WO 20081053352PCT/ | B2007/ 003411 1 PHENYLPROPI ONAM DE COMPOUNDS AND
THE USE THEREOF M D OF THE | NVENTI ON [1] This invention is in
the field wbzomgsmsnal chemistry. The invention rel at eCTnBroonossel1
phenyl propi onnm de conpounds that actias opioid agonists. BACKGROUND
ART [2] Pain is the nobst comon synptom for which patients seek
medi cal advice 10 and treatnent. Pain can be acute or chronic. Wile

ot hs o 1 onod AR PEGHO TR oS GONRSIRNI (R SETEAROR" °

personality, lifestyle, functional ability or overall quality of life
(KM Foley, Pain, in Cecil Textbook of Medicine 100-107, J.C

Bennett and F. Plum eds., ZOtEtifEﬁ?rOﬂ‘%%m\JﬁNTfOﬂI Pai n has been
traditionally managed by adminrstering a non-opioid anal gesic,

i ncl udi ng not li.m.ted..5o. i [ | ' Fegpesi um
trisalicyl g[p@ acet rﬁlﬁo%ﬁzéﬁr)ll,sfilig@Eﬁe@gﬁﬁgﬁgﬁﬁ%ﬁ ¥ I f},ét:h?ional gsfld
napr oxers, ab navel pigingipebpanahigle stmpotinds thathichas dpicid agonisisi mited to

nor phi ne, hydr onor phone, mnet hadone, 20 | evorphanol, fentanyl,
oxycodone and oxynorphone. Id. 1041U.S. Patent Nos. 6,576, 650

6, 166, 039 and 5, 849, 761 to Yaksh, and U.S. Patent No. 6,573,282, to
Yaksh et al., describe 1, 4- subsBAGKEBRQAMNRART ne derivatives for use
as peripherally acting anti-hyperal gesic opi ates.

[02] Pain is the most common symptom for which patients seek medical advice

10  and freatment. Pain can be acute or chronic. While acute pain is usually self-limited,
chronic pain can persist for 3 months or longer and lead to significant changes in a
patient’s personality, lifestyle, functional ability or overall quality of life (.M. Foley,
Pain, in Cecil Textbook of Medicine 100-107, I.C. Bennett and F. Plum eds., 20% ed.
1996).

15

[03] Pain has been traditionally managed by administering a non-opioid
analgesic, including but not limited to acetylsalicyclic acid, choline magnesium
trisalicylate, acetaminophen, ibuprofen, fenoprofen, diflusinal and naproxen; or an opioid
analgesic, including but not limited to morphine, hydromorphone, methadone,

20  levorphanol, fentanyl, oxycodone and oxymorphone. Id.

[04] U.S. Patent Nos. 6,576,650 6,166,039 and 5,849,761 to Yaksh, and U.S.
Patent No. 6,573,282, to Yaksh et al., describe 1,4-substituted piperidine derivatives for
use as peripherally acting anti-hyperalgesic opiates.

25

[05] U.S. Patent No. 6,362,203 B1 to Mogi et al. describes 4-hydroxy-4-

phenylpiperidine derivatives that have peripheral analgesic action.



25 [05]U. S. Patent No. 6,362,203 Bl to Mbgi et al. describes
4- hydr oxy-4- phenyl pi peri di ne derivatives that have peri pheral
anal gesi ¢ wot2ems3zsy\O 20081053352PCT/ 1 B2007/ 003411 2 [rgjrn8acadézain
Pat ent Publication No. 949560 of Canom et al. describes piperidine
derivatives for use as analgesics. [7] International PCT Publication
WO 02/ 38185 A2 by Dunn et al. describes 51, 4-substituted piperidine
conpounds for use as anti-hyperal gesic opiates. 1081l nternational PCT
Publ i cat i p6] WO 01C#2688 PAlentPablivalibeNoM49860 of Grerod el \igsribesspipasidings e
as opioid,d receptor agonists. 10 [09] Traditi onal opioid anal gesics
exert the@?wﬁﬁgfﬁﬁggT%éFgﬁﬁu§btivity once they have passed through
the bl ood-brain barrier (BBB). But passage through the BBB can | ead
to undesirable central nervous system (CNS)-nedi ated side effects,
such as r irat [ §§hqﬂ 3 , dd ased
drug depeﬁﬁgnce,o%%ﬁggﬁ%gtion gﬁgggﬁagi?%gggﬁgﬁggbgﬁﬁ%gﬁ'%%%?kghere
remai ns aldenbstnukdbpeniac chopoundniod nseps anthrdypasagesiseopiaddd to treat or
prevent pain, and that reduce or avoid one or nore side effects
associated with traditional therapy. 20BRI EF SUMVARY OF THE | NVENTI ON
[11] The present invention is related to the use of L
pheny! pr opispnani dirtaoativoalREE Publication W@ 81506390k hdaseribes piperidig and t he
phar maceut,i cal.l . I rugs and sol vates thereof, as
S?nvgb}r% f(%(il%g Q§ %{%18 6%@0{%‘(?1{ %Bfnuglq

agoni sts id receptors conmpounds of

10 [09] Traditional opioid analgesics exert their pharmacological activity once they
have passed through the blood-brain barrier (BBB). But passage through the BBB can
jead to undesirable central nervous system (CNS)-mediated side effects, such as

respiratory depression, increased drug tolerance, increased drug dependence, constipation

and unwanted euphoria.
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[010] There remains a continuing need for new drugs that can be used to treat or
prevent pain, and that reduce or avoid one or more side effects associated with traditional
therapy.

20 BRIEF SUMMARY OF THE INVENTION
[011] The present invention is related to the use of phenylpropionamide

compounds represented by Formula I, below, and the pharmaceutically acceptable salts,
prodrugs and solvates thereof, as agonists of opioid receptors. Certain compounds of

25  Tormula I are expected to show selectivity for the | opioid receptor. Certain compounds
of Formula I are expected to not readily cross the BBB, and therefore to effectively

remain in the periphery.



25 Fornmula | are expected to show selectivity for the is opioid
receptor. Certain conpounds of Formula | are expected to not readily
cross t he BBBoosaRskst herefore to effectively remain in tm/mgrolymeﬁy
WO 2008/ 053352PCT/ 1B2007/ 003411 3 [12] The present invention is also
related to treating, preventing or aneliorating a disorder responsive
to the activation of opioid receptors in a manmal suffering from such
a disorder by admnistering an effective anount of a conpound of
Formul a | jp1ey a phladﬁm&uhvmabﬂ;s a0 celqiclol tepatiug, preventiog pugnchor@ug vat e

t hereof, as described h cifi cal I

rel ated t &S¢0 ?&?ﬁpﬂ‘ﬁsn’eﬁ?g\? QY’W EOPﬂ’gfecgjrt It ' am%}ag%l;ft”ngélfrr es pon5| ve

t ﬁ t he achuié&fibﬁ} a@_{m@mﬂgchnreﬁeﬁﬂb @mSum of 8 C(ﬂ'@dﬂ?d phBor@G I or.ae.

t he peripheral neryous syste ufferin

i Sof der | DEgRIRHIGHE peP A S BroCBEcr Jvam e o1 st By *%?fe

rﬁr rmul ? I s e@{dﬁcﬁlypﬂgfi%%ﬁt%ﬂlb Gadtﬁ%’to?ﬂiégtﬁig%lﬂ%&e@tlﬁ@bﬂmnemb?ﬁﬁgjgdmmaol vat e
ereof, as described herein n o € prese

i nvent i onT9sBOTGivE gb@@ept{vahqchgp}oiﬂgreceglﬂ&f@ﬁﬁlﬁ?qﬁw&g 1% (’ﬁ‘&‘? q’ﬁral

di sorder &Q@?été%ﬁ) h&&%@p&xmﬂgﬂnﬂﬁchqm@m&r rb@@&datn@tamgrana manmmal

suffering TromSuch a disorder fa}‘y adm ni stering an effec%b nmount

of a conpéfferiivermeg pia gpmpougg o wa etk a pprmaf e cally assrpplesalla) t |
prodrug ot, CF%BJ VR SvHb BEREE, asaécx%a%ﬂeﬁed 15 herein. In parti cul ar
preferred dis rders which’are treated, prevented or aneliorated by
the agfi vation of an opioid receptor are pain, such as chronic pain,
neuropathic pain, inflamatory pain, pain due to osteoarthritis, pain

due to rheyyaRt Of d b bsbdet e pRaEE SivciRRy diict t¢huihg piqvitnig o Of d

injury, surgical pain or acute pain, diarr 5& i cal dllsor ders
such as PapRIipaEg adiverdss ERsRONSNG i the gEHAID I‘PB‘P 02?1 aﬁﬁffm@
di sease, %@mrﬁl@fm%qcﬁ@efs&%& lisass aﬂleﬁ@étﬂre%ﬁ]ouﬁm)m&m}bm& of. g.

due to Al zhei mer's di sease and/ or denenti as

Fur t her norfiermyipp o @Prl?i’é'ﬁ}mﬂ‘%ﬁﬁlytaﬁép’ﬁ?lé§féhi’f°idﬂ%ﬂé%t3?1§ﬁe ﬁgﬂfy of as frserdpeds

anest hat i g 1% gamaﬁél'rp?éfél‘i’éd%ﬁﬁdrd/e?s WRISNAS treROE Prevehted & @@liorated by
neurologlca di sorders “such as Parkinson's dlsease anxi gl ytic

agents, arihd actuqtion efanapicid seerior agpHR SugpsChioRic e, BREoRfhiGHAer 5 |
agents to lﬁiia‘é‘ﬁ-ﬁt 4119&& 16 oSteoaftHtid Paifidd ¥ irfRimatoidl L8RS added ( OF
anti :

denenti as, ept| c or anti-convulsant agents. [14] In one
aspect th@am;mmetpﬁme@itcptﬂ'mmwa@@Pﬁ@\%?c%?ﬁ?&blﬁlf?é@%f‘e‘lf@foﬁlﬁ?a I,

?Eg th e PhAlTREAHE S8 RS ARLAR! Burdifh®s RO AaRindnd dfedsy nkity,
20 depression, stress disorders, memory loss e.g. due to Alzheimer’s disease and/or
dementias, or epilepsy. Furthermore, the compounds of the present invention may be used
as anesthetic agents, neuroprotective agents, agents to treat neurological disorders such as
Parkinson’s disease, anxiolytic agents, anti-depressant agents, agents to treat siress
disorders, agents to treat memory loss e.g. due to Alzheimer’s disease and(or dementias,

25  anti-epileptic or anti-convulsant agents.

[014] In one aspect the present invention provides novel compounds of Formula I,

and the pharmaceutically acceptable salts, prodrugs and solvates thereof. .



WO 2008/ 053352PCT/ 1 B2007/ 003411 4 [15] In a further aspect, the
present invention provides pharnaceutical conpositions useful for
treating, \pbemﬁgmggﬁg or aneliorati ng a di sorder responspcqgﬂm-;;bdgen
activation of opioid receptors, said pharmaceutical conposition
containing an effective 5 anount of a conmpound of Fornula I, or a
pharmaceutically acceptable salt, prodrug or solvate ther eof ,
optionally adm xed with one or nore pharnaceutically acceptable
carriers or excipients. [16] In a further aspect, the present
invention provides a method for treating, 10 preventing or

anel i or at [01§) pai nin(zfugherabyeotnibe ppaent invertiongpevides shyymaesuticalf | ammat or y

pai n, surgical..pain ute pain g an
ef fect i ve MRS nsb‘fsegl[ @5%5%“% 3 e)nEnogr eﬂ{;l{a % %Q%%er_ g%%{eﬁéa
accept abl getivafidn of ppiotiy regepts, Sail pbatmactdumraeodmpo’sﬁoacmaﬂmg ah pifeetivel of

such treatrrent revention. o I|o ation

as pect t ArEowt Qgg?ﬁmﬂoﬁﬁ‘%?ﬁogﬂu%ﬁm %‘n?c%f#g%gg%la{)ﬁcﬁt % b
activity Qélvé!@th@ﬂ@bi?bﬂﬂn@l@;emmmi\@iﬁpmm mg'reqﬁpmmcngwaﬂueaqcewém or to an
effective anount of ~at | east one conpound of Forrmula I, or a

phar maceuFFEES Py SRt abl e salt, prodrug or sol vate thereof. 20
[018] I n a further aspect t he present i nvention provides the use of a
conmpound of Forrmula I, or a pharnaceutically acceptable salt, prodrug

or sol vat ereof, | uf act ul anen ating,
prevent | nzmér rt“? “étﬂ‘i?rrfﬁp%g%h ReEq. m‘f:ef‘t;1 rQEQ%S,I ", néeduﬁiog&%ffntﬁtl c pain,
i nf | anpat fewemgrar aﬁutogatmglpamate B. cmronaxpah:en@mpa)hm Prig mﬁmmatqwmnf or

LreaLing. ENETL! 00,01 ANEh ol ALLNG A NS MRl 43 (019

conpounds coxﬁf:ouﬁ@ ofBéréaula [6ich Iﬁﬁaﬁnmmo@ﬂy s:uqha‘tﬂ:@snttgnmdmg oosolvatetihereof,
phar maceutical |y a&%%teip%%b gj salts, S OS¢ vat es, as

r adi ol i garfR3 A Fhe S Eﬁhﬁﬁtﬁrﬂ’e’f‘ 9 %5?18?1 i zi ng such
radi o-1 abeled (e.g., 3H 11C or 14C-radi o-| abel ed) conpounds, the
present invention W) 2008/ 053352PCT/ 1B2007/003411

15 [017] In a further aspect, the present invention provides a method of modulating

_)

activity at an opioid receptor comprising exposing the receptor to an effective amount of
at least one compound of Formula I, or a pharmaceutically acceptable salt, prodrug or

solvate thereof.

20 [018] In a further aspect, the present invention provides the use of a compound of
Formula I, or a pharmaceutically acceptable salt, prodrug or solvate thereof, in the
manufacture of a medicament for treating, preventing or ameliorating pain (e.g. chronic
pain, neuropathic pain, inflammatory pain, surgical pain or acute pain) in a mammal, or

for treating, preventing or ameliorating diarhea in a mammal.

25

[019] In a further aspect, the present invention provides radio-labeled compounds
of Formula I and the use of such compounds, or their pharmaceutically acceptable salts,
prodrugs or solvates, as radioligands for binding to an opioid receptor. Utilizing such

radio-labeled (e.g., °H, 'Cor ¢ radio-labeled) compounds, the present invention



5 further provides a nethod for screening a candi date conpound for
the ability to bind to an opioid receptor. This nethod conprises: a)

i nt roduci ngoaudsiXeds concentrati on of the radi o-1 abel ed wanRawAssia
the receptor under conditions that pegmt binding of the radio-

| abel ed conmpound to the receptor to forma conplex; b) filtrating the
conplex with a 5 candi date conpound; and c) determ ning the binding
of the candi date conpound to said receptor. [020] Addi ti onal

embodi mengghaEovad amidigRFonderechiag b naelitateanmpbund fasths gtilifydo binditn par t

in the description that.fol|lows, and w.ll fl.ow f.romthe descrd.ption,
of mmy e R EGRE e SRR RerrbeRe PSR hESLREI, <
and advangageshad doR@okniaMe file redeptor thdeb eondaivhs theicbeanitibiatiing ofithe rdsljo-
means of the elements and combi nati ons particul arl oi nt ed. out in
the appenldBiictremmeEnd GhaRPIIrds RERBEoRRINS D E0aME Hato v Ihe

f or ego§ Nge R YmARGAL £ o abibahiRg thbBiiaipas iRdattists ¢opigonnd wrseid
exenpl ary and explanatory only, and are not restrictive of the

i nvent i ontecep$ore| ai med. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20

1022] The present invention provides conpounds of Formula | as defined
bel ow, and the pharmaceutically acceptable salts, prodrugs and

sol vates t hereof, which _conpqunds e, useful . as. opi.oi d.recept.oL, .
agoni st s. [@8hpoundgdigpnatspppfiments V?ﬁ@%ﬂ%ﬁﬁ’%%ﬁ‘?f‘%ﬁ Ef/seg;éogglp]{labl e
salts, progt#age @égshpiiah&'@t fllotvhene aﬁu flaw &o@t@@@isﬁlibubﬂ, & elaybtieanied
activate |1 opioid receptors, and thus, are usefu or treati.
preven?i ngy pieCET o HiciBeatih o Qyiegg)pfg}g*egts F’é‘iff:ijé’ Aunges of %e R (] "(“—Jlﬁt%l‘la ve
activati of,ffed dng QiRlifddthy 18G8PE RS eleh ORSInE Y mbinkiishs PaESEaly potited biton
provi des conpounds représented by Formula I: WO 2008/ 053352 .

PCT/ 1B200 7 e gepraded claims.

fo21] Tt is to be understood that both the foregoing summary and the following
15  detailed description are exemplary and explanatory only, and are not restrictive of the

invention, as claimed.
DETAJILED DESCRIPTION OF THE INVENTION

20 [022] The present invention provides compounds of Formula I as defined below,
and the pharmaceutically acceptable salts, prodrugs and solvates thereof, which
compounds are useful as opioid receptor agonists. Compounds of Formula I, and the
pharmaceutically acceptable salts, prodrugs and solvates thereof, are expected to
selectively activate p opioid receptors, and thus, are useful for treating, preventing or

25  ameliorating disorders responsive to the selective activation of p opioid receptors.

[023] Thus, the present invention provides compounds represented by Formula I:



6

wher ei n A is cycloallcyl, heterocycloal kyl, aryl, or
heteroaryl; 5RI is: Hor halo; or Cl_6al kyl, Cmal kenyl,

C2. 6al | cynyb.zoédeSsaspal kenyl, or 6al kynyl, any of whi ch desngiobonall v
substituted; or -NR6R2, whereip each of RO and R2 is

i ndependently sel ected fromthe 10group consisting of H, optionally
substituted Cl_6allcyl, optionally substituted C2.6al kenyl, and
optionally substituted C2.6al kynyl ; R2 is C3.6allcyl,

C2_6al kenyl , C2_6alkynyl, -C(=0)Cl.6al kyl, -C(=0)C2.6al kenyl, -
C(=0)C2_6all cynyl, -S(=0)C 6al kyl, -S(=0)C2.6al kenyl,

-S(=0)02-6all cYnYi, SO2C1_6al kY], SOC2_6al kenyl, SO2C2_6al kynyl ,
-CO2C1_6al l cyl, -CO2C2_6al kenyl ,™~@r - CO2g2- 6al kynyl, 15 any of which
is optionally substituted; Bis (Cfﬁgﬁwﬁherein mis an integer 0 to

12, and preferably 1, 2 or 3; R3] and R4 are each i ndependently
selected fromthe group consisting of| cycl oal kyl, heterocycloallcyl,
aryl and heteroaryl; W32008/ 05335 B2007/ 003411

10

15

wherein

A is cycloalkyl, heterocycloatkyl, aryl, or heteroaryl;

Rlis:
H or halo; or
Cjsalkyl, Cy¢alkenyl, Ca.salkynyl, -O-Ci.salkyl, -0-C; ¢alkenyl, or —0O-Cs.
salkynyl, any of which is optionally substituted; or

“NRR, wherein each of R® and R” is independently selected from the
group consisting of H, optionally substituted Cy.salkyl, optionally
substituted Cy.salkenyl, and optionally substituted Cs.salkynyl;

R? is Cygalkyl, Cy.galkenyl, Cy.galkynyl, -C(=0)Cy.alkyl, -C(=0)Cz.¢alkenyl, -
C(=0)Casalkynyl, -S(=0)C1.¢alkyl, -S(=0)Ca-salkenyl, -S(=0)Cz.calkynyl, SO,Crsalkyl,
SO;;CZ,ﬁalkenyl, SO;Cz_salkynyl, —00201_53.].kyl, -CO;Cg-saIkenyl, or -COQCZ-Galk)myl,
any of which is optionally substituted;

B is (CH2)m wherein m is an integer 0 to 12, and preferably 1, 2 or 3;

R and R* are each independently selected from the group consisting of cycloalkyl,
heterocycloalkyl, aryl and heteroaryl;



7 R5 is H, cyano, Cl.6 alkyl, C2-6 al kenyl, C2-6 al kynyl
-C(=0) NHC1. 6alicyl, - C(=0)N(C _6al ky1)2, al kyl am nocar bonyl
di al kyl am weGasshasméts or cycl oam nocarbonyl; and the phaigragatbaadl v
acceptabl e salts, prodrugs and sol vates thereof. 5 [024]1n one

enbodi ment, Ais aryl or heteroaryl. In a preferred enbodi nent, A may
be selected from phenyl, pyridinyl, pyrimdinyl, pyrazinyl,
pyridzinyl, pyrrolyl, oxazolyl, thienyl, pyridyl, triazolyl,

oxadi azol yl , mﬂsmﬁﬁmw& ﬁlalkya Cajgemcafyﬂﬂ?liseM| FEEQ)NNG galkyieny| . 10

L2511 ot “ergﬂ%ﬁqﬂb% A RS i e T

cycl oheptyl, ¢l ooctyl and r

enbodi nent , §hq-P ar?ﬁ‘ilti?aﬁ%%ccw %lgﬁﬁfrqdﬁuéﬁ%%ﬁ Ivates er %mant RI
is Cl. 6al kyI CZ 6al kenyl or C2.6allcynyl. [28] I n anot her
enbodi nent, is -NR6R2. 20 [029] In anot her enbodiment, R2 is

-C(=0 1. yI anpl s of ch S t

car bo ng I l; ? l;?@:\ 516 rfI b %:%8%%%@ ql?nt’é}ld
car bony| pefayye selmmbmybmwwmmmmm@ﬂm:pmn s
2%8?%%332@@%? X@?géﬂygégg%@zcgﬁaéxggla}/olyl an% fur anyl In a preferred embodiment,

A is phenyl.

10 [025] In ancther embodiment, A is cycloalkyl, and preferably a Cs.o cycloalkyl.
Examples of such rings include cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and
cyclononyl.

[026] Tn another embodiment, R! is H or halo.

15
[027] Tn another embodiment, R! is Cy.¢alkyl, Ca.salkenyl or Cy.alkynyl.

[028] Tn another embodiment, R' is -NR°R".

20  [029] In another embodiment, R? is -C(=0)C;.alkyl. Examples of such

substituents include carbonylmethyl, carbonylethyl, carbonylpropyl, carbonylbutyl, and
carbonylpentyl, carbonylhexyl.

[030] In another embodiment, R? is ~-C(=0)Ca.¢alkenyl or -C(=0)Cy¢alkynyl.

25



[31] In another enbodinent, R2 is -S(=0)C .6al kyl, -S(=0)C2_6al kenyl

- §(=0)C2_6allcynyl, SO2Cl1_6al kyl, SO2C2_6al kenyl, or S02C2. 6al kynyl .
[ 32] I n anwbhlessiasdsodi nrent, mis 1, 2 or 3. 5 1033] Usefrdr/igeuupoasads
of the present invention include: 8

N (1- (3, 3-di phenyl propyl ) pi peridi n-4-y1)- N phenyl ProPi onam de;

N- (1- (3-cyano- 3, 3-di phenyl propyl ) pi peri di n-4-y1) - N phenyl proPi onam de

N, N- di et 991} 2, 2- HiapbibenebodipatR3 e B @Corlaraf 0 Rialenyldi n- 1- 10
yl ) but ana

N—(l-(4-o§%€§¢%@%ygﬂﬁﬁ%§&ﬁwﬁ$r S R mE%ﬁF@%plperldln 4- 34) - Npheny

| pr oi onam de; and the pharmaceutically acceptable salts, prodrugs and
sol vat es t hereof. 15[034]As used herein, "cycloallcyl" refers to a

group Selﬁﬁafd frﬁp1 Q%ﬁjﬁ%&#p%ﬁsqyﬁ or fNd preferably a C5.9
: cyc

cycloallc Typlc groups include cycl opropyl,
cycl obutyl, cycl opentyl, cyclohexyl cycl oheptyl, cyclooctyl and
cycl ononyl . 20[ 035] As used her ei n, heterocycloalkyl refers to a

or oup. sel aabed f ogBALHY, rogoémégrmmnmycl ic rings, which

contain c n atons an mone to four heteroatons independently
sel ected from H;ﬁﬁﬂ {nRAdiafa- Opiomamigesanpl es of
het erocyclic r&g? §y§¢ ﬂ%@%éﬁ plﬁgzrg%ne pyrrolidine,
pi perazi ne, no p 313044 } ny@ﬁﬂmﬁﬁﬁﬁﬁppines
Pt he 1ike Do i 2 A Al R Ry
N,N—dlmethyl-Z,2—d1pheny1-4—(4-N—pheny1prop1onarmdo)piperidin—l-
10 yhbutanamide;
N-(1-(4-0x0-3,3-diphenyl-4-pyrrolidin-1-yl)butyl)piperidin-4-yl)-N-
phenylproionamide;

and the pharmaceutically acceptable salts, prodrugs and solvates thereof.

