WD 2011/ 035142PCT/ US2010/ 049311 1 USE OF OPI O D RECEPTOR ANTAGONI ST FOR
GASTRO NTESTI NAL TRACT DI SORDERS 1. CROSS REFERENCE TO RELATED APPLI CATI ONS
[ 0001] Thwe 2apipissmat i on cl ai ns the benefit under 35 U. SpCr/usidi9(e931pf
provi si onal application no. 61/243,616, filed Septenber 18, 2009, the
contents of which is incorporated herein by reference. 2. BACKGROUND [ 0002]
Pain is the nbost comon reason people seek nedical care. MId to noderate
pain is usually treated with acetam nophen and non-steroi dal
anti-inflammtory drugs. Opioid anal gesics, agonists at endogenous kmu), 6-
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nervous system ("CNS"), are prescrihgdhEorrgoderate to severe acute and
chronic pain. Prolonged use of opioid anal gesics can result in physical
dependence and has side effects such as sedation, nental clouding, nausea,
voni tingy, conERIOSE REFERENCECIO RELATEDSA PORICAGTONBICed consti pation

("AC') and the associated conditions ternmed opioid induced bowel
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dangerous central opioid wthdrawal synptons, it is critical that threshold
has side effects such as sedation, mental clouding, nausea, vomiting, constipation and

itching.

[0003] Opioid-induced constipation (“OIC”) and the associated conditions termed opioid
induced bowel dysfunction, (“OBD”), are common side-effects in patients who take opioids
for more than a few days. Agonists of p-opioid receptors in the gut and CNS inhibit
propulsive motility in the gut, which results in constipation. Other symptoms of OIC or
OBD can include incomplete evacuation, abdominal distention, bloating, abdominal
discomfort and gastroesophageal reflux. Secondary complications include pseudoobstruction
of the bowel, anorexia, nausea, vomiting and interference with oral drug administration and

absorption. See P. Holzer (2009) Regulatory Peptides 155:11-17.

[0004] OIC or OBD can be treated with laxative co-medication, but this approach often has
limited efficacy and requires frequent dose adjustment and laxative switching. Other
treatments include co-administration of selective opioid receptor antagonists such as
naloxone, naltrexone, and N-methylnaltrexone. In order to effectively treat opioid-induced
gastrointestinal disorders without reducing analgesia or producing unpleasant and potentially

dangerous central opioid withdrawal symptoms, it is critical that threshold
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of opioid antagonists are not established in the CNS. Sub-pharmcol ogi cal

t hr eshol dwoantignssr4at i ons of opi oi d antagoni sts in the CREThse@oinssl f ar
been achieved either by carefully titeating | ow doses of centrally active
antagoni sts (e.g., naloxone), fornulating an antagonist with | ow systemc
bi oavail ability (e.g., controll ed-rel ease nal oxone), or by using opioid
antagoni sts that are restricted to the periphery, i.e., that have
restricted access to the CNS (e.g., N-nethylnaltrexone). [0005] A
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There is$WFﬂ%T§?ﬁ?é, a need for nore effective, orally-adm nistered
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anal gesia or precipitating
or exacerbated by exogenous opioid analgesics.

[0007] RELISTOR® (n-methylnaltrexone), a product that is administered by subcutaneous
injection, has been approved in the United States for the treatment of OIC in patients with
advanced medical illness who are receiving palliative care, when response to laxative therapy

has not been sufficient.

[0008] There is, therefore, a need for more effective, orally-administered treatments for OIC
or OBD that do not compromise analgesia or precipitate central opioid withdrawal in

patients.

3. SUMMARY

[0009] The present disclosure provides a method of treating or preventing OIC or OBD in a
subject, which may be an animal or a human, by administering to the subject an amount of 5-
(2-methoxy-4-{[2-(tetrahydro-pyran-4-yl)-ethylamino]-methyl} -phenoxy)-pyrazine-2-
carboxamide (Compound I) and/or a pharmaceutically acceptable salt thereof effective to

alleviate the symptoms of OIC or OBD without reducing opioid analgesia or precipitating
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di scl osure further provides the use of 5-(2-nethoxy4-

{[ 2- (t et raibydricndppmean- 4-y1) - et hyl am no] - met hyl f - phenoxy pepyusawione32t car boxa
m de (Compound 1) and/or a pharnaceutBcally acceptable salt thereof for the
preparation of a nedicanent to alleviate the synptons of O C or OBD w t hout
reduci ng opi oid anal gesia or precipitating central opioid wthdrawal. The
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systemically (i.e., was acting peripherally) than when the morphine was administered directly

to the CNS. (Example 1, Figure 2)

[0011] The inventor further examined data on the distribution of Compound I in the bodies
of rats and mice and noted that there was a much higher concentration (17 times more) in the
blood plasma than in the brain. Examination of the distribution in knock-out mice deficient
in the P-glycoprotein (“P-gp”) transporter revealed that blood-brain penetration increased
about 7- to 19-fold. (Example 1) These data indicated to the inventors that Compound I was
transported from the CNS by the P-gp transporter, and that the compound was significantly

peripheralized in rodents.

[0012] Importantly, the inventor further determined an efficacious dose of Compound I for
treating OIC or OBD in humans using multiple rationales, described below, based on

pharmacokinetic and pharmacological data for Compound I and for the highly peripheralized



opi oi d receptor antagonist alvinmopan. In all cases, the cal cul ated
effective dose of Conpound | for treating O C or OBD was surprisingly much
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[0014] Figure 1: Results of rat formalin test. The centrally-acting oploid receptor antagonist
naltrexone (given subcutaneously) was found to be more than 100 times more potent than

Compound I (2136231, given orally) in reversing opioid analgesia in rats.

[0015] Figure 2: Results of oral administration of Compound I on the reversal of the
inhibition of gastrointestinal (GI) transit in mice produced by intracerebroventricular (direct
CNS) administration of morphine. The minimum effective dose of Compound I required to
begin to reverse the inhibitory effect of centrally-administered morphine on GI transit was

about 3.0 mg/kg.

[0016] Figure 3: Modeled free plasma versus time profile of Compound I given as a 0.15 mg
oral dose in humans. “MOR K;” (solid horizontal line) is the measured K; of Compound I for

the human p-opioid receptor.

[0017] Figure 4: Measured (3 mg and 10 mg) and modeled (0.15 mg and 0.05 mg) free
plasma versus time profiles of Compound I given to humans at indicated doses. “MOR K;”

(solid horizontal line) is the measured K; of Compound I for the human p-opioid receptor.



[0018] Figure 5: (expanding Y-axis of Figure 4): Measured (3 ng and 10 np)
and nodeled (0.15 ng and 0.05 ng) free plasnma versus tine profile of
Conmpound woghuenst4e hunmans at indi cated doses. "MOR Ki " pCIaise@olesizont al

line) is the neasured Ki of Compound 5 for the human |i-opioid receptor.
[0019] Figure 6: Alvinopan free plasma versus tinme profile (data-based
nodeling) in human O C patients for a 0.5 ng oral dose, i.e., a dose

associated with efficacy in clinical studies. [0020] Figures 7A-7C.
Profiles of plasma concentration of Conpound | versus tine neasured in a
Phase | [00i8] Egluresi:u@ypaidisubiaatte Rigurt 49 Keaseed Bhag dod i Oeng) ahenodtledf 12
hour s. L&fels of Conpound | in plasma were sured at 15 mn, 30 mn, 60
min, 90 {1 mgand 045me)drgs plgsnp vagsus imeprrileRf Gormppugsd efvepie hpmpatatgose.
The neas @ IS 4 G 4 [ [ 7A
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doses t ebumeah ppgid ec@Boshows | evel s of Conpound | in the plasnma of

subj ects dosed with 0.1 ng, 0.25 ng, 0.35 ng and 0.50 ngy of Conpound I.
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{[2-(tet 1?15%5131;19 ::&101%1 &C}{haa%’e_ lglglilng%fl gt[%ﬁg Iog%lbﬁ%cjts_ Vryr%]il f%}? pover the dosing interval of 12

- phenoxyheypy.r BaicheofA=capdund dtin fsiCompombgbutad at CO mpa B 0min, Basnipy ®vmay gl y
been described as a potent centrally active %Eioid antﬁgfnist. SeeU UTS
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mg of Compound I.

5. DETAILED DESCRIPTION

[0021] The present disclosure relates to methods of selectively modulating the activity of a
u- , 6- and/or k-opioid receptor in the periphery, as compared to the CNS, comprising
contacting the -, 8- and/or k-opioid receptor with an effective amount of 5-(2-methoxy-4-
{[2-(tetrahydro-pyran-4-yl)-ethylamino]-methyl } -phenoxy)-pyrazine-2-carboxamide
(Compound I). Compound I has previously been described as a potent centrally active opioid
antagonist. See U.S. Patent No. 7,381,719, which is hereby incorporated by reference in its
entirety. In various embodiments, the present disclosure relates to methods of treating or
preventing a condition associated with the activation of a u-, 8- and/or k-opioid receptor in
the periphery. In particular embodiments, the disclosure relates to methods of treating or

preventing a condition associated with the activation of a p-opioid receptor in the periphery.

