol otg 19: S27- S35) , i

(venl ¥ axFidic reapsphpug rﬁsélﬁ’d@Phlo(Q@@'é) TiQRRERReetic ap5t, pnd 111?4111(?52/}1116 ?rﬂ?g one
enbodi ne t

i sor der HouBresnitE R ARk E ool A R IR Dol p LR RS Bt ve
15 armuntlom‘ PdCdonpaleoboldd solvemt.i Tivesthemas aryipust@tadywyitit Bec ddihe ppeedtingal |y
effective anount will be the anount that is sufficient to relieve the pain.
Exenpl ar $'3& n di sorders include, by way of illustration, acute pain,

per si st ent pa'Iche%ﬁé%ﬁéste‘P&MLrépﬂésle@tWIe%Mg%%lgy " @i%?mﬁ‘ﬁé’d RR&hNb ?ne@ﬁ“a”

More specifically, these i ncl ude pai n assocrat wi th or caused by:

art hr3x i sunddimoil greimori aﬁ@hufdndgcaﬁmeammaded\lvylaacﬂhelp&mnmomg@gp or ool Wi ng

t I 0 b i. h h I
ey arath R BaOnt Safls ¢ AOUSREI S FRERT et Bl D B Ereltnly ooy
syndr one ,relﬁbsreﬁfhltﬁe wasﬁlgsg%@sci@dlummbrsyMﬁf@%d%ub BO8H; adif@ié eflersyndr one) ;
carpal tunnel syndrome; fibronyal gi a; headaches including chronic tension

headac hegroumfauahﬁﬁme&sdatas@@ﬁdmt @aswt@mq@mam@d Hicdiker s pesltosy grashriti s
and oste ggﬁ&récgﬁ ;nﬂg{)% L DS ox Rpg&q ﬁféelhégl c pain including conplex regional
pai n syndrone; g\/e ra pai post-operative pain; shoul der pain; central

pai n Xyndr omesuithtie hnuﬂu dicpBL selivEk forpdt in thamscbahas 1&61510@,Ib§1’[»%§7 o th s pi nal
cord injuries and multiple sclerosis; phanto pai n associ at ed

with Par Rily$igHomang %%é@étaﬂaﬂdewlsvé&fwanﬁﬁﬁ) (aéef@mtﬂfér Ni-dimesny fyawmide
syndrone h ~ c pain,
whi ch i n)(gP]\?e)’s&)l?ﬁ{eg%gﬁl%&gg& %?}altdlﬁ%&uer glgglt E@Lé(?ﬂ.?DéFl{l\el)®(CI—1}Ipj /-1 e?‘ﬁ)ﬂ*&

neur opat K¢HGbOsanditbe pkt.i c neural gia 30 (PHN), and chenot herapy-i nduced
peripheral neuropathy. Wen used to treat pain disorders such as

neur opat hi ¢ pain, conpounds of the invention may be admnistered in
conbi nation with other therapeutic agents, including anticonvul sants,

anti depressants, nuscle relaxants, NSAIDs, opioid agonists, opioid
ant agoni sts, selective serotonin



-26- WD 2010/ 056941PCT/ US2009/ 064308 reupt ake inhibitors, sodi um channel

bl ockers, and synpat hol ytics. Exenplary conpounds within these cl asses are
descri bedwbepwiase4Depr essi ve Di sorders Anot her enbodi nemrCTafS2e4008643n% ent i on
relates to a method of treating a depressive 5 disorder, conprising

adm nistering to a patient a therapeutically effective anount of a conpound
of the inventigon. Typically, the thergpeutically effective anount will be
Che amount -t hatll jescdinprcndisely BO%@I?IP@ it EMRCHSSYIgHn firdapsrfisdevta sense

of gener ahgywel| a*gt%&ﬂ mrc,ﬁ?&? BRLR01Y 2 08BRES ¥l SREASDSs B¢ ‘oﬁ ﬂglmitt%éd\@r/, gf

illustration and not limtation: depression associated wit zhel
di sease, uls¢ phthar lagé¢rsibratestpgrapime €FL,C)c highgeefbusance Liquidrthesrbitbgaphy Par ki nson' s

di sease, ogar dial i nfarctiaon, d psychosis; dysthym.a; gru or
Tttt i g e R T B T R Lo
depr essi ®RBursPRpIAB) ARALE2IhodRINETHIOBS hBAS! oAk, LI IH&PILSSI-P Qays. Qfpdnr ent
depression; single episode depression; and subSyndronmal synptonatic

depr essi sampitiopahe resultiag mintuse esteagtipnteduct ey ettt tivajedin dwler ®ssi on.
When used reat. [ @SS di ders > CONPROoUn . the invention may
pe acm nicotin BGErLGRRRL, FE R Bt B PERR Relnd RIER AT,
ant i depr ggbjastts tedrit dtuddre d€HRIONOWNEPreRUBRP i lubien (fu pxakslc withi sdturaes .
Exenpl arﬁ\lco ounds within these classes are described herein. Affective

Di sor der OGP HerX @Rt HEMETEIC. oYl 9ty dkeiRisnC allaDiM E1UsoweiebY of
treating f { 1 e I Sl 1.0} i a patient a
t her aipd;utvi?aggﬂgfog%@eég%%\%ﬂ%%@t&g&%&f@@@%ﬁ%éﬁg@ ? tzlta"?errﬁiv%%te (irn%n. Exenpl ary
af f ect i veNaiH &0y ddiyngi (] cai@plehyvanawg D, ol WapSOn adriiona@mit filohtidn; eingt | on:

anxi ety di sorder uch as general anxi et i sprder; ayoj da personal ity
di sor der ;CO%%Pfrﬁtga&%% GryBRS, l§lym%bea%%eéiéﬁﬁiﬁg?fm%@plm kbl ekvosa and
obesity; ORGP LEHGDMBI/ PUBifidhRAT @K oxaRB 5y ﬁbdlzﬁét@s%r HPIPE! 2083 piiake

di sorders such as avol dant personality 25 di sorder and attention deficit
hyper act ipvépayatidic $tldgor CABtD)Zatipo)st - t r aumat i ¢ stress syndrome; phobi as such
as aggor aphobi as well as. sinple and her specifi.c phobi and soci al
phobig{ preme tWﬁ%¥ﬁ®§ﬁﬁﬁgﬁéggﬂ%§%ﬂ%?€%eHP?H&%%?@%”§E@%K%€§%%%3?BB%Fenia
and mani af tiReRBEONRg sBhdB&t WHRhdirs BtaiRsd inSRX&ampigsf unct i on, i ncl udi ng
premature ejacul ation, male inpotence, and femal e sexual dysfunction such
as femal e sexual arousal disorder; 2@hemeiAal anxiety disorder; and

subst ance abuse disorders, including chem cal gg endenci es such as

addi ct i ons (Res@lcohol , benzodRazepi nes, cocai né, exgi n, ni cotine and
phenobar bi t al g well as mﬁthd|ama syndrones t ay arics m t hese
dependenci es. Od to treat agfreciOne di sor dersy~gofpdl f the

i nvention may he admini stered in fonbination -27- |with other therapeutic
agents, incl udh ads Wit n t hese cl asses
are descri bed fold NET selective, is
approved for

pr Bl r%) or (ADHD) therapy, and
clinical studi gs (t|1)ave shown t hat F>he(2§NRI , |

a
v

)
F
HO R R,
i 3
R R’ 0 R’
R (4)
K,COs, CH,CN ] )
50 °C R . R
-~ R
ii) TFA, DCM N

The starting material 1, for example, 4-(2-carboxyphenyl)piperidine-1-carboxylic
20 acid #-butyl ester (P=Boc), is commercially available, and undergoes a borane reduction to

form compound 2. Suitable reduction reagents include borane dimethyl sulfide complex,
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5 venl af axi ne, can al so have a beneficial effect in treating ADHD ( Mukaddes
et al. (2002) Eur. Neuropsychopharm 12(Supp 3):421). Thus, the conpounds
of the i nwericseane al so expected to be useful in nmet heds/uSeedns43as i ng
attention deficit hyperactivity disorder by admnistering to a patient a

t herapeutically effective anount of a conpound of the invention. Wen used
to treat depression, conpounds of e invention may be 10 adm nistered in
conbi nat PoPPRRIEYFIR)P ﬁeﬁn?ll‘?é‘thﬁEﬁiq bE-ngéﬁﬁw,yﬂvﬂEﬂ@aﬁ AYMBlK; RS sant s.

Exenpl ar bt S I-hec ' gnitive

D1 sor dor & AT R D e N B AT ot

t r eat i ng campleynintlisy dorth. s Bredext step Mol s ngnedmigiths hpdrioryl groumopainimnnd a

t her apeu i.c%ll\é effectivs anoun a 15 . .conmpound o} t{;{f i nvention.

Exenpl ar;t%l GhiFEY e SiUBo F gEFE iR (RFRPoUBY vea"@uaﬁierg? WEHHER MO %nd not
limtafi approfanRmtdgant 3Mdh ﬁ@ph&lﬁéﬂ@@l%rﬂ@GElﬂﬁﬂ@(Ts‘Cﬁ? Henpnhble bb® Wch as

Al zhei mer’ s di sease, Creutzfeldt-Jakob di sease, Huntingdon's chorea,

Par ki nsoririgthylicaesiaraine fo drmg thei tesvdaie cstetih dorgpeiinde. dagetor cxgmplo ddetingrer

dementi a ti-ih nt i nd d Nt i iated with
intracr artﬁgl gfl 995786185‘%}146%% ?J%?/?%%H%g ir%lrtlesn,lﬁ%ly agonrgl? Ou%@ecg { ?)g%@lﬁﬁlg 8%%? el at ed
condi t i omsetldnel] foshighhitiNVdd mf /g ot didoprophRtBhinsm t oxi ns, anoxi a and

vitam n deficiency; and m|d cognitive inpairnment associated with agei ng,
such as age addecrBuasephesabsomnovpddrireitplcdril sprapowdsobrsclenndilisge-r el at ed
cogni {4 vey; i ne. t. .t J cFpounds of the
i nven%dl O?%&E@g&ag‘nﬁ‘@%?%t?gg%%&ﬁ? légﬁgidﬁgﬁggﬁd\\fm&yﬁél%%g@ﬁt néir apeéati Cc agents,
i ncl udi ngnantion. ACatpourel4 s cittjendsnracrdialip taivaiRdik bnsotd dlydynthgantdsby Exenpl ary
conpounds \ﬁ”hi n these classes are described herein. OGher D sorders

SNRI's haVehgiauss haksc drdiiiong Ipisettective for the treatment of stress
urinary incontinence (Dmochowski (208 md@urnal of Urol ogy 170(4):
1259-1263). Thus, another enbodi ment  of the invention relates to a nethod
for treating sii'gss urinary incontimence, 30RCpnprising administering to a
patient a therape sal | y ef fecubvelammunt of a)eQnmpound of the invention.
When used to treaf
may be adm ni st ered
anti convul sants. Ex
herein. -28- WD

i ot her thepapeudic agenRs, incl udi ng
nmpl ary conpoundg: Wt hin these cl asses @ descri bed

B/ 05694 1PCT/ §|23088), 064308 koxe e 2an SNRI, is
undergoi ng clinic rials for evaffiati’ng its éffic¢acy in | reating chronic
fatigue syndronme, ard has recen shown te be effectRve in treating
fibronyal gi a (Russepll | 5pt  al . (2_(39_@ I%?@f_'n 136(3): H32-444). The conpounds of
the invention, due to their abili i nhibit SERT and NET, are also
expecied to haengoihds &f tHE idvichiYon ARFaRHBE ?%pal%ﬂhﬁﬂﬂg%@Mi@ﬁndﬂﬁ%ohﬁN@“ on
relates to a nethod for treating chronic fatigue syndronme, conprising

admi ni st eedchign (Mitsunphuiaad i’ aalaﬂhg}%ﬁém Bod| ChenetJoectiN. 02380388, a conpound
of the inventian, . S hut ram ne,.a norepi.nephrjne and dopam ne .reupt ake
" b t ono s Bedsoratpesion F AR EeTIR PR BRALFRIGHS EalRFi IR AR
(2001) JAMESuA86( &&)plih%@&ncﬂiﬁ&%) usidfe rdddxGONPRLBERImig dheodvedkl/ @R sudhie to
their ability to inhibit NET, are also expected to %ave this utility, and

anot her ergsdnhermdigrbeiate RVBAD) endrspeysazadicareay s BID)Endat i ng

obesi4y, F 1Sl W Sker | fent a therapeutically effective
anoun (yoﬁjﬁggpgltq)ﬂﬁp&[}%yd@g@h'%zﬁﬁlé&g%ﬁ%#%e@?g@hI af axi ne, an SNRI, has been
shown to reli ébhe swaspnberials yomppaumsl 5, can be synthesized as follows:

-20-



15 associ ated with nmenopause (Deecher et al. (2007) Endocri nol ogy
148(3):1376-1383). The conpounds of the invention, due to their ability to
i nhibit SEATROEME6MET, are al so expected to have this utPCiTtus200andi3asot her
enbodi ment of the invention relates to a nethod for treating vasonotor
synptons associ ated with nenopause, conprising admnistering to a patient a
therapeutically effective ambunt of a conpound of the invention. 20Research

Tool s Si nce co un of @hé |nvent|oﬁipossess botHQz;rotonln

reupt ake inhibition acyrvity and 2i nephri neg<raypt ake i npRbRY i on
activity, sugh conpoursls @ye also reg gh topols H

i nvesti gatig’aor studyl bi ol ogi ca eSO “$ANDPhES havi St o?onin or
nor epi nep ansportlers. Any SUItabkF blologlcalc§ysten1o sanpl e
havi ng sef i 25+a / nor epi Ry i ne tran.-o ers my p pl oyed in
such studies=whi ¢cn nmayl be Jconduct ¢d ei[t Her Th Vi BH, ¥ THiv

Represent ative biol ogi c&dl” systens ON sanples surndbl e fOr. sugyr'st udi es
include, bl are not Iigited to, cellls, cellularlextdct€pl hsma

menbr anes, tissue sanpl , 1 solated organs, manmbl s (such as mce, rats,

gui nea pi gs, rabblts s, pigs Hﬁhans and s&ﬂforth) and®he like, with
manmmal s belng(p élcuhar ﬂ%&ﬂ““gg Q%%IIC Iar enbodlnent of

t he inventi on, CQP ﬁﬁﬂ Fgﬁﬁ? Pﬁcﬁu Y ﬁ?ﬁ%?@&agyogdnlnlsterlng
a ser ot oRbAdifigkPlbaken tovapord wg{@ﬁwﬂﬁm@é catalgQERRUYE pafladiti® anBv@ikel on. I n
anot her particul ar enbodi nent, norepinephrine reuptake in a manmal is

i nhi bi t ed2Blystdchios PefTingeny oseinaepidiua(D eprlsraipisaybhesnhéncdnount of a
compound it 20 oI ARAOA BRGHISRIIUSRAPRIGAAG i p R pB. Compounds

ve as ‘resear [ ng

b|0|OglC@h(@@ﬁamﬂﬂmswﬂ@b@ughnﬂpmBMMnd$)IMH&MuﬂQHﬁmR&H@[Ie§@arCh tool, a
ystem or. s nple a serotonin_transporter. and/or a

bi
nhfeﬁ?héEw@ﬁwmmﬁmg ?réqcepél?ig%%alfﬁﬁgll)@aﬁﬁ%&le@d QRtignally.ahase bni n 5
reupt akehiRb i BEs QbR E’LEHhrh%@Qéhh a%ﬁaiea&ﬁﬁﬁrﬁmc%ﬁdn% gc&mgﬂfm of a

conpound o t'he invention. After the biological systemor sanple is exposed
to the cohpgphat, trickheylahiheand theflikien Iﬁ]oltnnomn@8$sahy1trogﬁnatedenyptcak3eusmgi/ or

nor epj nephri ne r ed usin nven rocedures and
cou Dbt CrBh A BT LT Chage P dutitl Wi POSinhies o bhghe

conmpound e AIbR i todhi Behpbh&l sonpound to a mamual, for exanple by i.p. or
i.v. 10 adm nistration, and so forth. This deternlnlng step may conprise

measuring a r &ptng matdrials, § arg 7qm%1mthe|r aeinpsraaglhl arsilsblorormegresdifpr i se an

observati o ual i ive SIS onse j,nvol ves,
oo s eyt Bl WA e ATRIA Fuand 0PI ALFREOHRE; Y oL,

syst em ofin@@dtafodéns MEH €IS Bhd @(h@ipl&fd’ﬂ‘e@dipbﬁﬁd @ﬂf&hﬁﬂun@ﬁﬁ@t—broﬁuﬁfbl as
serotoni n and noreplnephrlne reupt ake assays. assay results can be used

to detder Hugeobenzaakee Brannlestaf compepndyd inglide 4a(s<1 4 %é tetiadthylof conpound
necessar y %% SQéb%Ycﬂaﬁ-g%ljj?%'cﬁ%gdrB %%P#% ridihe-8: carb%x?ﬁé %&%Pb&xl ester,

r eupt ake- |nh| rtrn a nore e reuptake=inhibi anoun
Add|t|onally,Iﬁ&mnemqﬂﬁnmkmmm&UWmvanhﬁmﬂym@nfﬂ&cbﬁ@duﬂﬁ(ﬁé&aaﬂ@motﬁols for
eval uati ng other chem cal co thus are al so useful in_screening
assays t 6% eafegefﬁggw COpIGFtingy ﬁ%qe@ il SrpBRES crmpPwY Hdbrmdal 8t Bni n

r eupt ake i oty %th%ﬂaﬁh&é’euﬂ@ﬂhr"ﬁ%%ﬂéﬁlﬁBgﬁ'e'di‘%cfdeUpt ake-i nhi bi ting

activity hi's manner e I nvention are used as standards
in arklassay t & cafialnonf the:)mpfameémtes afsariped hesul drs belixtvai tebe mvchamd t est

conpound and Wwih c ounds, of the ti,on to tify those test
compoundétadiEhinyehBanPuRr PR SR b A iR o SRR ¢y,
if any. RQimfxasihunddof RuRtRKA: dat a for a test compound or a group of
test conpounds is conpared to the reuptake data for a conpound of the
invention to identify those test conpounds that have the desired
properties, e.g., test conpounds having reuptake-inhibiting activity about
equal or superior to a conpound of the invention, if any. This aspect of
the invention includes, as separate enbodi nents, both the generation of
conpari son data (using the appropriate 30 assays) and the analysis of the
test data to identify test conpounds of interest. Thus, a test conpound can
be evaluated in a biological assay, by a nmethod conprising the steps of:

(a) 21-



conducting a biological assay with a test conmpound to provide a first assay
val ue; (b) conducting the biological assay wth a conpound of the invention
to provi deoacgdsend - 30- WO 2010/ 056941PCT/ US2009/ 064308 Cagrsagnomed3oe;
wherein step (a) is conducted either before, after or concurrently with
step (b); and (c) comparing the first assay value fromstep (a) with the
second assay value fromstep (b). Exenplary biological assays include
serotoni n and norepi nephrine reuptake assaygR? PHARMACEUTI CAL COVPCSI Tl ONS
inventioh arestypically admnistered to
i >0RRosition or fornul ation. Such

_Rg DUt anot imted to, oral,
rectal, vaginal, nasal, inhaledq, (i ncludl*ng transdernal ) and
parenteral nodes of admi nistration,/ Further,Rthe conpounds of the invention
may be 10 administered, for exame orally, in nultiple doses per day
(e.g., twice, three tines or fourptinmes daily), in ?]f)si ngl e daily dose, in
a twice daily dose, in a single weekly dose, and s Worth. 1t will be

under st 0Qg atSE'l@Ehe%)ﬂl \f/ﬁ’é’f@l’Qépr%ﬂ%tscéﬁrﬂﬂgﬁ%%t@étintglﬁoﬁﬁ?‘1551@110%1%2?1 [{i.e., free

base, pharnmaceutically acceptable salf, solvate, etc.) is suitable for

the part ibotexacarhonys (Béc)adrrai.dt s and R)riét gans defingdddr fonmule I phHr dmoeet i cal
conposi tions di scussed her.ein. 15Accordi ngly,..in one enbodi.nment, .the
vent | o PRA R EE BF B iRiFhtonRIEE A B i G BE ARG Gbtord e

phar meLewbipalinds AcseRIlANI & HBlide @bmpBchd of RN, drhghfieRbii@Ny The
conpositions may contain other therapeutic and/or formulating agents if
desi r ed. ap¥dfrbii séBYrely conpositions, the "conpound of the invention" may
al so be refern I : I t. " LSt I it from
ot her corrponerﬁa gth(%l?de?ﬁas‘%é‘%a@gg ﬁsﬁefe%fti(?%%tyos u%%&gltson§ ?ﬁ%cp%tgélﬁrég&ldﬁgg% it is
under st opeepahiag répaeschiative canpiunds afptinventioh odi@srmedipey fdscodfard dosotibed | as
wel | as pharmaceutical |y, acceptable salts and sol vates of that conpound.
Phar maced? fedixagphisost 1or8hslasy- the i nvention typically contain a
therapgeutically effective amount of g ggppound of the invention. Those
skilled in the art will recognize, 2 owever, that a pharnmaceuti cal
conposi ti on m@ongmunds of tho nycht@npastsh ecrapait irclaldrgpiedpheiot ravptakeount , i.e.
bul k conpasjtions, .or l.ess than a therapeutically effective anpunt, i.e.,

i ndi vi dudi BTy 88YES %i RS OBOUA 41 F BRIy AR PEEPSHICCBTRER eve o

t her apeutchmplded s6lofdbh hkBnAFBRHEhrind YRIpEel iNhibAHS (SARRYS I bReMddim&aNt ai n
from about 0.01-95 wt % of active agent, including, from about 0.01-30 wt %
such as fcomppuaists e 0¥entDd pabsEss eduaho3praremaictyuciuakbyenaipnindeypssidi ng upon
the ormylabh 80 b6 SR fn IS QLS. 8L AR fisidatlen, the frequency of

dosi ng ANHOURY AEHYIR OOl AN DN B8 Rk . a or%ogl\flym suitable for an oral
dosage form frok ighBitiph @onsi@y (KQRF Aicompb@idl is Bre/ddnvéiftbation of afipatagut  10- 60
wt % of active agent. In one exenplary enbodi nent, a pharnaceuti cal

conposi t ilGANE B ganetifipp gysay that woultoag s ¢4 pbth trmspotrodaeaedighgd 1 to