15 [034] As used herein, “cycloalkyl” refers to a group selected from C;-Cr2
cycloalkyl, and preferably a Cs.g cycloalkyl. Typical cycloalkyl groups include
eyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and

cyclononyl.

20  [035] As used herein, “heterocycloalkyl” refers to a group selected from saturated
3-12 membered monocyclic rings, which contain carbon atoms and from one to four
heteroatoms independently selected from the group consisting of O, N and/or S.
Examples of heterocyclic ring systems include, piperidine, pyrrolidine, piperazine,

morpholine, imidazoline, pyrazolidine, benzodiazepines and the like.

25



[ 036] As used herein, "aryl"™ refers to a group selected from C6. 14
aryl, especially C6.10 aryl. Typical C6-14 aryl groups include

phenyl, napBtbhlessghenant hryl, anthracyl, indenyl, azulgivikzoo7003411
blphenyl blphenylenyl and quorenyI groups. 5[037]As used herein,

heteroaryl refers to a group having from5 to 14 ring atons; 6, 10
or 14 it electrons shared in a cyclic array; and containing carbon
atons and 1, 2 or 3 oxygen, nitrogen and/or sulfur heteroatons.

Exanpl es pBgjhet er Aaﬁseﬂ hedey Tyl refdrsitben grivipeselected enz 6. jat i esprpglally

napht ha[ 2, 3-b] t h| t hi ant hren f.ur yl u

i sobenzof Geadl ﬁ%%%sb%QE’ﬁVWPS%%W% mﬁﬁﬁ?ﬁ@ﬁnﬁﬁbgh-pyrrﬁryl
pyrrolyl, in4&iym agﬁz he@ylrlﬂmhylbnylaw ﬂﬁbtényl pyougezi nyl, pyrim di nyl,
pyri dazi nyI | ’soi ndol yII’ i ndol yl, indazol yI purinyl,

i soqui nol yl, quinolyl, phthala2|nyl naphthyrldlnyl C|noolinyl,
quinazolinyl pteridinyl, 4aH—carbazonI, carbazolyl, P- car bol i nyl

pﬂenans hr ‘ogv]twKI Alﬁﬁéedihﬂﬁeh{, ;}mymarﬁi’ d&fél‘%tqa ?hqnhmﬁigl rfwini Hiyd 14 rinlg
pnenazi ny | aZ0 , IS0 1.aZ eno 20 Q
f urazanyl LoD, 6?18%%43&#%?@ ShptEg ”%/% C? %mjﬁgc%b nga%%?y 4 ogen
rgfl eg t|01k fil S Skyg &?hﬁ:og%n@mm1Mh¢tadaon1?] [Bﬁmp?ﬁ otﬂhﬁ:d‘oblg{] ggups a

al Ky IS selecte roms chna a e
non- cycl|Emh9I#€@§¥Bﬁﬁ§ﬂﬂ@VFﬂgmﬁ$ ﬁd%pm Lgpﬁgﬁ ﬂ%@y% ofuryl,
S Ser g i, o 8 G
br anched H@ﬁﬂ&’ld?wpb’l EPME‘FW&ID%WWBW gazﬂ’vﬁ/ f/sl':’n:‘l‘?fl Bi‘gglﬁt yl,
-tert-but ylaor llﬁ&mw&mlﬁ ?%B@riﬁdqtum%d g&ﬁnbwl '@»ﬁﬂmmhzmﬁ Aaphinytiditly |
3- nethylbutyl yl pr.op met h Plip%g
1- met hyl péﬁp?liﬂylaﬂumﬁ@hﬁylb Hé‘ﬁ@lwl 433’»{ ??él?qu?lp’]pé?ff%zlo Y ]Tq]lepent yl,
1-ethyl bu t 1l plerdiifm! tataydiput yl
1, 2- di met hﬂ‘% gt Sfiall *?’ﬁ?ﬁ“ﬁ’? @’ﬁ%ﬁg{%&h&y ot y|“3§t vl a4
2, 3-di met Wﬂm;p ,,phemn@o@l dsoprazobifl fB@FW an@lf@emmmy
20081?§3352PCT352007/003411

[038] As used herein, halo or halogen refers to fluoro, chloro, bromo or iodo.

[039] As used herein, a “C;-Cg alkyl” is selected from straight-chained and
branched non-cyclic hydrocarbons having from 1 to 6 carbon atoms. Representative

20  straight chain -C;-Cs alkyl groups include -methyl, -ethyl, -n-propyl, -n-butyl, -n-pentyl,
and -n-hexyl. Representative branched -Cy-Cq alkyls
include -isopropyl, -sec-butyl, -isobutyl, -tert-butyl, -isopentyl, -neopentyl,
1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl,
1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1-ethylbutyl,

25  2-ethylbutyl, 3-ethylbutyl, 1,1-dimethtylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbntyl,
2,2-dimethylbutyl, 2,3-dimethylbutyl, and 3,3-dimethylbutyl.

[040] As used herein, a “Cp-Cs alkenyl” is selected from straight chain and

branched non-cyclic hydrocarbons having from 2 to 6 carbon atoms and including at least



. 10 one carbon-carbon doubl e bond. Representative straight chain and
branched C2-C6 al kenyl groups include -vi nyI , -ally!, -1-butenyl,

- 2-but enylywo-hplissy| enyl , -1-pentenyl, - 2-pentenyl, pcragago70s411
-3-net hyl -1 -butenyl, -2-methyl-2-butepyl, -2,3- dlnethyl 2- but enyl,
-1- hexenyl, 2-hexenyl, and 3-hexenyl. 5 [041]As used herein, a
"C2-Cbal kynyl " is selected from strai ght chain and branched
non-cyclic hydrocarbon having from2 to 6 carbon atons and i ncl udi ng

at | east &{é%a%ﬁlé%oﬁ%&wbchﬂi Régeseaaithe sRaighirbeintaad bractsd CaiCght chai n
and branched C2-C6 alLk nyI ncl nyl

- 1- but y ny#lkenybgngprs iaghde -V&wgeﬁ(ﬁﬂfgrﬂy- uer} g-%-@ﬂwﬁy%og%f@ﬂ Aipenend, -

3-net hyl- épe&té yﬂaﬁlﬁlﬂfl—@ﬂﬂ&)ﬁﬁﬂ%ﬂlﬁﬁﬂ%ﬂﬁﬁ{l ~2,3-nhepylinyutengidl -

-5- hexynyl . 7] As used herein, the term "ami no" or "am no group"
refers tohexﬁﬁé 2-heyeryl mEr3diexaiky | ani nocar bonyl groups i ncl ude

N- et hyl am nocar bonyl, N- 15 et hyl am nocar bonyl ,
N- pr opyl am nocar bonyL N-butyl am nocar bonyl , Npent yl am nocar bonyl ,

N- hexyl am nocar bonyl and N-oct rb 10441

di al | cyl afdhbcar bésyredgheseipe” C%c,clag]cl.lf %awsaﬁﬁ&l% W%&%ﬁ%l -

N, l\';]d: et hﬁllaﬁéﬂegQ%E%B%bﬁo%uﬁsﬁngialﬁhgﬁﬁiln% ramwgmis andiicibdiag leaast\l- 20
net hyl ami nocar bon ef ul cycl oanj nocar bo S

1-azi ri di ﬁw@dmmaghon triple Bondt Raprter Eﬂ’*b%‘ﬁ&ﬂh C‘@Wﬁ%ﬁﬁ“&b&#&%iﬂgﬁ

1-pi perid B ZihtkE31, b 52- As
used hereFﬁMﬁfﬁghggﬁh?@&%?Fgﬁg sugg??tute " refg?gﬂ?% abﬁﬁﬁgp t hat

i s undObsBiatindd- Wyné(hb%ﬁlttmybdl ’%Yﬁyloﬁ@eé)’n%[ﬁ“@ -ShEYPt uents. For

exanpl e, where the groups Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 allcynyl,
-0-C1-C6 al kyl, -0-C2-05 al kenyl, and - WO

2008/ 053352PCT/ | B2007/ 003411 . »
[042] As used herein, the term “amino” or “amino group” refers to —NHo.

[043] Useful alkylaminocarbonyl groups include N-methylaminocarbony}, N-
15  ethylaminocarbonyl, N-propylaminocarbonyl, N-butylaminocarbonyl, N-

pentylaminocarbonyl, N-hexylaminocarbonyl and N-octylaminocarbonyl.

[044] Useful dialkylaminocarbonyl groups include N,N-dimethylaminocarbonyl-,
N,N-diethylaminocarbonyl, N.N-dipropylaminocarbony! and N-ethyl-N-

20  methylaminocarbonyl.

[045] Useful cycloaminocarbonyl groups include 1-aziridinylcarbonyl, 1-
azetidinylcarbonyl, 1-pyrrolidinylcarbonyl, 1-piperidinylcarbonyl and N-
methylpiperiazinylcarbonyl.

25

[046] As used herein, the term “optionally substituted” refers to a group that is
unsubstituted or substituted with one or more substituents. For example, where the

groups C;-Cg alkyl, Cy-Cs alkenyl, Co-Cs alkynyl, -O-Cy-Cs alkyl, -0-Cy-Ce alkenyl, and —



11.0-C2-Cs allcynyl are referred to as being optionally substituted,
they may or may not be substituted. Wiere substituted, they may be
substi t ut egowdsinssssgr oup sel ected fromthe group consi Sidmgzdebodalio,
hal o( G 4al kyl , hal 03(Cl. 6) al kyl, aryl,iiheteroaryl, cycloal kyl,

het erocycl oal kyl , Cl5allcyl, C2_6al kenyl, C2.6al kynyl, aryl (Cl-

56) al kyl, aryl (C2.6)al kenyl, aryl (C4al kynyl, cycloallcyl (Cl4al kyl,
het erocycl o( G 4al kyl , hydroxyl (Cl4al kyl, am no(CLl. 6) al kyl,

car boxy( C@-@)@Iahq/hyl ad ﬂe&m&d Glasthpimb onﬂlqnahly ku’omtu‘ad;n they, murcmnw nocheano,

o Loxy, ohviary WameatehRinbey Pafbe wsb PR gt 3k el i e
0378, giriutiapautriad o s it 110
nitro, G %%PWIF CY@%épR%WY‘g?%}kyé%ﬁ@k% wsﬁ% 'opt i onal
S A, BT SO e
consrgerehwdﬁ‘g(}ﬁ@l Q%@FY‘@@%P@W]WWL %’8’@@%@‘%@ ggﬁybgg@ an 15

o odr uge_ PRSI el ¢ ergm‘?‘dé%??p?%%‘?h’ém%'ﬁ%@f guﬂg’mﬁg?ymy be

prepar ed BYoRveerboxygarsinesirtasi st fasaliiitho aﬁFF;fﬁ?ﬁichQEO SiEentS, cci ni ¢
anhydr i deH Puﬁ?'ﬁ%g hﬁld(@l GWHI %ﬂd‘%‘daﬂﬁﬁgﬂbﬁcfé)ﬂkﬁ' BArsXIRO[HARHES

i sot opi ca conpounds,_ of . For nul

Exanplls @mmpésbtsbﬁ% hw@rat:ylclaﬁo Ha-stlisdof pelkaraand aitiee- tfefcardpmpsss
conmpounds g QRes 2 shydrogen, carbon, nitrogen, oxygen,
phosphorod@ﬂﬁ%qﬂ§¥%ﬁg&and cﬁ%orine, such as 2H, 3, 1l1c, 13C, 1l4c,
15N, 180, 170 31p, 32p, 35S, 38F and 36Cl, respectively, and
preferably 3H, "C, and 14C. |sotopically-labeled (or radio-I|abel ed)

conpounds | (fafq the ﬁh@ﬁ%ﬁmhf&ié@laﬁéd%reﬁﬁﬂsdﬂémﬁﬁm@@ oebdRyps BB aRclodedown
in 25 the ar For exanple, tritiated conmpounds of For.nul.a | can be

prepar ed bympaunds diredmgs are ansidaied f ks Ao sovalantly bonded carpiers Hahileate an
Formul,g | 4 VQ ?@Hﬁﬁlo?Foxgﬂllacﬁﬁ@ith Nen-Highad Q8 ?loé Sprdirtidy ihdlndeiebsis

Thi s nmet ho ncl ude reacting a suitably en- subst i tUt%

precur sor 06¢0133130@@¢W§ﬁﬂmé¥1 F@fiﬁﬂi’rednqy %PF?Pa’EeFllbW??ﬁ?%%‘df ¢prpRoEndsthence
of a suit ﬁ%tsﬁéﬁ’z%tsuchlﬂéaﬁ&ﬁm Pd/C, in the presence or absence

of a base. er suitable 30 et hods for preparing tritiated
conpounds can be found in Filer, Isotopes in the Physical

[048] The invention disclosed herein also encompasses isotopically-labeled (i.e.
20  radio-labeled) compounds of Formula I. Examples of isotopes that can be incorporated
into the disclosed compounds include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine and chlorine, such as 2y, g, e, B, 14C, 1SN, 130,170, *'p, 32P,
355185 and *°C, respectively, and preferably *H, "', and M*C. Isotopically-labeled (or
radio-labeled) compounds of the present invention can be prepared by methods known in
25  the art. For example, tritiated compounds of Formula X can be prepared by introducing
tritium into the particular compound of Formula I, for example, by catalytic
dehalogenation with tritium. This method may include reacting 2 suitably halogen-
substituted precursor of a compound of Formula I with tritium gas in the presence of a
suitable catalyst, for example, Pd/C, in the presence or absence of a base. Other suitable

30  methods for preparing tritiated compounds can be found in Filer, Isotopes in the Physical



WO 2008/ 053352PCT/ | B2007/ 003411 12 and Bi onedi cal Sci ences, Vol. |
Label ed Compounds (Part A), Chapter 6 (1987). 14C-|abel ed conpounds
can be prepghggRyssenpl oying starting materials having g fi‘;'iﬁgﬁo‘?/ﬁth?ﬁn-
[49] The present invention is also dif,ected to the use o

radi o-1 abel ed conpounds 5of Fornula I, as well as their
pharmaceutically acceptable salts, prodrugs and sol vates, as

radi ol i gands for their binding site on an opioid receptor. A

radi o- | abaﬁ@ﬂoﬁz@ﬂmmﬁm@t Vo INLhkaled Conpolasls laB.:&dA), GihemerrGa(dﬁ&?m Ye-
specific rec tor mdrn of a r .candi 59 ﬁ E

radi o- 1 ab&P PFBP*H ‘%rsté%rﬁ%y%ﬂaf%wa%a avéltgtaer &7 to
ani mal testing for the eval uation of structure-activity
relationships. In a non-limting 10 enbodi nent, the present i nvention

provides nmet hod_f or scr.eeni.n drd d fo ity
to bind t 43]1 opi FOFL‘?:iPrF‘?fEQBY%’h Ig@r?ffro &ievt tc’%‘ ‘t‘sﬁ Pl% lﬁéla?\gedﬁ OELP%&L
concenkr abf Rdhmlfa It fevdliag uenlpm@iaeameﬂrmuqmauaam pmrdmge pidsolvatedexs
condrtlonsthat ué‘ﬁgln of the adlolgﬂ%g ound% t he
recept or Faiqlig %‘?ﬁﬁ opjap PROHECPRS AIRHT-RPEE PHRRORARG dat e
conpound; pafghi£d caQ%E: Qdqe EHAchcteaRge Riebitic Ageftbr Bihdingonibdat &m’lﬁateo rrpo und
to said receptor. 0 Some . of the_cqnpounds di scl osed ere

contain oﬁenmunﬁo&ec iontadeled eoraRavRdy RINGIRGIASTAYS CARISVIGE % Vet t8

enant i OMehLgima el T6RR0B afiati GGk s%&@e—a%ﬁﬁﬁﬂ@]aﬁ@ﬁﬁbb CInfanofmeuﬂi’fge
present inventionis neant to encc‘)l%ass al 'l suchﬁlpossr bl.e 20 fornms,

as wellp agmbpdiment; the eresent Hentios PEIWASH 2 MsEed forTarering 37419 er eof . and
the uses tcg'ﬁfy&ﬁfi for HREAHIR Ll AR an PRI feBdPRIr SomBYsinke aﬁﬁﬁ@du@ing d fixed

according to nethods known to those of ordinary skill jint e art

vi ew of t Isenqsnieation of e sdicolsbeled copmennd tedhaisrpit Hader genstonp, H‘Fé‘PJér n
cont ai n_ Ol cor kS DO Boulk AL KRGS o agt?ﬁl;[swmu%ﬁﬂmt ry,

and unl ess sp ed ot herw se, i S I ntended i n¢cl ude both

E and Z geomplex mthzean@@msqompomd a‘t‘h‘t)tdéi%ﬁ@n@ﬂ%? hmﬂ%&ﬂé tagdigate
encor’rpl%ssecgl gé’untdltc?sa‘?&l%éé%% invention as well. [51] As used herein,

the term' reoi soner” is a general termfor all isoners of
i ndi vi dual m)l ecules that differ only in the orientation of their

atons in space. It includes WD 2008/ 053352PCT/I1B2007/003411
[050] Some of the compounds disclosed herein may contain one or more

asymmetric centers and may thus give rise to enantiomers, diastereomers, and other
stereoisomeric forms. The present invention is meant to encompass all such possible

20 forms, as well as their racemic and resolved forms and mixtures thereof, and the uses
thereof. The individual enantiomers may be separated according to methods known to
those of ordinary skill in the art in view of the present disclosure. When the compounds
described herein contain olefinic double bonds or other centers of geometric asymmeiry,
and unless specified otherwise, it is intended that they include both E and Z geometric

25  isomers. All tautomers are intended to be encompassed by the present invention as well.

[051] As used herein, the term “stereoisomer” is a general term for all isomers of

individual molecules that differ only in the orientation of their atoms in space. It includes



13 enantjonmers and isoners of conpounds with nore than one chiral
center that are not mirror |mages of one anot her (diastereoisoners).

[52] The tghMesiissal center” refers to a carbon atom t#&TYl’ﬁktﬁ'}‘mgQHr

different Sgroups are attached. [53]y3The terns "enanti oner
"enantioneric" refer to a nol ecule that cannot be superinposed on its
mrror image and hence is optically active wherein the enantioner
rotates the plane of polarized light in one direction and its mrror

i mage Congaupidhdoimtiemeiifkemphumdewith moed thir @edhiral ghdter thattatreobpposi t e
di rection [54] The term"r emc" refers to a m xture of equal
parts of ’@H%W%ﬁ?%?"go '(‘%ﬁs HPREWWE)i s optically inactive.

15[ 055] The term "resol ut| on" refers to the separation or
concentration or depleti on of one of the two enantioneric fornms of a

| ecul 56] Th "
20[ 067) THi8=Ahvent Tisiot Ghiacatonarer i aFuBaRp R ey o o

the discl poesk £omeksads. | n one enbodi ment, the present invention

i ncl udes any and all non-toxic, pharmaceutically acceptable salts of
t he di scl osed conpounds. Exarrpl es of pharnmaceutically acceptable
salts include inorganic and organic acid addition salts and basic
salts. Thgsphar rrau;@ajﬁehmatehannameﬁphabénantkthis” iefier faigmpolebule that eannet

limted t netal 25salts.such as um s ium
Galt ot BT ResET SR N IE Tiage ent s Fen Rty BN AARITE Bdioff ™!
magnesi Unygiabd thé f@nddf@olahk@l,hgﬁf B ank diréfibmeandsial thisrosineige emmpound rotates

H: :tE Inanl;lgn %qlq.eryé’ &gﬁneﬁgglﬁ"éﬁ?ﬁg él ne salt, ethanolam ne salt,

N, N - di benzyl et hyl enedi am ne salt and the I i ke; inorganic acid WO.
2008/ 053352PCT/ 1B2007/ 003411 14

[054] The term “racemic” refers to a mixture of equal parts of enantiomers and

which mixture is optically inactive.

15  [055] The term “resolution” refers to the separation or concentration or depletion

of one of the two enantiomeric forms of a molecule.
[056] The terms “a” and “an” refer to one or more.

20 [057) The invention disclosed herein also encompasses all salts of the disclosed
compounds. In one embodiment, the present invention includes any and all non-toxic,
pharmaceutically acceptable salts of the disclosed compounds. Examples of
pharmaceutically acceptable salts include inorganic and organic acid addition salts and
basic salts. The pharmaceutically acceptable salts include, but are not limited to, metal

25  salts such as sodium salt, potassium salt, cesium salt, and the like; alkaline earth metals
such as calcium salf, magnesium salt and the like; organic amine salts such as
triethylamine salt, pyridine salt, picoline salt, ethanolamine salt, triethanolamine salt,
dicylohexylamine sait, N,N’-dibenzylethylenediamine salt and the like; inorganjc acid



salts such as hydrochl oride, hydrobrom de, phosphate, sul phate and
the like; organic acid salts such as citrate, lactate, tartrate,

mal eat e, fypBh@lRszssandel ate, acetate, di chl or oacet at@ypupa007003411
trifluoroacetate, oxalate, formate ang the |ike; sulfonates such as
met hanesul f onate, benzenesul fonate, p-toluenesul fonate and the |ike;
and am no acid salts 5 such as arginate, glutamate and the |iKke.