[0022] In some embodiments, the present disclosure relates to methods of treating or

preventing a gastrointestinal disorder by administering to a subject a therapeutically effective
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specifically, the present disclosure relates to the use of Compound I, or a pharmaceu‘ucally
acceptable salt thereof, for the preparation of a medicament for treating or preventing a
gastrointestinal disorder in a subject resulting from the use of opioid analgesics without
reducing analgesia or producing central opioid withdrawal. In some specific embodiments,

the present disclosure relates to the use of Compound I for the preparation of a medicament



[0027] The term "subject” includes, but is not limted to, a human or a
non- human ani mal, such as, e.g., a cow, nonkey, baboon, chinpanzee, horse,
sheep, piwp0hiskan, turkey, quail, cat, dog, nouse, rarCTnsbo4sil gui nea
pig. [0028] The term "opioid* as used7herein refers to a class of pain
managenent substances that includes natural or synthetic conpounds that
bind to and agoni ze one or nore of the Ix-, .3- and ic-opioid receptors.
5.1. The Compound of Forrmula! [0029] In certain enbodi nents, the present

di sclosure relates to a nethod of treating or preventing a condition in a
subj ect fusseatind @privdnbing N Cakisojcafwipent pideciag aepgaidpoededpboiis, opioid
conprising adm nistering | ect. an effectiye amunt o
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or preventing OBD in a subject without reducing analgesia provided by the opioid agonist or

producing central opioid withdrawal.

[0025] The phrases "treatment of," "treating", and the like include the amelioration or
cessation of a condition or a symptom thereof, as well as acceleration of recovery from a
condition. In one embodiment, treating includes inhibiting, for example, decreasing the

overall frequency of episodes of a condition or a symptom thereof.

[0026] The phrases "prevention of," "preventing", and the like include the avoidance of the

onset of a condition or a symptom thereof.

[0027] The term “subject” includes, but is not limited to, a human or a non-human animal,
such as, e.g., a cow, monkey, baboon, chimpanzee, horse, sheep, pig, chicken, turkey, quail,

cat, dog, mouse, rat, rabbit or guinea pig.

[0028] The term “opioid” as used herein refers to a class of pain management substances that
includes natural or synthetic compounds that bind to and agonize one or more of the p-, o-

and k-opioid receptors.

5.1.  The Compound of Formula 1
[0029] In certain embodiments, the present disclosure relates to a method of treating or
preventing a condition in a subject associated with activation of peripheral opioid receptors,
comprising administering to the subject an effective amount of 5-(2-methoxy-4-{[2-
(tetrahydro-pyran-4-yl)-ethylamino]-methyl } -phenoxy)-pyrazine-2-carboxamide having the

structure shown in formula (I):



(I') or a pharmaceutically acceptable salt thereof. [0030] The phrase
"pharmaceutically acceptable salt,"” as used herein, is any salt that can be
pr epar ed woami@sspound | including a salt forned from aprbadiseomomsti onal
group, such as a nitrogen group, of C®npound I. Illustrative salts include,
but are not limted, to sulfate, citrate, acetate, trifluoroacetate,
oxal ate, chloride, bromde, iodide, nitrate, bisulfate, phosphate, acid
phosphate, isonicotinate, |lactate, salicylate, acid citrate, tartrate,
ol eate, tannate, pantothenate, bitartrate, ascorbate, succinate, nalate,
mal eate, gentJ ate, fumarate, gluconate, glucuronate, saccharate,
gl utamat e, net hanesul f onat e, | et hanesul f ona

-tol uenesul fonate, and panna{e (i.e

.phtho. e)) sabts On

formate, b
benzenesul f
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in the art

pr Led by
ariety of known

nmet hods. [0031] In certain enbodi nen
forms of Conpound I, such as prodrugsy
hydrates, or addition conpounds that contain acdod in exCess of the number
of their basic nitrogen atons due to hydrogen bondi ng), anorphous solid
forms and crystalline solid fornms. [008B] Conpound | can be obtained by any
met hod known in the art. In certain enbodi nents, Conpound |I can be

synt hesi gegdphisinagutiballysdcaeptatslg satbtherdodll s 5- (4-fornyl- 2-

nmet hoxyphenoxy) pyr azi ne- 2- car boxam de and
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gastrointe stlnal motility disorder a subj’ect. In certain enbodi nents,
t he subj aud if sxcasshiiannumber of their basic nitrogen atoms due to hydrogen bonding),

amorphous solid forms and crystalline solid forms.

[0032] Compound I can be obtained by any method known in the art. In certain
embodiments, Compound I can be synthesized using the starting materials 5-(4-formyl-2-
methoxyphenoxy)pyrazine-2-carboxamide and 2-(tetrahydropyran-4-yl)ethylamine and the
protocol and reagents set forth in Example 720 of U.S. Patent No. 7,381,719, which is hereby

incorporated by reference in its entirety.



[0034] In sone enbodi nents, due to its potent and sel ective antagoni sm of
peri pheral opioid receptors as conpared to central opioid receptors,
Conmpound woistusefsal for treating or preventing a condi Pcoseonoad4sub) ect
resulting fromthe use of opioids wthout reducing their anal gesic effect
or producing central opioid withdrawal. In particul ar enbodi nents, Conpound
| is useful for treating or preventing O C w thout reducing the anal gesic
effect of the opioid or producing central opioid withdrawal. In other
enbodi ments, Conpound | is useful for treating or preventing OBD w thout
reduci ng the &nal geReapehfietsesof the opioid or producing central opioid

w thdrawgl , 5.3. Therapeutic Conposjtions and Methods of Adm njstration
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conmponeni aﬁ@arﬁagfe_%ﬁ@? SbdrlioR HuhRh aR@VRHRSS nfedRifd IREQUL Sl dnY a268&RLAD! €
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Compound I is useful for treating or preventing OIC without reducing the analgesic effect of

the opioid or producing central opioid withdrawal. In other embodiments, Compound I is
useful for treating or preventing OBD without reducing the analgesic effect of the opioid or

producing central opioid withdrawal.

5.3.  Therapeutic Compositions and Methods of Administration
[0035] When administered to a subject, Compound I can be administered as a component of
a composition that comprises a pharmaceutically acceptable carrier or excipient. The
compositions comprising Compound I can be administered orally. The compositions can

also be administered by any other convenient route, for example, by infusion or bolus



[0039] In another enbodi nent, Conmpound | can be delivered in a vesicle, in
particular a |iposone (see Langer, Science 249:1527-1533 (1990); and Treat
et al., Lwpasomssi4dn the Therapy of Infectious D sease a&nu/uSanoeu93dl7- 327
and 353-365 (1989)). [0040] In yet anot her enbodi nent, Conpound | can be
delivered in a controll ed-rel ease system or sustai ned-rel ease system (see,
e.g., Goodson, "Dental Applications" (pp. 115-138) in Medical Applications
of Controlled Release, Vol. 2, Applications and Evaluation, R S. Langer and
D.L. Wse eds., CRC Press (1984)). Oher controlled or sustained-rel ease
WO 2011/ Dplié2 RS Tdbiap0 30 {Hé0B1hithdlid s herscdarousEeidgd (2.4 haal; mc'taﬂavunﬁy
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as water or an oil, including those of petroleum aninmal, vegetable, or
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and the |ike. The pharmaceutical excipient can be saline, gum acaci a,
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[0039] In another embodiment, Compound I can be delivered in a vesicle, in particular a
liposome (see Langer, Science 249:1527-1533 (1990); and Treat et al., Liposomes in the
Therapy of Infectious Disease and Cancer 317-327 and 353-365 (1989)).

[0040] In yet another embodiment, Compound I can be delivered in a controlled-release
system or sustained-release system (see, e.g., Goodson, "Dental Applications" (pp. 115-138)
in Medical Applications of Controlled Release, Vol. 2, Applications and Evaluation, R.S.
Langer and D.L. Wise eds., CRC Press (1984)). Other controlled or sustained-release



[ 0042] The conpositions conprising Conpound |I can take the form of

sol utions, suspensions, enulsions, tablets, pills, pellets, capsules,

capsul es wonvaia3srag | i qui ds, powders, sustai ned rel easePlComuseéiaisns,
suppositories, enulsions, aerosols, sygrays, suspensions, sublingual

di sintegrating dosage forns, or any other formsuitable for use. In one
enbodi nent, the conpositionis in the formof a capsule (see, e.g., US.