20 ny of i ger i i - 1. . | nt and
From abod iy PESCrERLalyt Nab BRI My StnihBh (ARBAS SuBOET 2
phar maceuwtithcai-nisoxpins i( for dre woetiadphsint transpabior) INEST tand 2H-diglopfana¢for e agent ,
;gg'n;b ' ”gen‘c@rg)%”?b&%’é’ﬂ%t%%a ERD). R dfrBha SALES 12950 kM R e R ot ve

ICso values in the binding assay using the Cheng-Prusoff equation and the Kq4 of the
radioligand (Cheng & Prusoff (1973) Biochem. Pharmacol. 22(23):3099-3108).
Functional I1Csy values can be determined in the functional inhibition of uptake assays
described in Assay 2. These ICs, values can be converted to K; values using the Cheng-

25  Prusoff equation and the K, of the transmitter for the transporter. It is noted however, that
the uptake assay conditions described in Assay 2 are such that the ICs, values are very

close to the K; values, should a mathematical conversion be desired, since the

22-



5in 1 ng and 10 ng unit doses. Any conventional carrier or excipient
may be used in the pharmaceutical conpositions of the invention. The choice
of a partwoubawose®iri er or excipient, or conbi nati ons oPCTAISL#00/064308
excipients, wll depend on the node of adm nistration being used to treat a
particul ar patient or type of nedical condition or disease state. In this
10 regard, the preparation of a suitable conpositian fqr pariti ulﬁr node
of admi niPSHROHEPIHIFSCaRerTiragop iy hlk orNELuisd I fhergyds sfl el K pifer e

phar maceytdcatveafdn§porddi tionally, carriers or excipients used in such
conpositions are commercially available. By way of further illustration,
conventi onal fQrenméaaticard theedfinityjos campowhdsor SBRE or NHlewitinginbibitoithe Sci ence

and Practic f r macy. Oth Edition, Lipgpincott Wlliang & Wite,

Bl t1 o GoTT Ry e e oS wafrorSt TSRty e reepfi neirtlinnta
Dosages Fohis] RefthOKYICERboWRS b ieShediBion OF Parbdiilhl BiforedtaRthB&Hab indld pams &
Wiite, Baltinore, Maryland (1999). Representative exanples of materials

whi ch cant 8BRV erepserghay orersiealt tb @houty/ - a@oeé pt el pardean carbodiment geraterhhan ar e
not limt t he | 1l-ow.ng: [ ich as | act l,uc d
sucrose;0§?Q¥%H€é¥m§3%h(%§q§%P%$§§§?%ﬁ@gﬁﬁl%@%%?%ﬁ%ﬁéggﬁgﬂgéﬁﬁﬁﬁgQEPGsuch
as 20 m ¢aoiapysKakt NEE geltétth@ssy, cq@bidoiabsutdes, iavatin ¥@Sparteldit cusbosigdentm

car boxynmet hyl cellul ose, ethyl cellul ose and cellul ose acetate; powdered

t r agacanteatrghan orgapalitp gboyt ¢ ; Inapethey apbedimgpic porgrowds 8RNk davarhd

Suppogj t a0l LS, C n | I . r oil,
sennnd e T Gt I o B R e o S B R Pene
gl ycol ; pelyabK; atSHRIT gieagt thasor dquad ar diouol?.9 andrmpkt; ot NEHdf godayee ttimnl @ne

gl ycol ; esters,. su s 25 ethyl ol eate and ethyl |aurate; agar,; ffering
agents, $O¢ tagb%éﬂ)egfl&m}%?%@ada@el&nm PO é?(Yeo"el?IgiaﬁtéfEﬁnganéici d;
pyr ogen- ff RETRLRES thhSOf QLLoSBbLINE). SRS ERbYHERANINE BY tecRhigREO! ;
phosphat e buf f'er sol utions; conpressed propellant gases, such as

chl or of | dlot eawtldblsovemnh thy drtofsl widl oathorsgysalescritcdéerenon- t oxi ¢ conpati bl e

subst gnces enpl oyed jn,.phar maceutical. .conposi ti ons. a ceyti

compol 1 one 1 8t ypPEuER B ERAIS By ReRERB G RSy AT heKmgy SERT g or
bl endi ng &,NEBK] intc 2828 bf Witth 100;ASERBEKENETTR| inth@£@EPbADE o ¢ar;rdl er and
one or nore qgtlonal ingredients. The resulting uniformy blended m xture

may then BRIskaNEY Korin thegdesr ofik btor Hbloes SERJAHANEE K, ipthiejrangec i lstoeils
cartridg i sek a h i . US] g - 32-. _ :
So10) 0sean tptheBEIE kR e doifal e 1B fich i Qe At aRERT

I n one emyOiTENIn, tht Rigpba0 mae @ 00; LSER T EYINEST K| drnbe fihge 6£10 Bable0;faor or al
adm ni strati on. One exenplary dosing reginmen would be an oral dosage form
adnmi m&t SERT BAVETdti 1p fticcangsnf| 43 tosﬂl;pabrSERJMETtﬁi ghterapgeg 1 to30.

admi ni strati on fgyer Bieabite 3 LdGtoh A R Hor GRRIMERS reubBRE GitbiriBh I the pl@zeNgES,
cachets, dragees, powders, granules; solutrons or suspensions In an aqueous
or non- agukeoudn bagembhydimeht; comp@ings odHintaredt davd asavotonini rquptakeeinbibstionns;

elixirs or_syrups;. and the |ike; each ntai ni ng .a predet erm ned, anount of
the acti Cgalie O wiafer HH Gt A AoRy _Qﬁ) i I}ﬂrgw%@flaﬁ rquptakedgliPi§oBosage
form (i . @1 3218 PEHaRS thahbrie@Rd188 8bouR7!0; 8nd ANhotHRE ehbb@iinent, REMPOIRASI Li on
Wil | typlcaily conprise the active agent and one or nore pharnaceutically
accepiablog indencstihere @ sguthinrsugteli¢ inmtsiion pliCe: wluddtakdtuthmp hogplkbtosbosol i d
dosage far may al.so.conprise: .fi.llers. ar extender such as st arches,

i or oory <o afid ForER PGSR s b0 fuf s e i iR o e or
silicic gcj din ddkpdictlar StbOdiaRent MdDRYRhAYhERIA sdtdsEn rélpgikeadigbitiogel atin,
pol yvi nyl éyrrolidone, sucrose and/or 15 acacia; hunectants, such as

gl ycer ol Pldicgihiced grratan ghanges gaval te aleant 84 angarnosepncpheiar esuptake artbbitiat e,

pot at o or (tapj | gi ni i t al a1 ] . r sodi um
Car bonat ¢ ERRTEDSRAAE eyt ShllGo P60 (IR LRL Buick b BBSBACHEE,

accel 3 atcompoursds @I tiasingeraioarhaas alamoed plOvaniRak)daye wetshmagl@genlus at such
as cetyl al cohol and/or alycerol nonost ear at e; absorbents, such as kaolin

and/ or  bRthoPERE 284 BET + 0fr i cant's, such as talc,

In another embodiment, compounds of the invention are selective for inhibition of

SERT and NET over the dopamine transporter (DAT). For example in this embodiment,
23-



20 cal cium stearate, magnesi um stearate, solid pol yethylene glycols, sodium
| auryl sulfate, and/or m xtures thereof; coloring agents; and buffering
agents. WwoO2010Rsb®ase agents, wetting agents, coating agemus0enesteni ng,
flavoring and perfum ng agents, preservatives and antioxidants nmay al so be
present in the pharnmaceuti cal corrposi tions. Exenplary coating agents for

tablets, capsules, pills and like | ude _t hose 25 ed for_enteric
coat i ngs, coRigeRn T parionfis SueTsriare e Haliftich blaennw?ﬁw %& eERdenght hal at e,
hydr OXYPWIY’{haF%taWéaS;@ ﬁﬁlk&ﬁghé}%ﬂ?ﬁh@ﬁoﬁldldﬁfhﬁﬁ\ﬁ ¥drl I}‘A?Cdr%éﬁ‘é haesyhoc acid

ester copol yners, | ul ose acetate tri tate, carboxymethyl et hyl
cel lul osemmmmxﬂpndmyDAﬁeOMIleaseIO qﬂii‘sherna&:bgmrehaufmﬂﬂa”f eln aothet he |i ke.

Exanpl es of har euticall ce bl e apti ncI waf er - sol ubl e
oot ot e BIETARC o mE ks SEERH A GeR Bl AP R baR BrraBlgts

bi sul fat %mb%@ﬂﬁéﬁmtﬁ@&@fﬁp&iﬁhﬁ 8tifbit KRS tHAM59U ﬂhhtbeaomd)AIpacImIsﬁwh@i | - sol ubl e
anti oxi dants, such as ascorbyl palmtate, butylated hydroxyani sole,

but yl at edndageredsaia @meméatlomé 791¥|inM Ién@wlIe asadyl eanditionb phed. 8 semphENdol , and
the like; d I | a u c t edi am ne
tetraacetlhécrhac:@g if <C§I(g% lIlg%to ar arf%avéca% Sﬁ%géd%&)valu LAt ng al

2010/ 056941 PCTh i92 0Q9h &a4dd3irmdin sqhgioutdSef the indoatidigoshdsk opamine
Conpositions may al so be formul ated to provide slow or control I ed rel ease

of the aceyniekeapRiRttonysicHyLy Bywelhys JER ERAAPIE, adiydy ok g apiple webhy|

cel I u{ps i S SPTES

and/ or@m%girbgg\éﬁ%%es&pp{ﬁgagfﬁaﬁgbﬁlagE%%Et%%g@%%{égt%@éf g%rr%ogsE:lﬁoons of the
i nvent i olNEfagreatenthan or ot itd yboug 7 Agent spldnd Dvel givatcl dramor atjed tsabdulhat t hey
rel ease the active agent only, or preferentially, in a certain portion of

t he gast ’dl'nt est i nal tract, optionally, in a delayed manner. Exanpl es of
enbeddi ng COWI}P@'nToIeG%at‘I@b&He EdABs Q@mﬂé@&s‘dﬁ%é&%erﬂf&ﬂﬂ%ﬁ’ﬁd@s&k‘Qﬁﬁe@%e%ﬁ and
waxes. The active agent can also be in mcro-encapsul ated form if

appr opr i atmfonm tduptake irdubitowy ectofitytdreveal natmu@phhem:neumkie mhdiltoreattyity.

Sui t e liquid do e f.or for. or |strat| cl ude y O

1 uelh adh GRS Fnis AR08 af pitiory Sk 0h BieB B Dirdo i B2 wPE peRRonne¥ i

sol uti 0n5hav<$t1't$lﬂ9@§ bARSrilySePs NBTHinBibitst 615a SER‘IIlihlﬁbfﬂ&S%ﬁecftl%l!?Boﬁ\ym cally
conprise the active agent and an inert diluent, such as, for exanple, water
or ot her hge viglify @5 researalbidolzi ng agents and emul sifiers, such as 15 et hyl

al cohol , isopr I | I | al cohol,
benzyl benzoatE(Eg,‘(Bxl lag%%)s Jt’o (ﬁEe% nectﬁé ge(%gt%%%] an%yotP% re%ﬁ}ee%ﬁﬁ&i reuﬁt’?ﬂ%g

cot t onseethibgih@ueihittof o@ﬁfpﬂun@&ffﬁhe @hemtin 1ﬁaaﬁ<oby azagzl 08 BRi31E 09 aIna)npt
gl ycerol, tetrahydrofuryl al cohal 1}J}%et hyl ene glycols and fatty acid

est erd) of 1H§E?Itlﬁp{3éf'ﬁy5é1??d NGesire SER Tt HGNBF bisdiipe i AP lengs dﬁéﬁrﬂ%ﬁdﬁnsﬂfﬁ%nm ng
agents syc h’ﬂ aadmggrlt ﬁﬁlgé@aoﬁ gﬁ%x 2t Reli ¥ A P BIYIn ﬁnm@a!k% in an assay

pol yoxyet hyl ene sorbitan esters, rocrystalline
cel lul os euclaisuhatrdemnhmumhymhyolmIdﬁfulhsemmlmytasayagmiuctagwurcamdsmrtagacant h,

and m xtures thereof. ni%%ded or or.al (?dm ni stration, the
phar macel®f SF‘SSéISW&E?EISP’E?rFQHB’F“PIﬁ%l ogﬁ‘mﬁ%wn 15 B%IER%%‘HWWP?ka t
dosage f%tmce@&ptr&%ﬁ{g thkﬂﬂe%péé%@ﬁ@mﬁr%mat fe%&ﬁbﬁlahtotreﬁlsﬁ&%'&' ES’EIW HN@FI ete
unit suitable for dosing a patient, i.e., each unit contalnlng a

pr edet’er wi hBd Tjuadeicripedin Asvey catidee vagentiotighlibiadiod and nptrrotzlmsmtwre

desired th t ffect nbi
adai 1 ondipatnrrey Bafos TS P-LEiR G Mradyb R R N digrae ™

tabl ets, tRildas de§d‘1‘iﬂ>e& MeAkdak8. Other assdyR tid @f@efif DO RNpharinBE16£630Si t i ons
of the invention are suitable for inhaled adm nistration, and wi Tl

t ypi cal | yrepsrtias of kst egppavefs meluse tiese|lisisd llaA@wﬁerExesu&ﬁysmvm #pG%S t i ons
el el AU BUS LU LIB e AKIWT I BRI SRR 2

strealn ofefﬂmagh foreh@ﬁeettmeﬂﬂ dfﬂehﬁ)q)ammmﬁg ainb ehccopid aeivie (Dugaﬁicm Iapday as a mst
that is carrjed.into a patient's respiratory tract. An exen%Ftry nebul i zer
P/

f or mul at {96 TO8AH Pewy O Iﬂleééqm%n%@@ﬁﬁs&azaarev@%mm@m 0=2pB8ic064308
di ssol ve r wth
2 carri or R e P e g B e D P e
Dry powdérthemirapetiss admnitihitiss eﬁcdrﬂp@uadst ofite ayentiorasnedefdeamnbtiaged wgngowder
that is dispersed in a patient's air-styeamduring inspiration. An
exenplary dry powder fornulation conprises the active agent dry-bl ended



5 wth an excipient such as |actose, starch, mannitol, dextrose, polylactic
acid, polylactide- co-glycolide, and conbi nati ons thereof. Metered-dose

i nhal er s WD=etsge1a neasured anmount of the active agen®PCudiSa@ooossps essed
propel I ant gas. An exenpl ary netered-dose formul ati on conprises a solution
or suspension of the active agent in a quuefied propellant, such as a

chl or of | uor.ocar bon or_ hy drofluoro | kane. tro onents of such 10

f or mul at VEHSUS MHTIEI LG8 P SVC 1SN e 18R ahBId g7 St ane, and
surfactants, %b%gbd%ﬁd§&f" Rt h?v@nﬁ&ﬂ Ak %%é‘cted% S %sé}ﬁl f%r tﬂe%ahﬁérﬂ an%f’

gl ycerin. Such ositions are typically prepared by adding chilled or
pressuri pegvehtyalr oifmadlpaia:bk@nenstm vdlldutlmamléatmmfanmanmtmtmsmmg the active

t, eth | h t ant t).
Depensi cipna i RoEI ok R iieSr SHAEMIRthRT BERSP b IS R The © °

propeld anfnibition OF t@b AN a@lnbre fﬁne@ﬁﬁﬁ@f&b&ﬁef Phidik &t dxPBctE@habgatRhgPar ed by
spray drying a coating of surfactant on mcronized particles of the active
agent . Tneffrr@rgrﬁomtar digpapeson dtendﬁdh@ieﬁtri:erttcbbjaﬂleaelrlbspn of thei sstagenin wpd/eh f or s
a portro I [ ds, pf. t inventio 0. be

admi ni st glrl & r%%lgeep élr%alied >po&’ter can bebt Léi{}) uat%hnélgﬂegmg 4 tﬁer'a eutlc f%c’?l

I Nt r amus aioant oftl serdibiiapad lnb&pﬁlabhﬂnﬂj eGptakdinhibior oSthe Ifm%ﬁtla@l nstmhst ration,
the active agent i.s provided 1n a sterile solution, suspension,

emul si on.mak@hppngiyonsdnchedn, &y MEy of cxpaple nRpis disardes e ay lil%lﬁ‘sparﬂﬁé P%Fé}e wat er
salin I ul ar I I

pol yet yﬁg%% *9/+ﬁ1émﬁggp%gﬁg%ﬁggk?a?#%ﬁggﬁﬁRSE?%¥§QEE%%M%§agét?ﬁ ol eat e,
and t he ldidoederdsucyijps amhnyieatyelidoedal atfontion Hel’dalmtypemcavﬁy éisoider; pbiritive agueous
solution of the active agent. Parenteral formnulati.ons al.so gontain one
or mor o ASOMF B FECTLY 45 NERY NGANEESHAFathToRS, Iow el a@ént s,

emul si fi @kBoa@idflisdi Spersing agents. These fornul ati ons may be render ed
sterile by use of a sterile injectable medium a sterilizing agent,
filtration, iﬂmadhamhbﬂ%wdveh@amamnhﬁﬁm6¢pﬂpbmndsﬂpﬁomtmmdmwemnhmmmcan al so

be ad 'nist red trans ernall in nsder tens and
e S ot &y hERRASCTEY bt bl i Rt B S AR i g R b ¥ N o
enhancer sakigtilo aalsnree@whenﬁlegm GltorsPiatMainBYhEnau@l g Qbvorynet @ur at e,
azacycloalkan 2-ones, and the |like, and incorporated into a patch or

sinilar delignfscondiviendhs condition ke trasiesh ficese sweigkt el gonceéhralipfabent s,

o ST UGS PO PRI " e

i nvent i ophamyicoRgadMtdnskiceitions suthao iy datitpreffiddeh, shaemadokimrties atdter

t herapeutic agents Thus, in one enbodi nent, conpositions of the invention
may i dorarelgepiofilesiot dianstiveipgrmé andhany seeendasy agsmshciteardspinisierss and onpound
of the iy eel?]i% Ofteqifithy fofie sulefifip§ BORPS bR o Ftal é%ﬂﬁfu AQRbigse one of
nore drugs so 5 referred to as econdary agents s ecte fromthe
group of nawmopatAlcziadi )roen bsgiagatit spredettintoatddsagnodsa {anape eé@etnaptd bwdhe

anti depressants antrgNg ﬁ nson' s _.a ents gual serotonrnnoreprngrhrine

r eupt ake TCARPHPRYSIEA SARY Iconﬁlaﬁe QT msTIY T HRCMSFR S ARBROFY: HHSHRTae

( NSAI Ds) 1su§1§}6%9b{1ﬁ1%b{a'té1t%e rsﬁ'flﬁtto?ds%f'tml%a"sé’&sme&l%l%ﬁdl%ﬂ”P§t‘ie’§1ts( opi oi d

anal gesi cs opi oi d antagoni sts, selective serotonin reuptake inhibitors,
sodi udh chiadergbing |sodketasmenmlélymatlbobq/mpu@reanm acoutiiicrbasis tmdeteiene thic

Numer ous ‘ f such t herapeuti c agents are well known in.the art, and
el o5 T TGRSR ARG Lot SRR R O S B B eSf ent | on
with a segppwahyssageRhtmdnt il envioher BRsHaM dTehAsdichiefhality ¢f life, 5880t oni n

reupt ake inhibitory activit nor epi nephri ne reupt ake |nh|b|tory actrvrty
and act i VMPIPVaRSHE imthedaiipnt stogping @etieraaryork geiendapec, gblhtﬁamerxaep%eea@é&nt

actrvrty) I

composi ¢ PR, 4 Vub CuBe bhiR o CHRRATEINS SO BRNN PRRB SR
f or macat @ patiam'spaimplesdlt inticateefiérathabthgr diveses aﬁitdovtem@ﬁr,rp)mﬁhécsherauphe
t wo- conponent conpositions provide a srgnrfrcant advant age. ove

conposi t iMshsknoap githess gkilisd ebthgert drd ¥ msdH¥ Ay llabilodheireriing phr/rrcgret

anot her f I s a
conpound%§9ﬁﬁﬁggf%%gﬁ¥|3%9@&5@§ggn acf?%gggggﬁ?(m%%ﬁgn bgmgﬁggﬁggéﬁﬁfcally
accept ablvallbaradimaristerEdiat ey iven tilng, @stweel] asafatilitaging glendegermayatmhod thee | ncl uded
in the conposition. In conbination therapy, the amount of compound of the
invention that is adm nistered, as well as the amobunt of secondary agents,
may be | ess than the anpbunt typically adm nistered in nonotherapy. A
conmpound of the invention may be either physically mxed with the second 25
active agent to forma conposition containing both agents; or each agent
may be present |n separate and drstrnct conposrtrons mhrch are adntnrstered
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pharmaceutical conposition conprising a conpound of the invention, a second
active agent and a pharnmaceutically acceptable carrier. In this enbodi nent,
t he conpowenvr/s6oihe conposition are typically m xed oPChluspaeme4308 cr eat e
a physical m xture. The physical -36- WD 2010/ 056941PCT/ US2009/ 064308

m xture is then admnistered in a therapeutically effective anmobunt using
any of the rout?s described herein. Alternatively, the activ gents may

remai n sdYEINOT HRAMEnG t THe is A drBiculas yRiva MR s8Go8Haw FeeHe 25 AHSOTNE | n thi s

embodi MenRmililigrcaI&NhSr &|& R dd%Q%% @ hribh éﬁfﬁlefag&%%rtaﬁ&r reftor e

o | : )
admi ni stration but are adm ni ster si mul t aneous or "at separate tines as

separ at e adpivipomit.t Inoths, wu die toahpos iregiors asddotves phctdgesh bephusitddweror may
be packaged together in kit. When adm ni.stered at, se te tjmes, the
Secondar JRSGUAT Ay o b 1SS Of 6754 ARELanE RANED TGP E Tt 1 or

adm nisst reab@Rneds it AenmNIRed BsH, FhrtidhahhtNaihik@fion i BaitHBc@BYMRBNIE d 4s0m
concurrent with adm nistration of the conpound of the invention to 10 about

24 hour s ipessessapste. suguessfully tragtdle disgase peaicdigalgondisignent i al admi ni strati on.
Thus, a conpound of the invention ﬁ%@lﬁ? r%rasl | y adm ni stered simultaneously
or sequentially with another active agent USing two tablets, with one

tabl et for ea®NRighiwebg8hdwn Whigdve aseaenili dfech@ypdi®aichhsipathf@diabetist er ed
imedi ately after adm nistration of the conpound of the invention or at
sone pr edetopaiyédnloxgiwe Geldpteinger g/ QYR Praut 6 H%t & venlafakeee hour s

| at er Ratkd vely, h.AGH 1. Al.St: i ferent
rout el)so o?ﬂoa m i s%ltrdé'tﬁagﬁgﬁﬁgm'gﬁzvggé%ngﬁéﬁ ?Eﬁéﬂ‘%xt% 12%, ;pel)ﬂn%g('ati on. In
one enbod20ENtPuint BH(Ki432eoMp niikesipanf Vitsin «as &2@04) dhumaronpri sing a conpound

of the invention and, at t e additional dosage form conprjsing one or
more of %@%@@@mwgédéﬁﬁ-sﬁgapamlﬂfaﬁgr@m?f%m%qgmlwieé@) GoPFI'di ent to
carry outgdhe./meisiodsi40fsoh hendd ohO¥ABEdiRRnt JMke fuivEstondeRageo h RGN, t he
second (or third, etc.) dosage formtogether conprise a therapeutically

ef f ect i vércammgimpaiofdisecdarvempgemgsdfronistchag ta @patreeht therappntesadiytcifoctinaf a

di se or medical condition.in ati ent Secongdar ent (s when
el utiod Smepg afvcieaioan oL frraBeli TR dis b PO A ot I Aot ¢
typi cal | yyiBdaithi sth@ir ehat ik AR telich@theRfatd L&&&nﬁatﬁlgb@fnadiﬁﬂﬂérﬁ ldude2d
beneficial effect when co-adm nistered with a conpound of the invention.