[058] Acid addition salts can be fornmed by m xing a solution of the
parti cul anitCReRamdrRhlotiie hpdretienide, piwepitatepsulpliatetand thedikes drgamicdcid
pharmaceutjcal]ly acceptabl e non- éoxi&ﬂ&cid sugqigs prochloric
acid, furfals ichey Aratfmicdats AR MU HREAG ARG ARATE aci d, 10
citric acjithiorb@klaf] irFludfhsbiatsakilan] Braed hd tilaephutiohaesantidas oxal i ¢
acid, dichloroacetic _acid, and the |like. Basic aah%s qgn be tﬁr d by
m xi ng a BeherBimes, beprnesulionats PAolueasiionsta 2yt he Hie FPELwRP 2 R58Rt i on
and a phagpReeitihaal e apf@blige non-toxi c base such as sodium
hydr oxi de, pot asSsi um hydr oxi de, choline hydroxi de, sodi um carbonate
and the |ike. 15[059] The invention disclosed herein al so enconpasses
sol vates of the disclosed conmpounds. One type of solvate is a

hﬁd rat le- [%9#]}/ at esatiy pidadd ssélt@l_@hn_matfoﬁ?aua% mhthga sdlggdnfdfﬁ?ﬂﬁﬂwm ht he
physi ol ogical activity or, toxicity of the coppoun as ch_can
function eesnered ofbopsyRERYeIEER B RSARECD of§ %f%ﬁlﬁ%@ a(‘f%‘??f)‘%%rﬁ?? of

Formul a | 0R¥%cRGudSRhiirodiolPcd, SuniAapihalaig @slt Stsinia atidoetic 20fd,
tar vatjon.can be

di seases and conditions nedi ated by opioid rec i

Croat 1. byiTEBIOIHS Ao SE0RUH B RUSP AR cisy BEL EoIP- T GRS T
provides g 4Tt BRd mabic (4i83kh BOforREENLRbiTG: soRfioR 6Bt piraddlagoppiumd( €. g.
chronic paln, neuropathic pain, inflamuatory pain, syr |c%{ paL.n _or
acut e pai pfthe present nventien anda phapmpseatically ﬁccéﬁ%bl?Boné%’Gg’?%éH? L asSpgum

i nvention 1885t Ri TRk sk R cAdiBahidiskiRabdtiurk BarbRatcRRbadiFENt , t he
type of pgﬁﬁggs’gﬁ?ohlc pai n. fn ano%her enbodi ment, the type of pain
is chronic neuropathic pain. In another enbodinent, the type of pain

is inflamatory pain. In another enbodi nment, the type of painis

Isur gi @ﬁ' _REop | n enotbetios ahedidimieiein iftentotaseh sqdies of shealiwstosedai n.
n eac

i nstance, such nethod of treatnent revention or, .. D
2008/ 0533 SERFNIBRRTAYRRPS 4a1Ya1¢ & adpdrale r%’?‘iat‘fﬁ %ﬂ’&dﬁi’ {1%%"@&8‘?%’.‘?"& ering
to a rmm@i@liiﬁeaﬂ?@qgthgfphﬁiﬂ@gi&di 8&1vire B toxRItEYERE EddiboRfids and as such can

function as pharmacological equivalents.

20  [060] Since compounds of Formula I may be useful as opioid receptor agonists, a
number of diseases and conditions mediated by opioid receptor activation can be treated
by employing these compounds. The present invention thus provides a method of
treating, preventing, or ameliorating pain (e.g. chronic pain, neuropathic pain,
inflammatory pain, surgical pain or acute pain), or diarrhea in a mammal. In one

25  embodiment, the invention provides a method of treating pain. In one embodiment, the
type of pain is chronic pain. In another embodiment, the type of pain is chronic
neuropathic pain. In another embodiment, the type of pain is inflammatory pain. In
another embodiment, the type of pain is surgical pain. In another embodiment, the type

of pain is acute pain. In each instance, such method of treatment, prevention or



anelioration an anmount of a conpound of the present invention that is
t herapeutically effective in achieving the desired result (i.e

treat nent ,wpresgaBeizspn or anelioration). |In one enbodi maktrstleeERUNt
of such conpound is that anount effecisive to activate 5opioid
receptors in vivo. [61] Chronic pain includes, but is not limted
to, inflammatory pain, postoperative pain, cancer pain,

osteoarthritis pain, tr| gem nal neural gia, acute herpet| c and

post her pemetioration edqg:res addmmstb@'tngcro ﬁmmmp?étﬂqced efauchireptment mreienticn or

pl exus avul si on, occi neur
dyst rophyame? RS PR ?'ﬁltt % Wrop (génftq%e rgseﬁﬁlme%og%gﬁ?nmp%gdﬁ)lﬁ%mand ot her
forms of effutialigiachieviggihe fetrbd msultaﬂnd tredinggmg tpreventivaion amslivdationgk sn

[62] Chronic i C aln r esul froml posg: 1o

r esponses®§ P@E‘W@ i?]%sog %H%q;@ %‘ oﬁnnteen{gzé‘%ur gi @g

pr ocedyr e@lolam@labrsqlﬁvﬁbt hritis (Br ower, 15 Nature Bi otechnol ogy
2000; 18: 387-391). [63] The mflammtory process is a conpl ex
series of biochem cal and cellular events activated in response to
tissue injury or the presence of foreign substances (Levine, _

| nfl annnafoglly Pai Ghrohie paiheudhislesbubis nBelimitedwd,|ihflzamatonypaincpostperativedr d

ed., 1994). 20 Infl.ammtion, oft.en.occurs at, fhe si
tissue, ofp§ ?‘Eﬁebﬂmwtg??@fms %%Q%%eﬁﬁl pal peraleta o h%&’;%{r?%%dedgjso Hﬁ& s sue
repair angeuR@gihjdigbetid herdpathglj cantalga, @mhxaf plends lzautsiod, iocwipitah pbwialgia,

eryt hema redness at ai.n,an f

funct tBn. eﬂﬁ’ésma%ﬂep? gysgPp}B’agFZ’mg’ ik g??t’%tgwll Yat rgn iﬁ)%lﬁﬁajgbanrq t
exper i encgthpafofnCéfeinaladd, hatrogathic, kd idepathicpain sgniremenhanced pai n when
the inflanmed site is noved or touched. Inflammatory pain includes,

25but is not limted to, osteoarthritis and rheumatoid arthritis.
[ 64] Chronic neuropathic pain is a heterogenous di sease state with an
uncl ear efo6a]| ogy. Chfbnﬁ:l”sbmailmpahegmﬁpay msnltqcfmnmmﬂmap&r IESROAEES [he

medi ated hy nul.tip nmechani sns. .This N ses
frominj UP%SU‘F Bljlfrﬁéu%‘és PERE PP Bt S %%por?(%&r%\rlegu(gahgerggue \S%-O%Sf

2008/ Q53352R4%d BibB2ARbI4H0BER 1818 7H9e).syndr omes i ncl ude pai n associ at ed
with spinal cord injury, multiple sclerosis, postherpetic neuralgia,
trigem nal neural gia, phantom pain, causalgia, and reflex synpathetic

dystrophy and | ower back pain. The chronic pain is different from
acute pai 0d3p t hatThe mflaminctanepoopa st complexsenrabf binthwmsen pustcetlper

abnor nal aln S ions th t..can. e ous pain,
cont i nuoug ?Lﬁpa@ﬁ?'fiﬁ%cf BrBEsi ontéSS]éen qﬂ g’r&ﬂ %%éeh &f&%gﬁ 819l%ttﬂgépal npc an
be evoked (D@vu{eeamammn;bﬂPmn,ademmanﬁPdw ﬁ&ﬂh&xgj@éﬂa@ck@ds 3 adedp4).

| d- | d
g g_u se (}Oby I%fﬁr%? 108 ID F}ﬁ Pcs IaBil']:ile %1? %)f é?-]u EI:S%FPO% lf&rg%ﬂmle%aﬁ) AHdochibule

to the process of tissue repair and healing. The cardinal signs of inflammation include

erythema (redness), heat, edema (swelling), pain and loss of function. The majority of

—p—-

patients with inflammatory pain do not experience pain continually, but rather experience
erthanced pain when the inflamed site is moved or touched. Inflammatory pain includes,

25  butis not limited to, osteoarthritis and rheumatoid arthritis.

[064] Chronic neuropathic pain is a heterogenous disease state with an unclear
etiology. In chronic neuropathic pain, the pain can be mediated by multiple mechanisms.

This type of pain generally arises from injury to the peripheral or central nervous tissue.



10 sensory nerves. It includes, but is not limted to, pain from
peripheral nerve trauma, herpes virus infection, di abet es nellitus,
causal gi a,wghfsksssayul sion, neurome, |inmb anmput ati on, 3RGBARTMHE! S-
Neur opat hi ¢ pain may al so be caused by nerve damage from chroni ¢

al cohol i sm human i mmunodefi ci ency virus infection, hypothyroidism
urema, or vitamn deficiencies. Stroke (spinal or brain) and spinal
cord injury can al so induce 15 neuropathic pain. Cancer-rel ated

neur opat hyif sgl@draméseﬁahaespatﬂ amctawmmﬁm for€ BhmY,esgiige sofrodgjpasent
nerves, brain, or spinal cord ddi tion, cancer@_&{fgﬂérrents

i ncl udi ndleﬁﬁéﬁrﬁt‘lﬁelg@ptylgﬁﬁﬁalrnéﬁﬁ%% Pepaipyrausplel, Hrpathetds ury .
Neur opat rﬁeﬁﬁﬁﬁfy%& sk inﬂt ThcHiéic bAiRid Berk: fRA Rukduiad thy nerve

injury su for exanpl'e, the pain from which diabetics suffer. 20

[66] Acutdrqréd meokepathinpaapaticaipsudfer 15 dprormalsny sasians I SELR i ve
mont hsy  agd. 1yl bigRStaRttus | s bainX NQhtirubid stuEQ'ﬁEiQI Bﬁﬁn@ﬂd%reéaﬁchageaﬂ as a

result” of surgery, a mno a sprained

bei ng st rTﬂtﬂ@abycaalbe@b?l@dbyh@!—'r[ i) m@en??h@?éweﬁatﬁ%ﬁtofb}ﬁh?%‘ %ﬂlgoor
directed {)‘211&1'31?0 l,|y to a method for treating a disorder that can
be treat el y ac ating opioid receptors, and particularly the

sel ective activation of g-opioid receptors, in an aninmal suffering
from sai d disorder, said nmethod conprising adm nistering to the

ani mal gﬁgjﬂunt Bhro 5%9&599&&519 Qﬁcﬁpéé'ﬂd{ls%dlb?r m;anﬁer RifRt BREBIEkipEAl Y

accept abl sal t, prodr or solvate thereo at can activate
opi oi #0 \yensep8ryeR Isesiatysiieg GOt Hodette, nan frem epiRhel SR IHE %

speci fi Caﬂéréesm& %%&b&% ﬁeﬁt QFHa{?éaféla{ SR Anfion/hdfiROUAE Of
Formul a | consi ere ectlve for the activation of

u- opi oi d el ald\mwmlltmel\mopatmq psirgpRoilep b@eeﬁﬁbveewaéa%%étoﬁﬁ ned
by in vit & L kb honSidl Reptihan
the K "ot TS BB bl e R ik

conpou n d s oofitafion deflcenbies altewke (SKinakar braie ad spipd CPI@J@BW&E‘EI a‘ﬁ% B@B‘tﬁb rs

t hat at | east u y [E'Eﬁﬂ erdr AR hRid ofRaEPt Ors. In
anoth enDodi e ?Mcgar?%éru%%%ﬁgl%m rrm?éam?:&have a Ki éit the 8- and

X- opi oi d renspisomoftdiatent m‘% Hre'a,str Sﬁbd&prdléaaﬁl@ﬁe%nﬁﬁawat&entshe
R R Tt
hi gher t hamleles butés not hmlteci o ptamcnep:teé b}s nerve infgy auvbtahéor abli epgin
conpounds .of Far e a Ki at the 5- and x-opioid receptors
that is alﬁtne]%‘[’%%eﬁ’f; X hi gher than at the 1.1.-opioid receptors.
In ang her enbodi nent, conpounds of Fornmula | have a Ki at the 8- and
i c-opi“0i d receptors that is at | east about 1,000x higher than at the
u- opi oi d T ptors Ege[ PR v OfiofiRe, A @ |
have a Ki a t he él‘cu{e:}fﬁ&[}g iol %gg%gt?%%sstht&ﬁ IS a¥ Igast about

10, 000x hiighetes WRtismmt liatited mehdpalmmmn@cpemeﬂ@f surgery, a minor cut, a

sprained ankle, a mild burn, or being struck by an object.

25  [067] The present invention is also directed more generally to 2 method for
treating a disorder that can be treated by activating opioid receptors, and particularly the
selective activation of p-opioid receptors, in an animal suffering from said disorder, said
method comprising administering to the animal an amount of a compound of Formula I,

or a pharmaceutically acceptable, salt, prodrug or solvate thereof, that can activate opioid



(0681The present invention also provides the use of a conpound of
Formula I, or a pharnaceutlcally acceptabl e salt, prodrug or solvate

t her eof , Lwobaﬁmﬁﬁﬁyfacture of a nedicament for treati o r
that can be treated by activating opi@i d receptors in E%ng g?ﬂﬁgﬁ

suffering fromsaid disorder. In one enbodi nent, the disorder can be
treated by selectively activating propioid receptors. I n anot her

enbodi nent, the disorder is pain or diarrhea. Synthesis of Conpounds
25 10691Th£qmmﬂpmdmﬂﬁe@kdﬁ&ﬂymﬁe&&ntﬁhmw@mphﬁhea@Wnbe&pnmpmn@dfusing

met hods k o t hose kllleﬁﬁﬁ he art in 0 sure.
For exanpt & B‘EH%]'S” fo Bese f%’r t&ﬁ@crhé(atﬁfmi o\éf 5 ?Pé‘?%é feceﬂtxff s %@ﬂh
s MeCH2OR; at%l_b 01@1’906 o (@ dtteRdinad By e;aﬁzh -0 a¥¥ys similar to those described
2008/ 053352P /182007 003%111 1% g/ and R5 is g\l Cq;l
CON( CH2) 4¥elowi layeer i s Kl gt the shsincnisiSEhuhe. IS onsmgimp: [070]
10 [ 074 1WediSpdubrddk E%ﬂﬂul@ BEdVed Kist @e SQnd%p%lK Ydceptord i@t at least about
5x higher than at the u-opioid receptors. In another embodiment, compounds of Formula
I have a Ki at the 8- and x-opioid receptors that is at least about 10x higher than at the p-
opioid receptors. In another embodiment, compounds of Formula I have a Ki at the 5-
and k-opioid receptors that is at least about 100x higher than at the p-opioid receptors. In
10  another embodiment, compounds of Formula I have a Ki at the 3- and k-opioid receptors
that is at least about 500x higher than at the u-opioid receptors. In another embodiment,
compounds of Formula I have a K1 at the 8- and x-opioid receptors that is at least about
1,000x higher than at the p-opioid receptors. In another embodiment, compounds of
Formula I have a Ki at the §- and «-opioid recepiors that is at least about 10,000x higher
15  than at the u-opioid receptors.

[068] The present invention also provides the use of a compound of Formula |, or a
pharmaceutically acceptable salt, prodrug or solvate thereof, in the manufacture of a
medicament for treating a disorder that can be treated by activating opioid receptors in an
20  animal suffering from said disorder. In one embodiment, the disorder can be treated by
selectively activating p-opioid receptors. In another embodiment, the disorder is pain or

diarrhea.

Synthesis of Compounds
25

[069] The compounds of the present invention can be prepared using methods
Jkmown to those skilled in the art in view of this disclosure. For example, compounds of
Formula [ where A is phenyl, R" is H, R? is MeCH,CO, B is CHy, R® and R* are each



WO 2008/ 053352PCT/ 1B2007/ 003411 19 Testing of Conpounds In vitro

p- opi oi d Receptor Binding Assays 5 [072] Ett-opi oid Receptor Binding
Assay Procgdui®nssgadi ol i gand dose- di spl acenent bi ndi RgrAgsRYshar
propi oi d receptors used 0.2 nM 3Hkdi pgenor phi ne (NEN, Boston, Mass.),
with 5-20 ng nmenbrane protein/well in a final volume of 500 ul

bi ndi ng buffer (10 nM MyCl2, 1 nM EDTA, 5% DVSO, 50 mM HEPES, pH
7.4). Reactions were cried out in the absence or presence of

i ncr easi cBANSRITriatH, orrs, CONNG,, onCab¥CHE))nendx prepared\nd showadt | ons
wer e con ted. in 96-deep well polypropyl ene plates for 1-2 hr at
roomtenp BEle. Bi ndi ng reactions were term nated by rapid
filtration onto 96-well Unifilter GF/C filter plates (Packard,
Meriden, Conn.) presoaked in 0.5% pol yethyl emi m ne using a 96-wel |

ti ssue harvester (Brandel, Git her$&ge%9€ Ml.) foll owed by performng
three filtration washes with 500 u i'e-col d bindi ng buffer.

Filter_pl ﬁé@s 15 were subsequently dried at 50C for 2-3 hours.

Bet aSc? nt ntillation cocktail (Wallac, Turku, Finland) was added
(50 pl/well), and plates were_gounted using a Packard Top- Count for
1 min/well. The data were analyged.Rfsi ng the one-sit&-squp&fition
curve fitting fungtions in GaphPad PRISMv. 3.0 (San Diggo, Calif.),
or an in-house fuke®ieR for one-site conp@tPion curve-@i ng. 20
[073], u- opi oi d ®écept or Bi‘hdi ng Dath: GeneralTy, the | ower)the Ki

val ue, the nore effective the pheﬁyl pr opi onam de corrpound‘é will be at
treating pain or diarrhea. Typically, the phenyl pr opi%@ 1 de
conpounds will have a IC (nM of about 300 or |ess byklgg nding to
propioid receptors. In one enbodiment, the phenyl propiRbnan de 25
conpounds will have a Ki (nM of about 100 or less. In one

enbodi nent, the phenyl propi onam de conpounds wll have a Ki (nM of
about 50 or less. In one enbodi nent, the phenyl pro\ei onani_de conpounds
will have a Ki (nM of absad, 20 or less. Ln anothbf enbodi nept Bt he
pheny! pr opiHoen] de_cBnpotnds—of (HEprBseft iWﬁ_OH w1 ¥={fave a Ki

(nM of about 10 or less. In still another enbo 298~'ht, t he B
phenyl propi onam de conpounds of the present invention vvi1II have a Ki
(nM of about 1 R1“"A-.N'R2 R““A\NRZ
*ZN o, Br EtsN/DMF
NSy
w-B N N
; o 5
N-w
Z,N

10 [071} W is CR®*R* and each Z is a (C;-Cy alkyl ) group.



WD 2008/ 053352PCT/ 1B2007/ 003411 20 or less. In still another
enbodi ment, the phenyl propi onam de conpounds of the present invention

wi Il have @qhbdsob of about 0.1 or |ess. PCT/IB2007/003411
N- (1- (4- oxo0- 3, 3- di pheny1- 4- e !

(pyrrolidin-I-yCbutyl)piperidin-4-y1)~N phenyl propi onami de, an
illustrative phenyl propi onam de conpound, has a Ki (nM of 19.17 for
bi nding to p-opioid 5receptors. In vitro ORL-1 Receptor Binding Assay
[ 74] ORL-1 Receptor Binding Assay Procedure: Menbranes from

reconbi nant 10 HEK- 293 cells e% [,esSsS] t he human opioid
receptor-like receptor (ORL-1) ‘%ﬁé%%*p@‘g’fpoﬁf’@ ogy) were prepared by

| ysing cells in ice-cold hypotonjc, buffer .5 Cl2, 50 mM HEPES,
pﬁ 7. 2) (10 ml/ 10 cm di g’ﬁ)ﬁ%ﬁ%fé’f%ﬁ“ﬁbﬁ%‘éﬁ%%n with a tissue
grinder/ Tefl on pestle. Menbranes were collected by centrifugation at
30, 000_ x for 15 mn, 4C apd .pellets, resus ed. in ot oni c

buf f er? t oﬂ)gzk i nal ”’(?Bfr‘]? N2 id] @zﬁdz%g éssf?)%ﬁ‘iffiﬂr‘?ﬁ%%fog]igﬁndc&;%ngent rations
wer e delt gai@juﬁ&amus&iﬁ@ég ﬂgaﬁ%@aa@biﬁ&mcfptmﬁamf iMﬁgEMpmiotﬁmtw' vi ne
serum al bumen as standard, pquots of the ORL-1 receptor es
were st or QYERkBosnA sy 1iRAGP 518 BRI P g}”egégﬁﬁé‘g(p"gﬁlﬁg’ﬁgﬁg“ nd
dose- di sphiae ?’%ﬁﬁér (UM Mgt MeROEDIA; 1% DMasO s MHENENpHST4)7

G/t nnol eé with 10-20 pz m,er’rf)rane protein in a final volu of . 500 ul
bi ndi ng bBFIcEPnY e RAVIRALE I the ApRceT RICSTEF PIVRFSHIS @HWPF%%E%?f pH

7. 4) . 1HoNyReGd dafoxBhd) AAINGaNREs e RbHHuBRE i 95-ddip uﬁﬂ?&]@?ﬁb@yl_@:ﬁe PlenM
unl abel ed noci ceptin (Anmerican_Peptide Conpany Al re?‘g{if ons were

per f or nedfard-Dig-at groEyteREepisy I%i?ﬂ%‘iﬁ?‘éﬁésg?rﬁff‘é’éiqﬁ@ﬁ byt Al

- tenper at Upg, oBivITARRRGREYE RS pIRESPAKdSh A3 A, EBndlypresdaked if DIsty at i on
onto 96-well Unifilter GF/C filter plates (Packard g?res aked in 0.5%
pol yet hyl elyethemngpeene a Hpelk dsspabarvester garadsh Gerbsereiugg Md-bigloesd

ti ssue ha . : Ve -cold ¥ ' y \Mést h
500 01 1 g BRfGEieae Rlhioh FuliliRth B0 EEE??S&&‘E?‘%@@%‘%%“’(J?E?? i ed

at 50@5f ovegegbsequendly dred atpOlfF fonéi3ihogesi Retabeiatseiilietippiepslitpl (Wallac,
(Bet aSci nigyu ekl 86N WaSdaddse nandn) PhiipBRes Wi Ec R LaE: b Packailacdsar d

Count for 1 min/well. The data were analyzed using the one-site competition curve
fitting functions in GraphPad PRISM v. 3.0 (San Diego, Calif.), or an in-house function

for one-site competition curve-fitting,

20

[073] u-opioid Receptor Binding Data: Generally, the lower the Ki value, the
more effective the phenylpropionamide compounds will be at treating pain or diarrhea.
Typically, the phenylpropionamide compounds will have a Xi (nM) of about 300 or less
for binding to p-opioid receptors. In one embodiment, the phenylpropionamide

25  compounds will have a Ki (nM) of about 100 or less. In one embodiment, the
phenylpropionamide compounds will have a Ki (nM) of about 50 or less. In one
embodiment, the phenylpropionamide compounds will have a Ki (nM) of about 20 or
less. In another embodiment, the phenylpropionamide compounds of the present
invention will have a Ki (nM) of about 10 or less. In still another embodiment, the

30 phenylpropionamide compounds of the present invention will have a i (aM) of about 1



WO 2008/ 053352PCT/ 1B2007/ 003411 21 Top-Count for 1 mn/well. The data
from screening and dose-di spl acenent experinments were anal yzed using
M crosoft wweedswassdzt he curve fitting functions in G aphiRag2deRbEMIM
v. 3.0, respectively, or an in-house founction for one-site
conpetition curve-fitting. 5 [76] ORL-1 Receptor Binding Data:
Typical ly, the phenyl propi onarni de conpounds will have a Ki (TIM of
about 300 or less for binding to ORL-1 receptors. In one enbodi nent,

t he phenydrpessphostifiniotbercorppdisats theiphenyiraomonamige qopwpunss ofhe gresado or

| ess. In .gne.embodi nent.,. o] i ill have a
" (g " oRVEBRAT EG QBB PO AT A B SIS A
pheny! pr opiyasktin-delboyhpiperisn-diy)iN-phsrglgogi@amidelMn idpstabivut 20 or

oresent | MaHroBeiRP cravnd ek RT3 AR D O REAET O {17

anot heg embgtirirent , t he phenyl propi onam de conpounds of the present

invention will have a Ki (nM of about 1 or less. In still another
enbodi ment, the phenyl propi onam de 15 conpounds of the present
invention will have a Ki (nM of about 0.1 or less. In vitro

, U- Opi 0i d Recept or Funct ilpmite MREA\Recedtal Binding @piapi d Recept or

Functi onal Assay Procedures: [35S]GIPyS functional 20 assays were
conducted using freshly thawed g-receptor nmenbranes. Assay reactions
were prepared by sequentially adding the follow ng reagents to

bi ndi ng bli7#kr ( 10CLtINMRMAcKE®! Bindifg AayEEedur 20MeNbrBREHES)M Foembiagnton

ice (fina e i L nd] - ( b | /m),
saponth ( FESRa iy Slsilie Rl ity EEOEBS BEOL O A PIREdER
prepar ed Biidgyxweregnénated by 1ysingGelslihviestdojd hymetonichnierdR SaaMMeds-5025
shal | ow we r e el . :

concent r atbPER SRR G0 GuA0 b B LR bp e s e

di met hyl gtihdep/Tkflen [eEMEDemiPhzs esravetlectédlrydsatrifigafior at30,089 » gaer oom
tenmperature w shaki ng. Reacti.o . ' '