Pat ent No. 5,698, 155). O her exanples of suitable pharmaceutical excipients
are described in Rem ngton's Pharmaceutical Sciences 1447-1676 (Al fonso R
Gennar o @dtemsilcﬁidilssﬁ:d in {H296yiewitydamper, Stiedcd®19ei 327bly5 36 €f ¥0g oaebe (120433 | n
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D013 03B Bl haBt M Rs it Y S5 et HinerkGh s e ciland e o,

can cont Bk Bmﬁmgnnmmneaa@ﬁnpent&mnmemampganuﬁmaethnmguagh@haeaubh as
fructose, aspartane or sacchargg flavoring agents such.as peppermnt, oi
§

of wi nt ekgr@bollejdalsiigay yrea amddhs Hie- dgarduionhirilsresiabilizing, YRS t o

provi de l%bﬂbz?c ngﬁ&%dl&ﬁlg YecRRlc3h @Q'uge dP1TRBAE @&b@&lmeNP'& Fmacd)BEHy N tabl et
or pill form the conp03|t|ons can be coated to del ay |S|ntegrat|on and
absor pt i awweptablelecigest seianieshemalmirstared toresublpgt. pWatar ai mparticidady asafield

action over .an extended peri,od_.of tipe. electlvel r.anes
R St B s N R M R S e s i
oral ly aghd fjusb R RAir6 QMRS defiSolutiBngd Msﬁso'l%tétﬁﬂo@daésfl&hf@excfﬂléﬂtéj fromthe

envi ronnment surroundi ng the capsule is inbibed the driving conmpound,
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formdissolves in the colon rather than in the small intestine; polyners
that are degraded by mcrobial enzynes in the colon; or polyners that form
| ayers that are broken by increased |um nal pressure caused by peristaltic
waves. |In other enbodi ments, conpositions include hydroxypropyl nethyl

cel lul ose capsules coated with nmaterials that provide for release in the
colon, such as those disclosed in U S. Patent No. 7,094,425. Still other
conpositions for release in the colon are disclosed in U S. Patent No.

6, 368 629 and |nclude dosage forms that are coated mnth an aci d- Iab|Ie
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WO 2011/ 035142PCT/ US2010/ 049311 14 formul ated into a dry aerosol or can be
formul ated i nto an aqueous or partially aqueous solution. [0048] In another
enbodi mrenw 2€omasuad | can be formul ated for intravenougCadrseoostsesat i on
Typically, conpositions for intraveno2s adm ni stration conprise sterile

i sotoni ¢ aqueous buffer. \Were necessary, the conpositions can al so include
a solubilizing agent. A conposition for intravenous adm nistration can
optionally include a |ocal anesthetic such as benzocaine or prilocaine to

| essen pain at the site of the injection. Generally, the ingredients are
suppl i ed[0®u2hEhe sapausitionk Yomprisihg €dnipoged hemn take theiférndoSadaioner m f or
exanple, as a.dry lyophilized powder or water free concentrate in a
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was extrapol ated from pharnacoki netic and pharnacol ogi.cal data usin

cai cul at T tiDedOBTRHR FRRE MIEPhranil SUELFRRRINEN. e B son o
phar mac oihiigions, sgghs AiraliRReabogiagdec. dwthan TompeanPDintkorpihied into oral

phar macoki neti ¢ and pharmacol ogi cal data with the peripheralized opioid

r ecept or t2Blstsagiénhi tabletaicon hppempierssthishietarialietiridueys srqidrevedered aooished (i)
R R LA
| for theblets@phdiiplyriegeat @bletsasTesRitiqii@rdnld codPoddy 03 Mb#RPCHILS2A010/ 049311

dosage forms are described in Pharmaceutical Dosage Forms: Tablets (Lieberman, Lachman

and Schwartz, eds., 2nd ed.) published by Marcel Dekker, Inc. Techniques and compositions

for making tablets (compressed and molded), capsules (hard and soft gelatin) and pills are

also described in Remington's Pharmaceutical Sciences 1553-1593 (Arthur Osol, ed., 16th

ed., Mack Publishing, Easton, PA 1980).

[0044] Liquid oral dosage forms include aqueous and nonaqueous solutions, emulsions,
suspensions, and solutions and/or suspensions reconstituted from non-effervescent granules,
optionally containing one or more suitable solvents, preservatives, emulsifying agents,
suspending agents, diluents, sweeteners, coloring agents, flavoring agents, and the like.
Techniques and compositions for making liquid oral dosage forms are described in
Pharmaceutical Dosage Forms: Disperse Systems, (Lieberman, Rieger and Banker, eds.)

published by Marcel Dekker, Inc.



15 below in Exanple 2. Using nmultiple rationales, the whole body dose of
Compound | that is effective in treating O C or OBD w t hout antagoni zi ng

| i - opi oi awoeogpBer4e in the CNS, and thus reduci ng opi Oi @CANBRGOSHEB1Dr
produci ng central opioid w thdrawal, Was cal cul ated to be approximately 0.1
ng/ day, to be adm nistered either QD or BID. The amount of Conpound |
effective for treating OC or OBD that was extrapol ated from

phar macoki neti ¢ and pharnmacol ogi cal data as descri bed above was confirned
in Phase | clinical studies of subjects with O C to be approximately 0.1
ng/ day. [00@5]LAnlomalBeddhdhisteesdou@aipmRinios cai bentaiaSae BRNGrNagentsefor ekditﬁplfepl d

di fference between the cal cul ated effective dose of Conpound I for treating
O C or CBISSING 3enieynh &F redesey asrgudme getaseharie 2y ngqesnis seth 2%t i on to be

requir edpép%eﬁﬁﬁﬂ?roﬁ%f%ﬁtef‘gfr@&lcBlscl%frﬁygl,%ll%ﬁhgg%én Bfﬂc?p%mflg%gér;to,r ?R%&e 25 to

about 83. "See EXanple 2. “Accordi ng 0ses’ requi reating
A C or CB@;arﬁianepxbmmldiy palwablefpoepachtioo. Déorhigh) wheperm qahbt aﬂmﬁefdr,m,ahﬂj t hus

unlikely to conprom se opioi nal.gesi a .or i t centr oi d
Wt helr P O0s P ¢ R g RS St ek Bt Shaul uRbeR 4 B SesEhbE Ry EReSor
OBD or ofnfby pesdiihh @@ﬁst&iﬁ@d?Edt%%v@ﬁ&rﬁéﬁeﬂc@d?@n@d’ &1 @dE- §élé@udéw7ﬁé?m€%1@
(e.q. melghlng about 70 kg) range from abou to about ng whol e

body d os@em@randawﬂqumdmgmasmoéﬂ%bchcmm figying Lqpmabmtei &t filso tsulweé)lqu@s ag?ély

anounts r e fr n1abo about 1. al e _bod Qse day,
atoh a (PBARBEEM GRS ons P ERobfer 8 gt A0 b Fudiat SR MRingh us
f rom abogit cBpffe WEMbDedBbY tie @ivide & dymuewmmwam& digflacdale agseaebr &gnf rom
about 0.05 to_about 0.5 ng whol e bo ose per da [0053] In certain

enbodi megRmposyigntthrpugh an ﬁ%’tﬁr@ eTkpss é@léveaymwfpgnsr %}g@owi@ A apseuially zere o

about 1

effect|V§g~%@%§émgﬁgﬁﬁ%§% %ﬁgtgﬁ%npk%dﬁﬁﬁggﬁaPo u?ﬁp&ggﬂ%gm%ﬁ%kg %0dy
dose per tigtaydelagugdicras sﬁcrlozm @tmml rﬁ)onbste@raadomgly&rcﬂ smgrammr&mmkyusrdds Orger
day, such as from abou 1 to about 0. 35 li body dos per day, such
as from SHBRASIPNG CRying EtStaB darg eﬁﬂPWHEISéCIbWa%@ b‘é?sed%rc { HogKPIUh

various gohadi s’H%lﬁhﬁ sac%Hérhﬁléélﬁﬂg %‘f&ﬂnﬁ%e‘g%@&@bm%%né%ﬁﬂ%dﬁﬁéﬂmtﬁ@om
0.01 ng to about per day, such as from about 0.02 ny

to about@auﬁmngmmhﬁmhmmudmndmkguper day, such as fromabout 0.03 ng to
about 0.8 ng whol e body dose per day, WO 2011/ 035142PCT/ US2010/ 049311 16
such as [00461 @Ml.ytadﬁllﬁ)létemgl do@p@bmuhs Eanbenfgrintiaticd t@mileyasd deeicpes ingaydiensuch as

from about to about O. mhole body dose ay, such as from
about 0.6 ?&PW% gaﬁmwteﬁmsf %Ctvﬁ’ilélpéﬂ%‘éﬁi Yelgsige %lfmds g%ﬁa&e §>émﬁrf<efm about

0.07 g se@eaé@emle Qct%rm%rggfahﬁntef?@yolggéﬁl 18?1%18%%?(157111%%1@&@ ALK aggr)&}a%t 0.08 ny

to about 0.3 dose per day. In still” oth enbodi nent s,
SU|tabIemémmhwnhMehﬁobageﬂaqﬁhnﬁ@ebobnbuéaﬁmngwqﬂfbﬂhe@Bmlunmmmher

condltlo desc ed hereln an ver e-.si hupan. nal e . Q. , i ng
Sbout  7OPRYTCRAMIAaTY RO 8 S5 Bualing. G-y ToAGr Sutiyo di des
day, sucflosage fdrﬁml@sl@%g npth@@oHSﬁ ratﬁelatlﬁ@mn e SPaMn Wb e pdyrsdies arger day,
such as from about 0.07 ng to about 0.2 ng whol e body dose per day, such as

from abodngr@:ledsbyn@wtct’mal@nmmﬁ in shagpleth or eolyodys Waislerm dayerethat are broken by

increased luminal pressure caused by peristaltic waves. In other embodiments, compositions
include hydroxypropylmethyl cellulose capsules coated with materials that provide for
release in the colon, such as those disclosed in U.S. Patent No. 7,094,425, Still other
compositions for release in the colon are disclosed in U.S. Patent No. 6,368,629 and include

dosage forms that are coated with an acid-labile coating that is dissolved by enterobacteria.