The secodardy egdwitrabian dseteipain, Rersistobhpan. durgrhapaaciadlemawtary paigcapt abl e
salt, sol I C er.eol $0 @i rth. secondary
aqent s | TS sR BT Shigte RHEMGTHTHER: AR oo Bl P Tuh e bion BB 037

commer ci akthyti@\vack piih éncdiidieg@ehrbgicpoe paciephiniSdangercidoheitig tomat reitarpdur es and
reagents. 30Representative anti-Al zhei ner's, agents include, but are not

lim 1€l (&8 aewepnicadashedatiamamor e Prie and pyaseioghadevitheansssi | i ne,
et e (ORI e O SR PSSR AR RSO
4- am no- Jadiytthrmosyybronye)j @read ivchne bgabame] éibraaydanpimagadhes incBiding ddnic
2010/ 056%§n]é1%n /eg azc gsg, /iI(l) a%r%r(r)lgtion associated with polymyalgia, rheumatoid arthritis and
osteoarthritis; migraine; neuropathic pain including complex regional pain syndrome;
25 overall pain; post-operative pain; shoulder pain; central pain syndromes, including post-
stroke pain, and pain associated with spinal cord injuries and multiple sclerosis; phantom
limb pain; pain associated with Parkinson's disease; and visceral pain (e.g., irritable bowel
syndrome). Of particular interest is the treatment of neuropathic pain, which includes
diabetic peripheral neuropathy (DPN), HIV-related neuropathy, post-herpetic neuralgia
30 (PHN), and chemotherapy-induced peripheral neuropathy. When used to treat pain
disorders such as neuropathic pain, compounds of the invention may be administered in

combination with other therapeutic agents, including anticonvulsants, antidepressants,

muscle relaxants, NSAIDs, opioid agonists, opioid antagonists, selective serotonin
26-



ci nrom de, clonethiazole, clonazepam diazepam dinethadi one, eterobarb,
et hadi one, ethosuxi m de, ethotoin, fel bamate, fosphenytoin, gabapentin,

| acosam oW 2benB694i1gi ne, | orazepam rmagnesi um brom de, maEUS20064308 f at e,
mephenyt oi n, nephobarbital, methsuxim de, m dazolam nitrazepam oxazepam
oxcar bazepi ne, paranet hadi one, 5 phenacem de, pheneturi de, phenobarbital,
phensuxi m de, phenytoi n, . potassi rom de, pregabalin, primdone,

pr ogabi déSURdRdi kbl riogim g@@ﬁ@ﬁﬁﬂ)ﬁﬂebﬁa BB R H Gt xR g B Unds

topi r amatgihid {Hgg@aﬁ%gg %gesc\fﬁ,ga)h&ieﬁl_ acid, val prom de, vigabatrin,
co

zoni sam de, an inations thereof. In a particular enbodi nent, the

anticonvul sant is sel ected fromBRarbaweZepinde;s gabapentin, pregabalin, and

conbi nati ons thereof. 10Representati ve antidepressants includ but are not
T ted tor adiRUSGETHPTR b GEyi RSN BT BAdr HeY oSG E A RIS Yot hi epi n
(e.g.,5 defidok®P] ddntpRIRCdnhis@eh t@@?@c@nﬂatﬂeﬁéﬁéﬁﬁéﬂll@%gffel:mee&ﬁ@dﬂt BEa

m rtazapine, nortriptyline, protriptyline, trimpramne, venl afaxine,

zi mel i di wempawe efohdinvantioms!neallyothe tiRepncat edtlyaaffogvasmourpayiltibagen' s
agents 11 loﬂgﬁthatblg%uf?fceenp Potalfelvﬁketc? g)retsgl'o AR PR eendOo ARRERI %Qfl-%%fng.
benztropine, bronocCri pfl ne, * Carbi d pa, ai p Bnohyo?r amne, ®ntacapone,

| evodopa Expeipiey degessprealiddadecoimrludeopy why of #lustselodgind noelimitali@apone,

tri hexypheni dyl, and combi nations thereof Representative dual

ser ot oni KCPHEPEYN HepHrtcr avithedlsheirer's dispasettipalay Epgeren) canger, ghidd abuse, put are
not i b L i ot ) . Loy an,

nef azjodtglﬂoglggrtglgy’v%lrr] g%%%i(ﬁ%?sgﬁg&@ghg%ﬁ%% {ﬁgaﬁg t gfr{(gg%ﬂﬁomépdlyagz%%sent ative
non- st er gruapy anititablefdldmantpndromgeint scod NSpicREdn;ingbudkpreshioh; @adéatnot
limted to: acenetacin, acetam naphen, acetyl saljcylic acid, alclofenac,
al mi nopr GFBHSSIOhPENRCNORAISHACPEsSON- A8 RashdePArs1og} Teeurrel dsifesion:

azapr opazaie, cR&JARHkprRlfon; Qﬁ@%?ﬁc%ﬁﬁl W&h@@é YdREsioRr eRghA@®Ie, bucl oxic
acid, carprofen, clidanac, diclofenac, 25 diflunisal, diftalone, enolicam
et odol ac intetestris thextrdafmérd i nfagor, depenadwf Bivas usdédendicotzdaprassivd disbeteopr of en,
fenti gpzac, feprazone,. fl uf enam.c i.d, flufenisal . fluprofe f |l ur.bi profen,
f ur of BradompBiRERLA inkeriogra o HmisicheinsomPritigp oot dsrapedlic

I SOXi camagkfts, Qi¢10diaR antk®HpIsndCand R E§BraBhid-ndr&ifkphkiaaBuptike lisnasat e,

mecl of enam ¢ aci d, nefenam c acid, neloxicam nesal am ne, mroprofen,

nof ebut aZeseplans berrrpewnde withipthescetiasses 4F dajceibed hereindo ni mesul i de,

nitrofl urbiprofen, ol sal azine, ox ar, Z‘;eiﬁisope SI nac, oxyphenbut azone,

phenyl but azone, piroxi cam pirprofen, pranoprofen, salsalate, sudoxi cam
sul f asal azi ne Arthdr RAdOJintunpoOthe MnvchBaodlaeto amapobdattredtingn affestive aci d,
ti oxaprofen, tolfenamc acid, tolnetin, triflumdate, zidonetacin,

zomeptt adisoxdsg: OBMBISHR adEHRISICHBE &bt P3tENG2 HisFancetigadly cffggtive aggunt of a

2010/ 056 4 }gé?g)@ ' o '

et odol ac %6%1%{%(#%%%?%#%? ugF? 0 n%jrgl?ﬁg%t}?]gtdago(g?%@r@le%d%b?%#gﬁ,Bﬁﬂléltg%%gqnac,

mel oxi carnd napliroi&inn: exapy @zdonderpsuchias gamralaandiccodibordert, nosidaritipersendlity n a

particul girés e(gib‘odi.rre t, d%he NEAI D is .sel ect eg fromibuprofen, .i n(gé)met haci n,
nabumet ofECTHAPTIRE AISPIGFS WRARDIOIHABFIREN uliaiadvosans 8@‘??8% BPOhE
t hereof . c@B?stRé‘%fMér}’ﬁan’i@J&%Iﬁerlﬁ 9%1%&%1'&35 dfs@x‘alefé%fﬁc.:h By o8t ﬁ&%oﬂalli{? ted to:

cari soprodol, chlorzoxazone, cyclobenzaprine, diflunisal, netaxaldne,
met ho¥ar asender andhatteangiobidaficit byrsradtiette disorder (ADREDy peseianmiaiestrass epi nephri ne

reupt ake inhibitgrs.include, bu re not. limted to: atonoxetine,

bupr opr | SHNARGET FISVISEbTY 59 1Ree BB o1 Te! FyUPBRYBHSTST SR C PRATESL TS ne, 10
r eboxet i REciblf gHobRX BreRdcBstriabs M dro @RS ENIMR)diso¥ddr%adi feschabphepahaat i ons
thereof In a particul ar enbodi nent, the norepinephrine reuptake inhibitor

i s sel ecteid; persrndl gt Heordere el dyBIncton iedwding RIGTSHYC clienlaton,
Representatii v [ Qi .S LAl d-: ' ' .1 ncl ude,
but ar o e IR $hetepRlseRul ARHEhARIRPEPERe ARGy ARRAANGRLS:
di hy d3(oc adéhinmxidhe disadayt; and Subdyhc o elade dsordey iutmdiih cienicdl @i¢pdrdengiban,
| evor phanol , neperidi ne, nethadone, norphi ne, nal buphi ne, nal mef ene,
nal or phi tech #AdgicHRBS torpagahpk PsREdIa7apIeeY KPS, BRPHL ARENS 8ad phsnpbrahisal,
pent azoci g i I her I tain
Ebod et & B TP SRR 8T Whenl Re6 8

treat affective disorders, compounds of the invention may be administered in combination
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di hydr ocodei ne, hydrocodone, hydronorphone, norphi ne, oxycodone,

oxynor phone, 20 tranmadol, and conbi nations thereof Representative selective
ser ot oni rwoeopreske1i nhi bitors (SSRIs) include, but are moT/US2MOWNELH0] O:

cital opram and the cital opram netabolite desnethyl cital opram dapoxeti ne,
escital opram (e.g., escitalopran1oxalate) fl uoxetine and the fluoxetine

desnet hyl ite norfluoxetine, fluvoxam ne fl uvoxam . e
mal eat e) ng‘g‘?tg éL?rﬁ%eut§ég?4téI1PﬁE dipg ay Pf%éa“éserl??e&mq% CREPEBYISIY

demet hyl sgit tBLi0G e RREIAMRIGAtL 1 ons thereof In certain enbodiments, the
SSRI is selected fromcital opram paroxetine, sertraline, and conblnatlons

t her eof Aummepﬁesewhahuwé)ﬁﬂdmﬂﬁﬁﬁﬁamnahsbMuoWat@ramﬂﬁmddﬁﬁQUt are not

limted to; rba henyt oi,n ni ne i

et | ot i AP BAD BRI BIE BrERY G inisAhE s howh HRRBidrRL

Repr ese ntv@ﬁuamufeymlmwf*eIaoo%neﬁtqmmct RutcaBh @ ADMD (MkiRMs LOi. @oempl ol ,
cl oni di ne, doxazosin, guanethi di ne, guanfacine, nodafinil, phentolam ne,

prazosin Eure?g@mpwehonhanazlﬂ(ﬁm i)e42d) Thus, theglompeundsdrfdehingentia)are also
t ansul OSI 0 ec?ed?to%%m II%Q[E?(# 1ng a?tentlon et%%gtq{\yggrga P caréol# 0009/ 064308

The foIIo ormu |ons I e“representa ceu

CONpOSi tlaamsmgénﬁgﬂ@ PpeBent thlefh\pelﬁﬁdaﬁy effEetmmnafuyitdﬁad@brﬁmuaﬂloM@apsul es For
Oral Administration A conpound of the invention (50 g), spray-dried | actose
(440 g) ameentielynddicnnss! torteat dansessiog, epmpavads ighe dyisniobmerded. The

resul {4 ng.GaMmeRYtA Q&Tbn)%aﬁ&{a&hth 8%@?91eka[ab%gﬁlé‘§§eﬂtsgﬁﬂcﬂ}dﬁr% ﬁ%@é@%@sﬁn&wo g of

conposi tion per capsule t ernat onmpou e I nvention
(20 nmg) E&emmbwpughbmmhhahﬁ@dﬂmﬁd&aﬁeﬁmeHeﬁﬁ@e@h¢ﬁnm1crocrystalIlne

cellul ose (89 ng) and nagnesiunl%;earatg- . The m xture is then passed
through a No. 45 mesh U.S. sieve 8¢ Vo288 4 hto a hard gel atin capsul e 10

(200 nmg of comppd: 'e%o@ﬂen@@%@ h®entiEXRIRL ALY fhad bﬁtr%lﬁ% ‘élc%gf 953“' ation
For Oral Administration A conpound of the invention is

t hor ough Idysomeemwrw@mdpunmmygtmypamt 8 trebdpeanc atty ebiob et een((lﬁm Ofrg) and

t wd t.hen | gaded i nt |
(00 Tiy” P EbwsEa o Bvepiet” sy coduirt BraRergeinds Ryl Bl fRE™ ©
i nvent i oRng 46 I tatich: H&ﬁérﬁug%%hhh@lﬁ&’c%@le@éﬂe?atfﬂe(dreﬁﬁﬁﬂﬁ( JAngcieRlkul ose
(Avicel PH 103; 259. nesi um st ear at e (0.8 . The mxture is

{hen | oadagaiontis e To-iibh dogpwalia n‘(ﬂ&@éS#horewﬁa@léms weye. PRO0 g of
oot R R SRR Shon S IR REaFRRLF Lo W AN Bhe

m crocr yﬁbﬁllehtheﬂ&sﬁﬁhﬂedl M&Gni(rﬁﬁatﬁﬂ)sp@deeoopaﬁ}&ﬁgﬂdsi@hgu@hnﬁ MNGectidfs amsh U. S.

si eve_and m xed thoroughl The .granul es so produced are dried at 50-60C
and p?& Sé@}a‘rteﬁ ,cg%ﬁora@ (Nglu%@ REY anpptg)n ,Srp%tg@) 1sm, toxins, anoxia and vitamin

deficiency; and mild cognitive impairment associated with ageing, such as age associated
memory impairment, amnesiac disorder and age-related cognitive decline. When used to
treat cognitive disorders, compounds of the invention may be administered in combination
with other therapeutic agents, including anti-Alzheimer's agents and anti-Parkinson's
25 agents. Exemplary compounds within these classes are described herein.
Other Disorders
SNRIs have also been shown to be effective for the treatment of stress urinary
incontinence (Dmochowski (2003) Journal of Urology 170(4): 1259-1263). Thus, another
embodiment of the invention relates to a method for treating stress urinary incontinence,
30 comprising administering to a patient a therapeutically effective amount of a compound of
the invention. When used to treat stress urinary incontinence, compounds of the invention
may be administered in combination with other therapeutic agents, including

anticonvulsants. Exemplary compounds within these classes are described herein.
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A solution of polyvinylpyrrolidone (4 ng as a 10 % solution in sterile
water) is mxed with sodium carboxynethyl starch (4.5 ng), nagnesium

st ear at e WO.261omg¥941and talc (1 ng), and 25 this m xturePC3/ushes/opsssed
through a No. 16 nesh U. S. sieve. The sodi um car boxynet hyl starch,
magnesi um stearate and talc are then added to the granules. After m xing,

the m xture is_conpressed on.a tabl et Chlnet afford a tapl et weighing
100 ng. Alter it (i@fegfmeaﬁ iiendsreortgee ighs Ao e%eatwg)ltslezp 1453 iHughl y

bl ended VéfetathngTélﬁBﬁ{E rfé@tu%' gﬁd}GmgeAﬂdq{a9§@ceﬁt‘ﬂ3QQeeﬁ’i%owﬁ Id & Qf?ec%'v@)fﬁ g@atfn med (10
ng), and stearic acid ny) he mxture is then conpressed orm

tablets (fﬁﬁﬁnmjglaf(Russnb@s:ult (ZQQSpBazntlébﬁéﬂjSZ -444). TheMdnq:roruadsad)@thea corrpound

f th th th h (.50
cr oscar et bUBS LR el G PRI HOLY bRl e e RRRELT R i, ate (s
1) . Bhe ulligl dialhdaboaninn 88 8RdnIBbRIIME; &) diibhos EiRdiih@bhehic( 500 1D

of -40- WO 2010/ 056941PCT/ US2009/ 064308 conpositions per tablet). Exenplary
Suspensi dafigRgsdramicofP Ry ISIGr admINGRnE 40 p Anticny a therapeutipallyfadfecivg angount

|ngred|en a suspensi on containing 100 ng of active
agent per %68??‘% ora&‘gfﬂ%%léw%.%oﬁl I ngr edi ent sAmount  Conpound of the

i nventionl. 0 Gitrmiihe aardindphfnSact &Uﬁaﬁﬁﬂl@ﬂehﬁt@ﬁe BlhgnMatHay begrghaband. 15 g

Propyl par aben0. 05 Granul at ed sugar 25 Sor bi t § 70% sol utlon) 12.85 g
Veegun r Pers¢ihigriesingpbesiil Wark sf ¢/ @&9&»&5@4&8&@&9/&% nyBD3ghen

Col or qug%gm?oﬁ[&is%f $iid 1'11(7&910%&% tdtReir (Iiﬁ?llt%/qg n{ﬂrbﬁSNET, are also expected to have

this utility, and another embodiment of the invention relates to a method for treating

obesity, comprising administering to a patient a therapeutically effective amount of a
compound of the invention.
Desvenlafaxine, an SNRI, has been shown to relieve vasomotor symptoms
15 associated with menopause (Deecher ef al. (2007) Endocrinology 148(3):1376-1383). The
compounds of the invention, due to their ability to inhibit SERT and NET, are also
expected to have this utility, and another embodiment of the invention relates to a method
for treating vasomotor symptoms associated with menopause, comprising administering to
a patient a therapeutically effective amount of a compound of the invention.
20 Research Tools
Since compounds of the invention possess both serotonin reuptake inhibition
activity and norepinephrine reuptake inhibition activity, such compounds are also useful as
research tools for investigating or studying biological systems or samples having serotonin
or norepinephrine transporters. Any suitable biological system or sample having serotonin
25 and/or norepinephrine transporters may be employed in such studies which may be
conducted either in vitro or in vivo. Representative biological systems or samples suitable
for such studies include, but are not limited to, cells, cellular extracts, plasma membranes,
tissue samples, isolated organs, mammals (such as mice, rats, guinea pigs, rabbits, dogs,
pigs, humans, and so forth), and the like, with mammals being of particular interest. In one
30 particular embodiment of the invention, serotonin reuptake in a mammal is inhibited by
administering a serotonin reuptake-inhibiting amount of a compound of the invention. In
another particular embodiment, norepinephrine reuptake in a mammal is inhibited by

administering a norepinephrine reuptake-inhibiting amount of a compound of the
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Exenpl ary I njectable Fornulation For Adm nistration By Injection A
conpound of the invention (0.2 g) is blended with 0.4 M sodium acetate
buf fer sovotomws¢R10 nmL). The pH of the resulting sol utiPom/ussotamp4ses ed to
pH 4 using 0.5 N aqueous hydrochloric acid or 0.5 N aqueous sodi um

hydr oxi de, as necessary, and then 10 sufficient water for injection is
added to.provide a tota] volume of 20 nL. The m xture is then fjltered

t hr ough AVSPEPR.| Comppynds of heiaveptiop saY 2lse bp psRs agdessaich dogls BY seidyeting

sui t abl ebfi(%gi@grgg%?%giﬁ L@ dngolh&ction. Exenpl ary Conpositions For
Adm ni stration By I'nhal ation A conpound of the invention (0.2 ng) is

m croni zed andVhdnewsct hendesdareh tdvl| alpvlogeall & s{cBbompinpleTringpriziregwsdotonit ur e
is then loaded intg a gelatin inhalation. cartrijdge, The contents.of the
cartr dod aershi e Sredhodiing Aanaipivie e s B pe.
Al ter rpat %%tak%-iﬁhi%ltﬁig'o%%_@re%ﬂfé@ﬁﬁﬁ@re%tak@ﬁﬁiﬁlﬁﬁ%ﬁl'ngﬂr_lt(&(a BhmpbindbsBer sed in
a solution prepared by dissolving lecithin (O. @33 in dem neralized water
(200 nl) .invpntonr.ediikt tha Gicdegipd ngstom or samsple aycxpopattogheicampaungd; he sHegted to
forma m crQni.z C siti.on 20, conpri:si rti.el ving .a an

i et or O WOTE A SERRE bbER ARSI R E R SRR DD | aded

i nto net ebeekntioss prodedin@s atdequiprdaas Bxpoduad iddehppsses settactidd cells or tissue
1,1,1,2-tetrafl uoroethane in an anount sufficient to provide about 10 i.ig
to about vgtothe cogpeynds pdmipdsigighe spmpeind; tggapamnal, fucxgyple byHenor L.v.