1 Eratt of i ECaRe el Ien iR Mop B p L B IR oot £

Meri dep, oAl )Protsinrgnant@dionetvere detesnieediasingabs BioR ¢Bpratetiadssay reagent

Gai t hersbur.g,, Ml.) fol]owed by three.fi ' i gl of
VO 2008/ o%@@?ﬁé“rﬁ%ﬁ&@%’b?ﬁ"fd?ﬁ' ?‘é@“@%f’@}‘é\/\ggﬁ%@g"rr ‘Pd(egf@,r%%o
NaH2PO4, 1RrodbrbpHR0RE, pH 7.4). Filter plates were subsequently
dried at 50C for 2-3 hr. BetaScint scintillation cocktail (Wallac,
Turku, Finland) was added (50 gl/well) and plates were counted using

a Packard Top-Count for 1 rain/well. Data were anal yzed usi ng t he
si gnoi dal [@it5§e- r e Radiokigand bindingfastays (grednifig andeloseadisplicemethpiePad ™R SM

v. 3. Oors.an in-ﬁow je r . -] i Lelal . final
dose- 385 D (g r"@]élO&]ﬁ? i (N ?ﬂg Eﬂ%@nofltg it iO' &%ﬁémbrgd% a
volume of 500 pl binding buffer (10 mM MgCl,, 1 mM EDTA, 5% DMSO, 50 mM
HEPES, pH 7.4). Non-specific binding was determined in the presence of 10 nM
unlabeled nociceptin (American Peptide Company). All reactions were performed in 96-

deep well polypropylene plates for 1 h at room temperature. Binding reactions were

25  terminated by rapid filiration onto 96-well Unifilter GF/C filter plates (Packard)
presoaked in 0.5% polyethylenimine (Sigma). Harvesting was performed using a 96-well
tissue harvester (Packard) followed by three filtration washes with 500 ul ice-cold
binding buffer. Filter plates were subsequently dried at 50°C for 2-3 hours. Fifty pl/well

scintillation cocktail (BetaScint; Wallac) was added and plates were counted in a Packard



(078] p- Opi 0i d Receptor Functional Data: g GIP EC50 is the
concentration of a conpound providing 50% of the nmaxi nmal response for
t he conpo sopioid 10 receptor. Phenyl propi onarg ds
typicallyqﬁg&ﬁ%ggggﬁ GIP EC50 (nM of,,about 5000 or Ieggqu?ﬁﬂpg?g
g-opioid receptor function. In one eﬁ%odinent, t he phenyl propi onam de
conmpounds of the present invention will have a g GIP EC50 (nM of
about 1000 or less. In one enbodi nent, the phenyl propi onam de

conpound ST@J-CB&Q 1R85 Y1l THE BAth ﬁ‘ﬂngcfeEnSiﬂ%‘Mﬁ RsAdiPIR AR xp@Mentl
r

about 500 l ess. In one enbodi ment, 15 the phenyl propi ognam de
conpoundsWwerk apfzzeg nains MictpypRidrrcrlomd e W&iﬁ@lgaf‘l@“@?spnégﬁ{w% M of
about 200pRfsN@S$-3.d, ?eﬁgéc'ti{f%y,%? ah LA RIRALSFEBE anelsfi€ competition curve-

phenyl propi onam de conpounds of the present invention will have a g
GTP ECso fitiivg. of about 100 or | ess. |In one enbodi nent, the
phenyl propi onam de conpounds of the present invention will have a g
GIP EC50 (nM of about 60 or less. In still another enbodi nent, the
20 phenyl propi onani de conpounds of the present invention will have a
g GIP EC5(976ﬁNI) ORLARpgertatPivding Bgte: Typicghly, the phpptmerionmiddi nent |

t he pheny '&g@ﬁi RIRRH ' f mabout
1 or Iessl.:&ﬁ@%s’tll hgﬁeo%her e%gg%(lmtrr%dr)% @?ﬁgﬁgﬁg%ﬁ%gﬁ?lo%g%ﬁg
conpounds owg ¢chbadimeat, shephemprepisganiidsporafouadsovill havera gy (nMg 95 abopt10(n 791 g

CUP E % 4.5, t ' i\Ci i ert
Che of fact 5t db s PiflBiont ey finblok ERMNoriba AR LR BE L ©
(DAMGDp, abt shdidess. & onsgordimenichsaheniyropiornide compomdsvill sgvepdfiye
measur es Eﬁ\g)p&faij{)ﬁ?,ﬁg{ ﬁgs]ﬁaﬁ %%Gdﬂ:&n%]ﬁﬁgﬁlgrgﬁr%%n S' e dOfHpBA of

di arr hea. ica e phenyl propl ona ds of the present
i nvent i ontheipréseltanentongvilsiavemix(np)ofeborgl @ ot less. {thdll 80T | n 30 one

enbodi nent_th e I ] i : : Eqgx of
reater EIOBBToRS BBk A7 SR Lot pleren BBy RalRe

anot her eidddpofabout,] drbes. phetill kmtopicobadingst, the phogipdwioeinidehave a GTP
cr 05, S5 Bl B AL bl b BB AR BE
100% 5In vitro ORL-1 Receptor Functional Assay [80] ORL-1 Receptor

[ 35] GTP7S Bi ndi ng Assay Procedure: Menbranes from reconbi nant

HEK- 293 cel | s expressing I L0l Losd 1 ke (ORL-1)
R v LS
ypot oni ¢ buffer .5 ni , , P : cm
di sh) foll owed by honobgenization with a tissue grinder/Tefl on pestle.

Nerbr anes e COlLEpbahBbbSbldhaAskPPr LD FOQITPYS hiktidsal m n

at 4C, and pellets resuspe d 1n hypotonic buffer to a final

concer0r atapsaps were conducted using freshly thawed p-receptor membranes. Assay reactions

were prepared by sequentially adding the following reagents to binding buffer (100 mM
NaCl, 10 mM MgCl,, 20 mM HEPES, pH 7.4) on ice (final condentrations indicated):
membrane protein (0.026 mg/ml), saponin (10 mg/ml), GDP (3 mM) and °SIGTPYS
(0.20 nM; NEN). The prepared membrane solution (190 ul/well) was transferred to 96-
25  shallow well polypropylene plates containing 10 pl of 20x concentrated stock solutions of
the agonist DAMGO prepared in dimethyl sulfoxide (DMSO). Plates were incubated for
30 min at room temperature with shaking. Reactions were terminated by rapid filtration
onto 96-well Unifilter GF/B filter plates (Packard, Meriden, Conn.) using a 96-well tissue
harvester (Brandel, Gaithersburg, Md.} followed by three filtration washes with 200 pl of



1-3 ng/m . Protein concentrations were detern ned using the Bi oRad
protein assay reagent with bovine serum al bunen as standard. Aliquots
of the ORL r 15 nmenbranes were stored at -80C

Funct i onal éizpltﬁﬁjﬁ“gggssays were conduched as foll ows. &E-T&L%n%'” ﬂrsélr%e
sol ution was prepared by sequentially adding final concentrations of
0.066 pg/gl ORL-1 menbrane protein, 10 pg/ml saponin, 3 pM GDP and
0.20 nlvl [35S]GIPyS to binding 20 buffer (100 nM NaCl, 10 nM Myd 2,

2|0/ mv: F)EPE:&coltalwazh fﬂﬂff@rolddl?mgégneﬁgln;eme@ﬁzmbl l[aHWe4)s oilet plates (20

we was transferre -S w wel |. pol ypr es

(F:)o nt ai ni n§oseIuprtlysried g4 O0G g‘E’@r‘ft }Fa{%éH’%WEW@EW%?‘%@%@Y{)\?QE‘CH&“’

agoni st/ n@ﬁm@p&rmd%@@@ nEGeil)tnPVREs wRtdotsedNig; 4 Peliratrep Coafit 180 M N
at roomtemperature with shakjng. Reactions were term nated by rapid
filtrati ohsensloba@erere aalyped usiie tegsigmoifl dpgerrespongesyrve rd) 25
using g 9Guelds i ba%yﬁad;mggﬁ.gro, 6PRGKABEL: fidldod B} bemekah ¥ighldide

filtration washes with 200 i ce-cold binding buffer (10 nM NaH2PO4,
10 mM Na2KPeeaespprserudp-fitmg t er pl ates were subsequently dried at 50C
for 2-3 hours. Fifty pllwell scintillation cocktail (BetaScint;

Wal | ac) was added and plates were counted in Packard Top-Count for 1
m n/well. Data are analyzed using. the_ signoidal dose-response curve

fitting fU%Sli ons #rPpiodBecmerstnaipoliRare: BATE A G449 copgenErighB 4y
PRISM V. 3oflpoldfi pﬁﬂidiﬁ%‘ H88hd h&ﬁ}gﬁapl%s ofe 0Pfhe bdigahd asd @opiodial

dose-response cuive-fitting. [82] -1 Receptor Functi ?ﬁ%}%t a:
ORL- 1 1GTP reeeptor. | Rhenylpropighrmide pamnogpdsgyrieally havass tifd fpf o0 P9 of

the maxi hQM-$ G d FREROUARRY, BlufRlbodiReADIR! .
Phenyl pr ggib%qlglﬁn&ggﬁg%lnpgu ds tygi?cally havi ng anOO?L-l GIP._ EC50 (nM

of about Pbevlmepipradasompayngs of thrpresent Evepton i have s T B sl
enbodi nmen gro]oll ] QAPHHR B5REs ofiNeNt i on
will havetogﬁﬁ%gt%%%}#l%&El%ggg?ﬁmdgg?&’about iBroplonkutifae BARRALs dUe

anot her erpseitisentionwid havremy GIP &Siso i of abard SebrdessnBisonsemppdiment,

Pese, TPn @?%hﬁﬁgﬁﬁéﬁﬁ%m@ﬂ%ﬁ%%%%m%ﬁEZ”IZPO%‘%ouﬁés

of the pr¢sMhvf ibovisii0iootesswiIh stilhanpghen pmigrlinant GFFPIRCEHIOPINFMISE about 10

Comounds Wrpp ik oRAgke e FRAL Wtk | rPEFCY (HRBL AR Ry .

still anothenc enipdithensihs phehgprobienghide opiriads of éhequessriuppstion will 15

have an L- | 0 0. -1 GIP
Emax %is the: %—}%%50 gw)gégta%eﬁtlgglgf%scf ' %Stgfag}gﬁrr%oﬁlﬁbd r e‘ ggﬁg\;e to the
ef f ect20el i phietydotopignantidé cepponnds of thetpaesdat iy e@Rin willdgvt 8 GTPEGL (A0l v,

t he phenyl propi opam de .c 0 J s A i ave
an CRL- 1 GHEB 005 95 0 g RESpiockily 3R plo B kB ot 11 2
phenyl pr opiiiran de GIvHymis) ofkbdut havkssain ORLambtheTemEdarcnbither eat er

th 75% | till th di t i 1
coﬁgounds R)ﬁgﬁprlﬂﬁvgan ea%rﬂp-o(iam § h%ﬁgexd %bqgrégé?e@%(bgﬁgﬁdug@&% gs'sti | |

anot her enbodi nent the phenyl propi onam de conmpounds wi |l have an
ORL-1 GIP Emax of greater than 100%
25  [079] . GTP Emax % is the maximal effect elicited by a compound relative to

the effect elicited by [D-Ala2, N-methyl-Phe4 Gly-o0l5]-enkephalin (DAMGO), a
standard u agonist. Generally, the p GTP Emax (%) value measures the efficacy of a
compound to treat or prevent pain or diarthea. Typically, the phenylpropionamide
compounds of the present invention will have a y GTP Emax (%) of greater than 50%. In

30  one embodiment the phenylpropionamide compounds will have a p GTP Emax of greater



25 In vivo Pharmacol ogy [84] The conpounds of the present invention
can be tested for their antinociceptive activity in the formalin
nodel , whi < n described in Hunskaar, S., WO )
D005/ 05335 3PAIAREREET, 003411 25 O B asmer, and K. Hol'& " FPRENPELCi
Met hods 14: 69-76 (1985). Male Sw ss bster NIH mce (20-30 g;

Harl an, San Di ego, CA) can be used in all experinents. Food is

w t hdrawn on the day of the experinment. Mce are placed in plexiglass
jars for ahnleastn dilh@sther nbaeEdentHehbrdijrbsiomide @mpemids Wil hkxew ng
the acclimation period nmce are 5 wei ghed ng, iven ﬁit er .t he.
conpound BICTEHBERfEreatr e &8 6r Syl 4y thﬁ"re“g’.o ntentfhe phenylpsopionamide, o

vol ume of .yehiucewil Havda [\ reEdR)oratkakPibs 000%.Fi fteen minutes after
the i.p. dosing, and 30 m nutes after the p.o. dosing, mce are

injected with formalin (20 p.1 of 5% formal dehyde solution in saline)
into the dorsal surface of the right hind paw. Mce are transferred

to plexiglass jars and mmRidoORD-1T RicepihreFmicnomil Adfayt i e spent | i cking
or biting 10 the injected paw. Periods of licking and biting are
recorded in 5-mnute intervals for 1 hour after the formalin
injection. Al experiments are done in a blinded manner during the

li ght cycliggo} The emrlyrabase39fGTAS Bakngadssdy Presqipres Membmeadoned as

the licking/bitin en 0-5 mnutes, and the |at S
measur ed F@Bﬁ’i’?ﬁ‘ﬁg’éﬁi&%‘fe@é CEESERS Hjc?ﬁlr’ﬂiﬁa? ﬂplf”ﬁljr%cc??tiof)’ﬁl.{é)wgr ences
bet ween Vv eRicehitr Biothedly Wete bispateBy Jriap pllsaiteelddypdtyre iy (DHieM 15
way anal ysi s of varian

ce (ANOVA).. A p val <0. | S considere

si gni f1Pca”eCleshpdd e Es R M@bd‘@#@&mﬁﬁs}’ggoné’?”]e&g%h?%‘ﬂgfmfzgtr‘ontwg’aat i ng
ac ult e an(cji ﬁgﬁ%%ﬂg&nﬁ‘éﬂcﬁh ﬁeffstléf. hﬂb’mllb}'_ai{&_“%gd doﬂgdtéd tytehtridigds 'k_ ﬁagat?pmpct)klge
ear and secon ase of formalin-induce W | i cKi activity.
20] og5] Coproldraia ohdtl’, e Reblgl ERFuTEReA FRRRYPO BEEW#JF%P a8} copepliais o
pain (i.e. PRk 8ld@sYstcent@ANEhsié ddirReeahgas ihe Baekddrétei@S}saysi ng
t he Chung nodel of peripheral neuropat hysAS_Kl m ﬁ?tﬂ ggggﬁ@ P%l n 50:
355-363 ( romgytwithieree spraglemoadt Spdegh SR AT HY E#'F00- 225 g
are angst rﬁ?%ﬂ%ﬁﬁg%ﬁeﬁto@&iﬁtiba@? (1-3%in a mxture of 70% air and 30%

an el

oxygen), r body tenperature controlled during anesthesia

t hrough 25 use of a honeot hennic blanket. A 2 cmdorsal mdline
incision is then nmade at the L5 and L6 spinal nerves, and the
para-vert ghggl MISEheiGAIUIREng SbdyaderGohidcrt as flllbws. QRLANGerhiaspi nal

IEATGHE RN BN TR L

cont r al at g @hbrine RAEin-0 |$RNRHLOMELVER GIW Adaauio dM BESIGTRySas binding

negat! 2\6e Cb?lrt]t:[ell: (%l()('l mM NaCl, 10 mM MgCl,, 20 mM HEPES, pH 7.4) on ice. The prepared
membrane solution (190 ul/well) was transferred to 96-shallow well polypropylene plates
containing 10 pl of 20x concentrated stock solutions of agonist/nociceptin prepared in
DMSO. Plates were incubated for 30 min at room temperature with shaking. Reactions
were terminated by rapid filtration onto 96-well Unifilter GF/B filter plates (Packard)

25  using a 96-well tissue harvester (Packard) and followed by three filtration washes with

200 pl ice-cold binding buffer (10 mM NaH,PO4, 10 mM NapHPO4, pH 7.4). Filter
plates were subsequently dried at 50°C for 2-3 hours. Fifty pl/iwell scintillation cocktail
(BetaScint;Wallac) was added and plates were counted in Packard Top-Count for 1

min/well. Data are analyzed using the sigmoidal dose-response curve fitting functions in



WO 2008/ 053352PCT/ | B2007/ 003411 26 [86] Tactile Allodyni a:
Sensitivity to non-noxi ous mechani cal stimuli can be neasured in
ani mal s tq,gssRasskactile allodynia. Rats are transferrgd, tba an..
el evated testing cage with a wire nesjj floor and al |l owe {o acclinate
for five to ten mnutes. A series of von Frey nonofil anents are
applied to the plantar surface of the hindpaw to determ ne 5 the
animal's withdrawal threshold. The first filanment used possesses a
buckl i ng V@aghPad BRISM & 30, O=9B-Honge fuadtive Yorard-linear aygrhdidal dogs-respoiisev e
times to see if.it elicits a withdrawal response. If the animal has a
wi t hdr anal®Feshdise, then the next lightest filament in the series
woul d be applied up to five tines to determine if it also could
elicit a response. This procedure is repeated with subsequent |esser
filanments n t e
| i ght est f{%rrent a{heﬁef ¢l ”s‘”rz do?‘lz?ﬁgangceﬁ?’s} (?fePc%gsaedth ¢ ¥(fn%% tltélﬁ(gnnofrnatl
does né6t  hawapeundiprdvildiams0% vEdp argand rasponsdifar theicompdund.ai amgORIL{1anent ,
ment s of increa

o ront SPeE0; Pren A RicRarBios HSP R0 Skl i pd g pREM, bR i G 8

recor ded. aE@uIt 500@ 4y less stirahlate ORS¢ revegtstfugstion! i @eemadiment, thevery time
point to pro e .an e rawal threshol.d.deter Tests
can be per 8‘?3’ BPIB'?%‘?{ Cfg%f’ﬁnvgse?ﬁgméfesim “?’en%na“ﬁﬂ hﬁ%%%g?&ﬁh%‘? ug
ad mhnl str E(hl MQBfabbBtﬁ]OOO/Blglhﬁnllﬂéﬁll hbé)ﬂﬁf ahlgsemmlm , teepiehylbiobiofarhide NOXi ousS
mechanij cal sti an be neasured_in ani i W ssure
Foct g acompainis of A Presi: Ry puargLes o 01t LotP Bt b AP h e
t hr eshol dgeds” Ml)anotﬁ&&a&[bb&ﬂnehﬂ ﬂgéﬂe@ylprbﬂioﬂaﬁﬁmmoﬁﬁs@faﬁ Fe@etit OUS

mechani cal, stimul us are erm n us n anal gesyjet Model
7200, " comiateeiion vy ey QBLe ¢ R udoMBaaA Y e s il S Escr | bed

in Stein (RyReRRAZ th%fg,ﬁer@&@giaﬁanﬁae &hpoﬂﬁhwﬂﬁﬁax(ejaa&ﬁ?)ﬂ 1 GWGE(Is@{nl\@ paw
is placed onasna Iatform and % i.s applied jn a grade

manner up %@ %‘tllréli'd%ﬂ%létf %@@ea?lah%dl SPREBYPIPLopaMIdS RAPOYER %wél

wei ghtysat pbi &hokha FBVECS (RATBE Ao /1 MikRdr awn. PW i s det erm ned
once for each rat 25 at each time point. PW can be neasured only in
the injured paw, or in both the injured and non-injured paw. In one
non-limting enbodi ment, mechani cal hyperal gesia associated with
nerve i nj upy3)i nduaﬁdL-ma}ItP Rxﬂeu%qpmtemaﬁmﬁae&act elaedBy awﬁﬁﬁ@&irdaﬁvé ats.
Rats are tested gttrlor to sur yto detepprg'léneabsel nor mal ,

PWI. Rats taths sffselieligt e%’é{lnﬁ‘“ > asipdad Ol d peaygtg Wcauﬁ’rtp‘?)r to, and
at differ eﬁHen)Hj)rﬁ'ﬁl%n@ﬁlH@éon(}%uﬂds ot,thé:iares'éntamn% WiDhatardORD-1 GTP Emax

adm nistration. An increase in foll ow ng drug adm ni stra

i ndi catles PR Zrepter t&leséo‘yeolw ﬁalbp%la%té%e EP@EHEWP’@&?“H? ﬁemua‘i*s\vlg WO
2008/ 053352RCTH HRRO0FPBR4A 4f &éatBNRMTEOE Uk is6iRhnARFBABSdi @ Sthe

phenylpropionamide compounds will have an ORL-1 GTP Emax of greater than 88%. In

still another embodiment the phenylpropionamide compounds will have an ORL-1 GTP
Emax of greater than 100%.

25

In vive Pharmacology

[084] The compounds of the present invention can be tested for their anti-

nociceptive activity in the formalin model, which has been described in Hunskaar, S.,



[ 088] Al t hough a conpound of the present invention nmay be adm ni stered
to a5 mmual in the formof a raw chem cal w thout any ot her
conponent swpresanizszt he conpound is preferably adm ni stlermadz@asoparit

of a pharmaceutical conposition contatsning the conpound conbi ned with
a suitable pharmaceutically acceptable carrier. Such a carrier can be
sel ected from pharmaceutically acceptabl e excipients and auxiliaries.
10 [ 089] Phar nmaceuti cal conpositions within the scope of the present

i nvent i onOibhdese, all K. Hottpd derriosn dafliods & £908 b6 ah et Sis WrtsSent
| nventi onys xGQNHE GG, Ml SnfIBLITRAS Uk BAlstdinaq CRPUARKE, TBsTEr. 1N
ed enbodi neft, t

a preferr e conpound’is present in the conposition in
an anount withdewi en thefdey of theexporimenti Miee e plapadtiv Aigeiglashiarsdpratices 1

pur pose. ile indiyi : anLb &R 8 opti nal
ranges of g%‘%‘ Taliget ‘g&gh%@ﬁ’ﬁgé%%%ﬁ‘h&hﬁ%%‘%ﬁ% |‘g1’w thin the skill

of thesar weighythandagivey sithen themompoundad intergst bdminiteradiigx eree, ¢1dhe nanmal |
e.g. a hunan, oral ate a . f 1 0 . Q. Ny
per kg boBSPTOREH ‘fOi%?e %fﬁ’ghgrlgm%ﬁ%%eggbnﬁg%h?%él %%?e&aﬂn%%%? H%?rjdgeQ%
phar maceutdbged, byd Foampteahie tieal.¢. doging alicarge miectsd withtfermatio (A0l of pér

day to treat, vent..or. anel{.0 e.th rfi E eh r sef ul
oral dos e??ffnaﬁi%é@ﬁﬁ‘gﬂtﬁo& %Fﬂfnﬁ méofﬁé% g‘%ﬁ 55 aic%%)/fétﬁ% ﬁ%]ﬁ%gﬁag’i SI\CErl 8%3 to a
mammal i s thhgdtedbeplbxigladdars od mbaitiredr thy apeunt loftile syentkidkitgtor bitinghe
manmal , or, an, equi val ent .anmount of . t.he pharnmaceutd A bl e
salt, 18r OEF%WGQF&IE%‘F \f&??@dstc{ﬁ’lpgﬂg .m‘}:%lgng %f Feﬁg}u%g cUl éélr%ﬁmk%%%ﬁﬁ%%ﬁt he
dose is t ypinGHet He @bl BRetdal A1l efpetilentosradomtds e bli2ded D03 rAudng t

oral dose may. conprise fromabqut 0.01 to about 50 n ref.er ably
Sbout 0. 1 HONaEON T i TR st v troue SRRl
adnmi ni st enggleaNe 5Mimirey, end theRSe siabd iy mesuged fatn TMED minutms nlertfalplatins or
capsul es, .each containing fromahout. 0.0 t o abo 50 of the
conpound, ectign- B ,ﬁ‘?}’ﬁ?sg’r?fweﬁﬁﬁ’ﬁmf cgpd %“%Fl{ﬁag%h%%%icﬁna (T?l%n%:hebﬁ'toéﬁ e
sal t, 18I OGh4yUHaldis SFaMaHce (ANSVBOS A p ¥2008] RE3BHRRAE gnERAM7/ 003411
28 [91] A pharnmceutical conpositi.on of the %resegt i nvent i'f’tﬂ can be
adni ni st ereamnoBndsae copfidrErd obs eiacions Brirsating e ahd SR e PAR A %t f ect s

of a conpquRd. @it} AB1RERE 86t thé W ah®fecoktiens torgiatnghdatgipaani mal s
are manmal s . humans and conpani on ani mal s, al t hough the

S,.€.9.,
i nvent i on licking@¢tivithit ended to be so limted. 5 [92] A pharmaceuti cal
conposition of the present invention can be adm nistered by any neans
that achieves its intended purpose. For exanple, admnistration can

't A GRaal | iR b FRE BRae poer GGG bR BRHEE ! 7T
i nt ravagi nalagfic SdGRfhypRAERic WRtivilys) using the Chung model of peripheral
neuropathy (Kim and Chung, Pain 50: 355-363 (1992)). Male Sprague-Dawley rats
weighing between 200-225 g are anesthetized with halothane (1-3% in a mixture of 70%
air and 30% oxygen), and their body temperature controlled during anesthesia through

25  use of a homeothermic blanket. A 2 cm dorsal midline incision is then made at the L5
and L6 spinal nerves, and the para-vertebral muscle groups retracted bilaterally. L5 and
L6 spinal nerves are then exposed, isolated, and tightly ligated with 6-0 or 7-0 silk suture.
A sham operation is performed exposing the contralateral L5 and L6 spinal nerves,

without ligating, as a negative control.