[0047] When Compound I is to be injected parenterally, it can be, e.g., in the form of an

isotonic sterile solution. Alternatively, when Compound I is to be inhaled, it can be



[ 0056] In various enbodi nents, suitable effective dosage amounts for
treating O C or OBD or other conditions described herein in an average-size
human malwo(eligp3si4eei ghi ng about 70 kg) range from aboutrC@®/uBromm44301 about
0.5 ng whol e body dose BID, such as f®om about 0.02 ng to about O0.45 ny
whol e body dose BID, such as from about 0.03 ng to about 0.4 ng whol e body
dose BID, such as fromabout 0.04 ng to about 0.35 ng whol e body dose BI D,
such as from about 0.05 ng to about 0.3 ng whol e body dose BID, such as
from about 0.06 ng to about 0.25 ng whol e body dose BID, such as from about
0. 07 ng foemalacadtintd. 2dmendiol @ candy faaseat8l Ito susducass o paniAlyaduedisO8 ng to
about 0. 1‘:‘f mg whol e body dose BID. [0057] Suitable effective dosage anounts
for treatd'¥fia C or OBD or ot her condi tions described herein range from
about O. 0001 ngy/ kg/ day to about 0.02 ny/kg/day. In certain enbodi nents,

sui t abl el08#8kbx anpther swhadimenb Gonwpouadh § eart hotpranisied for BoBBenAYs kg/ day t o

ﬁg? EE}/ 8a%?n21§1 ucﬁﬁ%{é dﬁ/pé%ﬁfgb @%ﬁt&%glg&bgﬁéve% 899&?“ éouélgw%ﬁg%?g% dgyf)14
such as fstuoficataesusbud@n 7Wigldgcetayryt me&bﬁlpbsﬁoﬁ)sﬂc?dnmg:’/ohgéld&@/a sqlOBIEBhg! n

vari ous enbodi ments, suitable effective dosage anounts range from about

0. 0001 nRfRb/A&YMPESiteRRr T0rayEAoH AR NgEYIoNGR PPHENaly dRs g ocal angehetic

nmy/ kg/ day, /day to
about 0 e A BPPAka e B g e e B ey e T 070
ny/ kg/ dayngresluanits aacs sﬁp@ﬁd&bbmtseﬁa.rﬁlﬁ@?ommkk@tdga&let IDlL\ﬁDdosage form, for example,
2011/ 0351425&5 1 /049311 17 about 009 wg/ da$/ @h as from apout
0. 0009 ndrk SHPOMIC OOt 9%@/11&%wrates ofon e onsipguc

g/ kg/ day, atnoarﬁfkiﬂé’ QcRAR iNBiIckeHAay uaﬁiﬂﬁyhoﬁﬁtlfvé IﬁbWﬁerQCQQ@aoﬁM 1k19/[619é’ to
about 0.004 ny/ kg/day [ 0059] I'n stl ot her enbodi nents, suitable

ef f ect i vadndiostaged byrinfivrien, ﬂtmantble@l@apﬁnﬁgddocemmmBDWdI aminfievioconté tomriging

descri be i ran out 0 kg/ da bout. 0.

o7 ko day g aonruis SRR et RS bty iR GG P LS o HeR B o day.,
such as fnjabALAWN C{Qﬂ@@ﬂstcﬂ’ﬂé k@l @yr thRcahobit salnO 6 Bk vilde@yo thatitd as from
about O. 001 /k / to about 0.002 ny/kg/day. [0060] In various
enbodi neﬁ*ggedl%llﬁ %a&theéméﬁ(i BT tpadaeysigidioanount s for treating O C or OBD or
ot her conditions descri bed herein range from about 0.00015 ng/ kg to about
0. 007 nyl00g9BInSertguncdmbzslitherd sn CGimapaund 1 G00D3 dcgagagfotm tegether WothG@epejdkg Bl D,

about - 0. HEBRS g R 5T 0 Gat Brdrry et g SHEne ) otk e o7
g/ kg t olimb@edto, Qlf@(ﬁémﬁ%fiﬁn&lpﬁinesblﬁb%)ﬁo cflr&ﬂbﬁléoclﬂzoﬁn@(lﬁ)l%fd%h{dﬁgmbo about

0.004 ng/ kg BI D, such as from about to about 0.003 ng/ kg BI D,
such as feﬂ@ﬁvhhﬁ@pcqﬂ@@1hx¢g¢mgrph@nea&yafpk@n@i@mewm«z@e @etidipgpsrihagpnger t ai n

enbodi e ized to
its effe@l%nzp I%qpﬁﬂém?% 2%06}1%r e’q ing)[s—& %n{;ﬁ;eﬁta% {slé(b%o&rl gi#j@)aggﬁ@ﬁlgtreatl ng
a condi t fudentas] slesieandpd O&feﬁbp\md dhatesies ertindisiening ddshge foomaionpiikegt | ve
dose produces a free plasma concentration of Conpound | that is about
0.751c. $AmppwHKhl ‘éﬂlﬁl?cﬁeﬁ‘élh’tasscerf%%edl%? Slé‘\uF%élit‘ls% dose produces a free

pl asma concentration that is about 0.5Ki. In still other enbodi ments, the

| oner ef fecti¥é dofhenmpeutie Posagesree pl asnma concentration that is about

0. 33K" t free
pi asna cluSt] fhe FnARh oFERRRLIRTE f b 1L ANE BHAREIOK R 050 B LAAETS
enbodi meadtsmpolated frowpharefakelahetweandqiharmacotheies daausiag cpﬂcﬂbﬁmmﬂe@m r ation
that is abf)ut1 0..5K55. Igﬁvarl ous .enbodi ment t he Iower effective dose

pr oduces™4 % Bhic M ErEPIon(it eaEParson goRhargacekistic ppd ebrmacolpeictl pe
under st ogg, t@atonkRind TOHIN pHAFmSRRRRUEEnd phdidhcdId 1@£1fcﬁ9cltJvfﬂ@tlfe‘}fenbﬂ&ahzed
treatnment or prevention of a condition descrl bed herei n can be determ ned
by st andepididokéapiaraintagenikindlgoepan henelddnan ghcadyrstudiesrio GRddofil) icalcvlations

assays Cgaseg 811 tl?en(%lsle %f 88m%ggndoly t%gt \;[vc())ulg prd%uce maximum free plasma concentrations

(Cmax) equal to or greater than the K; of Compound I for the p-opioid receptor, as set forth




WO 2011/ 035142PCT/ US2010/ 049311 18 identify optimal dosage ranges. The
preci se dose to be enployed will also depend on, e.g., the route of
adm ni st raoi2on/o3femul ati on, the seriousness of the conectiuseoioamasil evel of
narcotic anal gesia, and can be deci ded according to the judgnent of a
practitioner and/or each subject's circunstances. |In other exanples
thereof, variations wll necessarily occur dependi ng upon the wei ght and
physi cal condition (e.g., hepatic and renal function, the severity of an
under |l yi ng di sease) of the subject being treated, the affliction to be
tr eat ed, bdlbwe is Examnple)?. dfsitihieuiipipiatosaled, e Widebedcyosefof Coenpdosdbthat is
|nterval and t he presence of any del eteriqus S|de effects, nnng ot her
h

thi ngs. (évE3p I treafing|OlGeor (R rathoytanipganizingn-optasd EepRiarsB O NP handgos e
per day g ggraﬁcﬁg%gmléaﬁaﬁ 200t (ﬁicn‘%l 8 1015%1%&%1 %qucg%%ﬁéecfm gehe

dose per day can be adm nrster IVI ose. In’stil
enbodi rreatpmoxmia@lyj@é engiﬂaycwmadrdmisterah citter &dhbnBED.eThalamsumeé decpoRRN) .