adm njst : e ]  Thi o t he
ventt onon HarlRPuldHOabRh. This determining &by BhPELEpitse AeLRRRIH Mgl

sal i ne (125 anjujntitdtinee amaltsisroe may ehiprisedn abtr&ioh ciat edquatitative bldydonpound
-41- is _dissolved. The.pH of fhe solutjon is checked and adjusted, if
necessar ﬂe%ﬂw ESBgRSS NP ke MO RIS e doa Gory g‘ieoSéPB’Q}mgﬂ’é

sol uti on ghSpHipHF Al $ERNEG: WalPROugnNERRLATGTI FR¥Rfed SaleqRpAnE@FcARout 10 ug
to about 500 il g of the compound of the invention per dose. SEXAMPLES

The f ol | ewotmiPaeheorapinepisinamelpidampsays. Aheagsaprdsdiédeandeiustdist deadrmimpeci fi ¢

enbodj ts of .the jnvention. These eci fic enbodi nents 0 er, are not
ool teadtiviny Il 88T o phBRR GO RO b R kb Rt RN L ot ey
i ndi cat edesufthie. f DédrotohinGc@RBEEMhR b dEvRefiRéhtiak kQipdkg-inBBRinggs unl ess

ot herwi se 10 indicated and any ot her abbreviations used herein and not
defi ned Wawentheir standard neaning. AcOHacetic acid Boct-but oxycar bonyl

BSAbovi ne ser Ul AL LoRREE! ShOTOURGARN s s AIELRH GO 15 07 1 0C)
evaluating other chemical compounds, and thus are also useful in screening assays to

20 discover, for example, new compounds having both serotonin reuptake-inhibiting activity
and norepinephrine reuptake-inhibiting activity. In this manner, compounds of the
invention are used as standards in an assay to allow comparison of the results obtained with
a test compound and with compounds of the invention to identify those test compounds
that have about equal or superior reuptake-inhibiting activity, if any. For example,

25 reuptake data for a test compound or a group of test compounds is compared to the
reuptake data for a compound of the invention to identify those test compounds that have
the desired properties, e.g., test compounds having reuptake-inhibiting activity about equal
or superior to a compound of the invention, if any. This aspect of the invention includes,
as separate embodiments, both the generation of comparison data (using the appropriate

30 assays) and the analysis of the test data to identify test compounds of interest. Thus, a test
compound can be evaluated in a biological assay, by a method comprising the steps of: (a)
conducting a biological assay with a test compound to provide a first assay value; (b)

conducting the biological assay with a compound of the invention to provide a second
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Dl PEAN, N-dii sopropyl ethyl am ne DVEMDul becco's Mdified Eagle's Medi um
DvBQdi net hyl sul f oxi de 20EDTAet hyl enedi am netetraacetic aci d Et OAcet hyl
acet at e ByOHdetosnlt FBSf et al bovi ne serum hDAThuman dop&goiras2emansport er
25HEPESA- ( 2- hydr oxyet hyl ) - 1- pi per azi neet hanesul foni ¢ aci d hNEThuman

nor epi nephrine transporter hSERThuman serotonin transporter

5- HT5- hydr oxyt r ypt am ne | PAi sopropyl al cohol 30] PAci sopropyl acetate
VeCNace? i Pl . Wgﬂs@\?}e KPR elm&hg?fla‘éﬁaé gl qnsgneugigty with step (6);
2010/ 056944 2ARSRGHS0RREIANININYS (B ARTRISHIAG value from s
PPh3tri pheng‘“ﬁc}gﬁg@phi%e TFAt riS | uor oacet | g(gabgflld THFteet ra?hyalrvgfuuer goﬁnsep
5TsClp- t ¢budnesyldrphydlogibdl @sdage inotudéd -semetdmyn behrepssedhioayduptake assays.

PHARMACEUTICAL COMPOSITIONS AND FORMULATIONS

5 Compounds of the invention are typically administered to a patient in the form of a
pharmaceutical composition or formulation. Such pharmaceutical compositions may be
administered to the patient by any acceptable route of administration including, but not
limited to, oral, rectal, vaginal, nasal, inhaled, topical (including transdermal) and
parenteral modes of administration. Further, the compounds of the invention may be

10  administered, for example orally, in multiple doses per day (e.g., twice, three times or four
times daily), in a single daily dose, in a twice daily dose, in a single weekly dose, and so
forth. It will be understood that any form of the compounds of the invention, (i.e., free
base, pharmaceutically acceptable salt, solvate, etc.) that is suitable for the particular mode
of administration can be used in the pharmaceutical compositions discussed herein.

15 Accordingly, in one embodiment, the invention relates to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a compound of the
invention. The compositions may contain other therapeutic and/or formulating agents if
desired. When discussing compositions, the "compound of the invention" may also be
referred to herein as the "active agent," to distinguish it from other components of the

20 formulation, such as the carrier. Thus, it is understood that the term "active agent" includes
compounds of formula I as well as pharmaceutically acceptable salts and solvates of that
compound.

Pharmaceutical compositions of the invention typically contain a therapeutically
effective amount of a compound of the invention. Those skilled in the art will recognize,

25 however, that a pharmaceutical composition may contain more than a therapeutically
effective amount, i.e., bulk compositions, or less than a therapeutically effective amount,
1.e., individual unit doses designed for multiple administration to achieve a therapeutically
effective amount. Typically, the composition will contain from about 0.01-95 wt% of
active agent, including, from about 0.01-30 wt%, such as from about 0.01- 10 wt%, with

30 the actual amount depending upon the formulation itself, the route of administration, the
frequency of dosing, and so forth. In one embodiment, a composition suitable for an oral
dosage form, for example, may contain about 5-70 wt%, or from about 10-60 wt% of

active agent. In one exemplary embodiment, a pharmaceutical composition contains from

31-



chl oride Any ot her abbreviations used herein but not defined have their
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commerci al suppliers (such as Sigma-Aldrich, 10 Fl uka Ri edel -de Haen, and
the like) and were used wi thout further purification. Preparation 1
442- ( Tol uene- 4- sul f onyl oxynet hyl ) phenyl | pi peri di ne- 1- car boxylic Agid
{-Butyl Ebewl §2020eq %W?ﬁ%%‘ﬁylpflb‘gﬁérf?%? ﬁ@%-k@rlédygpfect%iaaem—aa tyl ester
(5.0 9, HoBut 11518 Shcliv@lnT HR dabBy Blomptar] HRIoNiM&He, conbi ned at

room tenperature under nitrogen. Borane dinethyl “sulfide c’orrpl ex (2.9 nm,
33 mmvol , phanasgqutjcalvasmpaitad antipwi fsem abebttSHe 20img of atiwasgsitiincledinfor 5

m nut es, then heated.at reflux for /1 _hour. The m xture was copl ed,to, room
Tomoer ot dioat Thgtf 258 13kt 81 a5t a8 Eoainnl Godr & fekelPRe BERr a4 " P hen
concery r a4 @¢nPnd W AEinR\IBRAQr ation. The naterial was azeotroped with MeOH

(2x40 nL). 20 The m Xture was then diluted wth Et0OAc (100 nL), and washed
with 1 MHCL @mwsenmentionglapridiareapicaBay ht hsedtindie patrmecsuberlaqueous NaCl
(1x50 rn‘)c' mTQStigﬂsgoanfleC nlvglbft?or \éfhs c?r {cg%f Qvgrrticglra]lp Xgr{‘l&!’l St e|>\(l%12 ?e%%’orf iltered, and
concentrated rnovacuo 1o yi & d A2t b pent,

hydr oxy mebimpiratienyds)daties bedxeepiénts avil@sydidonait ehode bOhdhingstadion 6ding g) as a
clear, light yellow oil that solidified upon sitti ng‘. 251H NMR (CDC13) 6
(ppn) 7. 34edtodreat gpargipylar patipgt grype gmedigaligendition or disgase gtatez In ghis o) -

ng’ ;2' flb %3@&3{&, é%é_%r’ﬁ{)éﬁ&% &1&?} Sﬁl}t;?ﬁ]%o&%ﬁgitio& for% pa}tli'@dlar%n&g Jfladmimistlatiofl i¥2

4- ( 2- Hy dreetlywiehih yhgdvepy b thiogeeskiilthidne tHe gardaceyticad astsi d dtitioudlyl, cesiceror( 0. 4 g,
WO 2010/ 056941PCT/ US2009/ 064308 1.0 nmol, 1.0 eq.) .and trie |.enedi am ne
(220 ny, eﬁ?l@leﬂﬁd}S?éJ ! HORGOPPREF S S SN P 3 %@%%nga@gyﬁhﬁ ). The

m Xture ‘@%tﬁﬁ@ﬂ,%@n@é_ntigﬁ:dl%ﬁﬂlaﬂ%ﬁ[t%&gﬁa@lgggwesé@&g iTRentngon] | lo.Scinde €4 )

was added, and the m xture was stirred OC‘f‘or an additlo'na 60 m nut es.
The i xt wné Rradicdiof Bhedianyt 2 Hidiien, ((50pintgtt Williamash8ihite Bhltwarar 5 (2x25

m). T i dried hyd Na2SQ4, filtered and
Concel r Atiany PUDETpAl Ity L et EHE PR bt A 500 o)
whi ch wapusesd sshout™ E&iﬁbﬂﬂqri%}ﬂﬁézdtf ii&ﬁiﬂiffahﬁ@c White, Baltimore, Maryland (_19979;? NVR

(CDC13) 6 (ppm) 7.81 (t, J= 2. , IH); 7.79 (t, J= 2.0 Hz, 1H); 7.37-
7.32 (m 4H); Repmsentatpve qrgmplasiof nutarilspwhigh can sery) as mhagmaqeyticadly) : 4. 34-4. 12

(m 2H); agc%g’a;b(l)elngaﬁ%erg }nc(hme, g’lll_tba-’re ﬁot‘iéni@esd’ to,3tll_1|2: -folﬂdv%gg:]suggrs,(s@ch g’ﬁa-bto%e,éls (s,

Z-H% 2 I\P/lrete %;Lﬁsmﬂdmyfo@egwmtﬁw qudk Ay borpispect gidmtdto carddoxslluleseAgict at - But yl
S0 ey sline Caiood, ahd 2 Serivatives, Such 4s sodtum carborymathy! celiutose o1 ¢
g, 1680 mAiE 0CTyS e cellulose, , y y ,
ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients,
such as cocoa butter and suppository waxes; oils, such as peanut oil, cottonseed oil,
safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene
glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such as
25 ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution;
ethyl alcohol; phosphate buffer solutions; compressed propellant gases, such as
chlorofluorocarbons and hydrofluorocarbons; and other non-toxic compatible substances
employed in pharmaceutical compositions.
30 Pharmaceutical compositions are typically prepared by thoroughly and intimately
mixing or blending the active agent with a pharmaceutically acceptable carrier and one or

more optional ingredients. The resulting uniformly blended mixture may then be shaped or

loaded into tablets, capsules, pills, canisters, cartridges, dispensers, and the like, using
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15 1.0 eq.) and THF (100 nL, 1.0 nol) were conbined at roomtenperature
under nitrogen. 1.0M Borane-THF conplex in THF (32.7 nm., 32.7 mol, 2.0
eq.) was wodeo/dsapwi se over 10 m nutes (5C exot herm gasTaseéoas4any. The
m xture was stirred at roomtenperature for 5 mnutes, then heated at 50C
for 1 hour. The m xture was cooled to roomtenperature, and the reaction
was quenched sl o y wWith ch (30 nb) (mld 20 exotherm significant gas
evol ut i ofPIVaIHaRR @6‘?&?@\‘&6?3‘9 BIWRMEHt ary evaporati on. The material was
azeotroped wi tIHoh@alﬁ‘b&aﬁr%Qt 'ﬂjre) haﬁﬁ@ceﬁﬁé’eﬁi%oﬁb&q{i&{s HefuidbRSQt @ 1 n Et OAc
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(50 ni). adtenigrag@ni @deayampm@sdmnmgmmrwaddbdamugl Nas2gOfornf i | t ered, and
concentrated .i.n vacuo l.d . .. . . .
e Cos hy bR eBreRy PSS G Suitebis compausions fer el adrpiniteon may BF ins (4. 4
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mol ) was addedVhsidiniendedvior o @dugnststiop i a selist dosags fagndse., FheppHases wer e

over Rlo IOl B RO e L R S P s R B s

a thi ck or morspharmavasicalbeatcapthblo Lcarrfew sindraspodiufi dattcon dicalcium
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( m 2H) n%ct%%rys‘ga%neebjell{lf@se 4dose; ségosé Sgluc%"% méﬁ‘?ﬁﬁw lad/dr silicic acid; binders,
442-(2,4,6-Tri’fl uorophenoxynet hyl) phenyl | pi peri di ne

4-[ 2- (Tolsu@n@r@ﬂaxb'ﬁmﬁyﬂ@idym idingiese gylla‘qnplm@rwndﬂ merrokidencbacydse @ndioi d

t - but 15 ester , , . 4.7 mol,..1. 0 eq. sol ved in CN (46 nm,
590 bl P A Bl EbAETob 4t S pekHEs. SR et R

2, 4, 6- t richivanatepienelor (e%l&a@tar&l Bl gift® heid, loeaaﬁmﬂoateihﬁldmr&bulmﬁl wasorafiaken at
50C overnight, then cooled to roomtenperature. The supernatant was

separ at edoRifignrqtirdingrgents ameh os h@ﬁffgbabmptwnmc?lvrams SOgh #FrfaterzEgy 0 eq. )
was added t tan vernni ght at room
t enper at 0r e n?o%% %’B tfvggrt]m%g 'itﬂgsﬁgﬂc%nc ntra d?lglt%%?%1 CIeﬁa crude

resi due. nidiestegaicd desoremtsdsshalskadlin indborbeitonite tlafcRbtitids, stdted thla, an
additional 2.0 nL AcOH, filtered and purified by reparatlve HPLC to yield
the t3% | &aleBIm HGHalCaaENCHRAN StERIRLC( SO @1 Rplyastyleng gimqlﬁ ~ypydiupdapgyh sulfage )~

cal cd for I\ 2 (CDC13) 6 (ppm 9.83
(br.s, %gﬂé’%ﬁ(ﬁr orot ﬁ?‘gﬂn%ﬂg %’;@'ﬁlﬁfe@%&‘, 7032 25 (d, J= 6.8 Hz, 1H):
7.26-7. 21 (m Rbelase ﬁ‘ge?l&-, Gctithg(agpntR Hpatifg &"én(SSSW&Itﬁning?;fﬁQerﬁhéﬁld( m 2H); 3.38

E ET] %;) _1]15'er6fur|1_1|%n’g a]gH?ns p3resze(rj've§w%sz an({%ntloH?dants may algo be present n t'l_1|Z pharrl_TQaceutlcal2 2. 01

compositions. Exemplary coating agents for tablets, capsules, pills and like, include those

25 used for enteric coatings, such as cellulose acetate phthalate, polyvinyl acetate phthalate,
hydroxypropyl methylcellulose phthalate, methacrylic acid-methacrylic acid ester
copolymers, cellulose acetate trimellitate, carboxymethyl ethyl cellulose, hydroxypropyl
methyl cellulose acetate succinate, and the like. Examples of pharmaceutically acceptable
antioxidants include: water-soluble antioxidants, such as ascorbic acid, cysteine

30 hydrochloride, sodium bisulfate, sodium metabisulfate, sodium sulfite, and the like; oil-
soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, lecithin, propyl gallate, alpha-tocopherol, and the like; and metal-

chelating agents, such as citric acid, ethylenediamine tetraacetic acid, sorbitol, tartaric acid,
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t-butyl ester (27.0 g, 60.6 nmmol, 1.0 eq.) was dissolved in MeCN (540 ni)
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hex anes) f@]@u&lﬂt@(ﬂ go that they release the active agent only, or preferentla , In a certain portlon
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For the %ﬁ&@ﬁﬁrsc rlgﬁuldt(ﬁ@ag%%ffﬁsnttyp% _&H%‘lﬁdfh@é(ct{v‘é;%éﬂ‘t BYARUAL hiRnand the
resulting solid g) was sl urfied in EtOAC first at room

t enper at wné as ﬁnmxambomteandotageaoweats saiuinhmagpgﬂm md?emldSIﬁleEL shchhe title
conpo rochl or 5 >99% . puyrit T | ot s of
Char ot s Bepiel” SEpBYuRE iyt Cubialy PR B Hsh bl iiophoh berhe. (95
770 Mol benae, pRpYcnt BGcbh i1 Skbildiiend EEeolf bﬂwe@ di)lttblﬁsfe)éd \é@@uﬂ&at ggmat 65C

for 30 mnutes, cooled to roomtenperature, and ltere The flask and the
filter carenymive wsonsed sdseme piloaslycool, rm;ahyéw@rvh@c@ml,. nodyediilens alyepds hi gh

hyar ocni opl BRTGARIRFEEbL o, EMM AL gicfeol’ SIS MPHART 1) was
observed sbs)pe?ﬂﬂiﬁ@agélﬁ‘s Mo (a2, fbgexam;ﬁe rﬂdldi@llaledhsMIJa&doﬂiqlsl'ﬁilyoﬁBthyléiﬁEX

LG MS System) was found to be consistent with structure. NVR (DVSO d6,
Vari adf Vprbitohsh soitanesigia migogysiabimgiceldase, e\hufrﬁmpﬁbm@t@hmrmﬁ@ and the

55 R ORI SRIBB AR ki b Lot Syt o
Salt Acetyl cWhen iden&Bfds ordl adthind@ration) the pagnscovidcyl anhaeditions &f Gkl ( 140 ni,
invention may be packaged in a unit dosage form. The term "unit dosage form" refers to a
physically discrete unit suitable for dosing a patient, i.e., each unit containing a
25 predetermined quantity of the active agent calculated to produce the desired therapeutic
effect either alone or in combination with one or more additional units. For example, such
unit dosage forms may be capsules, tablets, pills, and the like.
In another embodiment, the compositions of the invention are suitable for inhaled
administration, and will typically be in the form of an aerosol or a powder. Such
30 compositions are generally administered using well-known delivery devices, such as a
nebulizer, dry powder, or metered-dose inhaler. Nebulizer devices produce a stream of

high velocity air that causes the composition to spray as a mist that is carried into a

patient's respiratory tract. An exemplary nebulizer formulation comprises the active agent
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t-butyl ewDep1o(B&4d g, 117 mmol ) dissol ved in Et OH (100 PgILjUS2000/0643D§ WwWas
added and the resulting m xture was stirred at roomtenperature for 6
hours. Mst of solvent was renoved by rotary evaporati on To the resulting
thick slurry s added Et OAc (300 m), follo }n sol vent rem)val
to -100 HSORFEE: BB (fomm 2 MR IGR O KYeronIZS ami ﬁénl?le% it AGaHET & (P was

stirred f,a6knBHLf nﬁérbﬁﬁé@?atﬁ@l@s g icSBrdb® Yi&! 9B dwidt RERIR ddeinRadk thd 28. 0

g, -99%purity). T e fil e was concentrated to a thick paste and | PAc
(100 L) avae axddeds a Ked-floemgfpowder thetis dlsfpmtst:fénedpeawdt‘mlr-etdeamdtﬁmng her yield

f.th d hi d It (-9 % T | t f th
b dr ent b Pialdn] % et @5 shwiiornbBhon Wiy aeiehv b foabisaded ¢ n
Et 0AC § 23@tHdn exdifferBhoh as ThQodce Stbitchi Ilﬁgmﬁ{o‘l' rdeXtr¥@S phIoRi8ea@ll, pdda@nd- t hen

slowy cooled to roomterrperature fol | owed by stlrrlng overnight. The

resul ti ngofelxeslifg, camiwgmbmatl@lss hhersmf i M@@r@dd%n dnhajass disphasge @@l@@sm washed

1 1O TR SO DL L BB R TRSLY 88, v

( DVSO- d6 forkQ4tion mqorfswmblﬁt@om @mmhemhevuctlhe ideat Bid Lﬂ@telﬂiee pddpetiad, t he
salt form of Exanple 1. The crystalllne hydr ochl ori de salt (50.0 g,
1. 40 nol Suslogoy ﬁmrpﬂwrwbow%w%wmfﬂ A Qrempalgomppngntygf yuchang t he

resul {j ng, Métf&ﬁs‘f@&u&ec%t gvetn% Zm% @g&ﬁ& c(rﬁ;%n{?ﬁxe éd%ﬁ@ét%t%ﬁc ded.