10 inhal ation. The dosage administered and route of administration
wi || vary, depending upon the circunstances of the partlcul ar

subj ect, apd haksng; i nto account such factors as age,
wei ght of t e recipient, condition or,disorder to be treat %]’07@1391& of

concurrent treatnent, i f any, frequency of treatnent, and the nature
of the effect desi red. 15 [093] I n one enbodi nent, a phar maceut i cal
conposi tion of the present invention can be adm nistered orally and
i s formul giggd int pa&z@éo,hzm@madsag;ﬁﬁz&ytd:mmkms mechanicalrsihuliicatbed

preparation.” I n_one enbodl nment e oral. fornul 0 r
ext ruded FGFRISAR HpRAS LR @éeséé'?ﬁ%]tﬂl Plygey héts %Hecgff’ ngevﬁtﬁgi?ﬁtfqgon
20 [094] | gy 2RathshireaRadiodrald all@w&h@raﬁaﬁaﬁtg fof five t0@ERAHIntes OA sefiestolie

present invention is fornulated to be adm ni stogr ed .rectal as

supposi t orpErey moosfjlampnty e epplied Enie BlRRRHr Hhsrtiadparite éé?m{iﬁee -
Conposkti g aﬂimaﬁ Q%xtﬂ&ﬁ%ﬁl%ebﬁb‘!@ aneQﬂst ok Bt 0K psBEhsé RRKIBG bt er ed

by injection. H&: I n anot enbodi nent, a pharnmaceut| cal
(¢-felog

conposi ti 6f9.bE Wé%l@)ﬁndllh%hfq %Olflé’e ’FWIS%]@H igity Vil st er ed

transder APl sk QRen theMext lightest filament in th
b008) 95 sa iy L s salihl Safeu il [%%%é#n G e the et lightest flament fn the

phar maceusérizavouldibp epplicdon tofive tiresip deerming ififelse PoHd Plicifayesasnsst ed t o
be admi ni i& ?&e@éf I3 Rl AR s seéa)e ng@%éﬁﬁaﬁaﬁs Bl HeANS H&'Fe@ﬁtﬁ‘xke and

admi ni str N anot i ment, a phar maceuti cal
conposiot i dire iddntityhed tior lighéast ﬁlramvxérthat olirits & rgspenseiisaecoiriedo tijhe animplilost er ed

by the intr he
oresent | AU bAResER Gt RO R ikl GRROSa ?‘ea%{e“&
wei ght amﬂnpreea‘eé maighy arf ppplicd votitta Wapet elicit? 8 respense and thy ideotief Hig |
active co rHfa.men%i *écorded. For each animal, three measurements are made at every time point

to produce an average withdrawal threshold determination. Tests can be performed prior

15  to,and at 1, 2, 4 and 24 hours post drug administration.

[087] Mechanical Hyperalgesia: Sensitivity to noxious mechanical stimuli can be
measured in animals using the paw pressure test to assess mechanical hyperalgesia. In
rats, hind paw withdrawal thresholds (“PWT”), measured in grams, in response to a

20  noxious mechanical stimulus are determined using an analgesymeter (Model 7200,
commercially available from Ugo Basile of Ttaly), as described in Stein (Biochemistry &
Behavior 31: 451-455 (1988)). The rat’s paw is placed on a small platform, and weight is
applied in a graded manner up to a maximum of 250 grams. The endpoint is taken as the
weight at which the paw is completely withdrawn. PWT is determined once for each rat

25  at each time point. PWT can be measured only in the injured paw, or in both the injured
and non-injured paw. In one non-limiting embodiment, mechanical hyperalgesia
associated with nerve injury induced pain (neuropathic pain) can be assessed in rats. Rats
are tested prior to surgery to determine a baseline, or normal, PWT. Rats are tested again
2 to 3 weeks post-surgery, prior to, and at different times after (e.g. 1, 3, 5 and 24 hr)

30  dmug administration. An increase in PWT following drug administration indicates that the

test compound reduces mechanical hyperalgesia.



[0100] A pharmaceutical conposition of the present invention is
preferably manufactured in a nanner which itself will be known in
view of thQolpsledss, di scl osure, for exanple, by means QlragieNskRNal
m xi ng, granul ating, dragee-making, dj;ssolving, 15 extrusion, or

| yophi li zi ng processes. Thus, pharmaceutical conpositions for oral
use can be obtai ned by conbining the active conmpound wth solid

exci pients, optionally grinding the resulting m xture and processi ng
the m xture of granules, after adding suitable auxiliaries, if
desired or necessary, to obtain tablets or dragee cores.

20[ 0101] Sui t abl e exci pi ent s Pleehacketital Chwpesi€uwsh as saccharides (for
exanpl e, | actose, sucrose, mannitol or sorbitol), cellul ose
preparations, cal cium phosphates (for exanple, trical cium phosphate
or cal ci um hydrogen phosphate), as well as binders such as starch
paste (usil0f§] for Aé&wghlae:omamzi@f s&ea:mmt inyeation mewbaddministered totaar ch,

or potato _sta ly

hydr ox?pr opaﬁnga(fphh? cglinf%’tglflg%“é&{ SO %‘%a{gp oxyng{’[LH{ gﬁeﬁ?nltj’lﬂtl)ese

and/ or po Icympmxgaﬁ 1mcmmblyM1st¢réd aﬂa:ss.rtroéd phaymecegticakoerapadition n@nésgmag ing
agent S ca e added %med Waﬁ a.8 ?ab a@gﬂlt a%ge %bﬁir %H%? gﬂ:ﬂ aal SO
car boxymet CPo A hKed ol'yviny one, agar,

al ginic a&mdiemana)e saécitedtﬂmn ghﬁrmacsumdmllaaccspidbla nxcalhg;tmaidemxﬂlwbs

2008/ 053352PCT/ 1B2007/ 003411 30 [0102] Auxiliaries are typically
flowregul ating agents and | ubricants such as, for exanple, silica,
talc, stearic acid or salts thereof (e g., nmagnesium stearate or

cal ci uf st[esd] at e) Phamudcqpuicalevinydsdivas g’itbﬂ@(ﬂle scOpcadfdies Rr@ﬂe@tsn@n@oqor ovi ded
with SU|tabIe o I r, this
pur pose, conceaﬁra?% ﬁ%%ggﬁ%?ige @ﬁkgbﬁﬁﬁgkgmﬁﬂﬁ%&gﬁlé %ﬁﬂﬁg may
optional | )phmbmtmalgum@tﬁm cgrriet.alhe prep:fm’rqﬁl\mrbpﬂmwt, ithe) cp:uipmeld is present

pol yet hyl en col.. and/ or t| s and
suitabl e dp glg%)ﬂép%sb on é‘hf’% argoun, %Ia{ i %&h%({oda%m&eal?sqﬂ{%ﬁd ﬁ%e?aé:'e&?o duce
coati ngs rpagiosd. Ahhild md:galaalrneedsmay@asr a degtbmtinadios oHéptisnsl taagése)f elféckivé ose

prepargti ons suc acetyl.cel ht hal at

v ar oxor GBS R PR efrete & i OF SeBLaR of Tullal g componpgsamay;

pi gnent s reudiisaet atroarihs, ¢ allheman, @ralljraagéﬁeb@fromabutmgmzs faogbout
identificatio in order to ch cterltzo% conbi nati ons

exanpl e, f@éﬂ{% @ﬁﬁkgﬂ?glg gvm gfr the mammgle or an equlvgfegt amoun

of active

pharmaceutically acceptable salt, prodrug or solvate thereof, per day to treat, prevent or
ameliorate the particular disorder. A useful oral dose of a compound of the present

20 invention administered to a mammal is from about 0.025 to about 50 mg per kg body
weight of the mammal, or an equivalent amount of the pharmaceutically acceptable salt,
prodrug or solvate thereof. For intramuscular injection, the dose is typically about one-

half of the oral dose.

25  [090] A unit oral dose may comprise from about 0.01 to about 50 mg, and
preferably about 0.1 to about 10 mg, of a compound. The unit dose can be administered
one or more times daily, €.g. as one or more tablets or capsules, each containing from
about 0.01 mg to about 50 mg of the compound, or an equivalent amount of a

pharmaceutically acceptable salt, prodrug or solvate thereof.



101031Exanpl es of ot her pharnmaceutical preparations that can be used
orally include push-fit capsules nmade of gelatin, or soft, sealed
capsul es npdeyrfisgel atin and a 15 plastici zer such as ngfﬁgfonguggu
sorbitol. The push-fit capsules can cgntain a conpound in the form of
granul es, which nmay be mxed with fillers such as |actose, binders
such as starches, and/or lubricants such as talc or nagnesium
stearate and, optionally, stabilizers, or in the form of extruded

mul ti par t [081] at esA phamsofuticd apspésition of He prseitievestionron heladmipistered

preferably dissaol or sus end i fatty
oils or II° Bn’ﬁlﬁi'/ FHRY ‘“*2‘8" ence gb | g%&l @%?f%é@éﬂgﬁﬁgﬁgﬁaﬁ [

[ 0104] Pos ﬁﬂvaitﬁnpﬁaémambngaich muepksra&tmmatkmg rteotans a@wmnpars@n at ion
include, faqr . e . _.suppositories iC sjy st of a conbination
of one or B %@W#&eGBK%ﬁﬂﬁ&O\E\HF&H&?V@E%ﬁ lmJ?odry base. Suitable
suppository bases include natural and synthetic 25 triglycerides, and
paraffﬁn hydrocar bons, am)ng others. It is also possible to use

gelatin rﬁﬂ%ﬂl §£ I es [ofe) |c§)1tn |82 On for &,?&Qﬁt@ﬁ\;e}:f?& %legg tered

conmpound erl rexa

trigl ycer bdeny pehyéhtychienes 1g|11yte1med pmpoqmaﬁa:f éxamptwdiamumrajmn can bhaby
2008/ 0533 ZP%L{ | B2007/ 0 34(111 31. 0]é05 51%9|01€18I (i)rll’ rﬁ&l&&%ﬁs for
parent era L P B R U R S50 b St & active

conmpound  irBinsderviial, @itrag aealy frbuesrfuossal, sastal) mvagm oebnwnﬂlra;te ar by

wat er - sol ubl e sal al kal i ne. oI ut i.on aci. sol

Alterddti \'R%F&?“ma jéﬁéiﬁﬁﬁgf’ erqdad Ko &@d@brl"r%rc?ﬁﬂ }%gymbg@ﬁrep%r ed as
an oily susRens tieims@tiddsabthe phﬁnaﬂa’fmbjba ﬁﬂlta&&ﬂgmtomtcommuc]h &stofsms such
5 as suspension may inclu art r,. e Se il

synt het i cag?ap?a}‘haad’fidveéi'f “? aF’(?i‘e)ﬁEﬁ%rﬁgtfoé‘ glsﬂi‘;]?n%bgg%?ds%%c’?
triglycer icg@siretre@mes, ¥ahf\Hegidicgbittatmantahd &8 npntyfiivydifectaesired.

gl ycol - 400 (PEG 400). An aqueous suspension nmay contain one or nore
substances to increase the viscosity of the suspension, including,

for exanple, sodium carboxynmethyl cellul ose, sorbitol, and/or
dextrams. T sus pansndhmbﬂsﬂiyneﬁ'ghqabﬂmlatqmmb ndarapomtmhaﬁtﬂelpmmﬁ invéfion

0106] I n one, e ceu ogl itions ention
gr e p]r eparrdyP %%H&*S?EBP&? N?W&%d%tog&%d e ‘fapé)ufrll J gnz)gay
controll edlq[lﬂl u&grmha&mw&lmmﬁhmﬂ ﬁn:ﬁﬁilﬁaﬂ)compaiee exthalsdra | evel

of a conpou ormula.l c n
P 1t1partlcuEtes comprising tﬁe compounc!i tt tﬁe 1nvent10n

20 [094] In another embodiment, a pharmaceutical composition of the present

invention is formulated to be administered rectally, i.e., as suppositories.

{095] In another embodiment, a pharmaceutical composition of the present

invention is formulated to be administered by injection.

25

[096] In another embodiment, a pharmaceutical composition of the present

invention is formulated to be administered transdermally, e.g., in a patch formulation.



15 [0107] One manner in which these steady state plasma | evels can be
obtained is by using appropriate technol ogies, e.g.,

control | ec\,v?%@ﬁ,ggs{ ormul ations, selected to provide a'}cﬁﬂﬁitﬁ%dﬁ#ﬁ
rel ease profile. The appropriate relegse profile can be achieved for

exanple, using single or nultiparticulate delivery systens. Exanples
of single delivery systens include, but are not limted to, wax
matrix tablets, hydrophilic matrix tablets and 20tablets with
control | gghy el eage atdidrienysdimentanpaasacetiioal doniposition ofthepesesy st ens

i nclude, but are _not_ limted. to [ (St ens. . ruded
mul ti par tifention is rpptaiid o L‘B Fd@y@{egeﬁéy@glééo%%r@dﬁ#%gf ﬁéﬁ@gﬁgﬁg

coat i ngs gMakm@iocoat ed- beads. [0108] I n one enbodi nent, the
pharmaceutical conpositions of the present 25 invention provide a

t herapeutic steady state plasma | evel of a conmpound of Formula | for
a duration of fromabout 12 h to about 24 h foll ow ng oral

adni nisst région. 1A aasBtaibodimeaglh plmhacehiial pinggosiion of {he aesent

conposi tions of the present inventiqgn provide. a therapeutic steady
state pl a@YF&UP%’&é?mB‘?at O ORALTIEY &ﬁehlm%vafgmfl]lorro l}% duration of from
about 6 h to about 12 following oral adm nistration. WO

2008/ 053352PCT/ | B2007/ 003411 32 [0109] A nethod of the present

i nvention uch a net haod .for treat] i iorating
2" sor deio®finar cARCBER PO SRR G0 ch e SH fR Attan S AT RO

acti vat i Ngho§.0l 1 99eRepitySvdight,and prefenably from peed 02h & dbpercestby f ur t her
conprise administering a 5 s)econd t herapeutic agent to the animal in
combi Wt i BFHEN ?ﬁr?cﬁvec%ﬂ%?ﬂ?%qis of the present invention. In one

enbodi ment, the other therapeutic agent is adm nistered in an
effective anmount. [0110] Effective anounts of the other therapeutic

agent s wi |l he kneu 1o those 100k deafl i foliif ity dSRROMIAD On the

identity he o peutrc agent. wever, 1t I's wthin the
ski |l ed afhingadmrsd o mbear thickl ésediwiilive kodven iptvirer of theinaigelifisclosy§ent ' s

optimal effective-anmount range,. 1111 A g

i nvent i onfc(rie’.‘%gp\{?’ll?g l?an%?{cPﬂePE%%ag ?xérl %6@%@%%@% %@&g%%ggﬁmg,
t her apeut kanRARE dr Iy@hilatis pactdists. VEuy, phamaciuticd mempoeritiis fasreral use can
synergistically. In one .enpodinent, a ¢Q a] . e

i nvent i onb$ etaAsA W %‘)Elg:l’%gn%ﬁﬁ%tmﬁ ~SRP (fuf/lgv‘ﬁq@%&ég?éea@éér? P ﬁ%ﬁ%dgg
agent; f OkpeQ¥ARSnixRréindGr@cstgnahixane cipmpies] afgr biing wiable

auxiliaries, if desired or necessary, to obtain tablets or dragee cores.

20 [0101] Suitable excipients include fillers such as saccharides (for example, lactose,
sucrose, mannitol or sorbitol), cellulose preparations, calcium phosphates (for example,
fricalcium phosphate or calcium hydrogen phosphate), as well as binders such as starch
paste (using, for example, maize starch, wheat starch, rice starch, or potato starch),
gelatin, tragacanth, methyl cellulose, hydroxypropylmethylcellulose, sodivm

25  carboxymethylcellulose, and/or polyvinyl pyrrolidone. If desired, one or more
disintegrating agents can be added, such as the above-mentioned starches and also
carboxymethyl-starch, cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt

thereof, such as sodium alginate.



effective amobunt of a conpound of Fornula |, and an effective anount
of the second therapeutic agent can be adm ni stered. Accor di ngly, the
present i nygnhjs@ssskAarther 20 provides a pharnmaceutical pgqifRaRybiseN
conprising a conbination of a conpoung of the present invention, the
second therapeutic agent, and a pharnaceutically acceptable carrier.
Alternatively, a first pharmaceutical conposition conprising an
effective anount of a conpound of Formula | and a second

phar maceypiozql couRQEes a8 typbually ﬁe@vngu&amngﬁgeetstanéhlbdmntﬁtﬁuch mefosecond

t her apeutic agent can be co urr gaghher
enbodi nerfXamgl, Sé‘ch‘e%P ﬁ?"éﬁnﬁ agtp hjiye(?g&tﬁ? tg&gtF ég% nt

[ P¥ent| orgtéa&t@ddm@.]?gaﬁyﬁﬂe gll_’yd;(g.l’ DﬁfgeémWMdetdwﬂdmmbls toaingohatof an
effective amount of the second t.herapeutic hi nt,
the conpouPEFsisnlinEasiCEsRt 5O FEHRRITS: °§n°§aﬁ?q%‘f afcé:’ragge Wlﬁﬁ onmf)%gtém
seconds t hat AR fayAR8BAa1S*BhES guhlsarattﬁt@ ta@@puwﬁqufyhﬁﬁdqnemd}teﬁﬁlmcond

therapeuti ¢ ‘agent i's adninj stered i.le t esen

i nventi ong YWIZ@‘@ gitapiundiopidey lrggneyFeiuGeps A S‘f%?ﬁ%%éﬁ% Sf){vg’ntf H’é$ Bt c

ef fect fop;tiaaty Hﬂierﬂa gyRiRL éd&ﬂng%rresi’dmk toogaathb fices, sfdhﬁl@iisdﬁ‘rsulmble
condi ti on 112] The s cond t her a{)eutl ent .can be an %’LF?I

agoni st , ecellnlose pprasitignssush as arstiicellulgie 3?[‘15 ¥ QETPTATTE:
agent, lﬁﬁgléé&%rb%lu% %gferymffs%g %erhts ﬁﬂ?bb 64RE & the ta@leﬁ(bf-di‘dgee
an

|nh|b|tor renergic ocker, i convul sant,
ant i dépr esctings, foanhaamlq, é@n@@ﬂﬁ&ftj’@ﬁﬂ mﬁfleagbqb@raptgpzetqog@maﬁglsgéaftgﬁ ve
di sor der, % Jor treating Parkinson's disease and parKki nsoni sm
an agent FoOre treatl ng anxiety, an agent for treating epilepsy, an
agent for treating a seizure, an agent for treating a stroke, an
agent for 10 treatinta pruritic condition, an agent for treating
psychosi syy 189 ageptar ks 6f%ﬁﬁ£$ﬁhﬁnéﬂe§aca%}cﬁﬁﬁmhs fher cah be asddrgally

n

cognltlve A eor der agent for treating a ent .for
treating vwshide bwsl; ﬁtawsalg@madﬁ efrselatinr soffy Sede gr‘é‘gqsﬁladﬁﬂp%%%ﬁtaﬂ? Br
treati ?9 ?%%%%gﬁu%g as Q cebl cﬁlgﬁﬂftolf Qfle IisB 3k bapBuled @hlcb@ain a@bmBounidit ur e

t hereo es of useful opioid agonists include, but are

not |imit &g fom ofegrmmsawﬂiuph may bg/med Hith dillerg |Sbcr1i'e?ﬁ lastash P mAgRisP 3 i ne,
benzyl mor gt*a}cﬂgs &ﬁ&ﬂrﬁgatgi Such BLRIER AaRhsRE: sthiitOhih) aftnall; babilitag ene,

codei ne, desonorphine, dextronoram de, dezoci ne, di anprom de,
di anor phorein thié fwyrd pb@m@m@ultmmﬁyldatw Bt sResules; the Aefk gempounds are

di mephept an(%%blg ? S0k le Fal.glé %%hﬁ{cy hs R4} ¥llPdrQiquidivatapranone,

ept azoci n& ohept azi e met hyl t hi ambut ene, et hyl ror phi ne,
et oni 28z erbeadditems a@hzermaamlpq'added

tory

[0104] Possible pharmaceutical preparations for rectal administration include, for
example, suppositories, which consist of a combination of one or more active compounds
with a suppository base. Suitable suppository bases include natural and synthetic

25  triglycerides, and paraffin hydrocarbons, among others. It is also possible to use gelatin
rectal capsules consisting of a combination of active compound with a base material such

as, for example, a liquid triglyceride, polyethylene glycol, or paraffin hydrocarbon.



hydr ocodone, hydronor phone, hydroxypet hi di ne, isonmet hadone,
ket obem done, | evorphanol, |evophenacyl norphan, |ofentanil,
meper i di newore@i@zispol , netazoci ne, net hadone, netopon,pdaBpyHS411
nyr ophi ne, nal buphi ne, narcei ne, nicogror phi ne, norl evorphanol,

nor met hadone, nal or phi ne, nor mmphi ne, norpi panone, opium 25
oxycodone, oxyrnnphone, papaverefrun, pentazoci ne, phenadoxone,
phenonor phan, phenazoci ne, phenoperidi ne, pimnodine, piritram de,

pr ?h e {)t a_Z{?IIE][ _ Ip_r ?ﬂiﬁﬁlﬂé {onpulmgmf ifeetipaeentepal e@h@&#ﬁ?@%@ﬁ&ﬁﬁh@z&@mt;s

suf ent ani ilidine r.amadol aL.nac c Lasakiis

t her eof , %At aﬁ‘il‘{&ﬁ?fl’é’gm‘[dﬂ’éﬁé"&% SOl%e%ﬁgg%fS%ﬁW‘%g%%?o 3411 34

[O é1_4] I'n aﬂ@lh diﬁ@édhtﬁ;ﬂm(ibiﬂﬁmglsﬁom (fjl&elte:umﬁtjmb]d, agopansion pEths edtive cempdundm
codei ne, hydronor phone, .hydrocadoneg,. fofo) ne oL :

di hydr ondPHSREEPAERS D AR ,S“fﬂﬁﬁ?}%gﬁﬂa@@mﬁcosﬁle‘feg{ﬁ ng nmlzeggéjrlesg ally
e T o prpend 7t e B i T
agents, sfrxamplasint plRate); Bighe e ﬁ,orﬁip8ﬁ8€‘¥ﬁﬁ%$ly?%Bl%aégfléﬁ?ly 2
benoxapr (glf‘dalu_zl(f)d {P'E@- 09f 8R aqebiRORERHEON mbY udiidie dne deatcpsubbtenves to
i-ndopr of en, piroprofen, carprofen,, o rozin ﬁgﬁfﬁan%gr of eg ethvl

mur opr of eincrease heafsPBEeh the SEpPRY & oot O%FS% le, BQULEP G RRYRCRY g,

1 upr of eny; Gl Qxtbiol 3idr ddxRe MEldVaGHeRsiof iy BEtRGaLlY @RmE] stabilizers.
zomepirac, tiopinac, 10 zidometacin, acenetacin, fentiazac, clidanac,
oxpi ngg, nefenam c acid, nmeclofenamic acid, flufenamc acid, niflumc

acid, tolfenamc acid, diflurisal, flufenisal, pircndeam sudoxicam

I soxi cam 1oaf¢] PhamBae embéd@bityphageapitival @npakitisnstof rednfeptiarme ni xt ur es
t her eof . ‘Exarrpl es, of other suitabl g non-qpi,oid anal ge igesfoi gﬁ!ﬂ%qle t he
f ol | owi ngprepased Y ifPIPTE S CARR? FO@I: 5P 2 SRY @SQF ARt pyT et c,
nonst er oi gakradns dié4af S@RTpRisAR Yevelr dfgSomposal of Eyininta Beai e deitabadi ves,

i ncludi ng aspirin, sodiumsalicylate, choline nmagnesi um
trisalicylate, salsalate, diflunisal, salicylsalicylic acid,

sul fasal azi ne, and ol sal azi n; para am nophennol derivatives including
acet apj nophen andopBgRsee!n whic heelseadystat pieneleadetindbeablathsd is by

i ncl udi ng i .ndonet haci n ul.i ndac n t odol ac; r -k C

aci ds, i nBYRERIREPIFgE ehnglosics %g'o?cg‘%"gﬂ?c‘ﬁ%?ﬁe S?gf%‘#%(ﬁotgg;sglg‘%? o %ﬁﬁéec

aci ds (f enapgk&tiate rblBssk BENHNG The appropriate release profile can be achieved for

example, using single or multiparticulate delivery systems. Examples of single delivery

k9

systems include, but are not limited to, wax matrix tablets, hydrophilic matrix tablets and
20  tablets with controlled-release coatings. Examples of multiparticulate systems include,
but are not limited to, matrix systems such as melt extruded multiparticulates (MEMs), or

systems based on controlled release coatings such as coated-beads.