[ 0064] ertal oun tere r|or to or

s ubsenuehp TG SaHERGEs Bt Gh O T S5t o tieafi g bR Bidbod rrent s,
ConpoundpiarmgcASeTtAli @il s@bell BBowAIR donBmésinatiakd Siniéll kRaickbran opi oi d
analge5|c In sone enbodi nents, Conpound | and the opioid anal gesic can be

admi ni st sbgttsyith RECsahe apmoxigatdly Admadey.ration (e.g., orally). In ot her
enbodi nents, Conpound | and the opioid anal gesic are adninistered by
differenﬁNSbhhe&ﬂah&mdnﬁhh@nsahédmmrMngmeteamnﬁddﬂdﬂﬁm&m&ehwhmﬁhaConpoundI

and the opiqgid, a esjic adm | tered.t th pi oi d anal gesi c
ond Compteere RS Rom & Crlorind 1 3oShine ATt sRtitRan g e
capsul e, 4&@ d@féhﬁ]—ﬂe@ﬁa‘?@x?&ﬁh&ﬁa‘tﬁfn 18168 irEuBQH 36 fe%rsé Wl dmaualr n%ﬁbhlﬂe dogage
form. 6. EXAMPLES Exa Phar macoki neti cs and Phar macol ogy of Conpound

| in NonCHSi iifean aMJdéﬁ $o Poque ﬁ&ySO&f Egonpedndcoidngihat ENsdesspauidd fa
1 e 99l B U Y S R b D B e
by the redgipronise @pio}i@aﬂhﬂlgﬁ@ﬁror% precipitate central opioid withdrawal.

[0052] Suitable effective dosage amounts for treating OIC or OBD or other conditions

described herein in an average-size human male (e.g., weighing about 70 kg) range from

about 0.01 mg to about 1.5 mg whole body dose per day. In certain embodiments, suitable

effective dosage amounts range from about 0.02 mg to about 1.25 mg whole body dose per

day, such as from about 0.03 mg to about 1.0 mg whole body dose per day, such as from

about 0.04 mg to about 0.75 mg whole body dose per day, such as from about 0.05 to about

0.5 mg whole body dose per day.

[0053] In certain embodiments, suitable effective dosage amounts range from about 0.1 to
about 1 mg whole body dose per day. In various embodiments, suitable effective dosage
amounts range from about 0.1 to about 0.75 mg whole body dose per day, such as from about
0.1 to about 0.5 mg whole body dose per day, such as from about 0.1 to about 0.35 mg whole
body dose per day, such as from about 0.1 to about 0.25 mg whole body dose per day.

[0054] In various embodiments, suitable effective dosage amounts range from about 0.01 mg
to about 1.0 mg whole body dose per day, such as from about 0.02 mg to about 0.9 mg whole
body dose per day, such as from about 0.03 mg to about 0.8 mg whole body dose per day,



WO 2011/ 035142PCT/ US2010/ 049311 19 tines the rat licked or paid attention
to the site of formalin injection (events). Rats were dosed either with

0. 02 ny/ kyorralta3emene (subcut aneous dose) or 1, 3 or 10Ppog/usgoiCosgsaund
(oral dose) to determne the ability ®f the conmpounds to reverse the

anal gesic effect of norphine. Naltrexone was found to be approximately 100

times nore potent than Conmpound | in reversing the effects of norphine in
the CNS of rats. (Figure 1) Naltrexone and Conpound | have conparabl e
affinity for li-opioid receptors. Separate experinents indicate that

Conpoundsdchhasrohi gouo6.84 nii wawaul BDinlg wiyole bodyatose Peedaye veshsal fraah about
nor phi ne-i nduced analgesia bypq&igid receptor antagonists in the formalin
¥ PP

test is BEPMOdbPY bRl OSeORE fa Pychrasdiont abprudP0oang torghout 0.5
di scr ePafEKyidLe 9&@6&1)%% pSfgeslh Ak ﬁs%ﬁﬁP@.W?%ng to%%mggﬁ @dn%%ﬁlﬁ foe Id(‘)ns%;’ﬁlas

of penetration into t an nal trexone. fect

CNS and per daesupkens rhmrapo0DBS mghb ebowter meiwhnde battysdrde weit dayl0 j i g/ kg

nor phi ne intracerebroventricularly or with 1 ng/ kg norphi ne subcut aneously.
The degr pOsSf Ingaslt sthérrthesilinmalts, suitatdd éffative dagage amotmalfon treatihe OIC @@ wWas
measured in the absence of Conpound | and in the presence of varying oral
doses of OBEhoihgr consifons drseribedl hegsie iy orags-sigsi Tuman mggle (g ¥ dto

reverse bRhiiL f i i nal 5 P d
o o nel RPN LRSS TS LU Sl BB B
transit fromidboti ®O6 g toriabeutddadg witioke relyplosaperdiay etch ys fmtoabiohe). CNBi1gnvas

determ ned.to about. 3. / k ral dose Figure 2) |In contrast, the

ot ecti v 1oSed Srtcshis gy fedtn e udorioubrbdledhe er o ASeRd  on i n

m ce dosgfdoMibhhy BBy 08y systenm cal ly was determned to be about 0.16 ng/kg
oral dose. Thus, Conpound | was about 20 tines nore potent in reversing the

peri pher f -nhi.ne.i: | QM. i e
ont ral EPpELiEeEpuEtyBRRhAC AnfePlR? (ot ol BT vEATRAOR o1 ap"
Conpoundot othvascoabtitiohs @éctibateiseram iearhfeeadersiee humannagde gz weggha diodt 70

{he. pl asha A RARRT QRO WPk Fymh Orae Bl kaprbte I (R shepBrTEPoRnockout
mce Vo2 li0Baddr e Wad B BARRL B1BOsuch as from about 0.03 mg to about 0.4 mg
whole body dose BID, such as from about 0.04 mg to about 0.35 mg whole body dose BID,
such as from about 0.05 mg to about 0.3 mg whole body dose BID, such as from about 0.06
mg to about 0.25 mg whole body dose BID, such as from about 0.07 mg to about 0.2 mg
whole body dose BID, such as from about 0.08 mg to about 0.15 mg whole body dose BID.

[0057] Suitable effective dosage amounts for treating OIC or OBD or other conditions
described herein range from about 0.0001 mg/kg/day to about 0.02 mg/kg/day. In certain
embodiments, suitable effective dosage amounts range from about 0.0003 mg/kg/day to
about 0.017 mg/kg/day, such as from about 0.0004 mg/kg/day to about 0.014 mg/kg/day,
such as from about 0.0005 mg/kg/day to about 0.01 mg/kg/day, such as from about 0.0007
mg/kg/day to about 0.007 mg/kg/day.

[0058] In various embodiments, suitable effective dosage amounts range from about 0.0001
mg/kg/day to about 0.014 mg/kg/day, such as from about 0.0003 mg/kg/day to about 0.013
mg/kg/day, such as from about 0.0004 mg/kg/day to about 0.011 mg/kg/day, such as from
about 0.0006 mg/kg/day to about 0.01 mg/kg/day, such as from about 0.0007 mg/kg/day to



bl ood and in the brain were assayed using standard techni ques. The results
of these experinents showed that 17 tines nore Conpound | was found in the
bl ood pl asomotinesi4en the brain of wild type mce. Mreover/,uskéiomdsbr ai n
barrier penetration of Conpound | inc¥eased 7- to 19-fold in knockout m ce
that were deficient in the P-gp transporter. The results of these
experinents indicated that Conpound | was actively transported out of the
CNS by P-gp, resulting in a steady-state exclusion of Conpound |I fromthe
CNS, and that Conpound | was therefore signifcantly peripheralized in mce.
Exanpl e @50uCalooshailegdss, beditdsvionbaisait 0f0000 mpdiuidhyl todoutl), @t mpde@at; or OBD
in Humans and Determ pation of Sufficiency of Peripheralization Not to
Conpr omi %"éﬁ@é #@%4‘3%9@8b&gék%qlawp@%%é)-%wg/ég deyy el airemabawel- V9 boes]