Conpl et e di ssol uti on" was observe m nu e I ntérna
t enper at vositah tridieats @ltit ad, lashih,>0d gTyoeriﬁoButth mmpmmoalsaWtyplcxﬂw ed to room

25 tenperature and then.stirred at r at ure over ni The
resul ti ng SBFSdY adimg ohil etdeqr@aesawaze&%w? flynaagg fo mlta%{]orfga%n% yield a
sem -dry ceﬁtgﬁ!mg the-gbﬁves&lehﬂéth\éﬁél%ftp?@s@n ah@qletgaﬁ%aﬁl H*bré’s%ﬁt‘)‘“ﬁ‘b%eﬁaﬁbom

tenperature for approxi mat él'y 48 "hours t?o yield the t|tIe crystal l'i ne

hydr ochl ersusgnsiahith¢ 4divk agentd9nbeopiaed and theThembmee wilthltheplopblilaned good
crystallinit XRPD a C. Thet tle cr ehdro hl ori de salt
C1LS B | At peprmtronraen SubbenrRed L Shy AR A RE e ng 156, 0 g
of the hssdm&&ﬂt%lrﬂl@mwea PR lcbQf ViR 488 a@int SThoVRl@ilakiBn ek Idati@d inef 90 ni
water and 1.8 L I PA). WO 2010/ 056941PCT/ US2009/ 064308 EXAMPLE 2

442- (2, 62DiapTogelrephEnoxyiak fags prtestign ofghemhalerne

byl 5 ear SOTTISyRANY RENTEMI R AR A SRR R RS 0
97 mvol ) sahdhtaddeq ittevKadSBintrahsdiar, dr. 15trﬁﬁ8ﬁ1|t0ne3l iBjcetion). @06 such

2, 6-di fl uorophenol (98 ng, 760iunol, 1.5 eq.). The m xture was shaken at
50C ovfer RARHRISrAteEnthe 36l VSpach! ip @mﬁlé%éﬁéﬁr@? wlutigye SuSRERYIOM OF AU RS-

separ at egsxfeﬁl%% bavER R tp?e:ﬁ!rlﬁ% Hhﬁlgﬁonsqﬁé}uéea@gtef %5 ncl TR ecuﬁp 0 eq.)

was added to the superna m xture was 10 sha en over ni ght
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(t, J = 11.0 Hz, 1H); 16300(m2H) 218(q J =12. 4 Hz, 2H);
2.10-2.01 (m %pougdwﬁibglrgentlon can also be administered transdermally using known
transdermal delivery systems and excipients. For example, the compound can be admixed
30  with permeation enhancers, such as propylene glycol, polyethylene glycol monolaurate,
azacycloalkan-2-ones, and the like, and incorporated into a patch or similar delivery

system. Additional excipients including gelling agents, emulsifiers and buffers, may be

used in such transdermal compositions if desired.

-35-



20Fol | owi ng the procedures described in the exanpl es above, and
substituting the appropriate starting materials and reagents, conpounds 3-1
to 3-10, wevorgséamnul a la, were also prepared: (la) WOI/US2009/064308

2010/ 056941PCT/ US2009/ 064308 Cnpd R3 R4 R5 R6 Formula M5 m z: [ M+H|

calcd found 3-1 H

If desired, compounds of the invention may be administered in combination with
one or more other therapeutic agents. Thus, in one embodiment, compositions of the
invention may optionally contain other drugs that are co-administered with a compound of
the invention. For example, the composition may further comprise one or more drugs (also

5 referred to as "secondary agents(s)") selected from the group of anti-Alzheimer's agents,
anticonvulsants (antiepileptics), antidepressants, anti-Parkinson's agents, dual serotonin-
norepinephrine reuptake inhibitors (SNRIs), non-steroidal anti-inflammatory agents
(NSAIDs), norepinephrine reuptake inhibitors, opioid agonists (opioid analgesics), opioid
antagonists, selective serotonin reuptake inhibitors, sodium channel blockers,

10  sympatholytics, and combinations thereof. Numerous examples of such therapeutic agents
are well known in the art, and examples are described herein. By combining a compound
of the invention with a secondary agent, triple therapy can be achieved, i.e., serotonin
reuptake inhibitory activity, norepinephrine reuptake inhibitory activity, and activity
associated with the secondary agent (e.g., antidepressant activity), using only two active

15 components. Since pharmaceutical compositions containing two active components are
typically easier to formulate than compositions containing three active components, such
two-component compositions provide a significant advantage over compositions
containing three active components. Accordingly, in yet another aspect of the invention, a
pharmaceutical composition comprises a compound of the invention, a second active agent,

20 and a pharmaceutically acceptable carrier. Third, fourth, etc., active agents may also be
included in the composition. In combination therapy, the amount of compound of the
invention that is administered, as well as the amount of secondary agents, may be less than
the amount typically administered in monotherapy.

A compound of the invention may be either physically mixed with the second

25 active agent to form a composition containing both agents; or each agent may be present in
separate and distinct compositions which are administered to the patient simultaneously or
sequentially. For example, a compound of the invention can be combined with a second
active agent using conventional procedures and equipment to form a combination of active
agents comprising a compound of the invention and a second active agent. Additionally,

30 the active agents may be combined with a pharmaceutically acceptable carrier to form a
pharmaceutical composition comprising a compound of the invention, a second active
agent and a pharmaceutically acceptable carrier. In this embodiment, the components of

the composition are typically mixed or blended to create a physical mixture. The physical
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mixture is then administered in a therapeutically effective amount using any of the routes
described herein.

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

5 together before administration but are administered simultaneously or at separate times as
separate compositions. Such compositions can be packaged separately or may be packaged
together in a kit. When administered at separate times, the secondary agent will typically
be administered less than 24 hours after administration of the compound of the invention,
ranging anywhere from concurrent with administration of the compound of the invention to

10  about 24 hours post-dose. This is also referred to as sequential administration. Thus, a
compound of the invention can be orally administered simultancously or sequentially with
another active agent using two tablets, with one tablet for each active agent, where
sequential may mean being administered immediately after administration of the
compound of the invention or at some predetermined time later (e.g., one hour later or

15 three hours later). Alternatively, the combination may be administered by different routes
of administration, i.c., one orally and the other by inhalation.

In one embodiment, the kit comprises a first dosage form comprising a compound
of the invention and at least one additional dosage form comprising one or more of the
secondary agents set forth herein, in quantities sufficient to carry out the methods of the

20 invention. The first dosage form and the second (or third, etc.) dosage form together
comprise a therapeutically effective amount of active agents for the treatment or prevention
of a disease or medical condition in a patient.

Secondary agent(s), when included, are present in a therapeutically effective
amount, 1.¢., are typically administered in an amount that produces a therapeutically

25 Dbeneficial effect when co-administered with a compound of the invention. The secondary
agent can be in the form of a pharmaceutically acceptable salt, solvate, optically pure
sterecoisomer, and so forth. Thus, secondary agents listed below are intended to include all
such forms, and are commercially available or can be prepared using conventional
procedures and reagents.

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

Representative anticonvulsants (antiepileptics) include, but are not limited to:

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

5 phenacemide, pheneturide, phenobarbital, phensuximide, phenytoin, potassium bromide,
pregabalin, primidone, progabide, sodium bromide, sodium valproate, sulthiame, tiagabine,
topiramate, trimethadione, valproic acid, valpromide, vigabatrin, zonisamide, and
combinations thereof. In a particular embodiment, the anticonvulsant is selected from
carbamazepine, gabapentin, pregabalin, and combinations thereof.

10 Representative antidepressants include, but are not limited to: adinazolam,
amitriptyline, clomipramine, desipramine, dothiepin (e.g., dothiepin hydrochloride),
doxepin, imipramine, lofepramine, mirtazapine, nortriptyline, protriptyline, trimipramine,
venlafaxine, zimelidine, and combinations thercof.

Representative anti-Parkinson's agents include, but are not limited to: amantadine,

15 apomorphine, benztropine, bromocriptine, carbidopa, diphenhydramine, entacapone,
levodopa, pergolide, pramipexole, ropinirole, selegiline, tolcapone, trihexyphenidyl, and
combinations thereof.

Representative dual serotonin-norepinephrine reuptake inhibitors (SNRIs) include,
but are not limited to: bicifadine, desvenlafaxine, duloxetine, milnacipran, nefazodone,

20 venlafaxine, and combinations thercof.

Representative non-steroidal anti-inflammatory agents (NSAIDs) include, but are
not limited to: acemetacin, acetaminophen, acetyl salicylic acid, alclofenac, alminoprofen,
amfenac, amiprilose, amoxiprin, anirolac, apazone, azapropazone, benorilate,
benoxaprofen, bezpiperylon, broperamole, bucloxic acid, carprofen, clidanac, diclofenac,

25 diflunisal, diftalone, enolicam, ctodolac, etoricoxib, fenbufen, fenclofenac, fenclozic acid,
fenoprofen, fentiazac, feprazone, flufenamic acid, flufenisal, fluprofen, flurbiprofen,
furofenac, ibufenac, ibuprofen, indomethacin, indoprofen, isoxepac, isoxicam, ketoprofen,
ketorolac, lofemizole, lornoxicam, meclofenamate, meclofenamic acid, mefenamic acid,
meloxicam, mesalamine, miroprofen, mofebutazone, nabumetone, naproxen, niflumic acid,

30 nimesulide, nitroflurbiprofen, olsalazine, oxaprozin, oxpinac, oxyphenbutazone,
phenylbutazone, piroxicam, pirprofen, pranoprofen, salsalate, sudoxicam, sulfasalazine,
sulindac, suprofen, tenoxicam, tiopinac, tiaprofenic acid, tioxaprofen, tolfenamic acid,

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

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

Representative norepinephrine reuptake inhibitors include, but are not limited to:
atomoxetine, buproprion and the buproprion metabolite hydroxybuproprion, maprotiline,

10 reboxetine (for example, (S,S)-reboxetine), viloxazine, and combinations thereof. In a
particular embodiment, the norepinephrine reuptake inhibitor is selected from atomoxetine,
reboxetine, and combinations thereof.

Representative opioid agonists (opioid analgesics) and antagonists include, but are
not limited to: buprenorphine, butorphanol, codeine, dihydrocodeine, fentanyl,

15 hydrocodone, hydromorphone, levallorphan, levorphanol, meperidine, methadone,
morphine, nalbuphine, nalmefene, nalorphine, naloxone, naltrexone, nalorphine,
oxycodone, oxymorphone, pentazocine, propoxyphene, tramadol, and combinations
thereof. In certain embodiments, the opioid agonist is selected from codeine,
dihydrocodeine, hydrocodone, hydromorphone, morphine, oxycodone, oxymorphone,

20 tramadol, and combinations thercof.

Representative selective serotonin reuptake inhibitors (SSRIs) include, but are not
limited to: citalopram and the citalopram metabolite desmethylcitalopram, dapoxetine,
escitalopram (e.g., escitalopram oxalate), fluoxetine and the fluoxetine desmethyl
metabolite norfluoxetine, fluvoxamine (e.g., fluvoxamine maleate), paroxetine, sertraline

25 and the sertraline metabolite demethylsertraline, and combinations thereof. In certain
embodiments, the SSRI is selected from citalopram, paroxetine, sertraline, and
combinations thereof.

Representative sodium channel blockers include, but are not limited to:
carbamazepine, fosphenytoin, lamotrignine, lidocaine, mexiletine, oxcarbazepine,

30 phenytoin, and combinations thereof.

Representative sympatholytics include, but are not limited to: atenolol, clonidine,
doxazosin, guanethidine, guanfacine, modafinil, phentolamine, prazosin, reserpine,

tolazoline (e.g., tolazoline hydrochloride), tamsulosin, and combinations thereof.
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mol ) was dissolved in THF (10 nL, 0.2 nol) and was cooled at -20C. 1.0 M
of sodiumbis(trinmethylsilyl)amde in THF (11.0 nL, 11 mmol) was slowy
added. The m xture was stirred at -30C to -20C for 30 m nufes. 10.
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THF (7 Mg the E}gsehpﬁl%ﬁﬂdﬁg m xture was stirred at -20C to -10C for 60
m nutes, the M NaOH in water (9.4 nmL, 9.4 mml) was added. The m xture
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2H); 3. 628¢ mg), Mroc?ys*ﬂﬁluﬁd@ellﬁl‘dbe (89. 48) 4181, rnQéﬂ)esmrn stearate (2 mg). The mixture
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1,1"-bis(di phenylWﬂyr@&tmCmtnel?qaadzdlcadjnlﬁn(rld)zaadjzld#nk‘zmt'ndiam

di chl th 52 , [ 1), .
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80C for 17 hours. The m xture was a to cool to roomtenperature and
filtered atdetabinglapOdd (%@@mgomnn@smtoﬁ/@cr Q@Sulnl) to wash the product,

ﬁ)glr g a?at ihgnt I %elﬁl?a(&i%? ?Pg]i?%o g H’r%gg%y%z ﬁ%ﬁ%%ﬁ%ﬁo\ﬁ@ﬁ g;%gleé\gv&tgr boxyl i c
Aci fj) t - BuitfocEstaBlindeHulose (AvicdYBrhYd3; 2590 0R®rHd ihdpaeabanzaate(dnd)g, 7.5
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ar boxyl i Gofipbslibn PYdbsufSt €7 (2.3 9,
Exemplary Tablet Formulation For Oral Administration
20 A compound of the invention (10 mg), starch (45 mg) and microcrystalline
cellulose (35 mg) are passed through a No. 20 mesh U.S. sieve and mixed thoroughly. The
granules so produced are dried at 50-60°C and passed through a No. 16 mesh U.S. sieve.
A solution of polyvinylpyrrolidone (4 mg as a 10 % solution in sterile water) is mixed with
sodium carboxymethyl starch (4.5 mg), magnesium stearate (0.5 mg), and talc (1 mg), and
25  this mixture is then passed through a No. 16 mesh U.S. sieve. The sodium carboxymethyl
starch, magnesium stearate and talc are then added to the granules. After mixing, the
mixture is compressed on a tablet machine to afford a tablet weighing 100 mg.
Alternately, a compound of the invention (250 mg) is thoroughly blended with
microcrystalline cellulose (400 mg), silicon dioxide fumed (10 mg), and stearic acid (5
30 mg). The mixture is then compressed to form tablets (665 mg of composition per tablet).
Alternately, a compound of the invention (400 mg) is thoroughly blended with
cornstarch (50 mg), croscarmellose sodium (25 mg), lactose (120 mg), and magnesium

stearate (5 mg). The mixture is then compressed to form a single-scored tablet (600 mg of
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15 7.5 mol ), THF (69 nmL, 850 mml) and 2 M of sodium carbonate in water
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descr i beddimittheiof B MRjcesorAbove, and substituting the appropriate starting
materi als and reagents, conmpounds 5-1 to 5-17, having fornula Ib, were al so

prepared: WD 2010/ 6589ALRCTIBROOYS Foa 30ginigirasjon By Inhalation

A compound of the invention (0.2 mg) is micronized and then blended with lactose
15 (25 mg). This blended mixture is then loaded into a gelatin inhalation cartridge. The
contents of the cartridge are administered using a dry powder inhaler, for example.
Alternately, a micronized compound of the invention (10 g) is dispersed in a
solution prepared by dissolving lecithin (0.2 g) in demineralized water (200 mL). The
resulting suspension is spray dried and then micronized to form a micronized composition
20 comprising particles having a mean diameter less than about 1.5 pum. The micronized
composition is then loaded into metered-dose inhaler cartridges containing pressurized
1,1,1,2-tetrafluoroethane in an amount sufficient to provide about 10 ug to about 500 ug of
the compound of the invention per dose when administered by the inhaler.
Alternately, a compound of the invention (25 mg) is dissolved in citrate buffered

25 (pH 5) isotonic saline (125 mL). The mixture is stirred and sonicated until the compound
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is dissolved. The pH of the solution is checked and adjusted, if necessary, to pH 5 by
slowly adding aqueous 1N sodium hydroxide. The solution is administered using a
nebulizer device that provides about 10 ug to about 500 pg of the compound of the
invention per dose.
EXAMPLES

The following Preparations and Examples are provided to illustrate specific
embodiments of the invention. These specific embodiments, however, are not intended to
limit the scope of the invention in any way unless specifically indicated.

The following abbreviations have the following meanings unless otherwise

indicated and any other abbreviations used herein and not defined have their standard

meaning;:
AcOH acetic acid
Boc t-butoxycarbonyl
BSA bovine serum albumin
DCM dichloromethane (i.e., methylene chloride)
DIAD diisopropyl azodicarboxylate
DIPEA N, N-diisopropylethylamine
DMEM Dulbecco's Modified Eagle's Medium
DMSO dimethylsulfoxide
EDTA cthylenediaminetetraacetic acid
EtOAc cthyl acetate
EtOH ethanol
FBS fetal bovine serum
hDAT human dopamine transporter
HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
hNET human norepinephrine transporter
hSERT human serotonin transporter
5-HT 5-hydroxytryptamine
IPA isopropyl alcohol
IPAc isopropyl acetate
MeCN acetonitrile (CH3;CN)
MeOH methanol
NA noradrenaline
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PBS phosphate buffered saline
PPh; triphenylphosphine
TFA trifluoroacetic acid
THF tetrahydrofuran
5 TsCl p-toluenesulfonyl chloride or 4-methylbenzenesulfonyl
chloride

Any other abbreviations used herein but not defined have their standard, generally
accepted meaning. Unless noted otherwise, all materials, such as reagents, starting
materials and solvents, were purchased from commercial suppliers (such as Sigma-Aldrich,

10  Fluka Riedel-de Haén, and the like) and were used without further purification.
Preparation 1

4-[2-(Toluene-4-sulfonyloxymethyl)phenvl]piperidine-1-carboxvylic Acid ~-Butyl Ester

VO% yok o<

4-(2-Carboxyphenyl)piperidine-1-carboxylic acid #-butyl ester (5.0 g, 16 mmol,

O

=

15 1.0 eq.)and THF (130 mL, 1.7 mol) were combined at room temperature under nitrogen.
Borane dimethyl sulfide complex (2.9 mL, 33 mmol, 2.0 eq.) was added dropwise and the
mixture was stirred for 5 minutes, then heated at reflux for 1 hour. The mixture was cooled
to room temperature, and the reaction was quenched dropwise with MeOH (40 mL), then
concentrated by rotary evaporation. The material was azeotroped with MeOH (2x40 mL).

20  The mixture was then diluted with EtOAc (100 mL), and washed with 1 M HCI (2x50 mL),
then NaHCOs3 (2x50 mL), then saturated aqueous NaCl (1x50 mL). The organic layer was
dried over anhydrous Na,SO,, filtered, and concentrated in vacuo to yield 4-(2-
hydroxymethylphenyl)piperidine-1-carboxylic acid #-butyl ester (4.8 g) as a clear, light
yellow oil that solidified upon sitting.

25 'H NMR (CDCls) & (ppm) 7.34-7.22 (m, 3H); 7.19 (dt, J= 1.6 Hz, 7.2, 1H); 4.73
(s, 2H); 4.32-4.14 (m, 2H); 3.00 (tt, /= 4.0 Hz, 12.0, 1H); 2.80 (t,./=11.6 Hz, 2H); 1.78-
1.56 (m, 4H); 1.47 (m, 9H).

4-(2-Hydroxymethylphenyl)piperidine-1-carboxylic acid #-butyl ester (0.4 g,
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1.0 mmol, 1.0 eq.) and triethylenediamine (220 mg, 2.0 mmol, 1.4 eq.) were dissolved in
DCM (11 mL, 170 mmol). The mixture was cooled at 0°C under nitrogen, TsCl (290 mg,
1.5 mmol, 1.1 eq.) was added, and the mixture was stirred at 0°C for an additional
60 minutes. The mixture was diluted with EtOAc (50 mL) and washed with water
(2x25 mL). The organic layer was dried over anhydrous Na;SOy, filtered and concentrated
by rotary evaporation to yield the title compound (500 mg), which was used without
further purification.

'HNMR (CDCls) 3 (ppm) 7.81 (t, J = 2.0 Hz, 1H); 7.79 (t,J= 2.0 Hz, 1H); 7.37-
7.32 (m, 4H); 7.25-7.21 (m, 1H); 7.21-7.13 (m, 1H), 5.12 (s, 2H); 4.34-4.12 (m, 2H); 2.81-
2.61 (m, 3H); 2.45 (s, 3H); 1.70-1.52 (m, 4H); 1.48 (s, 9H).

Preparation 2

4-(2-Methanesulfonvloxymethylphenyl)piperidine-1-carboxylic Acid +~Butyl Ester

0
OH OH ol
A ™~ ]
0 0O 0
—_— .

Ng// 0J< Ng// 0J< N}//OJ<

4-(2-Carboxyphenyl)piperidine-1-carboxylic acid #-butyl ester (5.0 g, 160 mmol,

=0
n=0

1.0 eq.) and THF (100 mL, 1.0 mol) were combined at room temperature under nitrogen.
1.0M Borane-THF complex in THF (32.7 mL, 32.7 mmol, 2.0 eq.) was added dropwise
over 10 minutes (5°C exotherm, gas evolution). The mixture was stirred at room
temperature for 5 minutes, then heated at 50°C for 1 hour. The mixture was cooled to
room temperature, and the reaction was quenched slowly with MeOH (30 mL) (mild
exotherm, significant gas evolution), then concentrated by rotary evaporation. The
material was azeotroped with MeOH (2x50 mL). The crude product was dissolved in
EtOAc (100 mL, 1 mol), washed with NaHCOs; (50 mL), then saturated aqueous NaCl
(50 mL). The organic layer was dried over anhydrous Na,;SQy, filtered, and concentrated
in vacuo to yield 4-(2-hydroxymethylphenyl)piperidine-1-carboxylic acid #-butyl ester
(4.4 g) as a clear, light yellow oil that solidified upon sitting.
4-(2-Hydroxymethylphenyl)piperidine-1-carboxylic acid #-butyl ester (50.0 g,
172 mmol, 1.0 eq.) was dissolved in DCM (500 mL, 8000 mmol). The mixture was cooled
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at 0°C under nitrogen and methanesulfonic anhydride (44.8 g, 257 mmol, 1.5 eq.) was
added in one portion. DIPEA (47.8 mL, 274 mmol, 1.6 eq.) was added dropwise over
5 minutes and the mixture was stirred at 0°C for 90 minutes. Water (400 mL, 20 mol) was
added and the mixture was stirred for 5 minutes. The phases were separated, and the
organic layer was washed with water (300 mL), dried over Na,SO,, and the solvent
removed to yield the title compound (70 g) as a thick oil, which was used without further
purification.

'H NMR (400 MHz, DMSO-dg) & (ppm) 7.37-7.43 (m, 3H), 7.31 (d, 1H), 7.22 (m,
2H), 5.38 (s, 2H), 4.28 (m, 2H), 2.92-3.10 (m, 1H), 2.92 (s, 3H), 2.80-2.92 (m, 2H), 1.63-
1.81 (m, 4H), 1.51 (s, 9H).