[0108] In one embodiment, the pharmaceutical compositions of the present

25  invention provide a therapeutic steady state plasma level of a compound of Formula I for
a duration of from about 12 h to about 24 h following oral administration. In another
embodiment, the pharmaceutical compositions of the present invention provide a
therapeutic steady state plasma level of a compound of Formula I for a duration of from

about 6 h to about 12 following oral administration.



20 naefenami ¢ acid, and rneclofenanm c acid; enolic acids, including
oxi cans (piroxicam tenoxicam, and pyrazolidinedi ones

(phenyl butggapRsssypPhent hart azone) ; and al kanones, i ng4apsi7mnoz411
nabunet one. For a nore detailed descrjption of the NSAIDs, see Pau

A. Insel, Analgesic Antipyretic and Antiinflammatory Agents and Drugs
Enpl oyed in the Treatnment of Gout, in Goodman & Gl man's The

Phar macol ogi cal Basis of 25 Therapeutics 617-57 (Perry B. Ml inhoff
and Raynond W Ruddon eds., 9th ed 1996) and G en R Hanson,

Anal gesic, Antipyretic and Anti Inflammatory Drugs in Remington: The
Sci ence a[oqjog?r act Aeestlofld olPtlﬂlplmery invehtidn) suth 862 wRthod fon iatingamenentngd.

19th ed. 1995). whi ch_ ar re I,ncor porate hei r
entireti e¥ amslipRing %dléﬁgerr%ﬁat c?%qeﬁcfﬂed fe"ea“eg Fﬁn&ﬂa%de%gdgm? %é bitors,
as wel | a§p1§1@?@b§t@is'1@ﬁk$a1ﬁlhﬂﬁﬂﬁéedtl&h‘f@f&ﬁnﬂﬂﬂlemdnqnhse aﬂnums:enﬁma ent No.
6, 136, 839, which is her ebty ncor erence Idof'h%.% es?\ﬁ,?
2008/ 05335 thermryty prsgste fie a3gn H’c? ICREPEIC RS EP B X 11

i nhi bi torﬁwéﬂﬁ%huﬁﬁ‘onetéﬁ:ﬂ)oﬁﬁ@n@m& o{hbﬂ‘ﬂléleﬁlauhe agd’nofsadmnildmered‘ud ag effextioxi b.
[0116] Exanpl es of useful antim graine agents include, but are not
linited t@nomty| pi ropride, bronocriptine, dihydroergotam ne,

dol asetron, ergocom ne, ergocorninine, ergocryptine, ergonovine,
ergot, ergotam ne, flunmedroxone acetate, fonazine, ketanserin,

| oneri zi ne, et hyl onovi ne, i de, nmet.opr pt an,
oxet or one[M139% ot yﬁ&ﬁ WeﬁWB‘b‘F%l‘?fgﬁ%‘lt‘Merﬁ?eg SPUCRETYS levrﬂl?{% glf]:‘rc'lwf)ltq %%Bgé
sumat nppt gAted ih A Bl depbddaraoneideiof of the mtbéramera@nnlc agemt UHosevarhigiseof .
10 [0117] Exanp] es of useful P- adrﬁneran tgl kfrs |u g e{; o%ﬂalare
not i mit &éfhingbe silladartsees PuxieR e AGFY] e o B0 6o

at enol ol , fgehvaaeheint rigkaxol ol , bevantol ol, bisopr ol ol , bopi ndol ol ,
bucunvol ol , bufetol ol , bufuralol bunitrolol, bupranol ol , butidrine
hydr ochl ori de, but ofil ol ol, car azol ol , carteolol, carvedi | ol ,

celiprolol, cetanolol, 15 cl or anol ol , dilevalol, epanolol, esnolol,
i ndenol ol josiapet alppdompoanddfuinoiredent mmn'timd@]eolhe ﬁrseﬂlieppemiglagﬂnt) and

nmet opr ol ol rol ol , nadol ol doxol ol , nebi v ,

ni pr ad?l olseCOB‘;(BF’@H‘Eh‘t’GIagenﬁ&%t #give PSS b (rﬁlélglt]t Slyﬁl%r &ﬁ (?ﬁelphal ol ,
propr anol @hg erifdddhélt, a @ﬁipf)mﬁﬁdf@ie,présaﬂltllﬂmhﬂdm 1staét1irﬁﬁt@éd)doncmehﬂjswﬁbl
tinmolol, toliprolol, and xljgenol 0 é101118%]o'3% npl es. of bﬁ

ant i convulesarerd therpPHEAse 0T SHAIPIEoR STPEIRPOTRPSTIER SOLiRPIE S enetur| de,
al but oi n, <abaXt R0t RFLABH Y GiFUr!hﬁ]adEandénaffbmﬂe Bmbuyrd bf)bhyk&stblyd ic
acid, atrolactamde, beclamde, hurana

£ I ciumbro
car barrazeﬁ'i“‘-ﬁ@eu'é‘i EPRiReR Be adpipisisteri AZEA" nglé’i ﬁB’f@%fﬁve”g}%%ﬁg’rﬁ de,
di et hagl i QARiaddiaPRiAbRK LGB coﬂﬁ?@‘sﬂﬁh'fcblﬁpﬁhmg a combination of a compound of the

present invention, the second therapeutic agent, and a pharmaceutically acceptable

carrier. Alternatively, a first pharmaceutical composition comprising an effective amount
of a compound of Formula I and a second pharmaceutical composition comprising an
effect amount of the second therapeutic agent can be concurrently administered. In

25  another embodiment, an effective amount of a compound of the present invention is
administered prior or subsequent to administration of an effective amount of the second
therapeutic agent. In this embodiment, the compound of the present invention is
administered while the second therapeutic agent exerts its therapeutic effect, or the

second therapeutic agent is administered while the compound of the present invention



et erobar b, ethadi one, ethosuxim de, ethotoin, felbamate, fluoresone,
gabapentin, 5- 25 hydroxytryptophan, |anotrigine, magnesi um brom de,
magnesi um wilzh@foesssgrephenyt oi n, mephobarbi tal, met har bigeahs2g07/003411
met het oi n, net hsuxi m de, 5-net hy1 5- (33- phenant hryl)- hydantoin,

3- et hyl - 5- phenyl hydant oi n, narcobarbital, nirnetazepam nitrazepam
oxcar bazepi ne, paranethadi one, phenacenmi de phenet harbital,

phenehui de, phenobarbital, phensuxin de, phenyl methyl bar bi tur| c acid,
phenyt oi mxeMth@ﬂgdum éfecmrM%%m/%ﬁ@fﬁwmﬂ 4er85 sodi um
pot assi um ni de, pregabaline, prindone, progabide, sodium brom de,
sol anum sflfjlg‘ﬁ’%l um brom de, sucl of enide, sulthiane, tetrantoin,

ti agabi ne, topiramate, trinethadi one, val proic acid, val prom de,

vi gabatri n and zoni sam de. 510119] Exanpl es of useful antidepressants
i ncl ude, ar € Ngje id %]cgﬁcftﬁg %éﬁtlc n%eﬂ?&ﬁ'bb@ﬁoplﬁﬁragéﬁﬁﬁoaﬂﬁbn-@lch&' opram
(S)-cital m di et hazan f nca i ndal pi_ne i ndel oxazi ne

hydr ochol malgdac, anaﬁmpfamdahm-lﬁl@msmni@f}' agRhtt a1 %@WNB?(%?B% £ pi-emetic
paroxeting nt 5 L i Baor QB-@&[@&%@: bfo'&%&oﬂl,oaﬂ conP9 M@ Q% laFtfiepressant, an

i procl ozi ﬁje I proniazi I socar boxazi d,” ni al am de, "oct anoxi n,

phenel zi nenticareti agemtean apoht foytmahngaddmmve fiserder, Fregpeniipl r9sing 10

nmetral i nd manserin, i t

am tript yP?IE‘BQqncFe&eﬁ?%oa%aBl ne, %S{Bra?% i ?drggé g‘ﬁ?ﬁ?% af]ggﬂ?c B it

der nexi pt kfilepsy, atshifbomiatiog ashmmnmpgem fontrn@ma@tstrﬂ@; mm&eﬁﬁf@m n,

doxepi fivaci zi ramn

of eptli estigaprRs e i LR pRRATL DGt 4ot A BPMES

opi pr andl agept BOirydiing @ coguitinel diwpdenen aganbfar ineatinigianma graingi imﬁfgﬁlatrﬁ)rne
tianeptine, trirnjpran ne m

but acet i n| eﬁ“@k’%‘ﬂ’r"g‘ , %Flgkc%rtqfeﬁ%“ ‘é’tg lgg%s% g%ér%hﬂ?r% ?ﬁgﬁ%&%&ﬂ%m

f enmoxet | n@genfﬁﬁ&&dﬁl@diaﬁhea,bf almbtre fiereof.| uvoxanm ne, hemat opor phyri n,
hypericin, |evophacetoperane, nedifoxam ne, mlnacipran, roinaprine,
nocl obem de nef azodone, oxail ozane, piberaline, prolintane,

pyrisucci deanol, ritanserin, roxindole, rubidiumchloride, sulpiride,
t andogpi r(p(ne[;s] t hozﬂmamphaepf usaﬁénlaoxdmgomm mﬁhﬂ@h@t arg n@tm}m@ﬁﬂ' om ne,

L-tryptop ﬁg?%@l O FR G K R rodthd, QHAHIRE bR gﬁle deRframide,

[ 0120] Exa cancer agen’ts I'nc but are not
linmted t@up@girptiind, Butothmﬁnlmmzenamomﬂ@omyubhw&memrqnu@rama’@r oni ne,

adozel esin, al desl eul dn I tre ﬁ[gg;h%t&gfgﬁ Q84 at e,
ani nogl ut am%fﬂ’ﬁ‘é{l& é??as?ﬁ%drgﬁmgﬂ%@hgﬁlto °
aspar agi nmﬁepha@@@[ Idhﬂeﬂlﬁﬁﬁaamﬁlnede nitgx aplrtytl bmzxatfadmimm; ¢ptazbeins, mast at ,
20  ethoheptazine, ethylmethylthiambutene, ethylmorphine, etonitazene, fentanyl, heroin,
hydrocodone, hydromorphone, hydroxypethidine, isomethadone, ketobemidone,

levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol, metazocine,
methadone, metopon, morphine, myrophine, nalbuphine, narceine, nicomorphine,
norlevorphanol, normethadone, nalorphine, normorphine, norpipanone, opiuim,

25  oxycodone, oxymorphone, papaveretuin, pentazocine, phenadoxone, phenomorphan,
phenazocine, phenoperidine, piminodine, piritramide, proheptazine, promedol,
properidine, propiram, propoxyphene, sufentanil, tilidine, tramadol, pharmaceutically

acceptable salts thereof, and mixtuxes thereof.



benzodepa, bical utam de, bisantrene hydrochl oride, bisnafide

di mesyl ate, bizelesin, bleonycin sulfate, brequinar sodium

bropi ri m ngg 2smedskan, cactinonycin, cal usterone, caragefg®e003411
carbetimer, carboplatin, carnustine, fanbi cin hydrochl ori de,

carzel esin, cedefingol, chloranbucil, cirolenycin, and cisplatin. WD
2008/ 053352PCT/ 1 B2007/ 003411 37 [0121] Therapeutic agents useful for
treating or preventing an addictive disorder include, but,L are not
limted t[61l4iret hdd osrtain ahelwidiments, e opiwifbaepriah i gelectad fprpeqdgias,

bupr enor phi,ne n_opi ' - igeH i, B8AMALRNI N
ant agoni yflrogiof@flﬂ %@é%pd?géé) %55?&08 g%f %P%{}ﬁegﬁg%% g ?iiygl%gl Ogls%%’ for
treating smadsleventaphyndahkimsaticalyticewtabls Sahfﬁih?ra?fk?f%mruﬂﬁﬂﬂ%%qfude,
but are not limted to, carbidopa/levodopa, pergolide, bronocriptine,
ropi nirole, pram pexole, entacapone, tokapone, selegiline,

amant adi ne, and tri hexypheni dyl hydrochloride. 10 [0123] Exanpl es of
usef ul5 t hiptEpeut i Examglen bEusehil non-epividagaleesicp insinda pemgferaligl @y i ncl ude,
but are not, limted to, he . azeni : 8&Rkanbfen

broti zol afftH “5?’&@8%%6%%%&%@@%@% ﬁ?ﬁéﬁ%ﬁ’gﬁ%@ﬁmﬁl or agﬁg%at’e,
denoxepanflurtipasfep Empprefen Afbingam kdtoruofian drdoprofin, pireprelncalPrieh azepam

| orazepam_mdazolarn -nitraze . AR tibRERRAM
quazepam “FBIATBARPPRITE PP ?gﬁ%gﬁlogﬁ%ﬁéégﬁ@?ﬁl’azepl n@efgaégl_e%p s, 15
such as bysqifiupieten, Behixicanil, ndpmebacin melindad, telppiin Asnepyr.giopBae,
zol pidem and zal eplon;.trapnquil i. , j.iqu g,
Aobay bl 1 AR BETEY ?enﬁ%aagwg@%{a?’ax?*ﬂ%%F%?%?i{éﬁt;fﬁ% SEaTh Al
nmet hohexi b@d, flupeahhaidhiiflahic sotietobiosaniic aad, difswisd béufbnisad| piroxiagn,

t hi opent al ;. and propanedi,ol carb es ‘ nd

Or prevenyeftdf. ikamples yf thers onk-apidi gekivg inclnde thefo 0,
car bamaze _ien_e, t hos >ii m de, Bgabapertl.ti 1 I ar‘rs?et,&hgiaﬂg. %%%Bg%@'st al ,
phenyt oi njﬁg‘& Wé&#&@ﬁﬁ?&ﬁmﬁmﬁtogﬁumﬁmp 'nes],c
gamma- ¥ Nyal id RE4DEQH aspifid, do e, es o
usef ul therlg_eutilc agent.s for tr.ealting.ortdﬁrgése gzi régan%torlﬁminigﬁ%ude,
but are nisalsyiate saisalale, AUl SATGYISAICEICARI SRS TS T 55éNt T hat
break up GlafphdH BeAPativty i8OS BRSifsphen aRlphepketini indremdandeny at or

n h r [1in i i i
e Ot el b MEl, Bl Shaofl; FOLRSPRLE RIS 2N

including tolmetin, diclofenac, and ketorolac; anthranilic acids (fenamates), including

20  mefenamic acid, and meclofenamic acid; enolic acids, including oxicams (piroxicam,
tenoxicam), and pyrazolidinediones (phenylbutazone, oxyphenthartazone); and
afkanones, including nabumetone. For a more detailed description of the NSAIDs, see
Paul A. Insel, Analgesic Antipyretic and Antiinflammatory Agents and Drugs Employed
in the Treatment of Gout, in Goodman & Gilman’s The Pharmacological Basis of

25  Therapeutics 617-57 (Perry B. Molinhoff and Raymond W. Ruddon eds., 9th ed 1996)
and Glen R. Hanson, Analgesic, Antipyretic and Anti Inflammatory Drugs in
Remington: The Science and Practice of Pharmacy Vol IT 1196-1221 (A.R. Gennaro ed.
19th ed. 1995) which are hereby incorporated by reference in their entireties. Suitable
Cox-II inhibitors and 5-lipoxygenase inhibitors, as well as combinations thereof, are

30  described in U.S. Patent No. 6,136,839, which is hereby incorporated by reference in its



WO 2008/ 053352PCT/ 1 B2007/ 003411 38 [0126] Exanpl es of usef ul

t herapeutic agents for treating or preventing a pruritic condition
include, byh efsRsiet |imted to, naltrexone; nal nef ene;pcdABAHIG3411
tricyclics such as amtriptyline, img4ramne, and doxepin;

ant i depressants such as those given bel ow, nenthol; canphor; phenol;
pranoxi ne; capsaicin; tar; steroids; and antihistanines 5

[0127] Exanpl es of useful therapeutlc agents for treating or

pr event i ngitipsy Ciasiptesiofidefull €ox Hiithibiters motudé,ibnt arevotdinited ke refedoribzi nes
such as chl.or zi ne hydrochl ori de, nesoridazi ne besylate, and
thorlda2|%@°‘§ﬂ?% hl ori de; thi oxant henes such as chl oropr ot hi xene and
t hi ot hbt ene hydrochl ori de; cl ozapine; risperidone; ol anzapi ne;

10quet i api ne; quetiapine fumar at e; hal operi dol; hal operi dol

decanoat e xapi : Jin 0 i de; and
zi prasi dorrqéia[ 012 i ‘éss%%g mﬂ”{é %?%g%ggrggp%%gﬁthéﬂfegyt reating
or prey enﬂpmﬁh?momocnpﬁﬁd dﬂigdrobrgbtamnm‘., alrﬂaseﬂmmltge@nmnq, etgpedToigs,

neur ot r ophi ¢ fact . riluzo i zanidin uch
as cl onaz¥BAMYR % ?ﬁ%‘?’l’f’?”BT’ @Hgé’ %5’% ﬂgme&rgxélh% ﬁ%é ﬁ%ﬁg{re%%geﬁ% c
agent s f ofsukide, abmagmw; mplmy'zlugnhcbmge ﬁmgrysdrgmeg metaghraay nbeartsptﬂmmbidd@ne,but
are not |imted to, ent.s f r tre Ln rev tia such
as tacri nE‘ZO'?é{B‘FF‘eB@EfanI {]BEPEP ent= agrm ?“%5 rug’gragﬁﬂ;ﬁg

t hi ori daziigitapen kal efgidesitkicof0 and antldepressant dr ugs such as

t hose given bel ow. [0130] Exanpl es of useful therapeutic agents for
treathgmg or preventing a mgraine include, but are not limted to,

sumatriptan; methysergide; ergotam ne;, caffeine, and betabl ockers
such as proapvpnol Bkampiey efpeefill -adaerergi¢ blatkorsdeoctude, but are not limited to,

acebutolol, alprenolol, amosulabol, arotinolol, atenolol, befunolol, betaxolol, bevantolol,
bisoprolol, bopindolol, bucumolol, bufetolol, bufuralol, bunitrolol, bupranolol, butidrine

hydrochloride, butofilolol, carazolol, carteolol, carvedilol, celiprolol, cetamolol,

15 cloranolol, dilevalol, epanolol, esmolol, indenolol, labetalol, levobunolol, mepindolol,
metipranolol, metoprolol, moprolol, nadolol, nadoxolol, nebivalol, nifenalol, nipradilol,
oxprenolol, penbutolol, pindolol, practolol, pronethalol, propranolol, sotalol, sulfinalol,

talinolol, tertatolol, tilisolol, timolol, toliprolol, and xibenolol.