The non- gl Edk 'dpyooggﬁ%k/g escri bed above indicate that Conpound I
exhibits g eg e% %% perip rglﬁgation in mce and rats and further begin
to delin MRy QF i : I i from
e ener 881 HGUTEAG o RA0LS T L Do GRERHI, o U LHCSY o0
However , OBlleok@lergoaditionndesatigedeedih einge iesealstat 8.008Y engrlgl/éaan @boilit@. Gormans,
and what inpact they have on the thera%eutic utility of Compound | for

treat i ngMEGEHIY; B8 25 HoRLHROME0-0PGbmsTkerdiy to aAber 000 dugike/day. wHeh Hefotonpound

| is suffdci i r.ahi i S j i b abr, i ng
condi 1 ore™ P PR BpABHe fRRUTBD N B o, 801 o hek 0
opi oi d ra&wepd 602 nigkd/dey. peri phery as conpared to antagoni sm of opioid
receptors in the CNS, which would conprom se centrally-nedi ated anal gesi a
and pr od960 ULl eRsashbadithepn] @ntabldif¢cifvngsiguasn@sind foakreaigoOIC vt OBOr awal
synptons. To address this issue, the follow ng had to be determned; (i)
the | owetotheysonditions despabest heseia rangsirany Aty H%OP 13 mgtkedp shodk0Mngdsni sm
of opi oi i : i f ul d
R e i D L
i n peri pherkaltotabegWe¥4tog/be BIDS suchck dtesn ftmut 01008¢ hgdieg@b @bout 0ABD. mg/kg

opi of d r BEGsteh & e ST ke 68 s 8 003 st e BHO OB ASS 0T DRt bO,
Det er mi naiignoaboditendangt BDs s GRAPANAT0 DY F}x;‘gt/kﬂo%ﬁﬁﬁﬁo@ﬁﬁl?ﬁ%ni sm of

opioid receptors in the was addressed direct by exam ni ng

r epor t edBHP fsach anfro@abpei(hd0 1| mgfkgpnhabormddmagike Biiar ker s of central opioid
receptor antagonismthat were neasured in the single and nultiple dose
Phase 1 [I06hj hadertainuahteslimente.Gonvaind & werdnahisairedorapdubjeet thadiv saditivied $o S
(the effect_.on pil dianeter) and increases..in adrenocorticotropi c hornone
(ACTH) afticiEesis rdghat déotsa Rt OnH gsea‘gaefﬁawéna@awsmﬂqn ssoci at ed
W th a tieshal itbr&iRY &l She QhibdmRRRAL N IR CEH ARk S pMRATckY AL plhdnieW Se,

t he observed whol e body dose of Conpound | associated with threshold

i ncr eas esonicentATPH chhdnponnd §thiat isabowe. Wwdan I Othanemb&linmgnts Ahe trveesefiactivee

estimate of the whole body dose fqor cent.ral iQid r or ant.agoni sm was
Chen det ARrPaRy® Fstanty Coneub e Bef Pl G ke sFuan o,
factor (ihec@owerdfleetith dosEPrsiucéNerred plasiatsReMsatdh thaPMHUE0 B3-S SRGHat ed
wi t h pharmacol ogically rel evant antagoni sm of opioid receptors in the CNS

wer e consl@eiubadangntadhe learcs dffediviselopnprodecas arfeps pdasnfareonreatotion8fng to

about 10 [ f S : t cted to
produce gﬁ%ﬁg%%h@#%%%5%%Fgfg%gé%ég%éﬁgggﬁ%gép%gﬁg?§H$@?égﬁggvgé&§icient to
be ef fi cpodats affese plaseatdonger@aGonthaOBRbout 0.5Ky,. In various embodiments, the lower

effective dose produces a plasma concentration that is about 0.33K,.

[0062] It will be understood that the amount of Compound I that is effective for the treatment
or prevention of a condition described herein can be determined by standard clinical

techniques. In addition, in vitro and/or in vivo assays can optionally be employed to help



[0071] There are a nunber of approaches to determining the effective dose
of Conpound | for treating O C or OBD. Four are outlined bel ow. Dependi ng
on t he apmoaatm3sa2znunber of basic assunptions were nadecrnseabowsati ng the
effective dose of Conpound |I for treaing OC or OBD: (i) The li-opioid
receptor is the primary target of Conpound Ito produce efficacy in the
treatnent of O C or OBD, although other opioid receptors may al so play a
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the CNS) is sufficient to produce robust efficacy in treating O C or OBD.
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to possi&@e t opi or Ioc%‘ effects in gut tissues, though these nay al so

cont ri buths reye &f Ffﬁewaﬂ@ih Wn‘#ﬁté"‘bﬂ%&’r%%%?ﬁé{f the ehndiiomy fsklevelipdei i cal I'y
t he oral [PREY | heal t hy
Vol unt ael 2t Al Ey drdicon @ ARATRPUdngdlg the RARRHEN Pprclon ardn

par anet ecah sty eqzﬁsrcﬁmumlstance@rrﬁxothhmmnipﬂefsehe(mdﬂQanaautmds mléaeasvmzieﬂly odver cur ve

(AUC) for Conm ound cont.i oparti onal e descendi ng
A L R R A o e S R B e R
vere reagQBakl & AReGaLHEnCARPAUNGK the YaSed® IB&WQ tlc@chane afﬂléﬁﬂny[o ¥ eated, the
2011/ 035142PCT/ US2010/°049311 22 consi Stent and dose- proportional oral

phar mac ofdvaati dshd synmiemasholrequenhe ofihs dosagrdeievahgnd del@eseneg ofvmyeover,
subsequent owed at . Conpound | has approxi mately 100% oral
bi oavai I%%?tfrl Suge‘%fﬁ e alﬁl%%f)%lﬁrém}%nkey over the dose range 0.1 ng/kg to
0.5 ng/ kg, 72]), The firs proach a cal tion based on conparison
of phar Hoshy ﬁ&lf@eéﬂﬁf&ef&ﬂa@ Hatah SE SPAUET o et mrgiﬁ §UbBY i pher al i zed
opi oi d rﬁﬁﬁms%re@&t @gﬁgb%s@m'om@@ﬁlbo&a%tsf tlfé%iolsé'perm§rca@39Lsarﬁﬁtigt@re@nd
phar macol ogi cal data determ ned f Compound | were conpared with the

phar mac ok néivided dnsk. ghatilwtisr @gnbcélrnedm thefdose aff Vomppad Irreadea aémlmsteﬂ@d ase 2

ef ficacy stu%ﬁgﬁféﬁr treating patients with OC or OBD. Wbster et al.
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2011/ 035142PCT/ US2010/ 049311 23 Table 1

6. EXAMPLES

Example 1:  Pharmacokinetics and Pharmacology of Compound I in Non-
Clinical Models

Potency of Compound I in the CNS compared to naltrexone

[0065] Rats were injected with the irritant formalin and with 10 mg/kg of morphine

subcutaneously. The amount of analgesia was determined by the reduction in the number of



Phar macol ogi cal and Pharmacoki netic data of al vi nopan and conpound |
Al vi nropan Conpound | u-Qpioid Receptor Ki (nM 0.27 0.36 Mean free Cnax

pl asma | ewel2o(wgsnk) 0. 11 PCT/US2010/049311
19

times the rat licked or paid attention to the site of formalin injection (events). Rats were
dosed either with 0.02 mg/kg naltrexone (subcutaneous dose) or 1, 3 or 10 mg/kg Compound
I (oral dose) to determine the ability of the compounds to reverse the analgesic effect of
morphine. Naltrexone was found to be approximately 100 times more potent than
Compound I in reversing the effects of morphine in the CNS of rats. (Figure 1) Naltrexone
and Compound I have comparable affinity for p-opioid receptors. Separate experiments
indicate that Compound I has high oral bioavailability in rat. The reversal of morphine-
induced analgesia by opioid receptor antagonists in the formalin test is believed to be
primarily a centrally-mediated effect. The discrepancy in potency suggests that Compound I

has markedly lower levels of penetration into the CNS than naltrexone.

Effect of Compound I in the CNS and in the periphery

[0066] Mice were either dosed with10 pg/kg morphine intracerebroventricularly or with 1
mg/kg morphine subcutaneously. The degree of gastrointestinal transit of charcoal meal in
the mice was measured in the absence of Compound I and in the presence of varying oral
doses of Compound I in order to determine the ability of the compound to reverse the
inhibition of gastrointestinal (GI) transit induced by morphine. The minimum effective dose
of Compound I required to reverse GI transit inhibition in mice dosed with morphine directly
into the CNS was determined to be about 3.0 mg/kg oral dose. (Figure 2) In contrast, the
effective dose of Compound I required to reverse GI transit inhibition in mice dosed with
morphine systemically was determined to be about 0.16 mg/kg oral dose. Thus, Compound I
was about 20 times more potent in reversing the peripheral effects of morphine in slowing GI
transit as compared to the central effects of morphine in slowing GI transit. This suggests
that Compound I was about 20 times more effective in antagonizing opioid receptors in the

periphery than in the CNS.

Partitioning of Compound I in the plasma and brains of wild-type and P-glycoprotein
transporter knockout mice

[0067] Wild-type or P-glycoprotein (P-gp) knockout mice were dosed with 2.5 mg/kg of

Compound I intravenously. The mice were sacrificed and the amounts of Compound I in the



1.152 Plasma protein binding (%free drug) 20.3 (human) 643 ( nouse) 73.8
(human) "Following 0.5 ng BID. (ClI 0.03-0.25) 2Following 1 ng dose. (C

1. 66-2. 16y02bni/3swk cal cul ati ons usi ng nouse data were mratASpriedHuwsing human
val ues woul d be conpar abl e. 20

blood and in the brain were assayed using standard techniques. The results of these
experiments showed that 17 times more Compound I was found in the blood plasma than in
the brain of wild type mice. Moreover, blood-brain barrier penetration of Compound I
increased 7- to 19-fold in knockout mice that were deficient in the P-gp transporter. The
results of these experiments indicated that Compound I was actively transported out of the
CNS by P-gp, resulting in a steady-state exclusion of Compound I from the CNS, and that

Compound I was therefore signifcantly peripheralized in mice.