EXAMPLE 1

4-[2-(2.4.6-Trifluorophenoxymethyphenyl]piperidine

F

N
H

4-[2-(Toluene-4-sulfonyloxymethyl)phenyl]piperidine-1-carboxylic acid #-butyl
ester (2.1 g, 4.7 mmol, 1.0 eq.) was dissolved in MeCN (46 mL, 890 mmol) and added to
K,CO; (1.9 g, 14 mmol, 3.0 eq.) and 2,4,6-trifluorophenol (1.0 g, 7.0 mmol, 1.5 eq.). The
mixture was shaken at 50°C overnight, then cooled to room temperature. The supernatant
was separated from the K,COs and other solids. TFA (7 mL, 90 mmol, 20.0 eq.) was
added to the supernatant and the mixture was shaken overnight at room temperature. The
solution was then concentrated to yield a crude residue. The residue was dissolved in
5.0 mL 1:1 AcOH/H;O, then in an additional 2.0 mL AcOH, filtered and purified by
preparative HPLC to yield the title compound as a TFA salt (1.3 g, 97.5% purity). MS m/z:
[M+H]'" calcd for CisH;sF3NO, 322.13; found 322.2.

'H NMR (CDCls) 3 (ppm) 9.83 (br.s, 1H); 9.32 (br.s, 1H); 7.46-7.39 (m, 2H); 7.32
(d, J= 6.8 Hz, 1H); 7.26-7.21 (m, 1H); 6.76-6.66 (m, 2H); 5.07 (s, 2H); 3.69-3.50 (m, 2H);
3.38 (t,J=11.6 Hz, 1H); 3.20-3.02 (m, 2H); 2.19 (q, /= 12.8 Hz, 2H); 2.12-2.01 (m, 2H).

-45-



C181-118C1F2NO 338. 10 338.0 5-10 6-fluoro HHH C C181-118C1F2NO 338. 10
338.0 5-11 6-fluoro HHHH  C181-119F2NO 304. 14 304.2 5-12 6-fluoro
WO 2010/056941 PCT/US2009/064308

Synthesis of 4-[2-(2,4,6-Trifluorophenoxymethyl)phenyl]
piperidine as a Crystalline HCI Salt

4-(2-Methanesulfonyloxymethylphenyl)piperidine-1-carboxylic acid #-butyl ester

(27.0 g, 60.6 mmol, 1.0 eq.) was dissolved in MeCN (540 mL) and added to K,CO; (25 g,
5 180 mmol, 3.0 eq.) and 2,4,6-trifluorophenol (13.5 g, 90.9 mmol, 1.5 eq.). The mixture

was vigorously stirred at 50°C for 6 hours, removed from the heat, and stirred overnight.
The mixture was cooled at room temperature, and diluted with EtOAc (700 mL) and water
(700 mL). The phases were separated, and the organic layer was washed twice with 1.0 M
NaOH in water (2x400 mL) and saturated aqueous NaCl (1x400 mL), then dried over

10 Na;SOj, and the solvent removed to yield crude 4-[2-(2,4,6-trifluorophenoxymethyl)-
phenyl]piperidine-1-carboxylic acid #-butyl ester (25.0 g). The crude product was
combined with smaller scale runs for a total of 30 g, and purified by chromatography
(0-10% EtOAc in hexanes) to yield 4-[2-(2,4,6-trifluorophenoxymethyl)phenyl]piperidine-
I-carboxylic acid #-butyl ester (22.0 g).

15 The ¢-butyl ester (22.0 g, 31.3 mmol, 1.0 eq.) was combined with 1.25M HCl in
EtOH (250 mL, 310 mmol, 10.0 eq.). The mixture was stirred at room temperature for 8
hours, then stored at -10°C over approximately 48 hours. Most of solvent was removed by
rotary evaporation. To the resulting thick slurry was added EtOAc (80 mL), followed by
stirring at room temperature for 2 hours. First crop was isolated by filtration, and the filter

20  cake was washed with EtOAc (20 mL) and dried to yield the title compound as a
hydrochloride salt (8.5 g, >99% purity) white solid. HPLC of the filtrate shows ~25% areca
of product. For the second crop, the solvent was removed by rotary evaporation and the
resulting solid (~10 g) was slurried in EtOAc (40 mL), first at room temperature, then at
60°C, and again at room temperature to yield the title compound as a hydrochloride salt

25 (1.7 g,>99% purity).

Two lots of the hydrochloride salt (18.5 g, 51.7 mmol) were combined with EtOAc
(75 mL, 770 mmol). The resulting thick but free-flowing slurry was heated at 65°C for
30 minutes, cooled to room temperature, and filtered. The flask and the filter cake were
washed with EtOAc (20 mL), and the solids dried under high vacuum at room temperature

30 overnight to yield the crystalline hydrochloride salt (18.2 g, 99.3% purity).

Good crystallinity was observed by XRPD. LC-MS (2 mg in 2 mL of 1:1
MeCN:1M aq HCI; API 150EX LC/MS System) was found to be consistent with structure.

NMR (DMSO-dg, Varian VnmrJ 400) was found to be consistent with the structure and the
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salt form.
Alternate Synthesis of 4-[2-(2,4,6-Trifluorophenoxymethyl)phenyl]
piperidine as a Crystalline HCI Salt
Acetyl chloride (83.5 mL, 1170 mmol) was slowly added to EtOH (140 mL,

5 2.4 mol). 4-[2-(2,4,6-Trifluorophenoxymethyl)phenyl]piperidine-1-carboxylic acid #butyl
ester (55.0 g, 117 mmol) dissolved in EtOH (100 mL, 2.0 mol) was added and the resulting
mixture was stirred at room temperature for 6 hours. Most of solvent was removed by
rotary evaporation. To the resulting thick slurry was added EtOAc (300 mL), followed by
partial solvent removal to ~100 mL. Fresh EtOAc (200 mL) was added and the resulting

10 slurry was stirred for 1 hour, filtered and dried to yield a hydrochloride salt (28.0 g, ~99%
purity). The filtrate was concentrated to a thick paste and IPAc (100 mL) was added,
stirred for 1 hour, filtered and dried to further yield 5.0 g of the hydrochloride salt (~99%
purity).

Two lots of the hydrochloride salt (83.0 g, 230 mmol, ~99% purity) were combined

15  with EtOAc (250 mL, 2.6 mol). The resulting slurry was heated at 70°C and then slowly
cooled to room temperature, followed by stirring overnight. The resulting free-flowing
slurry was filtered and the filter cake was washed with EtOAc (50 mL) then dried under
high vacuum for approximately 48 hours to yield a crystalline hydrochloride salt (81.0 g,
>99% purity). 'H NMR (DMSO-ds, 400Hz) was found to be consistent with the structure

20  and the salt form of Example 1.

The crystalline hydrochloride salt (50.0 g, 1.40 mol, >99% purity) was dissolved in
IPA (250 mL, 3.3 mol), and the resulting slurry was heated to 75°C. Water (25 mL,
1.4 mol) was added. Complete dissolution was observed in 5 minutes, and the internal
temperature of the solution was 65°C. The solution was slowly cooled to room

25 temperature and then stirred at room temperature overnight. The resulting solids were
filtered and dried under air for 2 hours to yield a semi-dry product. The solids were then
dried under high vacuum at room temperature for approximately 48 hours to yield the title
crystalline hydrochloride salt (44.1 g, 99.5% purity). The material exhibited good
crystallinity by XRPD and DSC.

30 The title crystalline hydrochloride salt (151.1 g, 99.5% purity) was also prepared in
a similar manner using 175.0 g of the hydrochloride salt and 10 volumes of 5% water in

IPA (total of 90 mL water and 1.8 L IPA).
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EXAMPLE 2

4-[2-(2,6-Difluorophenoxymethyl)phenyl]piperidine

F

N
H

4-[2-(Toluene-4-sulfonyloxymethyl)phenyl]piperidine-1-carboxylic acid #-butyl
ester (225 mg, 505 umol, 1.0 eq.) was dissolved in MeCN (5.0 mL, 97 mmol) and added to
K;CO;3 (210 mg, 1.5 mmol, 3.0 eq.) and 2,6-difluorophenol (98 mg, 760 umol, 1.5 eq.).
The mixture was shaken at 50°C overnight, then cooled to room temperature. The
supernatant was separated from the K,COj; and other solids.

TFA (800 uL, 10 mmol, 20.0 eq.) was added to the supernatant and the mixture was
shaken overnight at room temperature. The solution was then concentrated to yield a crude
residue. The residue was dissolved in 1.5 mL 1:1 AcOH/H;0, then in an additional 0.3 mL
AcOH, filtered and purified by preparative HPLC to yield the title compound as a TFA salt
(115 mg, 95% purity). MS m/z: [M+H]" caled for C;sH;9F,NO, 304.14; found 304.2.

The following NMR data was obtained for a separate lot of material that was
prepared in a manner similar to that described above:

'H NMR (CDCls) 3 (ppm) 9.60 (br.s, 1H); 9.25 (br.s, 1H); 7.42-7.37 (m, 2H); 7.33
(d, J=7.6 Hz, 1H); 7.26-7.20 (m, 1H); 7.03-6.86 (m, 3H); 5.11 (s, 2H); 3.64-3.50 (m, 2H);
3.38 (t, J=11.0 Hz, 1H); 3.16-3.00 (m, 2H); 2.18 (q, J = 12.4 Hz, 2H); 2.10-2.01 (m, 2H).

EXAMPLE 3

Following the procedures described in the examples above, and substituting the

appropriate starting materials and reagents, compounds 3-1 to 3-10, having formula Ia,

were also prepared:

Iz

(Ia)
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C181-117C1F3NO 356. 10 356.0 G5EXAMPLE 6 Fol | owi ng the procedures
described in the exanpl es above, and substituting the appropriate starting
mat er i al swardiwsegent s, conpounds 6-1 to 6-7, having foPCHIES20024084308ver €

al so prepared: 10 (Ilc) WD 2010/056941PCT/ US2009/ 064308 Cnpd R1 R3 R4 R5
R6 Formula M5 miz: [ M+H +

Cmpd | R® | R*| R® | RS Formula MS m/z: [MH]
calcd found

3-1 H H H H C13HoFNO 286.15 286.2
32 H Cl H F C13H3CIF,NO 338.10 338.0
3-3 F H H F CgHgFsNO 322.13 322.2
34 Cl H H F C3H;:CIF,NO 338.10 338.0
3-5 -CH; H H F C1oH, FoNO 318.16 318.2
3-6 H H F Cl C13H3CIF,NO 338.10 338.0
3-7 H H H Cl C13H1oCIFNO 320.11 320.0
3-8 H H H Br C3sHsBrFNO 364.06 364.0
39 H Br H Cl | CisHisBrCIFNO | 398.02 398.0
3-10 H F H Cl C13H3CIF,NO 338.10 338.0

Preparation 3

4-(4.4.5.5-Tetramethyl-[1.3.2]dioxaborolan-2-vy1)-3.6-dihydro-2H-pyridine-1-carboxylic

5 Acid r-Butyl Ester
F
F F FO_F
F
N j Y D
O 0 40 \/SQO O\B/O

Boc-4-piperidone (1.99 g, 10 mmol) was dissolved in THF (10 mL, 0.2 mol) and
was cooled at -20°C. 1.0 M of sodium bis(trimethylsilyl)amide in THF (11.0 mL,
11 mmol) was slowly added. The mixture was stirred at -30°C to -20°C for 30 minutes.

10 N-Phenyl-bis(trifluoromethanesulfonimide) (3.57 g, 10 mmol) was added in THF (7 mL).
The resulting mixture was stirred at -20°C to -10°C for 60 minutes, then 1.0 M NaOH in
water (9.4 mL, 9.4 mmol) was added. The mixture was allowed to warm to room
temperature. EtOAc (60.0 mL) and heptane (30 mL) were added to the mixture and stirred
for 5 minutes. The layers were separated and the organic layer was washed with 1IN NaOH

15 (5x25 mL), saturated aqueous NaCl (10.0 mL), dried over Na,SOy, filtered and
concentrated to yield 4-trifluoromethanesulfonyloxy-3,6-dihydro-2H-pyridine-1-carboxylic
acid #-butyl ester (3.1 g) as a yellowish oil, which was used without further purification.

'H NMR (CDCls) 3 (ppm) 5.76 (m, 1H); 4.04 (m, 2H); 3.62 (m, 2H); 2.45 (m, 2H);
1.48 (s, 9H).
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4-Trifluoromethanesulfonyloxy-3,6-dihydro-2H-pyridine-1-carboxylic acid #-butyl
ester (990 mg, 3.0 mmol) was dissolved in 1,4-dioxane (9 mL, 100 mmol) and potassium
acetate (883.3 mg, 9.0 mmol), bis(pinacolato)diboron (788 mg, 3.1 mmol),
1,1-bis(diphenylphosphino)ferrocene-palladium(Il)dichloride dichloromethane complex
(52 mg, 63 umol), and 1,1'-bis(diphenylphosphino)ferrocene (38 mg, 68 umol) were
added. The mixture was degassed and purged with nitrogen (4x), followed by heating at
80°C for 17 hours. The mixture was allowed to cool to room temperature and filtered
through Celite™ using EtOAc (25 mL) to wash the product, yielding the title compound
(296 mg) as a semi-waxy white solid.

Preparation 4

4-(4-Fluoro-2-hydroxymethylphenyl)piperidine-1-carboxvlic Acid +~Butyl Ester
F

bt | |
O O
F \B/ O\ O\ OH
O_
Qﬁ + @ N ° °
S . .
O
Br

Nz/ok N)//OJ< N)/oJ< N)/oJ<

Methyl 2-bromo-5-fluorobenzoate (1.8 g, 7.5 mmol), 4-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-pyridine-1-carboxylic acid #-butyl ester (2.3 g,
7.5 mmol), THF (69 mL, 850 mmol) and 2 M of sodium carbonate in water (15.0 mL,
30.0 mmol) were combined, and the mixture was degassed and flushed with nitrogen.
Bis(triphenylphosphine)palladium(II) chloride (158 mg, 225 umol) was added, and the
mixture was again degassed and flushed with nitrogen. The mixture was heated at 80°C
for 1 hour. The mixture was then cooled and the layers separated, diluted with EtOAc
(50 mL), washed with saturated aqueous NaCl (30 mL), dried over Na,SQy, filtered and
concentrated in vacuo. The crude product was purified by flash chromatography (0-50%
EtOAc in hexanes). A solution of the crude material and Pearlman's Catalyst (0.1:0.4,
Palladium hydroxide:carbon black, 1.1 g, 1.5 mmol) in MeOH (60.8 mL, 150 mmol) was
hydrogenated at 1 atm at room temperature overnight. The mixture was then evacuated,
purged with nitrogen, filtered through Celite® and concentrated to yield a colorless oil.
This oil was dissolved in THF (30 mL, 400 mmol) and treated with borane-dimethyl

sulfide complex (1.3 mL, 15.0 mmol) at room temperature. The mixture was heated to

-50-



HHHCO C18HL7C1F3NO 356. 10 356.0 6-4 4,6-difluoro HHH F Cl8H17F4NO
340. 12 340.0 6-5 4,6-difluoro F HHF C18HL6F5NO 358. 12

10

15

20

WO 2010/056941 PCT/US2009/064308

reflux for 5 hours. After cooling to room temperature, MeOH (20 mL) was slowly added
and removed by rotary evaporation. Another 20 mL of MeOH was added and removed by
rotary evaporation. The residue was then dissolved in EtOAc (100 mL) and washed with
IN HCI and sat. NaHCO;, dried over Na,SQOy, filtered and concentrated. The material was
then purified by silica gel chromatography (0-50% EtOAc in hexanes) to yield the title
compound (924 mg) as a colorless sticky solid.

'HNMR (CDCls) 3 (ppm) 7.21 (br.s, 1H); 7.16 (m, 1H); 6.98 (m, 1H); 4.76 (br.s,
2H); 4.24 (m, 2H); 2.89 (m, 1H); 2.80 (m, 2H); 1.72 (m, 2H); 1.60 (m, 2H); 1.47 (s, 9H).

EXAMPLE 4
4-[4-Fluoro-2-(2.4.6-trifluorophenoxymethylphenyl]piperidine
F
F
O
F F
N
H

DIAD (23.6 uL, 120 umol) was added to a solution of PPh; (28.9 mg, 110 umol) in
toluene (533 uL, 5 mmol). The mixture was stirred briefly, and 4-(4-fluoro-2-
hydroxymethylphenyl)piperidine-1-carboxylic acid #-butyl ester (30.9 mg, 100 umol) was
added. This mixture was combined with 2,4,6-trifluorophenol (14.8 mg), heated at 80°C
for 4 hours, then concentrated. The crude material was deprotected using 1.25 M HCl in
EtOH (1 mL) overnight at room temperature. The material was then concentrated and the
residue was purified by preparative HPLC to yield the title compound as a TFA salt
(7.8 mg, 100% purity). MS m/z: [M+H]" calcd for C1sH7F4NO, 340.12; found 340.0.

EXAMPLE 5

Following the procedures described in the examples above, and substituting the

appropriate starting materials and reagents, compounds 5-1 to 5-17, having formula Ib,

were also prepared:
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F
1
R o) R’
R® R’
R®
N
H (Ib)
Cmpd | R' | R | R*|[R | RS| Formula MS m/z: [MAH]
calcd found
5-1 5-fluoro H H H H C18H19F2NO 304.14 304.2
5-2 4—ﬂu0r0 H H H F ClnggFgNO 322.13 322.0
5-3 5-fluoro H H H F CsH;sFsNO 322.13 322.2
5-4 6-fluoro H F H F CgH,F/NO 340.12 340.0
5-5 5-fluoro H F H F CgH{;F.NO 340.12 340.0
5-6 3-fluoro F H H F CgH,F/NO 340.12 340.0
5-7 5-fluoro F H H F CgH,F/NO 340.12 340.0
5-8 5-fluoro H H F Cl | C;3H;-,CIF;NO | 356.10 356.0
5-9 4-fluoro H H H Cl | CigH;CIF,NO | 338.10 338.0
5-10 | 6-fluoro H H H Cl | C;gH;:CIF,NO | 338.10 338.0
5-11 6-fluoro H H H H C1sH;oF:NO 304.14 304.2
5-12 6-fluoro H H H F CsH;sFsNO 322.13 322.2
5-13 5-CF, H H H Cl | CioH;CIFANO | 388.10 388.0
5-14 5-CF, F H H F C1oH17F¢NO 390.12 390.0
5-15 6-fluoro F H H F CgH{;F.NO 340.12 340.0
5-16 5-CF, H F H F C1oH17F¢NO 390.12 390.0
5-17 | 6-fluoro H H F Cl | C;3H;-,CIF;NO | 356.10 356.0
5 EXAMPLE 6
Following the procedures described in the examples above, and substituting the

appropriate starting materials and reagents, compounds 6-1 to 6-7, having formula I1-3,

were also prepared:

R");

Iz

(Ie)
10
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Cl C18H16C1F4NO 374.09 374.0 ASSAY 1 hSERT, hNET, and hDAT Bi ndi ng Assays
Menbr ane radi ol i gand bi ndi ng assays were used to neasure conpetitive

i nhi bi ti omo2owfoskavel ed |igand (3H-cital opram or 3H ni SEXKELSA@IO64308

3H W N35428) binding to nenbranes prepared fromcells expressing the
respective human reconbi nant transporter (hSERT or hNET or hDAT) in order

to determ ne—thepki \v{a! ues ?f_tf_t currp?'unds at—the trani,’p‘o_teu. Menbr ane
Prepar ati on| Empth|Cel IRS ExprBSgi Ry |WBERTR® HNETFormowla h DAT- M2 BEpN - HRht | human
enbryoni ¢ kidney [( HEK-293) derlived celll lilnes stabhly 1y Fla cff@mldnr with

i
hSERT or hN T?'I;cu\f‘}gﬁﬁdiﬂll‘?}”ﬂf y,H weHe gHm ntin MFRMQ-I’I 4 pl erdfeqg with
10% di al yzed EBS |(4sodiflheeRTH or FERSH( flof hNEWHIsFING; 1§ 47842 nerdP8L1 1l n,
100i Li g/ mL gt #-Bpt| defydiflnoro2 Hwvl1 HglluHani Gk |daeH 28HiNG g/ A%6. 1 |t 1366.0
am nogl ycos| de4ant4thdifp¢re |GH18, H n H 59FCOR GulhifdN@i ed34hiPubat3dp.Oat| 37C.
VWhen cul t ur ps6-feacifedflBgd cdnfll Hencé, [t e [cdlitbRadPe (WaEhEd [t B68.8ughly in
PBS (without €62'| 4%difindoNgP+) &nd Hi |t &d Wil & NN EDIR.i2n |PBSB3Cel | s were
pel | et ed by| cefit rjifuddteron, Hr eslispenlded Fi n 1Gd1,&-WQf fleBS L0 | n95FRi - HCL,
pH7.5 cont aj néAg | ¥,¢dikllidd A) H hologemi Zed] |petHeCIEdNGY 88 i|f 8GaDi gn, then
resuspended in 50mMM Tris-HCl, pH 7.5 and 10% sucrose at 4C. Protein
concentration of the nenbrane suspensi on was determ ned using a Bi o-Rad
Bradf ord Protein Assay kit. Mermbr ane &Sy & snap frozen and stored at 20
-80C. Chi nese hanster ova eSS (CHO DAT) were

pur chased from Perki nEl m%ﬂ%ﬁﬁ’@@%ﬁd?@%@%&ﬂ%ﬁggﬁgg Assays Bi ndi ng
assays were paé¢mbmedradmlrafdbinding asyayepd aded té measurot@hpatoivanshilmtio 00 pl

assay buffer mM Tri s-HC1, 120 NaCl, 5 A .wth 0.5 1, and
3 [tg 25 Ofr@ﬂ?ﬁfegﬁ@am bt O 05k ,lmefrneaml%g@éé&@%mw% fFat i on
bi ndi ng %Eéﬁdk&lsﬁorhgel@ke&%gé&iﬂg AL Rl AR Atk S RSnd B s Rt gﬁsﬁi@paﬁtm