20 [0118] Examples of useful anticonvulsants include, but are not limited to,
acetylpheneturide, albutoin, aloxidone, aminoglutethimide, 4-amino-3-hydroxybutyric
acid, atrolactamide, beclamide, buramate, calcium bromide, carbamazepine, cinromide,
clomethiazole, clonazepam, decimemide, diethadione, dimethadione, doxenitroin,
eterobarb, ethadione, ethosuximide, ethotoin, felbamate, {luoresone, gabapentin, 5-

25  hydroxytryptophan, lamotrigine, magnesium bromide, magnesium sulfate, mephenytoin,
mephobarbital, metharbital, methetoin, methsuximide, 5-methyl-5-(3-phenanthryl)-
hydantoin, 3-methyl-5-phenylhydantoin, narcobarbital, nimetazepam, nitrazepam,
oxcarbazepine, paramethadione, phenacemide, phenetharbital, pheneturide,

phenobarbital, phensuximide, phenylmethylbarbituric acid, phenytoin, phethenylate



25 [0131] Exanpl es of useful therapeutic agents for treating or
preventing vomting include, but are not limted to, 5-1113 receptor
ant agoni st\woSysisas, ondanset ron, dol asetron, grani setr Qgr@a7/003411
tropi setron; dopam ne receptor antagof sts such as

2008/ 053352PCTAB2007/ 003411 39 prochl or perazi ne, thiethyl perazine,

chl or promazi ne, netocl opram de, and donperi done; gl ucocorticoids such
as dexanet hasone; and benzodi azepi nes such as | orazepam and

al prazol aggm} Sk Ahies gggaﬁhﬁﬁé,wm&% Biid_ﬁ, sBdieRlbRorhiaE, treating

or preventing ’8’3/’3 cinesia | ude, but are no imted to, reserpine
and t et r abeaw, seontjuprizsmBeanplotnides sulibiame tety i fagbing. BBEMAS or
treating g REAYSRAGoHSRRSASHARALELIED, Dlibodbfido! |im ted to,
tricyclic anti depressants such as amtryptyline, anoxapine, 10
bupropi on, clom prarnine, desipram ne, doxepin, impramne,
maprotiline, nefazadone, nortriptyline, protriptyline, trazodone,
tfim pgar $o116y an%xx&?lkfsﬁfgeménﬁa@ar@sg&n&svlﬁcﬁ@ec BRI ot iR ke

i nhibifors such as citalopram (S)-cital opram fiuoxetine,

f 1 uvoxani haedgbiaecruparms, dalgpeey (9)githlaerempdimstarancfopsaming MdplpREDi t or s
such as i Q?gﬁq?; . | 8 6Pl NSxitri LA ¥REQRE NE;
and psych?)rg%lﬁ%u an ggoscll}@ﬁﬁcg%’héfgﬁagg)@?ro aSﬁniﬁir:‘g“tﬂél B%’e&_xar_ld ¥ ) ’

met hyl phenérttalire, thi:ae84)] Eradplecnubxine dfratlodds iprefliagid; foadrbaged: s

i ncl ude, b I,e | 10, er an) 7 wth
at r opi ne, n%ﬁ%“%ﬁ% iogtg#o%%&%oglz%g ,CO%%”’ %:cﬁlo} st yﬁg@?ﬁgﬁ%@?@% %]é’The
foll ovx‘n'()gg nestratinplobes raansenn, nirdzeging, adinadolam, awitriptylre; dmigriptyinos]

conmpounds

'amoxapine, butriptyline, clomipramine, demexiptiline, desipramine, dibenzepin,
dimetacrine, dothiepin, doxepin, fluacizine, imipramine, imipramine N-oxide, iprindole,
lofepramine, melitracen, metapramine, nortriptyline, noxiptilin, opipramol, pizotyline,
propizepine, protriptyline, quinupramine, tianeptine, trimipramine, adrafinil, benactyzine,
15  bupropion, butacetin, dioxadrol, duloxetine, etoperidone, febarbamate, femoxetive,
fenpentadiol, fluoxetine, fluvoxamine, hematoporphyrin, hypericin, levophacetoperane,
medifoxamine, milnacipran, minaprine, moclobemide, nefazodone, oxatlozane,
piberaline, prolintane, pyrisuccideanol, ritanserin, roxindole, rubidium chloride, sulpiride,
tandospirone, thozalinone, tofenacin, toloxatone, tranylcypromine, L-tryptophan,

20  venlafaxine, viloxazine, and zimeldine.

[0120] Examples of useful anticancer agents include, but are not limited to, acivicin,
aclarubicin, acodazole hydrochloride, acronine, adozelesin, aldesleukin, altretamine,
ambomycin, ametantrone acetate, aminoglutethimide, amsacrine, anastrozole,

25  anthramyein, asparaginase, asperlin, azacitidine, azetepa, azotomycin, batimastat,
benzodepa, bicalutamide, bisantrene hydrochloride, bisnafide dimesylate, bizelesin,
bleomycin sulfate, brequinar sodium, bropirimine, busulfan, cactinomycin, calusterone,
caracemide, carbetimer, carboplatin, carmustine, carubicin hydrochloride, carzelesin,

cedefingol, chlorambucil, cirolemyein, and cisplatin.



conposi tions and methods of the present invention. Suitable
nodi fications and adaptations of the variety of conditions and

par amet er swaohsERissaéz encountered in clinical therapy andcyesddr86:811
obvious to those skilled in the art i4 view of this disclosure are

within the spirit and scope of the invention. 25 WO

2008/ 053352PCT/ 1 B2007/ 003411 40 EXAMPLES EXAMPLE 1

N-(1- (3-cyano- 3, 3-di phenylpropyl) pi peri di n-4-y1) - N-phenylproPi onam de
in To a s@iei] on Therfpdhtid An0 sséiildantieatng iSAyrevefting anuddittveatimrdeB)

(Acros Orgapi.cs USA) (0.5 nmmol) in CN (1.5 nL s .added

{F1 et hyl aRERESCR Y homgiieade. Tt R SEPedRe RHRGH: ne

m xt ur e WagprSokghiRdardpi&e beddike PRieRxypdies br 4 defBdnic Mtayoaisogr aphy

( 70%dexane/ 30% Et OAc/ S%AEtS af ?jorded the desired product as a white

solid in 75%yield. Conpound (1): purity (HPLC) >97% MS: iniz 452.1

(M1); TFINVR (CDC13): 5 7.40- 157.24 (m 1311), 7.06 (m 2H), 4.62

S m2 (1)1 $)11 [%ZBHE) ( mlixgiiﬁles ousdul(therapbil) agedts 3@ tfeatingAidpreventihg Padkinso B,

=2.0, .S , . L. , 2H, J=7.5, 14. 1.75 2 .33

(da, 2+ $igeo kdpsimayiin igSls, it arégpt e fopeepggorayBhons. Begoliad
bromocriptine, ropinirole, pramipexole, entacapone, tolcapone, selegiline, amantadine,

and trihexyphenidyl hydrochloride.

10 [0123] Examples of useful therapeutic agents for treating or preventing anxiety
include, but are not limited to, benzodiazepines, such as alprazolam, brotizolam,
chlordiazepoxide, clobazam, clonazepam, clorazepate, demoxepam, diazepam, estazolam,
flumazenil, flurazepam, halazepam, lorazepam, midazolam, nitrazepam, nordazepam,
oxazepam, prazepam, quazepam, temazepam, and triazolam; non-benzodiazepine agents,

15  such as buspirone, gepirone, ipsapirone, tiospirone, zolpicone, zolpidem, and zaleplon;
tranquilizers, such as barbituates, e.g., amobarbital, aprobarbital, butabarbital, butalbital,
mephobarbital, methohexital, pentobarbital, phenobarbital, secobarbital, and thiopental;

and propanediol carbamates, such as meprobamate and tybamate.

20 [0124) Examples of useful therapeutic agents for treating or preventing epilepsy or
seizure include, but are not limited to, carbamazepine, ethosuximide, gabapentin,
lamotrigine, phenobarbital, phenytoin, primidons, valproic acid, trimethadione,

benzodiazepines, gamma-vinyl GABA, acetazolamide, and felbamate.

25 [0125] Examples of useful therapeutic agents for treating or preventing stroke
include, but are not limited to, anticoagulants such as heparin, agents that break up clots
such as streptokinase or tissue plasminogen activator, agents that reduce swelling such as

mannitol or corticosteroids, and acetylsalicylic acid.



EXAMPLE 2 20
N (1- 3, 3-di phenylpropyl) pi peri di n-4-y1)-N phenyl propi onam de
2008/ 05335&@%4%8/(15%[2 P7/ 003411 41 LZI To a solution ofp 1@)&%;{)9/0&411

mml) and (C) (Acros Organi cs USA) (035 Mol ) in MeCN 61

added triethylamne (2.87 mmol) at the room tenperature. Then the
m xture was stirred at 60C overnight. Direct flash chromatography
(70%1exane/ 30% 5 Et OAc/ 3%kt 3N) afforded the desired product as a

ngi7t i ?&_Eﬂ%]n 7566 iy fds b udePUTRIRY utﬁc?&gent@ﬂfr h%é/cm Idel@)/exR@Z YprddBe | nk

| H NMR (CDC13): 87.37 (m 311) 12 (m 1011
7.06 (m Q@ﬂ;ﬂonmca@e(hw arg fapt h@lt@iaoa(qaltfe&@fs naém?fe%f% ﬁ&')ﬂzo zg‘lgﬁl’(sa S“%H
5=11.3 Hz)g ﬁ&é}%ﬁ%mm@ggfmg a%la dé)g%’ %i]%ﬁle%réssgntgsucﬂas tiaoéﬁzévenfbeﬁa% (a,

2H, 1=7. 4, ,. 2H, 3=4.0, 12.1 Hz),
1.00 (t, Bmllthol;l eApphokiphenop m:@gagma[_@pglcm tar; stermds, and antihistamines.

N, N- di met hy1- 2, 2- di pheny1l- 4- (4- (N- phenyl pr opi onam do) pi Peri di n- 1- 3/ 1)
but anafn de

[0127] Examples of useful therapeutic agents for treating or preventing psychosis
include, but are not limited to, phenothiazines such as chlorpromazine hydrochloride,
mesoridazine besylate, and thoridazine hydrochloride; thioxanthenes such as
chloroprothixene and thiothixene hydrochloride; clozapine; risperidone; olanzapine;

10 quetiapine; quetiapine fumarate; haloperidol; haloperido] decanoate; loxapine succinate;

molindone hydrochloride; pimozide; and ziprasidone.

[0128] Examples of useful therapeutic agents for treating or preventing ALS
include, but are not limited to, baclofen, neurotrophic factors, riluzole, tizanidine,

15 benzodiazepines such as clonazepam and dantrolene.

[0129] Examples of useful therapeutic agents for treating or preventing cognitive
disorders include, but are not limited to, agents for treating or preventing dementia such
as tacrine; donepezil; ibuprofen; antipsychotic drugs such as thioridazine and haloperidol;

20 and antidepressant drugs such as those given below.

[0130] Examples of useful therapeutic agents for treating or preventing a migraine
include, but are not limited to, sumatriptan; methysergide; ergotamine; caffeine; and beta-

blockers such as propranolol, verapamil, and divalproex.
25

[0131] Examples of useful therapentic agents for treating or preventing vomiting
include, but are not limited to, 5-HT3 receptor antagonists such as ondansetron,

dolasetron, granisetron, and tropisetron; dopamine receptor antagonists such as
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4- Br ono- 2, 2- di phenyl butyric acid (D) (Al drich Chem cal Conpany, Inc.)
(239, 72 ngBlhsiasssuspended in chloroform (150 nl), ang @b Wizt
chloride (20 m.) was added 5 dropvvisg. After addition of thionyl
chloride, DMF (0.2 nlL) was added, and the resulting solution was
heated at reflux for 4 hours. The reaction m xture was then
concentrated under reduced pressure to provide

4- br omo- 25 3cHibPRarAS, BMENYIheraditd, dhlcipdidzie, ffpclaganidpadng dymbéridonei |
that was used for next step wthout f‘leI‘th r purification. 10 To a
sol uti on BRCASPRISEINy Pughiah eexamsthpsone: pitdeng l?ﬁ?ﬁmﬁsrﬁﬁw}é%tstlﬁliaﬁ?péﬁm& ueous
Na2CO3 ( gl%qzm,;l_ was added dropw se a solution of conmpound (E) in
toluene ( 100m.), prepared as descri bed above, at 0C. The resulting
m xture was allowed to stir for 12 hours. The m xture was extracted
with toluene (1X30 nL) and chlorof orm (3X100 nlL). The conbi ned

extracys jigsg Washeaned dF uiertiaherfptdBOadthis fordieht@r} o pevefd@@Pskitsiaer 15
evaporation to dryness and crystallization wi th nethyl isobutyl

ket one, t nelvdednt &8 npflpitrdio, @ffp&’rer?é‘é Irjppenazine.

t et rahydro- 3, 3-di phenyl1-2-furyl i dene) ammoni um br om de was obtai ned in
53% yield. To a solution of (A (0.5 mmol) and (F) (0.5 mmol) in MCN
(1.5 nL) was_added 20 triethylam ne.(2.87 |) at the room _ .

t enper at uf®33khe n%f‘ﬁﬁplfﬁ U tﬁgépeé‘{lig 7584 f%%%%@ BYEY ﬁl?tﬂﬁ%.ep BYCet
flash chr gerledRaRRY(1FMdeY ane/BOYatide frasABS A by araifrfpiy e ambvepine,

desired product as a white solid in 75%vyield. s
10 pbupropion, clomipramine, des%rangime, oxepél), %mprarmne, maprotiline, nefazadone,

nortriptyline, protriptyline, trazodone, trimipramine, and venlafaxine; selective serotonin
reuptake inhibitors such as citalopram, (S)-citalopram, fiuoxetine, fluvoxamine,
paroxetine, and sertraline; monoamine oxidase inhibitors such as isocarboxazid,
pargyline, phenelzine, and tranylcypromine; and psychostimulants such as

15  dextroamphetamine and methylphenidate.

[0134] Examples of useful anti-diarrheal agents include, but are not limited to,

loperamide, diphenoxylate with atropine, clinidine, octreotide, and cholestyramine.

20 [0135] The following examples are illustrative, but not limiting, of the compounds,
compositions and methods of the present invention. Suitable modifications and
adaptations of the variety of conditions and parameters normally encountered in clinical
therapy and which are obvious to those skilled in the art in view of this disclosure are

within the spirit and scope of the invention.

25



WD 2008/ 053352PCT/ 1 B2007/ 003411 43 Compound (3): purity (HPLC) >97%
M5: nmlz 498.1 (M+l); 1H NWR (CDC13): 37.38 - 7.22 (m 13H), 7.06 (m
2H), 4. 56\(/ mgs?o%:)snzz 96_(m 2H), 2.78 (m 2H), 2.32 (igdyy 5%710&486
(m 5H), g, 2H, J=7.5, 14.8 Hz)y, 1.64 (s, 3H, 1.29

J=3. 3, 72Hz), 5 0.98 (t, 3H, 174Hz) ppm EXAMPLE 4

N (1- (4-oxo- 3, 3-di phenyl-4-(pyrrolidin-|-yGCoutyppiperidin-4-yl)-Nphe
nyl propi onam de Conpound (Q

1- (3, 3-di pheny1-di hydr of uran- 2-yli dene) - pylroli di ni ulll brom de was
15 prepared with pyrrolidine follow ng the sane procedure as the

synt hesis of conpound (F) di met hykkxAMPLES

t et rahydr o- 3, 3-di phenyl-2-furylidene)anmoni um brom de. WO

2008/ 053352PCT/ 1B2007/ 003411 44 To a solution of (A) (0.5 nmol) and
(G (0.5 mol) in MeCN (1.5 nlL) vwegasggaslitriethylamne (2. 87 mol)

at roomtenperature. Then the m xture was stirred at 60C overni ght.
Directsflash chromat ography (70%4exane/ 30% Et OAc/ 3%t 3N) af forded the
deS|red product as a white solid in 75%yvyield. 5 Conpound (4): purity

HPLC) >97 Adid MMR-NGBEERropi6iandde - 7. 22
(13H),)7>0§0§1 (y%aﬂ%%ﬂn(lyrlrlfrbﬁf%m 56M(®tﬁ 2H, 1250 Hz? 2 80 ElTr d,

2H, 3=11.8
@ i
@ A Et;N/DMF

H
(A)

To a solution of (A) (Acros Organics USA) (0.5 mmol) and (B) (Acros Organics USA)
(0.5 mumol) in MeCN (1.5 mL) was added triethylamine (2.87 mmol) at the room

10  temperature. Then the mixture was stirred at 60°C overnight. Direct flash
chromatography (70%Hexane/30% EtOAc/3%Et;N) afforded the desired product as a
white solid in 75% yield.

Compound (1): purity (HPLC) >97%; MS: m/z 452.1 (M+1); 'H NMR (CDCls): 3 7.40-

15 7.24 (m, 13H), 7.06 (m, 2H), 4.62 (m, 1H), 2.86 (m, 2H), 2.52 (m, 2H), 2.38 (m, 2H),
2,08 (dt, 2H, J=2.0, 11.9 Hz), 1.91 (g, 2H, J=7.5, 14.9 Hz), 1.75 (m, 2H), 1.33 (dg, 214,
J=3.7, 12.3 Hz), 1.00 (t, 3H, J=7.6 Hz) ppm

EXAMPLE 2

20

N-(1-3,3-diphenylpropyl)piperidin-4-yl)-N-phenylpropionamide



Hz), 2.44(t, 2H, J=6.4 Hz), 2.37 (m 2H), 2.00 (m 4H), 1.88 (g, 2H,
J=7.4, 14.8 Hz), 1.66 (m 4H), 1.50 (m 2H), 1.29 (dg, 2H, J=3.9,
12. 3 Hz), H 1=7.2 Hz) ppm 10 EXAMPLE 5 [013@@%@ of
t he presen‘?oi%ﬁl{?geotrslgfsfgn were tested for,propioid receptor ,lﬁn i§1r%g,
and function. TABLE 1 contains binding and functional data for
several 15 conpounds. TABLE 1 Conpound IC (nM GIP EC50 GIP Emax
(n1Vl1l) (%9 N (1-(3-cyano-3,3- 82.83 491.3

) P
Q\NJ\/ Br Et;N/DMF EJj
o ”
N
;1 €
{2)

To a solution of (A) (0.5 mmol) and (C) (Acros Organics USA) (0.5 mmol) in MeCN (1.5
ml) was added triethylamine (2.87 mmol) at the room temperature. Then the mixture was
stirred at 60°C overnight. Direct flash chromatography (70%Hexane/30%

5  EtOAc/3%Et:N) afforded the desired product as a white solid in 75% yield.

Compound (2): purity (HPLC) >97%; MS: m/z 427.1 (M+1); '"H NMR (CDCls): 8 7.37

(m, 3H), 7 25-7.12 (m, 10H), 7.06 (m, 2H), 4.62 (m, 1), 3.88 (¢, 1H, J=7.3 Hz), 2.87 (d,

2H, J=11.3 Hz), 2.19 (m, 4H), 2.02 (dt, 2H, ]=2.0, 12.1 Hz), 1.91 (q, 2H, J=7.4, 14.9 Hz),
10 1.74 (m, 2H), 1.37 (dq, 2H, J=4.0, 12.1 Hz), 1.00 (, 3H, J=7.4 Hz) ppm

EXAMPLE 3

N,N-dimethyl-2,2-diphenyl-4-(4-(N-phenylpropionamido)piperidin-1-yljbutanamide

O O /+}\|"" o Br
Br
Br \NH
S0Cl /s
COOH i cocl D
O O e 7O
(D)

15 (E) (F)



79. 7 di phenyl propyl ) pi peri di n-4-y1) - Nphenyl pr opi onam de
N-(1- 3, 3-di phenyl propyl ) pi peridin-4-yl)- 330.6 1005.7 56.3

N-phenyl progi,giaagids N N-dinet hyl- 2, 2-di phenyl-4- (4
phenyl propi onam do) pi peri di n-1- yl ) buganani de 36.1 143 %32007/003411

10

15

20

@)L/

Q o \ Et;N/DMF
) - C %

(A) (F)

4-Bromo-2,2-diphenylbutyric acid (D) (Aldrich Chemical Company, Inc.) (23g, 72
mmol) was suspended in chloroform (150 mL), and thionyl chloride (20 mL) was added
dropwise. After addition of thionyl chloride, DMF (0.2 mL) was added, and the resulting
solution was heated at reflux for 4 hours. The reaction mixture was then concentrated
under reduced pressure to provide 4-bromo-2,2-diphenylbutyric acid chloride (E) as a

pale yellow oil that was used for next step without further purification.

To a solution of dimethylamine ( 2M in THF, 50 mL) and saturated aqueous Na;CO;

( 100 mL) was added dropwise a solution of compound (E) in toluene ( 100mL), prepared
as described above, at 0°C. The resulting mixture was allowed to stir for 12 hours. The
mixture was extracted with toluene (1X30 mL) and chloroform (3X100 mL).The
combined extracts were washed with water (1X30 mL), dried over K;CO;. After
evaporation to dryness and crystallization with methy! isobutyl ketone, the desired
product (F) dimethyl( tetrahydro-3,3-diphenyl-2-furylidene)ammonium bromide was
obtained in 53% yield.

To a solution of (A) (0.5 mmol) and (F) (0.5 mmol) in MeCN (1.5 mL) was added
triethylamine (2.87 mmol} at the room temperature. Then the mixture was stirred at 60°C
overnight. Direct flash chromatography (70%Hexane/30% BtOAc/3%E;N) afforded the
desired product as a white solid in 75% yield.



WO 2008/ 053352PCT/ |1 B2007/ 003411 45
N- (1- (4- oxo- 3, 3-di pheny1-44pyrrolidin-1-

Abut yOpi pegbhdhdaiedsa¥ad) - Nohenyl propi onam de 19.17 50.6 958, g5s0RiE ©
[ 0137] Conmpounds 00% “the present inventj;on were tested for&&RL- 1

receptor binding, 5 and function. TABLE 2 contains binding and
functional data for the sanme conpounds presented in Table 1. The term
"ND' neans "not determ ned". TABLE 2 Conpound

Compound (3): purity (HPLC) >97%; MS: m/z 498.1 (M+1); "H NMR (CDCly): & 7.38 -
7.22 (m, 13H), 7.06 (m, 2H), 4.56 (m, 1H), 2.96 (m, 2H), 2.78 (m, 2H), 2.32 (m, 4H),
1.96 (m, 5H), 1.88 (q, 2H, J=7.5, 14.8 Hz), 1.64 (s, 3H), 1.29 (dq, 2H, J=3.3,7.2 Hz),

5 0.98(t, 34, =74 Hz) ppm

EXAMPLE 4

N-(1-(4-0x0-3,3-diphenyl-4-(pyrrolidin-1-yl)butyl)pip eridin-4-yl)-N-phenylpropionamide

. Br
O " soa O coan]r CNH Chege
COOH O Na,COj O Q
{D) (G)

(E)
Q
QNJCL/ Chieos ™ QNJ\/

r Et;N/DMF h
R
H o O O

(4)

10

Compound (G) 1-(3,3-diphenyl-dihydrofuran-2-ylidene)-pyrrolidinium bromide was
15  prepared with pyrrolidine following the same procedure as the synthesis of compound (F)
dimethyl( tetrahydro-3,3-diphenyl-2-furylidene)ammonium bromide.



1C1 (nM GIP EC50 OV GIP Emax (% N-(1-(3-cyano-3, 3-
di phenyl pr opyDpi peri di n-4-y1) - Nohenyl propi onam de > 20 p. M ND 2

N-(1-3,3-dy PPy Bpi peri din-4-yl1)- N-phenyl propio '
ND ND N, nglgg'g%%t‘g Z-Si Bhenyl- 4-(%-LN— Phenyl pr op oAyt
phenyl propi onani do) pi peri di n-1- 34) but anam de >20 plvl ND 2
N (1- (4-oxo- 3, 3-di phenyl-4-(pyrrolidin-
1-yl) but yBpi peri di n-4-y1) - Nohenyl propi onam de > 20 p, M
To a solution of (A) (0.5 mmol) and (G) (0.5 mmol) in MeCN (1.5 mL) was added

triethylamine (2.87 mmol) at room temperature. Then the mixture was stirred at 60°C
overnight. Direct flash chromatography (70%Hexane/30% EtOAc/3%Et:N) afforded the

desired product as a white solid in 75% yield.

Compound (4): purity (HPLC) >97%; MS: m/z 524.1 (M+1); 'HNMR (CDCls): § 7.37 -
7.22 (m, 13H), 7.06 (m, 2H), 4.56 (m, 1H), 3.56 (t, 2H, J=7.0 Hz), 2.80 (br d, 2H, J=11.8
Hz), 2.44 (t, 2H, J=6.4 Hz), 2.37 (m, 2H), 2.00 (m, 4H), 1.88 (q, 2H, J=7.4, 14.8 Hz),
1.66 (m, 4H), 1.50 (m, 2H), 1.29 (dq, 2H, }=3.9, 12.3 Hz), 0.98 (t, 3H, J=7.2 Hz) ppm

10

EXAMPLE 5

[0136] Compounds of the present invention were tested for p-opioid receptor
binding, and function. TABLE 1 contains binding and functional data for several

15  compounds.