Example 2:  Calculated Effective Dose of Compound I For Treating OIC or
OBD in Humans and Determination of Sufficiency of
Peripheralization Not to Compromise Central Analgesia or
Produce Central Opioid Withdrawal

[0068] The non-clinical animal studies described above indicate that Compound I exhibits a
degree of peripheralization in mice and rats and further begin to delineate the major
mechanism(s) by which Compound I is excluded from the CNS, i.e., Compound I is a
substrate for the efflux transporter P-gp. However, the key questions are whether these data
have relevance to humans, and what impact they have on the therapeutic utility of Compound

I for treating conditions in humans.

[0069] The primary issue is whether Compound I is sufficiently peripheralized in humans to
make it viable for treating conditions, in particular OIC or OBD, which rely on selective
antagonism of opioid receptors in the periphery as compared to antagonism of opioid
receptors in the CNS, which would compromise centrally-mediated analgesia and produce
unpleasant and potentially dangerous central opioid withdrawal symptoms. To address this
issue, the following had to be determined: (i) the lowest dose (“threshold dose”) of
Compound I that produces antagonism of opioid receptors in the CNS; and (ii) the doses of
Compound I that would be expected to produce sufficient levels of antagonism of opioid

receptors in peripheral tissues to be efficacious for treating OIC or OBD.

Calculation of the lowest dose of Compound I that produces antagonism of opioid receptors

in the CNS
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Assumptions (ii1) and (iv) were reasonable because Compound I was shown to have highly




receptor Ki (0.36 nM for greater than 4 hours, i.e., sufficient tine to
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[0080] Al publications, patents, patent applications and ot her docunents
cited in this application are hereby incorporated by reference in their
entireties for all purposes to the sane extent as if each individual
publication, patent, patent application or other docunent were individually
i ndicated to be incorporated by reference for all purposes. [0081] Wile
vari ous specific enbodi ments have been illustrated and described, it wll
be appreciated that various changes can be nade w thout departing fromthe
spirit and scope of the invention(s).



WO 2011/ 035142PCT/ US2010/ 049311 27 WHAT IS CLAI MED | S: 1. A nethod
of treating or preventing a condition in a subject associated with the
activati omoab1iansapi oi d receptor in the periphery, conpPCIiusgoiadmmi stering
to the subject a therapeutically effesti ve anount of the conpound of
formula (1): (1)

Table 1

Pharmacological and Pharmacokinetic data of alvimopan and compound I
Alvimopan Compound I

u-Opioid Receptor K; (nM) 0.27 0.36

Mean free Cpy,y, plasma level 0.1' 1.15

(ng/ml)

Plasma protein binding (% 20.3 (human) 64> ( mouse)
frec drug) 73.8 (human)

'Following 0.5 mg BID. (CI 0.03-0.25)
*Following 1 mg dose. (CI 1.66-2.16)

*Initial calculations using mouse data were made presuming human values would be comparable.

[0073] Phase 1 studies showed that Compound I has an approximately linear relationship
between dose and plasma Cax and area under the curve (AUC) over the dose range from 1 to
100 mg. The dose of Compound I needed to achieve Cpx equal to 0.1 ng/ml (i.e., the free
plasma concentration of alvimopan effective for treating OIC or OBD) can therefore be
estimated by linear extrapolation to lower doses, i.e., assuming a linear relationship between
dose and Cpax at doses less than 1 mg. Using this approach, the dose of Compound I needed
to produce a free drug plasma Cp,x 0of 0.1 ng/ml is 0.087 mg. The relative K;s of the two
compounds (Table 1) were factored in to determine the dose of Compound I required to
achieve pharmacologically equivalent levels of p-opioid receptor antagonism to those
associated with the clinically efficacious dose of alvimopan. By simple proportion, this
indicates a surprisingly low dose of 0.12 mg Compound I would be efficacious in treating
OIC or OBD. Importantly, this dose is 25- to 83-fold lower than doses associated with
antagonism of central opioid receptors, clearly indicating that, though centrally active at
higher doses, Compound I is still sufficiently peripheralized to treat OIC or OBD at very low
doses without compromising central opioid analgesia or precipitating central opioid

withdrawal.



or a pharmaceutically acceptable salt thereof, wherein the therapeutically

effective anount is fromabout 0.01 ng to about 1.0 ng per day. 2.
The net howloahtiad3aisn 1, wherein the therapeutically effeeCrws2aonuwsiiis from
about 0.05 ng to about 0.5 ng per day24 3. The method of claiml,

wherein the condition is selected fromthe group consisting of

post operative il eus, postoperative nausea and vom ting, opioid-induced
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CHO cells — Table 1). As discussed above, the mean free Cy,x plasma level following a 1

mg single oral dose of Compound I to healthy subjects was measured as 1.15 ng/ml, or 2.98

nM (molecular weight of Compound I: 386.4 g/mol). Assuming a linear relationship

between dose and Cyax for doses below 1 mg, the dose of Compound I needed to achieve

0.36 nM of free drug was calculated to be the surprisingly low 0.12 mg whole body dose.

Again, this dose is 25- to 83-fold lower than doses associated with antagonism of central

opioid receptors, likewise indicating that, though centrally active at higher doses, Compound

I is still sufficiently peripheralized to treat OIC or OBD at very low doses without

compromising central opioid analgesia or precipitating central opioid withdrawal.

[0075] A third approach was to generate a pharmacokinetic model for Compound I at low
doses. This was accomplished by assuming a linear relationship between dose and all
parameters of the plasma time course for the 1 mg dose of Compound I, and extrapolating
these to lower doses. This model shows that, following a dose of 0.15 mg of Compound I to
humans, free plasma concentrations of the compound were at or above the p-opioid receptor
K (0.36 nM) for about 6 hours (Figure 3), i.e., sufficient time to produce an efficacy signal.
This dose is 20- to 67-fold lower than doses associated with antagonism of central opioid
receptors, again indicating that, though centrally active at higher doses, Compound I is
sufficiently peripheralized to treat OIC or OBD at very low doses without compromising

central opioid analgesia or precipitating central opioid withdrawal (Figure 4 and Figure 5).

[0076] A fourth approach was to evaluate a clinical pharmacokinetic model for alvimopan
that suggests a period of exposure to free drug concentrations that are only approximately
0.33 of the K| for the p-opioid receptor may be sufficient to produce efficacy in OIC patients.
(Figure 6) Using the pharmacokinetic model and assumptions described above, a dose of 0.5

mg Compound I would result in free plasma concentrations at or above 0.33 of the p-opioid



(1) or a pharmaceutically acceptable salt thereof, wherein the
therapeutically effective amount is fromabout 0.01 ng to about 1.0 ng per
day. WO 2611/0BB2net hod of claimb5, wherein the effectcrasamoonddinf the
compound of formula (1) is from about250.05 to about 0.5 ng per day.

7. The nethod of claimb5, wherein the conpound of fornula (1) is
adm ni stered together with an opi oid anal gesic. 8. The net hod of
claim5, wherein the conpound of fornula (1) is adm nistered in a dosage
formselected fromthe group consisting of an oral dosage form a
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still sufﬁc1ent1y peripheralized to treat OIC or OBD Wlthout compromising central opioid

analgesia or precipitating central opioid withdrawal.

[0077] At doses of 1-3 mg, Compound I has a measured plasma half-life in humans of
approximately 12 hours. If there is a potential for a degree of drug accumulation upon
repeated dosing regimens, the doses associated with efficacy for treating OIC or OBD may
be appreciably lower than the doses calculated above, i.e., as low as 0.01 to 0.02 mg whole

body dose QD or BID (for a human male weighing approximately 70 kg).

Example 3:  Phase I multiple ascending dose clinical study conducted with
Compound I; preliminary results

[0078] The objective of the Phase I multiple ascending dose clinical study was to evaluate
the safety, tolerability, pharmacokinetics, and clinical effect of multiple ascending doses of
Compound I administered twice daily (BID) to subjects who have opioid induced
constipation (OIC) as a result of chronic opioid therapy for persistent noncancer pain. The
first part of the study was a randomized, double blind, placebo controlled, multiple ascending
dose study during which subjects took 4 oral doses of study medication over 2 days while
confined to the study unit. Each of the 0.10 mg, 0.25 mg, 0.35 mg, 0.50 mg and 0.75 mg
BID dose cohorts included 4 subjects, and randomization was unbalanced, with a 3:1 ratio of
Compound I treatment (n=3) to placebo treatment (n=1). The 0.75 mg BID cohort included
only 2 subjects. Assessments of clinical effect included the following measures, which were
assessed starting immediately after the first dose of study medication through discharge on
day 3: (1) time to first bowel movement after the first dose of study medication; (ii) number
of bowel movements; and (ii1) bowel movement Comfort Scores, stool weight, and stool
consistency as measured by the Bristol Stool Scale for each bowel movement that occurs

while the subject was confined to the study unit.