3H ni soxetine, or 3H W N35428, 2010/ 056941 PCT/ US2009/ 064308

respect i WAET ewdr2ATbimduderdd dasimige tie piifvabres of tesaaineiaugdnd thomemsportesi ons

rangi ng from 0. 005-10 3H-cital o :0.01- ni tine) and
02095050 (b wikesTs et ith ERE R AT b urtte PRl e, Bt RBATL: "o

val ues of teStRe@@rEEBﬁuﬂﬂﬁmY@r&n&&glﬁUﬁidﬁéy(ﬂEK-zb3 deicdtdettilingd @sigm 1.0 nM
3Hni soxetine or 3.0 nM5 3H WN35428, at 11 different concentrations of

test Wbnpwosfactedngihng ERToen MEEDvetnsctidy. aw grown in DMEM medium
supplemented with 10% dialyzed FBS (for hRSERT) or FBS (for hNET), 100 pg/ml

penicillin, 100 pg/ml streptomycin, 2 mM L-glutamine and 250 ug/ml of the
aminoglycoside antibiotic G418, in a 5% CO, humidified incubator at 37°C. When
cultures reached 80% confluence, the cells were washed thoroughly in PBS (without Ca**
15 and Mg®") and lifted with 5 mM EDTA in PBS. Cells were pelleted by centrifugation,
resuspended in lysis buffer (10 mM Tris-HCI, pH7.5 containing 1 mM EDTA),
homogenized, pelleted by centrifugation, then resuspended in 50mM Tris-HCI, pH 7.5 and
10% sucrose at 4°C. Protein concentration of the membrane suspension was determined
using a Bio-Rad Bradford Protein Assay kit. Membranes were snap frozen and stored at
20 -80°C. Chinese hamster ovary membranes expressing hDAT (CHO-DAT) were
purchased from PerkinElmer and stored at -80°C.
Binding Assays
Binding assays were performed in a 96-well assay plate in a total volume of 200 pl
assay buffer (50mM Tris-HCI, 120mM NaCl, 5mM KCI, pH 7.4) with 0.5, 1, and 3 pg
25 membrane protein, for SERT, NET and DAT, respectively. Saturation binding studies, to

determine radioligand K4 values for *H-citalopram, *H-nisoxetine, or *H-WIN35428,
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Stock solutions (10 mMin DVBSO) of test conpound were prepared and seri al
dilutions nmade using Dilution Buffer (50 nmM Tris-HC1, 120 mM NaCl, 5nM KC1,
pH 7.4, OVO%BARA944001 LLM ascorbic acid). Non-specific ratiuskéogansodi ndi ng
was determ ned 10 in the presence of |iuM dul oxetine, 1 tM desipram ne or
101 LLM GBR12909 (each in Dilution Buffer) for the hSERT, hNET or hDAT

assays, respectively. Foll ow ng Q. mnute jncubation at 22C (or a period
suf fi ci eAeSPEETYE a‘é(FFeec&H&‘F‘it%ir‘il% ?2 5@%@%%&%@@ FRICEN RS ENGHNENO P api d

filtrati v P I froh Her 3 &at with 0.3%
@DBYRI n¥t (gtg c?j{@ll\?ggaﬁga&gh 29 nhﬁyfﬁnﬂbf’%ﬁe? RI£).5 8B4 0

pol yet hyl enei m ne, an times wth 300 TA 15 wash buffer (50 niM

Tri s- HC1,CH)-VOP§394CR), DibplacEnant ass@ys foPdeteosinakoreofdr; edluoy ef testgiompmtindsoom

t t - 45 LA .of i nt Tm 20 ( Perki n_El d d bound
2t onct s gontitst Meidh kGl FPEIEPRE (AT s Ep et P68 opy "
Conpets t PYEWINB54ISt hON GEENEECHIBhtEAOUS 8F fe@tohHRlAE@FARBindETdn aogM?oed usi ng

G aphPad Prism Software package (G aphPad Software, Inc., San ego, CA).
| C50 val U89 ivere generated from 20 concentration response curves using the

Si gnoi dal Dose, Respon riabl lgorithmin Pri hPad. Kd
o B val ue SRR FARA PR AP e S b AT T b P ST RRRE
i sot her malilugomgnideeusHat Dil@idnoBu Birnsd AoV Eriokkad], F20 mall oG MM KKCPHHS M
GraphPad._ pKi (negative decadic logarithmof Ki) values for test conpounds
vere cal dut&tlée Bﬁ%eﬁp@ uM prcgtbig peid) ASon-shecifiesadighgandiundiag wap detegpingghe

B ochim ToRsTHRCAR 05, SRNYARUT MY RPN ARSER) WT ERRLO TS ) 127
concent r &iluwion Badieo) fogtrhSERT, hNEAl dr HINET afsaye mesptétond conpounds wer e

tested in thi ssay apd found to exhipit SERT pKi..> 7.9 and a NET pKi >
8.0. 30Assay 2°lA%gRR O Rmpte ’élﬁﬂb%@ﬁ\?tf%&gﬁﬁé’ﬁg ﬂnglePthPéRaéﬂAssays

Neur ot ra%ﬁﬁ'ﬂli%ﬁ(ﬁ%lh‘{gé ﬁl‘é_i_)ﬁlb?%&@%ré’ﬁr@es%b%% Itaﬁidr’fﬁﬁ'%r?o\%?gpﬁmféﬂ VRiFiRRI b tion

of 3Hser ot oni n , 3H-norepi nephri'ne (3H NE), and 3H dopam ne (3H DA)

upt ake i (ilgB-rhate, prof@aRoInoito 8 3 94nRGTh SR 0i<) 6486 8shed|d tinescprtie 360 nly t he

respegtive a ter (h n JANET or T) I der to determ ne the
g R R Ak R Rva= T SRR el P i T e T
3H DA Uptradif téascasrdIEK5393f deiciogerit Cerd (Hehiig Elmtahbyed maoliegt ed W th
hSERT, hNET, or hDAT, 5 respectively, were grown in DVEM nmedi um

suppl enentdgacfivity quoYdcdyidsyidratigen HSERTIcOpy. FBSPEtBYC INNBTtoAnd hDAT) ,
100i Li g/ icillin, 100ilig/ TyCj |- @l Wt ani d
200, 1 9 TR b Lddifon ABREHLOLTR A SR LRy uf T AT AR

800ug/ mlL (GEaphPhdAdhtwareNIngd., % OF:oh um)di€ i edluenshadeneraddd fofe. When cul tures

reached 80% confl uence, the cells were washed thoroughly in PBS (w thout
Ca2' b gABCHYOLUIN LEARPISE FRNES Wilghths SigineidalDoss Reseonsgéydriabigeiepehar vest ed by

centri f ugalyin & prhdfl &l Pl Ok  AndBIU LGSy ‘ngtﬂ@ga 18 d Y e ESHR ?ﬁflfsfr. in
PBS, t hen?écoelnt r ﬁ ug%rg. rTlﬁgaasugéir nat 4Kt was  di scardge%%gnd et{% c%l p@?l et
r esuspendettratioy igehring using tther $dtiration Bimdirgp@idbehipiealgbrithen rRyizer Graphead.
bi carbonat e buffer containing HEPES (10 , CaCl2 (2.2 , .ascorbic acid
(200 uM PKr gle}gaybey@q% C?Ogﬂﬁﬂﬂﬂ/f%ﬁa _egf_fo% cqrpﬂ(a}ndg were cal ulate(f ?rorn the

best-fit ICsq values, and the K4 value of the radioligand, using the Cheng-Prusoff equation

25 (Cheng & Prusoff (1973) Biochem. Pharmacol. 22(23):3099-3108): K; = ICs¢/(1+[L]/Ky),
where [L] = concentration radioligand.
All the aforementioned compounds were tested in this assay and found to exhibit a

SERT pK; > 7.9 and a NET pK; > 8.0.

30 Assay 2
hSERT, hNET, and hDAT Neurotransmitter Uptake Assays
Neurotransmitter uptake assays were used to measure competitive inhibition of *H-
serotonin ("H-5-HT), *H-norepinephrine (H-NE), and *H-dopamine (‘H-DA) uptake into
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15 concentration of cells in the cell suspension was 7.5 x 104 cells/m,
1.25 x105 cells/m, and 5.0 x 104 cells/m for SERT, NET, and DAT cell

| i nes, respeotiosedsy. Neurotransm tter uptake assapsTwsec@pesshorned in
a 96-well assay plate in a total volunme of 400 ulL, assay buffer

(Krebs- Ri nger bicarbonate buffer cont ai ni ng HEPES (10 mM), CaCl2 (2.2 MV,

ascorbic a id (200 uM and .pargyli ne x 20 104
and 2.5 £CHOAPESHING he i5pPaSHEE ravONE F@? p%ﬁ??\?’é IhPA%dPrﬁE‘?’F fq %‘rﬁef&%%ys for

det er m ngkd O Pfal s %esy BbHESurak aitﬁéhaﬁ%&%ﬂ”ds were conducted with 11
di fferent concentrati ons, rangin from Mto 100 uM Stock solutions (10

mMin DVBO of test corrpdirddH%erléi\fE epdrﬁtﬂéﬁ@ﬂd{epﬁis&dysdl | uti ons prepared

accorbic aci o 19<r BsmmLmud e S enctsaran iR SN R boRk 576 wi o

the r %p@g%bé/tﬁzeﬁﬁ kP gidkvinah UMEﬁﬂﬁ'eﬂﬂuﬁﬂsu%féleh@ﬂte@'vﬁﬂﬁi@ﬂ dkiiea oatter,
3H 5-HT final concentrati ong 50 nM final concentration), or

3H DA ( 1GOERW) or KBS (fro ek gk hIdAY 1&6mgémemanIIélnnHlﬂ;@g/nléﬁ@ﬁtQmmlnupt ake

1o oot L AR bE APPSRl bR U Oy e pr am ne
respect i \WBT) &Qﬁmg/m\v\(fbghlaAI@ iiars9t e:ozrh@ﬁi@@iﬁb@mcubzttoﬁé‘c@"@a tWhehadi ol i gand,
the cells were harvested by rapid filtration over a 96-well UniFilter G-/ B

plate, prcektwé&fe@ah% {070 sopfpace, élﬁdce&%w&fdwesh@fi rResough R ingBRBS (ivitheas ﬁabuf fer
e

2010/ 056940F 6 HSZ0MENE6438dhedwant by etsedpensian In RS dhaccantrifupat. i Bire
spectroscopy. Conpetj.tive inhibitjon curves re analyzed using G aphPad
Prism sﬁflﬁ%ﬁl@mﬁg@%é@w@@im%&eg@ﬁﬂ%ﬁwmﬁd %ysﬁﬁtléﬁgaatlom 9B o
val ues W%%&%Fer ﬁ%e%@&ﬁ%b?‘bﬁ%%%ﬂerb%?ﬂepébrﬁﬁﬁﬁg'}PﬁDEE}J(l‘OerﬁM‘)SCJGl the

Si gnoi dal se Response (variable slope) algorithmin Prism G aphPad. 5

ASSAY 3 (ER rhM\)cnsSERIE aant(mE]lM)raldqqacgyﬂlae (cudanpdy/ 7.8t dde émalEX vi vo
radi o] i gand bi ndi ng uro ransm.tter t ake S wer us
det er H n@ORRUAIPILS ﬁ‘iwaﬁnwa%ﬁg w@rcgﬁmﬁé Bl %‘fszmt apdgi ons,

f ol I owi ng § £1130ceyik ¥ f@id@EFaTSNE@t a&am@%ﬂ%eg r@s?E&We of t_est conpounds.
Fol | owi ng adm ni stration of test conpound travenous, intraperitoneal,

oral, subcut afbunyrapsmgtcheptakoatseys \atremhe“oamﬁmpr%awdl dsssye pla: @GO0td 0 100
g/ kg) ra s ( per ) .eut hani.zed ecific t ints (10
nutes oot dP e By R it prE R R St fed e

Rel evant il use.
15Bx Vi vgk*‘é%%%%% %EWRE%C???F SaRCf RAERTLIA CO0LSH, B 7 HAGIE

radi o0 gdAdaty Rdixng’ aslésafer, SEREandINET atespeativsly o CoapstiGomassays fof SERT

(3Hci tal and xetine), sel ecti,ve radi ds with rat
bom o CHETHIEBRGE e Vaaveépogﬁ@ﬁcwmﬁf@we&q niicied Bh AR ¢ cat o
ani mal s, cwe@tra@cmst Anekhe (R moeﬁooglM S&Q%Muﬁonme&ﬁm@bM%pof%@ﬁr
310(2):488-497). Crude rain t| ssue 20 honbgenates were V@gar ed

hompgeni ZPmgotirbwels prfms@earph segelglijupions Il@pfi‘r’td (ypeg SQ@MéFtrls s 14 n@fl 50 mM
Tri s- HC1L, go CI ation
assays e g‘; ’perEﬁMor red Hﬂﬁm g& ]B\/\S/ejlg:_hoz)s“sa agcqrgltc aCﬁadfeg LK Ounéilﬁsume of 200 pl

aSSayziﬂufuﬁ@bat(e&@dsﬂ\ﬂOTﬁlhﬁltds@ﬂ.37012&3Mtﬁ%aﬁipecﬁvé\/bdﬂ@,lprl& t® 2&%18186«5 raffdlabettd Wit h

650 i.ig wet weight tissue geqw val ent to 25 ;}?Nprot ei n). Honobgenates were
i ncubat edlepr@ﬁransrmtter H-5-HT (20 nM final concentration), E (50 nM final

concentration), or “H-DA (100 nM final concentration). Non-specific neurotransmitter
uptake was determined in the presence of 2.5 uM duloxetine or 2.5 uM desipramine (each
in Dilution Buffer) for the hRSERT, hNET, or hDAT assays, respectively.

30 Following a 10 minute incubation, at 37°C, with radioligand, the cells were
harvested by rapid filtration over a 96-well UniFilter GF/B plate, pretreated with 1% BSA,
and washed 6 times with 650 ul wash buffer (ice cold PBS). Plates were dried overnight at

37°C, ~ 45 ul of MicroScint™-20 (Perkin Elmer) added and incorporated radioactivity
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25 up to 5 mnutes with 3Hcital opram (3 nM and 3H ni soxetine (5 nM,
respectively, prior to termnation of the assay by rapid filtration over a
96-wel | UNOEDIEs694G-/ B pl ate, pretreated with 0. 3% pol yeChguSeriomisng.
Filters then were washed 6 tines with 300 pl wash buffer (50 mM Tris-HC1,
0.9% NaCl, pH 7.4 at 4C) Non specific radi ol i gand bi nding was deterni ned
in the presence,of 1@@ oxetine, or | M despi am ne, for

3H- ci t al GPRHHtE Vot e PPﬁ%ectrPégO@éc Omeptw Dion SEVRKEC dr i ed
over ni gt @l &AM GIREPAS Pisin Softdarcl Aol NGRS BETRMROCREG ki, er)
added and bound radi oactivity quantitat ec% via liquid scintil’lation

spect r os€opy ICThelumivtdrabencatted romn agsmtiation osparfsglducics asioptharfigmdidal

3Hni soxet i ne _were ter ear r n, usi ng GraphPad Prism
Softvvaretq?e?gﬁﬁﬁéons %F%@gg%ﬁ f(%’ég’lé gg d. (& aphPad Software, Inc.,
San Digo, CA). The average rate of radi ol i gand association to brain tissue
honogenat es from vehicle-treated aninals was determ ned. The % occupancy of
test compounds then was determn ned ué@&@Y_ﬁhe foll owi ng equation: %
occupancy = 100 x (1 ssociat jion for test conpound-treated
ti ssue/ Snean rate assom a‘ﬁ%ﬁa %&%\?eiaﬁl TPert era?uéjgnfl‘g%’%ef) ED50 val ues

wer e det er m negt by nbipliphimobihiag hodndGowinshliterd@sske afsal b & cteagtd epnpound
agai nst the % occupancy. ED50 val ues were generated from concentration

r espons e JEEFVES iy ersuggel SER ToodNRESp éﬁ%e‘é besin eegjoms.solpwing in

al gorig h N Vi vo
mer o antiadRRIAR HELE B ibnit] dedat eithpRitts) FRULRE R EnfRdN T s

into rat cbmomcb(rbgrdetratmnmg;enmtapsmtoperaé,pﬁalem‘tfcutmemshxr other amﬂe)taeﬁte
conpound-treat.ed ani to measure in vivo RT. and NET.

t ranspor ﬁ@?foaeaﬁ&%méémﬁg%ggéﬁts (g Pog o &@HP))BES?@H REFHACHCEgY

8(1) : 23- 3R pdhd AR RLRIE tBM%%Hﬁrs?QVBQ&Bﬁ&t% MEtRe Qﬁaﬁpﬁéﬁgte@énh@émgem zing
frozen tissue pieces in O. (per ng wet weight) of 10 mM 15 HEPES buffer

pH 7. 4, KEehtvaniliraig rogisas 'M:@uhssoeied fraoh bhdstasdat HOCCaniitlusend 2001 LLM

par gy 'ne, at 22C. Ne ra tt as s.were perforned in a

96- vvei Axygen pl ate %@vq@?&?a@%ﬁéﬁ@&%@%dé%éva ffer (Krebs-Ri nger
bi car bonat e b%t@fw%hmlal aﬁMblTE s sZth%Al@aGat%s oP8RbiLNMESIERT CHaci d

and 200l LLM par g)yl i ne, 4) w [ protein. Honpgenates were

i ncubat edittloprag)nand NBE- (aH @me&m)rsemﬁe thg@ndwylthz@t hmn GMINE (50 nM),

oo ot | URreepPbashlel PP Ao T Sl iTRIRE R e (M acrca &

tinmes wi t(kbeﬁwf&iuﬂal\/\@ﬂmmfﬁhafm&ddlQE)@OTHWPBH)Q)MKB 97)ed rodestirBinghibuat 37C,
prior_to addition of - 45 I A of McroSci nt Tm 20 (Perkin_ El rrer@ added.
| ncorPbr FOBQLEHESIRLE Pmpﬁsﬁd\baéwawﬁwtn@t By rfléswe.péﬁfieﬂms%.l%mh s Mgrvet

Spec”os%%‘i’%tg/s v %‘fh%ml“%r‘ﬂ éf“shﬁ\%(%\lgf? erd R 8o ﬁﬂ%ﬁﬁg in 25

par al | el tisSsue honobgénates e inc ate H 5-HT (20
NM or 3lsddkiatibn assllys fvore rivimed ms 2-wélCassAPPAYe th aﬂdh&oluﬁﬁ:ﬁrﬁf;@@mﬁlﬂ)a her

oo unddo R Re R Taisa ot M NEGE SBM Railcl PG a T biaT A inet | o8
assays (Mabybsky V\%‘T%Lt M@tﬂl@%(ﬁlﬁ%ﬁéﬁ tdBh BE ‘ﬂhﬁélEEThﬁBﬁB Qlates WRkd nickbAdd YMrt h

nmenbr anes pr epar ed Tr om cells expressin NET conventi ona
menbrne upddd ghingigs withi’ Hd(plta@mggégl gM)gmdgH @WetﬂWjS nM) respectively, prior to

2010/ 0569 41PCT/ Us2009/ 06 i 0].abel ed, ritiated st
compound:CITRE ST g Bt HB AOLUE gt g snagh FRTRe G B ke Bi€Read s
with 0.3% polyethyleneimine. Filters then were washed 6 times with 300 pl wash buffer
(50 mM Tris-HCI, 0.9% NaCl, pH 7.4 at 4°C). Non-specific radioligand binding was

determined in the presence of 1 uM duloxetine, or 1 uM despiramine, for *H-citalopram or
30 °H-nisoxetine, respectively. The plates were dried overnight at room temperature, ~ 45 ul

of MicroScint™-20 (Perkin Elmer) added and bound radioactivity quantitated via liquid

scintillation spectroscopy. The initial rates of association of *H-citalopram and *H-

nisoxetine were determined by linear regression using GraphPad Prism Software package
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tissue from for exanple rodent or human brain; neurotransmtter uptake
assays using human or rodent platelets; neurotransmtter uptake assays

usi ng cr e 20mvospie, synapt osone preparations from r odeat/use@64388 ASSAY 5
Formal i n Paw Test Conpounds are assessed for their ability to inhibit
t he behavi oral response evoked by a 501ul injection of formalin (5%. A

met al ed to the left hind paw of ma Sprague-Dawl ey rats
(200- zsorzéyapiﬁaé é%@warﬁa{ncp ap Diggor Cére Bﬁavqrh%eﬂ& ff“é)‘PP %rﬁsmaé@nmth. n a

plastic qylil nd&fk h@ﬁﬁ)‘g@ﬁﬂt&'%t@ﬁl&e QRO s 3aS dPEBRALEAThOY occupancy
pharmaceutical |y accéeptabl e vehicles and adm ni stered systemcally (i.p.,

p.o0.) at optast ctespcgmdds éxdntwamdstebeﬁmd esingtheefoilowoigalquenge.  Spont aneous

noctCept Ve DS R c0Ra 51| hogly L SSALTRhe LOE kTS, AR i

noci ception anal yzer (UCSD Anest hegdaalr@@¥sddemeian &t veBrIb-RbRE Dt ssGé)) -
Antinoci ceptive properties of test articles are determ ned by conparing the

nunber ofEDsh Wﬂ@hﬁe\s’eﬁerﬁiet@mméP@Wdﬂl@tle&ﬁled@gr%gﬁﬁnﬁtdpéfa@@he test eoniprakdh et al .

bt oassay epa0oty i Ber 1S GB 638 sl B PR v
Nerve Li gsingalic Mgd@hdal Dose Ré@asﬁmmdﬁamé §lop5)&ﬂgdirﬁﬂmf1@(}rhﬁlﬂlaﬂ Palginl ity to

reverse tactile allodyni aegl ncreased sensitivi ty to an i nnocuous mechani cal
stinulus) induced by nervef¥ KperSERT\eideNEh Cpghe Asesaiil ey rats are surgically

prepafed as d%c%vﬁﬁ%rdt& el aﬁ%‘%ﬂé&g%ma RXR L £l$eac1f 121|5 s HRAG!HH.QE

per|p eral neuropathy produced by seg sp|na nerve ligation |n t he
rat” (199@p rﬂdﬂrﬂn&ﬁ(dé)hoﬁﬁ@e&ﬁ&, pidpated fronal cladnahd tosi d:qmpcﬁmdeteeredl ned as the

o PRl ST SRR IR . S ML (CHoPLan et -
Neur osci . I\(@@mqkseuﬁggs}ahoéﬁawobg} 8192808 ACHIe BBl dldhoken FBEWER | our

weeks post-surgery, conpounds aré& prepared in 30 pharnaceutically
accept ablpecpaeddi bl lwn@@dlzatmﬁrweattl@mdn@ﬁs ierd oall [per (g wet, wagld) pf 10rmdM degr ee

cervel MR W obF 7 ek e St obd b ROt e Foebd LM & Che
present |pﬁ1§§/ﬂhé QR 2bas Reaotraesafte gkl kihys Qs RMRmbQ isPesivfdicaasprct s or

-58- enbodinments thereof, it will be understood by those of ordinary

skill ed iphete Hea tgtal volae Qfa}rSpc»\hgssehbh@‘@rs(Iﬁabﬁ Bagphiearbpnasepifieivett s can be

substi tut T ue e C t

i nventi onﬁqﬁﬁﬁl on’a%j?i%)na?vI Eé&m%tsopécr?rcil(??rl‘e#@ymaﬂﬁﬁygﬁ%@&ge@gﬁtth

st at ues iﬁﬂdtgrlﬁgﬂéitﬁtfﬂ@ﬁ&genaﬂels wetintelaitddofos 5 npiate i3 7aadvipatiestHRP0 it i ons
cited herein are hereby incorporated by reference in their entirety to

the s#he aasttféﬁ% &0 n¥D.gatpsctiest et t%tﬁanlﬁéw ohihe 93savi Ay rapid AEEIEB Ioat:refa by
r ef er encehen e RiFidMERBINAOTROFLRGM P29 R6 4308 &rbWBhed 6 times with

650 ul wash buffer (ice cold PBS) and dried overnight at 37°C, prior to addition of ~ 45 ul
of MicroScint"™-20 (Perkin Elmer) added. Incorporated radioactivity was quantitated via
liquid scintillation spectroscopy. Non-specific neurotransmitter uptake was determined in

25 parallel assays in which tissue homogenates were incubated with *H-5-HT (20 nM) or “H-
NE (50 nM) for 5 minutes at 4°C.