TABLE 1

Compound Ki (mM) | GTP EC30 GTP Emax

(nM) (%)
N-(1-(3-cyano-3,3- 82.83 491.3 79.7
diphenylpropyl)piperidin-4-yl)-N-
phenylpropionamide
N-(1-3,3-diphenylpropyl)piperidin-4-yl)- | 330.6 1005.7 56.3
N-phenylpropionamide
N,N-dimethyl-2,2-diphenyl-4-(4-(N- 36.1 143 100.3
phenylpropionamido)piperidin-1-
yl)butanamide




.ND 2 WD 2008/ 053352PCT/ | B2007/ 003411 46 (0138] Having now fully
described this invention, it will be understood by those of ordinary
skill in t{e BsdpsiAat the sane can be performed within gqWedRARd
equi val ent range of conditions, fornujsations and other paraneters
wi t hout affecting the scope of the invention or any enbodi nent
t hereof. [0139] Ot her enbodi ments of the invention will be apparent to
those skilled in the art from consideration of the specification and

practice pf the inveniion disclosed herein. [t Is intended that the
speci fi cation and exanples be consideted as—exenplary—o :

true scopbNLhdt-epr-pirdgenyHeEyroisitiohI el ng|?

rphary—or
'+ ?‘Eéi cated by the
f ol | owi ng| ¥itatyhpiverifins4yl}-A-| patents and publications cited herein
are ful |l y| Piserpppioaseideby reference herein in their entifety. 47
CLAI MsS: 1] A compound of Fonm a I:

EXAMPLE 6

[0137] Compounds of the present invention were tested for ORL-1 receptor binding,
5 and function. TABLE 2 contains binding and functional data for the same compounds

presented in Table 1. The term “ND” means “not determined”.

TABLE 2

Compound Ki (mnM) | GTP EC50 GTP Emax

(n}M) (%e)
N-(1-(3-cyano-3,3- >20puM j ND ND
diphenylpropyl)piperidin-4-yI)-N-
phenylpropionamide
N-(1-3,3-diphenylpropyl)piperidin-4-yl)- | 4398.57 | ND ND
N-phenylpropionamide
N,N-dimethyl-2,2-diphenyl-4-(4-(N- >20 uM | ND ND
phenylpropionamido)piperidin-1-
yl)butanamide
N-(1-(4-0x0-3,3-diphenyl-4-(pyrrolidin- | >20 pM | ND ND
1-yDbutyl)piperidin-4-yl)-N-
phenylpropionamide

10



5 wherein Ais cycloallcyl, heterocycloal kyl, aryl, or heteroaryl; Rl
is: 1.1 or halo; or 10G 4aJkyI , C2.6al kenyl

C2. 6al | t ynywhnidnshspal kenyl, or -0- C2.6allcynyl, any qfcﬂY%h&ﬁmés.S.u
optionally substituted; or "NR612. 7, wherein each of R6 and

i ndependently selected fromthe group consisting of H or C1.6a|ky|,
C2. 6al kenyl, and C24al kynyl; any of which is optionally substituted,
15R2 is G oI kyl, C2.6al kenyl 02-sal kynyl, -C(=0)CLl. 6al kyl,

-C(2=0 C2£t@1| KE rWI Ha 6@)&@%11 addpudl this i¥ertdh Gl 48l keordnderstood by those
- S( 0)C24a|keny| -S C2-6al |l cYnYl, 802Cl- sallcyl, SCQCQ 6 kenyl
802C2. 6al ok yripary skiflap @Faﬁtaihﬁélw samecpplopesiorRedwithin a wide@pg equivalent

6al | cynyl ., 3B¥%s QindifiBhs h)ﬂnﬁ.laﬁ&ﬁs‘ aﬂﬂ%fﬂeb’pa?éi@e%rk {with&A affectinh @le@tdpe of the
optionally Substituted means that the group is optionally substituted
wi th one Z@m@WnWﬁﬁ@Y@UME@ﬁ@ﬁﬂﬁﬁ@f i ndependent |y sel ected fromthe
group consisting of halo, halo(C:. 6)al kyl, hal o2(C 4al kyl,

hal 03(€1. 6) al kyl, aryl, heteroaryl, cycl oaI kyI het er ocycl oaI kyl, 43

@ |k|C26|k | | (C2-6)al k | (C2.6)al
oyel oal kyiltBBhal kyl 6 W%GW%PISQ%P%% heagoasn i oteieAin the

am no( C14%'M conﬁ@érgl?&ﬁyc(f@;e s@):@ih&%h anc?ﬂrli&i’é?z’ Sﬁiie ﬁ])v&iﬂoﬁ)ﬁisclloﬁﬁdtﬂ'efbm

am no, ureido, cyano, yl carbonyl ami'no, hydroxyl

al kyl car bdhiy irgsagted thaf tb@spealrﬁk@i;@p ang gxaskss be sensiisted ap srappLara ARly.oyith a5

6al kyl thi %e scope and spirit of the invention being indicated by the following claims.
10

[0140] All patents and publications cited herein are fully incorporated by

reference herein in their entirety.



Bis (CH2)% wherein mis an ihteger 0 to 12, and R3 and R4 are
each independently selected fromthe group corsisting of cycloal kyl,
het erocycl oal kyl, aryl and heteroaryl; R3 is H d asal kyl,
C2. 6al kertyl, C2.6al kyYnYl, "-C(=0O NHCL.6al kyl, -C(=0)N(Cl. 10

6al kyl )2, all cyl am nocarbonyl, dial kyl arni no¢carbonyl or

cycl oam nocar bonyl ; and the pharnmaceutically acceptable salts,

prodrugs and sol vates thereof. 2. A conpound of claim1, wherein A
is aryl or heteroaryl. 15 3, A conmpound of claiml or 2, wherein Ais
phenyl . 4. A compound of claiml, fherein Ais cycl oal kyl .

5. A conpound qf a%. one of claims 1 to 4, wherein R is 20 a) H or
hal o, 14C2. 6at kenyl or C2-5al kynyl, 25c)-NRER7 wherein each of 12.6
and | e is indepefigenrduyd efFpmmdadd from the group consisting of H,
optionally substituted Cl1.6 al kyl, optionally substituted C2,6
al kenyl, and optionally substituted C2-6 al kynyl . 6. A conpound
of any one of clains Ito 5, wherein R2 iR§\30 a) C(=0OC1.6alicyl, or
49 b)-C(=0) C2. 6al kenyl or -C(-=0)C2.6al kynyh~: R

N

L
B
RS
3
R R4

S wherein

A is eycloalkyl, heterocycloalkyl, aryl, or heteroaryl;
Rlis:

H or halo; or .

10 Cigalkyl, Ca.salkenyl, Cz.calkynyl, ~O-Cygalkyl, -0-Cy.galkenyl, or —O-
Ca-salkyny], any of which is optionally substituted; or
-NR®R?, wherein each of R® and R’ is independently selected from the
group consisting of H, or Cy.¢alkyl, C.¢alkenyl, and Co.galkynyl; any of
which is optionally substituted,

15 R?is C1.qalky), Cy.salkenyl, Cpgalkynyl, ~C(=0)Cy.selkyl, -C(=0)Cp.calkenyl, -
C(=0)Caalkynyl, -S(=0)C,.salkyl, -S(=0)Cy.galkenyl, -S=0)Czealkynyl, SOLC:.
salkyl, 8O2Ca-salkenyl, SO1Ca.calkynyl, -CO2C.alkyl, -CO;Cp.gatkenyl, or -CO4Cs.
galkynyl, any of which is optionally substituted;
wherein optionally substituted means that the group is optionally substituted with one

20 or more substituents, independently selected from the group consisting of hale, halo(C,.
s)alkyl, haloy(Cy.g)alky], halos(Cr.g)alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,



7. A conpound .of claim6, wherein R2 is C(=0)CH2CH3. S 8. A
conpound of any one of clainms Ito 7, wherein mis 1, 2 or 3. 9. The
conpound of claim1, wherein said conpound is selected fromthe group
consisting of: 10 »

N (1- (3, 3-di phenyl propyl ) pi peridi n-4-y1)- N phenyl propi onam de;

N, N- di met hy1- 2, 2- di pheny1l- 4- (4- N- phenyl pr opi onam do) pi peri di n-1y1) but
anam de;

N- (1- (4- oxo- 3, 3-di phenyl-4-(pyrrolidin-1-ybutypiperidin-4-yl)-N15
phenyl propi onami de; and the pharmaceuti#ally acceptable salts and

compound of amy gz e TSR SRR WS, e
phar maceut i cal IoyclesioéBeaeityb hesaredyplb@nt)ellnRiydrodyl(Cr.O8iyl afnirm(Gigkfiplind
according to FQErU&HyRZ,Ba@cy]t Qﬁbxm{ﬁlﬁﬁ;tnﬂfo, anftho, ng k&@%}cmﬂﬁﬁa v{,hfé?(ral 0

treating, preventin l'1ora a disor
t he conpound 05‘5’4’?}9’ “§ %Y?afbm!i@xﬂ@d% alipigyy @BrbRxy; mincarbonyl, and Gy

5 galkylthiol;
B is (CHz)m wherein m is an integer 0 to 12, and
R? and R? are each independently selected from the group consisting of
cycloalkyl, heterocycloalkyl, aryl and heteroaryl;
R® is H, C.ealkyl, Cagalkenyl, Casalkynyl, ~C(=O)NHCy.qalkyl, ~C(=O)N(Ci.
10 alkyD)z, alkylaminocarbonyl, dialkylaminocarbony! or cycloaminocarbonyl;
and the pharmacentically acceptable salts, prodrugs and solvates thereof.

2, A compound of claim 1, wherein A is aryl or heteroaryl,
15 3, A compound of claim 1 or 2, wherein A is phenyl.
4, A compound of claim 1, wherein A is eycloalkyl.
5. A compound of any one of claims 1 to 4, wherein R’ is
20
a) H or halo,
b) Cr.salkyl, Ca.salkenyt or Cpsalkynyl,
25 ) ~NR®R’ wherein each of R® and R? is independently selected from the group

consisting of H, optionally substituted Cy.¢ alkyl, optionaily substituted Ca.¢ alkenyl,
and optionally substituted Cu.¢ alkynyl.

6. A compound of any one of claims 1 to 5, wherein RZ is
30
a) C(=0)Ci.salkyl, or



- Ais cycloal kyl, heterocycloallcyl, aryl, or heteroaryl; R 1 is: 5H
or halo; or C2.6al kyl, C2.6al kenyl, C2-6al kynyl, -0-GC . 6al kyl,
-0- C2. 6alkenyl, or -0- C2.6al kynyl, any of which is optionally
substituted; or -NR612. 7, wherein each of I1t6 and 12.7 is
i ndependently selected fromthe group consisting of H, or G al kyl,
Cual kenyl, and C2. 6al kynyl; any of 10which is optionally substituted,
B.2 is Cbsal kyl, C24al kenyl, C2.6allcynyl, -C(=0)Cl4al kyl,
-C(=0) C2. 6al kenyl, - C(:=0)C2.6alicynyl, -S(=Q C1.6alkyl,
- S(=0) C2. 6al kenyl, -8(=-0)C2.6alkynyl, %02Cl. S2C2. 6al kenyl ,
S02C2. 6al | cynyl, -0Q2C1. 6al kyl, -CO2C2. 6al kenyl, or -0@2C26al kynyl,
any of which is optionally substituted; 15 wherein optionally
substituted neans tHaCEHMNE:. sgkavipr +G=0Lkxakyayll y substituted with one
or nore substituents, independently selected fromthe group *
consi sting of halo, halo(C . 6)alkyl, hal 02(Cl.6)al kyl,
hal 03( Cl4al ky| - Afsmeousiaf sleisnf, yhereip fois GRNG:CHet er ocycl oal kyl ,
C2. 6al kenyl , 5C2. 6alkynyl, aryl (Cl4al ky), aryl(C24al kenyl,
aryl(C2. 6)allicynyl, cyc)aallcyl (G 4al kyl, heteraocycl o(CL.6)al kyl,
hydr oxyl ( C15) aMF?mpgﬁ?#%w °&§P‘i(°gws,1 t?é- "é’é%‘d&gf(lél Ft kyl
al koxy(C 4al kyl, nitro, am no, ureido, cyano, al kykarbonylam no, -Si
hydr oxyl , thiob, . Azl |k 0X r box
am nocar bonyl , ba’l;{]glc%ﬁg% %@@WL%%?‘“%#%%@%S&%@& tﬁc‘%‘ﬁupi s an
i nt eger Oto 12l?n515tmgof:

10

N-(1-(3,3~diphenylpropy!)piperidin-4-yl)-N-phenylpropionamide;
N, N-dimethyl-2,2-diphenyl-4-(4-N-phenylprapionamido)piperidin-1-
ylbutanamide;
N-(1-(4-0x0-3,3-diphenyl-4-(pyrrolidin-1-y)butyl)piperidin-4-y1)-N-
15 phenylpropionamide;

and the pharmaceutically acceptable salts and solvates thereof.

10, A pharmaceutical composition comprising a compound of any one of claims 1 to 9
and at least one pharmaceutically acceptable excipient.
20

11. Use of a compound according to Formula I in the manufacture of 2 medicament
useful for treating, preventing or ameliorating a disorder in an animal,
wherein the compound of formula I is:



R3 and R4 are each independently selected fromthe group consisting

of 5 cycloallcyl, heterocycloal kyl, aryl and heteroaryl; . Rs
is 1-1, cyano, C .sallcyl, C24al kenyl, C2.6alicynyl
-C(=0) N1- 1C1. 6al l cyl, - C(=0)N(Cl. 6alkyl)?2, al kylam nocarbonyl, v

di al kyl am nocar bonyl or cycl oam nocarbonyl; and the pharnaceutically
acceptabl e salts, prodrags and sol vates thereof, 10 wherein the

di sorder is selected fromthe group consisting of pain or enesis.

12. The use according to claim1l1l wherein the pain is selected from
the group consisting of chronic pain, néﬁropathlc pai n, inflammtory
pain, pain due to %5 osteoarthritis, pain due to arthritis, pain due
to rheumatoi d art hrittd s, canger pain, pain due to spinal cord injury,
surgical pain, post-o pain or acute pain. 13. The use of any
one of clainms 11 to 12, erein the conpound activates the p. opioid
receptor. 20 14. The use] of any one of clains-11 to 13, further
conpri sing co-adm niste an effective anount of an anti-m graine
agent, anti-epileptic fagent,] anti-diarrheal agent, or anti enetic. 25
15. The conpound of arfy one pf clains Ito 9 for use as a nedi canent.
16. A compound of For en used in the treatnent, prevention or
anel i oration of disorderji;? an animal, which disorder is treated,

prevented or aneliorated by activation of an opioid receptor,

30wherein the conpound ofNfornmula I is: 52
B
//L:fas
R N

wherein
A is cycloalkyl, heterocycloallyl, aryl, or heteroaryl;
R'is:
5 H or halo; or

Cigalkyl, Cz.galkenyl, Co galkynyl, -O-Cygalkyl, -O-Cp.salkenyl, or —O-
Cz.alkynyl, any of which is optionally substituted; or
NR°R’, wherein each of R and R7 i is independently selected from the
group consisting of H, or Cysalkyl, Cz salkenyl, and Co.galkynyl; any of

10 which is cptionally substituted,

R?is Cr.ealkyl, Casalkenyl, Ca.galicynyl, -C(=0)C.salky], -C(=0)C.¢alkenyl, -
C(=0)Casalkynyl, -S(=0)Ch.salkyl, -S(=0)Cx.salkenyl, -S{(=0)Cs.salkynyl, SO.C).
¢alkyl, SO2Cz.¢alkenyl, SO.Cqsalkynyl, ~CO2Cigalkyl, -CO:Cy.salkenyl, or -CO2Cs.
salkynyl, any of which is optionally substituted;

15 wherein optionally substituted means that the group is optionally substituted with one
or more substituents, independently selected from the group consisting of halo, halo(C.
syalkyl, halo(Cy.g)alkyl, haloy(Cy.e)alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
Crsalkyl, Cacalkenyl, Cy.galkynyl, aryl(Cy-s)alky), aryl(Cs.¢)alkenyl, aryl(Ca.s)alkynyl,
eyeloalkyl(C.g)alkyl, heterocyclo(Cy.q)alkyt, hydroxyl(Cy.s)alkyl, amino(Cr.g)alkyl,

20 carboxy(Cr.g)alkyl, alkoxy(Cy.g)alkyl, nitro, amino, ureido, cyano, alkylcarbonylamino,



wherein 5 A is cycloal kyl, heterocycl oal kyl, aryl, or heteroaryl; Rl
is: Hor halo; or C2.6al kynyl, -0-Cl.6al kyl, -0-C2.6al kenyl, or -0-

@2. 6al kynyl, any of which is optionally substituted; or 10-NR6127,
wherein each of R6 and R7 is independently selected fromthe group w
consisting of H or Chollcyl, C2.6alkenyl, and C2.6al kynyl; any of
which is optionally substituted, R2 is Cl-6al kyl, C2.6al kenyl,

C2. 6al l cynyl, -C(=0)C1.6al kyl, -C(=0)C2.6al kenyl, - C(=0)C2.6al kynyl,
-S(=0)Cl_6alicyl, -4=0)C2.6al kenyl, -3(=0)C2.6alicynyi, 802Cl. 15

6al kyl , SO2C2. 6al kenyl 3 S2C2. 6al kynyl ,-5t CO2Ct . 6al kyl

-COo2C2. 6al i cen of V\:hIChISO
subst it ut ed; \M%‘g?rg f%%‘%’ﬁ"éﬁf’@%&ﬁ@f‘%?‘%’@d"%ﬁ%é’ﬂwﬁ@f F’&r gébup i's
optional |l y substlkylthiogd wi t h one or nore substituents, independently
selected fromthe 0 hal o(Cl. 6)allcyl,
hal 02(Q 6)al Il ry/, gﬁ%gg%rgg ra[ﬁ‘klnﬁqm%telgygrad 18fr%e?t eroaryl, cycloal I cyl,
het er ocycl oal kyl , “paekdach i@Pf@éﬁﬂﬂﬂﬂﬁﬁed dom Sulgromywphstmg of
azyl (Cldalicyl ¢ @(;amy ga&agyg@m ,.Mlhg Tgl kyl, ] |

ydr

cycl oal kyl (Cl1. 6) al | het er ocy cI o( Cl4al oxs/ ClL. 6)al l cyl,
ani no( Cl4al | cyl , ‘%l"lﬁ?ﬁﬁ@i@éfa{amyl C&F%RX}Q PO Gstedl~ nitro,
am no, ureido, %&C@N@mﬂkﬂ!}j | alkglab B4t baKl, iklkyl aminocarbonyl or

cycloaminocarbonyl;

and the pharmaceutically acceptable salts, prodrugs and solvates thereof,
10 wherein the disorder is selected from the group consisting of pain or emesis.

12, Theuse according to claim 11wherein the pain is selected from the group
consisting of chronic pain, neuropathic pain, inflammatory pain, pain due to
15 osteoarthritis, pain due to arthritis, pain due to theumatoid arthritis, cancer pain, pain

due to spinal cord injury, surgica) pain, post-operative pain or acute pain.

13.  The use of any one of ¢laims 11 to 12, wherein the compound activates the p
opioid receptor.
20
‘14,  The use of any one of claims.11 to 13, further comprising co-administering an
effective amount of an anti-migraine agent, anti-epileptic agent, anti-diaxrheal agent, or

anti emetic,
25 15, Thecompound of any one of claims 1 t0 S for use asamedicament.

16. A compound of Formula I when used in the treatment, prevention or
amelioration of disorders in an animal, which disorder is treated, prevented or
ameliorated by activation of an opioid receptor,

30 wherein the compound of formula 1 is:



hydr oxyl, thiol, alkylcarbonyl oxy, azi.do, al koxy, carboxy,

am nocar bonyl, and CI. 6alkylthiol; Bis (Cl112),,, wherein mis an
integer 0 to 12, and 512.3 and R4 are each independently selected - -
fromthe group consisting of cycloallcyl, heterocycloallcyl, aryl and
het er oaryl ; Rs is H cyano, d.sal kYl, C*.salkenyl, C2.6allcynyl
, -C(=0)NHCI 6al kyl, - C(=0)N(C .sall cyl)2, alkylam nocarbonyl,

di al kyl am nocar bonyl or cycl oam nocarbonyl; 10 and the
pharmaceutically acceptable salts, prodrugs and sol vat es thereof
wherein the disorder is selected fromthl2 group consisting of pain or
enesis. 17. The conpound of Formula | when used according to claim
16., wherein the 15 disorder is pain and the pain is selected from

t he group consistiRY _of chronic pain, neuropathic pain, inflammtory
pain, pain due to ogP@mﬁg;quis, pain due to arthritis, pain due to
rheumatoid arthritis, camgér pain, pain due to spinal cord injury,
surgi cal pain, post-operalive pain or acute pain. 20 18.1 Conpound,
met hod or use as herei nbefore described with reference to the
acconpanyi ng exanpl es.

T\\
8
/’<R5
3
R R4

5 A is cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;
R!is:
H orhalo; or
Cy-galkyl, Co.gatkenyl, Casalkynyl, -0-Ci.calkyl, -Q-Ca.salkenyl, or—O-
Ca.salkynyl, any of which is optional.]y substituted; or
10 -NR®R’, wherein each of R® and R” is independently selected from the
gronp consisting of H, or Cygalkyl, Ca.¢alkeny), and Cy.¢alkynyl; any of

wherein

which is optionally substituted,
R?is Crealiyl, Ca.galkenyl, C;.alkynyl, -C(=0)C;.gatkyl, -C(=0)Cy-salkenyl, -
C(=0)Ca.salkynyl, -8(=0)Cy.salkyl, -S(=0)Ca.salkenyl, -S(=0)Cs.salkynyl, SO:Cy.
15 galkyl, SO.Ca.salkenyl, SO:Cs galkynyl, -CO:Cy.salkyl, -CO2Ca.galkenyl, or -CO5Cs.
salkynyl, any of which is optionally substituted;
wherein optionally substituted means that the group is optionally substituted with one
or more substituents, independently selected from the group consisting of halo, halo(C).
6)alkyl, haloa(Cy.g)alkyl, hales(C;.s)alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
20 Cy.qalkyl, Cz.ealkenyl, Co.galicynyl, aryl(Ci.g)alkyl, ary}(Cy.¢)alkenyl, aryl(Cy ¢)alkynyl,
cycloalkyl(Cy.g)alkyl, heterocyclo(Cy.g)alkyl, bydroxyl(Ci.¢)alkyl, amino(Cy.¢)alkyl,
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carboxy(Cy-g)alkyl, alkoxy(Ci.)alkyl, nitro, amino, ureido, cyano, alkylearbonylamino,
hydroxyl, thiel, alkylcarbonyloxy, azido, alkoxy, carboxy, aminocarbonyl, and C;.
galkcylthiol;

B is (CHa)m wherein m is an integer 0 to 12, and

R? and R* are sach independently selected from the group consisting of
cycloalkyl, heterocycloalkyl, aryl and heteroaryl;

R’ is H, cyano, Cy.salkyl, Ca.calkenyl, Caealkynyl, -C=O)NHC).salky], —
C(=0)N(C)-galkyl)z, alkylaminocarbenyl, dialkylaminocarbonyl or
cycloaminocarbonyl;
and the pharmaceutically acceptable salts, prodrugs and solvates thereof'

wherein the disorder is selected from the group consisting of pain or emesis.

17. The compound of Formula I when used according to claim 16, wherein the
disorder is pain and the pain is selected from the group consisting of chronic pain,
neuropathic pain, inflammatory pain, pain due to osteoarthritis, pain due to arthritis,
pain due to theumatoid arthritis, cancer pain, pain due to spinal cord injury, surgical

pain, post-operative pain or acute pain.

13., Compound, method or use as hereinbefore described with reference to the

accompanying examples,