(1) or a pharmaceutically acceptable salt thereof, wherein the
therapeutically effective amount is fromabout 0.01 ng to about 1.0 ng per
day. woO 2001/03313¢ et hod of claim 9, wherein the effeeCrws2aonuwstil of the
compound of formula (1) is from about260.05 to about 0.5 ng per day.

11. The method of claim9, wherein the conmpound of formula (l) is

adm ni stered together with an opi oid anal gesic. 12. The net hod of
claim9, wherein the conpound of fornula (1) is adm nistered in a dosage
formselected fromthe group consisting of an oral dosage form a
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form a subcutaneous dosage form&gdﬁ}rgt rag dermal dosage form
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(1): of the following times after the first dose of study medication: 15 min, 30 min, 60 min, 90
min, 2 h,3h,4h,6h,8h, 10 h, and 12 h. Figures 7A, 7B and 7C indicate the plasma levels
of Compound I obtained after the first dose over the dosing interval of 12 h and for each of
the 5 doses tested (0.10 mg, 0.25 mg, 0.35 mg, 0.50 mg and 0.75 mg BID). As shown in
Figure 7A, all doses provided plasma concentrations that were above the MOR K of
Compound I [K; (MOR) = 0.36 nM], which is indicated by a dashed line. Only at the lowest
dose (0.1 mg) did the concentration fall below the MOR K; before the end of the dosing
interval at 12 hours after this first dose; and even at this dose, concentrations were above the
MOR K; for almost 9 hours (see Figure 7C). Preliminary data indicate that the 0.10 mg and

0.25 mg doses were well-tolerated and produced the desired pharmacological effects.

[0080] All publications, patents, patent applications and other documents cited in this
application are hereby incorporated by reference in their entireties for all purposes to the
same extent as if each individual publication, patent, patent application or other document

were individually indicated to be incorporated by reference for all purposes.

[0081] While various specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of

the invention(s).



WO 2011/ 035142PCT/ US2010/ 049311 30 (1) or a pharmaceutically acceptable
salt thereof, for the preparation of a nedicanent for the treatnent or
prevent i onoab1iz3saadi ti on i n a subject associated wth trhe/wmetiowadsion of an
opioid receptor in the periphery, comrising adm nistering to the subject

a, wherein the therapeutically effective amount is fromabout 0.01 ng to
about 1.0 ng per day. 14. The use of claim 13, wherein the
therapeutically effective anmount is fromabout 0.05 ng to about 0.5 ny per
day. 15.The use of a therapeutically effective anount of the conpound of

f or mul a WHATQS RUAIMED IS:

1. A method of treating or preventing a condition in a subject associated with the
activation of an opioid receptor in the periphery, comprising administering to the subject a

therapeutically effective amount of the compound of formula (I):
O | O

N/// NH,

Ir=z

@

or a pharmaceutically acceptable salt thereof, wherein the therapeutically effective amount is

from about 0.01 mg to about 1.0 mg per day.

2. The method of claim 1, wherein the therapeutically effective amount is from

about 0.05 mg to about 0.5 mg per day.

3. The method of claim 1, wherein the condition is selected from the group
consisting of postoperative ileus, postoperative nausea and vomiting, opioid-induced nausea
and vomiting, opioid-induced respiratory depression, opioid-induced constipation, opioid-
induced bowel dysfunction, chronic idiopathic constipation, constipation-predominant
irritable bowel syndrome, intestinal pseudoobstruction, delayed gastric emptying, enteral
feeding intolerance, narcotic ileus, obstipation, acceleration of gastrointestinal recovery

following surgery and opioid-induced bloating.
4. The method of claim 1, wherein the subject is a human.

5. A method of treating or preventing opioid-induced constipation in a human,
comprising administering to the human a therapeutically effective amount of the compound

of formula (I):



(I') or a pharmaceutically acceptable salt thereof, for the preparation of a
medi canent for the treatnent or prevention of opioid-induced constipation
i n a humawo 20hi@Bei4n t he t herapeutically effective anountcrastoomesbout 0. 01

ng to about 1.0 ng per day. 188 The use of claim 15, wherein the
therapeutically effective amount is fromabout 0.05 ng to about 0.5 ng per
day. 17. The use of a therapeutically effective anmount of the

conmpound of forrmula (I): WO 2011/035142PCT/ US2010/ 049311 31
@) | @]

N/// NH,

o

@

or a pharmaceutically acceptable salt thereof, wherein the therapeutically effective amount is

from about 0.01 mg to about 1.0 mg per day.

6. The method of claim 5, wherein the effective amount of the compound of

formula (I) is from about 0.05 to about 0.5 mg per day.

7. The method of claim 5, wherein the compound of formula (I) is administered

together with an opioid analgesic.

8. The method of claim 5, wherein the compound of formula (I) is administered
in a dosage form selected from the group consisting of an oral dosage form, a sublingual
dosage form, an intravenous dosage form, an intramuscular dosage form, a subcutancous

dosage form and a transdermal dosage form.

9. A method of treating or preventing opioid-induced bowel dysfunction in a
human, comprising administering to the human a therapeutically effective amount of the

compound of formula (I):



(I') or a pharmaceutically acceptable salt thereof, for the preparation of a
nmedi canent for the treatnent or prevention of opioid-induced bowel
dysfunct iwo 20ni/@5t3@aman, wherein the therapeutically effectivseolammsmt s

fromabout 0.01 ng to about 1.0 ng pe® day. 18. The use of claim 17,
wherein the therapeutically effective anount is fromabout 0.05 ng to about
0.5 ng per day. 19. A nethod of treating or preventing

opi oi d-i nduced constipation in a human, conprising admnistering to the
human a t herapeutically effective anount of the conpound of formula (1):
()

(0] | 0]

N/// NH,

o

@

or a pharmaceutically acceptable salt thereof, wherein the therapeutically effective amount is

from about 0.01 mg to about 1.0 mg per day.

10.  The method of claim 9, wherein the effective amount of the compound of

formula (I) is from about 0.05 to about 0.5 mg per day.

11.  The method of claim 9, wherein the compound of formula (I) is administered

together with an opioid analgesic.

12.  The method of claim 9, wherein the compound of formula (I) is administered
in a dosage form selected from the group consisting of an oral dosage form, a sublingual
dosage form, an intravenous dosage form, an intramuscular dosage form, a subcutancous

dosage form and a transdermal dosage form.

13.  The use of a therapeutically effective amount of the compound of formula (I):
O | O

N/// NH,

-



or a pharmaceutically acceptable salt thereof, wherein the therapeutically
effective anount is fromabout 0.01 ng to about 0.5 ng BID. WO

2011/ 0351wPRaTI/0382010/ 049311 32 20. A net hod of treati ngPor/Uyse@vmmdsing

opi oi d-i nduced bowel dysfunction in aohuman, conprising adm nistering to
the human a therapeutically effective anount of the conpound of fornula

(r):

@
or a pharmaceutically acceptable salt thereof, for the preparation of a medicament for the
treatment or prevention of a condition in a subject associated with the activation of an opioid
receptor in the periphery, comprising administering to the subject a, wherein the

therapeutically effective amount is from about 0.01 mg to about 1.0 mg per day.

14.  The use of claim 13, wherein the therapeutically effective amount is from

about 0.05 mg to about 0.5 mg per day.

15.  The use of a therapeutically effective amount of the compound of formula (I):
0 | O

N - NH,

-

@

or a pharmaceutically acceptable salt thereof, for the preparation of a medicament for the
treatment or prevention of opioid-induced constipation in a human, wherein the

therapeutically effective amount is from about 0.01 mg to about 1.0 mg per day.

16.  The use of claim 15, wherein the therapeutically effective amount is from

about 0.05 mg to about 0.5 mg per day.

17.  The use of a therapeutically effective amount of the compound of formula (I):



(1) or a pharmaceutically acceptable salt thereof, wherein the
therapeutically effective amount is fromabout 0.01 ng to about 0.5 ng BID.
WO 2011/035142 PCT/US2010/049311
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or a pharmaceutically acceptable salt thereof, for the preparation of a medicament for the
treatment or prevention of opioid-induced bowel dysfunction in a human, wherein the

therapeutically effective amount is from about 0.01 mg to about 1.0 mg per day.

18. The use of claim 17, wherein the therapeutically effective amount is from

about 0.05 mg to about 0.5 mg per day.

19. A method of treating or preventing opioid-induced constipation in a human,
comprising administering to the human a therapeutically effective amount of the compound

of formula (I):
@) | @]

N = NH,

-

@

or a pharmaceutically acceptable salt thereof, wherein the therapeutically effective amount is

from about 0.01 mg to about 0.5 mg BID.
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20. A method of treating or preventing opioid-induced bowel dysfunction in a
human, comprising administering to the human a therapeutically effective amount of the

compound of formula (I):
0] | 0]

N = NH,

Ir=z

@

or a pharmaceutically acceptable salt thereof, wherein the therapeutically effective amount is

from about 0.01 mg to about 0.5 mg BID.