ASSAY 4
Other Assays
30 Other assays that were used to evaluate the pharmacological properties of test
compounds include, but are not limited to, cold ligand binding kinetics assays (Motulsky
and Mahan (1984) Molecular Pharmacol. 25(1):1-9) with membranes prepared from cells

expressing hSERT or hNET; conventional membrane radioligand binding assays using
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WHAT IS CLAIMED 1S: 1. A conpound of formula I: (I) 5 where: ais 0, 1, 2,

3, or 4; each R is independently halo or trifluoronethyl; R3 is hydrogen,
hal o, or wQi208elsk9at; R4, R5, and R6 are independentl|y hpdTagensossdbal o; or
a pharmaceutically acceptable salt thereof 2. The conpound of Claim1,
where R3 is hydrogen, fluoro, chloro, or nethyl 3. The compound of C aim
1, where R4 is hydrogen, fluoro, chloro, 0 .4. The conpound of
Claim1, reﬂ%%#a@el% PP Fatintesh gt eipepund: raélo?rgﬁ%d BABE AR DHSIEE BRtNC
where R6 tfsﬁleka(Qﬁ Otg?@xanfledlé’%dént &}Huﬂ{aﬁ bréth; @u?&%nsﬁﬁte?ﬂﬁtaﬁ@ %9%1@ daiml,
where a is O. ound Claim6, where I's hydrogen, fluoro,
chl or o, émnmawhykmnRﬂMWbﬁhvdmog@nmnﬁhuqndmzchhsusngonubr@nnueFE i s hydrogen
or fluoro; and R6 Eg%dro en EI% ro, 15 chloro, or bronmp. 8. The
conpoundsg?m%9¥HWﬁm?p lopg frgnj o and R5 are hydrogen, and R4 and R6
are flaoro. 9. The conpound of Claim1l, where ais 1. 10. The
conpound of Caim9, where Rl is 3-fluoro, 4-fluoro, 5-fluoro, 5- 20
trifluoromethyl, or 6-fluoro. 11. TA&Sa¥Mapound of Claim9, where R3 is
hydrogen or fluoro; R4 is hydrog or f Luor R5 is hydrogen or fluoro; and
R6 is hydrogen, fluoro or chloroﬁﬂw &ﬁp%yﬁgf%onpound of Caim1l, where a

is 2. 13. anpwﬁ@@axadmﬁsealfaﬂ ﬁﬁbliablhvgh@rlﬁhlait thesbefha’émehl frdspotig, cvoked
4, 6- dlfluoro or. 5,6-dif]|uoro. The conpound of Claim12, where R3 is

hydr ogen bara 30 dnisctiquof; ferrmalay (ég{@n Aolfne??lll bdgs afscerdo H&f’dﬁ%ééﬁi W ¢fideo; and
S SRR AR, 05 2o 1 e GRS O GBI ",
where:  withina plastlc cylinder (15 cm dlarneter) Compounds are prepared in pharrnaceutlcally
acceptable vehicles and administered systemically (i.p., p.o.) at pre-designated times before
formalin challenge. Spontaneous nociceptive behaviors consisting of flinching of the
injected (banded) hind paw are counted continuously for 60 minutes using an automated
15 nociception analyzer (UCSD Anesthesiology Research, San Diego, CA). Antinociceptive
properties of test articles are determined by comparing the number of flinches in the
vehicle and compound-treated rats (Yaksh et al., "An automated flinch detecting system

for use in the formalin nociceptive bioassay" (2001) J. Appl. Physiol. 90(6):2386-2402).

20 ASSAY 6
Spinal Nerve Ligation Model
Compounds are assessed for their ability to reverse tactile allodynia (increased

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

25 model for peripheral neuropathy produced by segmental spinal nerve ligation in the rat"
(1992) Pain 50(3):355-363. Mechanical sensitivity is determined as the 50% withdrawal
response to innocuous mechanical stimuli (Chaplan ef a/., "Quantitative assessment of
tactile allodynia in the rat paw" (1994) J. Neurosci. Methods 53(1):55-63) before and after
nerve injury. One to four weeks post-surgery, compounds are prepared in

30 pharmaceutically acceptable vehicles and administered systemically (i.p., p.o.). The degree
of nerve injury-induced mechanical sensitivity before and after treatment serves as an
index of the compounds' antinociceptive properties.

While the present invention has been described with reference to specific aspects or
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(a) R3 and R5 are hydrogen and: (i) R4 is fluoro, R6 is fluoro, and a is O;
5(ii) R4 is fluoro, R6is fluoro, ais 1, and R is 4-fluoro, 5-fluoro,
5-trifl uowormtonsb941or 6-fl uoro; (1i1) R4 isPCrousea9/oR308 s
fluoro, ais 2, and R is 4,5-difluoro, 4,6-difluoro, or 5,6-difluoro;

(iv) R4 is fluoro, R6 is chloro and a is 0; 10(v) R4 is chloro, R6 is
fluoro, an s 0; or _(vi) RAis bro hl or nd ais 0; or (b)
R3 and R&ffipg inpRpdy Herent. 1Ry '%e‘%qdﬁﬁFQ?dr{gééh?sé’ Oéﬁr“ﬁ skigd ipthy agf thal o (ii) a
is 1 and V&loﬁsschﬁn%és%‘aﬁ Be ﬁ{ad@ of E%ﬁ@ﬂent?&anlbse(éu'bbt)tu’%d'vﬁﬂl%uﬁﬁ%aﬁing' fPom the
4,6-difluoro; or (c) drogen, RG6 | uor o "and

(| ) R3 i druklspioit endismdpa ofﬁle(jnventlon AddltlonaMy, ity thRxtemt pérootter] bﬁappélcable and Rl

s 3-fluorpo thy 6:flu

| uoro, &%t §atu%%ddﬁgaﬁgﬂ%s P AP gitert gyd Pt aBRiREbY ?edﬂpéf% and
s & Qfe lﬁéiiébﬁ%cor?&ate@rt@ RBRré&c8 1@%(@&1‘&@{&1& Gihe BlentSishtcadnd a is 0

) Reis H ais and R is 5-fluoro or 6-fluoro; 25(iii) R6 is fluoro
n is docur(li:ni)hadzbemslnﬂnvubmliy ingorporated By gefiRien¢esheseif| uor o, 5-fl uoro, or
uoro; (v) Reis fluoro, ais 2, and Rl is 4,5-difluoro or 4,6-difluoro;

u
[

[

d a
fl

i) R is chloro and a is O;

i
f
a
(i
a
6-
(

|
Vi
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(vii) R6is chloro, ais 1, and Rl is 4-fluoro, 6-fluoro, or
5-trifluoronethyl; (viii) R6is chloro, ais 2, and R is 4,5-difluoro; or
(ix) R6 iwObwmseamd a is O; or a pharnaceutically accepCahiseomwabi3os her eof
5 17. The conmpound of Claim 16, where R3 and R5 are hydrogen, and: (i) R4 is
fluoro, R6 is fluoro, and a is O; (i1) R4 is fluoro, R6 is fluoro, a
is 1l and R is 4-fluoro, 5-fluoro, Sgrlfluoromethyl, or 6-fluoro;
(itii) R4 is fluoro, R6 is fluoro, Sand R is 4,5-di fluoro,
4, 6- di f | upfRr 1AM EPs6- di fl uoro; (|v) R4 is fluoro, R6 is chloro, and a is
0; (v) RAi1s chloro, R6 is fluoro, and a is O; or (vi) R4 is bromp, R6 is
chloro, dnd aAsorﬁpOImSo'ftﬁHnmbmbound of daim17, where R4 is fluoro, R6 is
fluoro, and a is 0. 15 19. The conpound of C aim 16, where R3 and R4 are
hydrogen, R5 is fluoro, R6 is ch , and: (F) ais 0; (ii) ais 1 and R
is 5-fluoro or 6-fluoro; ofR {5 is 2.and|R is 4,6-difluoro. 20 20. The
WERE RE , R6 is fluoro, and; (i)
R3is fluoro and a is 0; (ii) R31is quoro s 1, and R is 3-fluoro,
5-fluoro, 5- trifluoromethyl, or FFB is fluoro, ais 2, and
R is 4,6-difluoro; or (iv) R3 , and a is 0. 25 21.The
conpound of C aim 16, where RS, 4 and R5 aRd hydr ogen, and:

g M
5 where:ais0, 1, 2, 3, or 4; each R'is independently halo or trifluoromethyl; R’ is

hydrogen, halo, or -C, salkyl; R*, R’, and R® are independently hydrogen or halo; or a
pharmaceutically acceptable salt thereof.
The compound of Claim 1, where R” is hydrogen, fluoro, chloro, or methyl.

The compound of Claim 1, where RYis hydrogen, fluoro, chloro, or bromo.

2
3
10 4. The compound of Claim 1, where R’ is hydrogen or fluoro.
5 The compound of Claim 1, where R%is hydrogen, fluoro, chloro, or bromo.
6 The compound of Claim 1, where a is 0.
7 The compound of Claim 6, where R*is hydrogen, fluoro, chloro, or methyl; R*is
hydrogen, fluoro, chloro, or bromo; R’ is hydrogen or fluoro; and R° is hydrogen, fluoro,

15 chloro, or bromo.

8. The compound of Claim 1, where a is 0, R’ and R’ are hydrogen, and R* and R® are
fluoro.

9. The compound of Claim 1, where a is 1.

10. The compound of Claim 9, where R! is 3-fluoro, 4-fluoro, 5-fluoro, 5-

20 trifluoromethyl, or 6-fluoro.
11.  The compound of Claim 9, where R” is hydrogen or fluoro; R* is hydrogen or
fluoro; R is hydrogen or fluoro; and R is hydrogen, fluoro or chloro.
12. The compound of Claim 1, where a is 2.
13. The compound of Claim 12, where R! is 4,5-difluoro, 4,6-difluoro, or 5,6-difluoro.
25 14. The compound of Claim 12, where R? is hydrogen or fluoro; R” is hydrogen or
fluoro; R is hydrogen or fluoro; and R is hydrogen, fluoro or chloro.
15. The compound of Claim 1, which exhibits a SERT pK;>7.9 and a NET pK;>8.

16. A compound of formula II:
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(1) R6is H and ais 0; (ii) REis H ais 1, and R is 5-fluoro or
6-fluoro; (iii) R6is fluoro and ais O; (iv) R6is fluoro, ais 1, and K
i s 4-fl uowo,20B/dsbuoer o, or 6-fluoro; 30(v) R6 is fluoro, PATIGS2009/064308 Rl i S
4,5-difluoro or 4,6-difluoro; (vi) R6 is chloro and ais 0; (vii) R6is
chloro, ais 1, and R is 4-fluoro, 6-fluoro, or 5-trifluoronmethyl; (viii)

R6 is chloro, ais 2, and R is 4,5-difluoro; or -62- (ix) R6 is brono and
ais 0. 22. A conmpound of formul , usefulgin the synthesis of a conpound
of any one of Clains 1 tO(Rb% 5 where P represents an

am no-protecting group, or a sa e conpound of Claim 22,

d R6 are fluoro. 24. A

3 1 to 21, the process
R

met hod of preparing a conpound ;vge
conprising deprotecting a conpound ¢f fornmula |1 NI 10P(II1) or a salt
t hereof, where P represents an i pod- protectRhg group, to provide a
compound of fornula Il or I. 25.NThe method of Claim 24, where a is 0, R3
and R5 are hydrogen, and R4 and ﬁé are fluoro. 15 2B) A phar naceuti cal
conpositign conprising a conpound of any one of Clains 1 to 21 and a

phar macedt1t4l |y acceptable carrier.

(a) R and R are hydrogen and:

(i) R" is fluoro, R® is fluoro, and a is 0;
5 (i1) R* is fluoro, R® is fluoro, a is 1, and R is 4-fluoro, 5-fluoro,
5-trifluoromethyl, or 6-fluoro;
(i11) R* is fluoro, R® is fluoro, a is 2, and R’ is 4,5-difluoro, 4,6-difluoro, or
5,6-difluoro;
(iv) R* is fluoro, R’ is chloro, and a is 0;
10 (v) R*Yis chloro, R is fluoro, and a is 0; or
(vi) R*Yis bromo, R is chloro, and a 1s 0; or
(b) R? and R* are hydrogen, R is fluoro, R® is chloro, and:
(i)ais0;
(i) ais 1 and R' is 5-fluoro or 6-fluoro; or
15 (iii) a is 2 and R is 4,6-difluoro; or
(c) R* and R are hydrogen, R® is fluoro and;
(i) R? is fluoro and a is 0;
(i1) R*is fluoro, ais 1, and R'is 3-fluoro, 5-fluoro, 5- trifluoromethyl, or
6-fluoro;
20 (iii) R? is fluoro, a is 2, and R' is 4,6-difluoro; or
(iv) R? is chloro or methyl, and a is 0; or
(d) R?, R", and R’ are hydrogen and:
(i) R®is H, and a is 0;
(ii)) R°is H, ais 1, and R' is 5-fluoro or 6-fluoro;
25 (iii) R® is fluoro and a is 0;
(iv) RS is fluoro, a is 1, and R' is 4-fluoro, 5-fluoro, or 6-fluoro;
(v) RS is fluoro, a is 2, and R' is 4,5-difluoro or 4,6-difluoro;

(vi) R%is chloro and a is 0;
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27. The pharmaceutical conposition of Claim26 further conprising a second
t herapeutic agent. 28. The conposition of Caim27, wherein the second

t her apeutwo 2agas694ils sel ected 20 from anti - Al zhei mer' s RGEMALSS009/064308

anti convul sants, antidepressants, anti-Parkinson's agents, dual

ser ot oni n- nor epi nephrine reuptake inhibitors, non-steroidal

anti-inflammatory orepln phrlner pt ake i nhi bitors, opioid
agoni sts, opioid ag‘t"g)g%rf%{‘]@m §‘é‘F 1§érfﬁ{06‘hl6n u‘ﬁgxorsr‘@le‘P%e thyl;

i nhi bitors, sodi umghargl C}@élgcg%rzsan@xmaﬁf glgiﬂﬂolr&%r and conbi nati ons
t her eof 29 Use of a corrpoun any one of Clainms 1 to 21 for the

manuf act ure of a méi) Ransebromo a&dalﬂ'ﬁe use of C aim 29, where the nedi canent
is useful for treatin . pai n_di de depressive di sorder, an

af fective diséfaér? %F@hct%ﬁiﬁﬁc?@?al%@ tﬁ‘gﬁﬁ% Yactivity disorder, a cognitive
di sordger,17strgss cHﬁipB@ﬁd’oﬂ@lﬁﬁﬂtlB NERGE R’ ahd RALE HydtdggHeandlyndr ome, obesity,
and vasonotor synptons associ at ed with menopause. 31. The use of Caim 30,

where the pai rﬁl)cﬁ doflderp, Rsisfbwrapad kiikOpai n or fi bronyal gi a. 32. The
use of Claim t e 0 ati hroni ¢ | ow
back 10 pai n o Bl ahrd TSGR, Apd R B Hhoe g bS5 s {ufIRRLT

medi carrera;rr6iﬂnou§eful for |nh| b| ting serotonin reuptake. 34. The use of
Claim 29, where tue medi care is useful for inhibiti n% norepl nephrine
reupt ake. 15 38)R Aetflyesa, %flSélnarwtw Aqgnd R'ds Scéfpeientordifleomsi 1 ogi cal
assayj C%’H’Hffﬁlbﬂ)g (a) conducting a biological assay with a test
conpound fo provide a first assay val ue; (b) conducting the

bi ol ogi cal asiazymmstﬂuaio,db%p@h}mdo ahdanyOone of Clains 1 to 21 to provide a
second assay 63| isn 1p ém? i s, conducted either before, after or
20 concurrentlV g‘@%ﬁ ongfda1s0:0f o) conparing the first assay

val ue from st ep @als Wohdd, RNE S&FeNFhdasigay val ue fromstep (b). 36.The
met hod of Cl aim 35, wherein the biol ogl cal assay is a serotonin or a
nor epi nedRr i né"hle@gpltpamgi @fSSlaim 17, where R* is fluoro, R is fluoro, and a is 0.
15 19. The compound of Claim 16, where R and R* are hydrogen, R’ is fluoro, R’ is
chloro, and:
(i)ais0;
(i) ais 1 and R' is 5-fluoro or 6-fluoro; or
(iii) a is 2 and R is 4,6-difluoro.
20 20. The compound of Claim 16, where R*and R® are hydrogen, R%is fluoro, and;
(i) R? is fluoro and a is 0;
(i1) R? is fluoro, a is 1, and R is 3-fluoro, 5-fluoro, 5- trifluoromethyl, or 6-fluoro;
(i11) R? is fluoro, a is 2, and R' is 4,6-difluoro; or
(iv) R? is chloro or methyl, and a is 0.
25  21. The compound of Claim 16, where R3, R4, and R’ are hydrogen, and:
(i) R®is H, and a is 0;
(ii))R%is H, ais 1, and R' is 5-fluoro or 6-fluoro;
(iii) R® is fluoro and a is 0;
(iv) RS is fluoro, a is 1, and R' is 4-fluoro, 5-fluoro, or 6-fluoro;
30 (v) RS is fluoro, a is 2, and R' is 4,5-difluoro or 4,6-difluoro;
(vi) R%is chloro and a is 0;
(vii) RC is chloro, a is 1, and R' is 4-fluoro, 6-fluoro, or S-trifluoromethyl;
(viii) R® is chloro, a is 2, and R is 4,5-difluoro; or
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(ix) R® is bromo and a is 0.

22. A compound of formula 11, useful in the synthesis of a compound of any one of

Claims 1 to 21:
R’ "
R); o o
R® R*
R®
\
P

where P represents an amino-protecting group, or a salt thereof.

(111

23.  The compound of Claim 22, where a is 0, R and R’ are hydrogen, and R* and R°
are fluoro.
24. A method of preparing a compound of any one of Claims 1 to 21, the process

comprising deprotecting a compound of formula I11:

(R); o i =
X
N R
>

or a salt thereof, where P represents an amino-protecting group, to provide a compound of

(111

formula IT or I.

25. The method of Claim 24, where a is 0, R® and R’ are hydrogen, and R* and R® are
fluoro.

26. A pharmaceutical composition comprising a compound of any one of Claims 1 to
21 and a pharmaceutically acceptable carrier.

27.  The pharmaceutical composition of Claim 26 further comprising a second
therapeutic agent.

28.  The composition of Claim 27, wherein the second therapeutic agent is selected
from anti-Alzheimer's agents, anticonvulsants, antidepressants, anti-Parkinson's agents,
dual serotonin-norepinephrine reuptake inhibitors, non-steroidal anti-inflammatory agents,

norepinephrine reuptake inhibitors, opioid agonists, opioid antagonists, selective serotonin
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reuptake inhibitors, sodium channel blockers, sympatholytics, and combinations thereof.

29.  Use of a compound of any one of Claims 1 to 21 for the manufacture of a
medicament.
30.  The use of Claim 29, where the medicament is useful for treating a pain disorder, a

depressive disorder, an affective disorder, attention deficit hyperactivity disorder, a
cognitive disorder, stress urinary incontinence, chronic fatigue syndrome, obesity, and
vasomotor symptoms associated with menopause.
31.  The use of Claim 30, where the pain disorder is neuropathic pain or fibromyalgia.
32.  The use of Claim 29, where the medicament is useful for treating chronic low back
pain or osteoarthritis.
33.  The use of Claim 29, where the medicament is useful for inhibiting serotonin
reuptake.
34.  The use of Claim 29, where the medicament is useful for inhibiting norepinephrine
reuptake.
35. A method of evaluating a test compound in a biological assay, comprising:

(a) conducting a biological assay with a test compound to provide a first assay
value;

(b) conducting the biological assay with a compound of any one of Claims 1 to
21 to provide a second assay value; wherein step (a) is conducted either before, after or
concurrently with step (b); and

() comparing the first assay value from step (a) with the second assay value
from step (b).
36.  The method of Claim 35, wherein the biological assay is a serotonin or a

norepinephrine reuptake assay.
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