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This inv i is_in the field of nmedicinal chemstry. i , the
i nventi OS’?@%‘}%}Q@%@S#O novel N-substituted hydronor phonesw@gé@é@ﬂ&?‘{ The
primary |l ocation of pain control is in the central nervous system (CNS). 10
The three primary cl asses of opioid receptors, p (nu), K (kappa), and S
(delta), are distributed throughout the CNS and the periphery (Foss, J.F.,
The American Journal of Surgery 182 (Suppl to Novenmber 2001):19S-26S
(2001)). p, K HSUBSTHGIED HYOROMORPHONHESUAND THEITISE COIRRROF t 0 pertussis
toxin sensitive heterotrinmeric G proteins (G) to inhibit adenylyl cyclase
activity. Activation of these receptors 15 activates K+ currents which
i ncreases KK efflux, i.e., hyperpolarization, thereby reducing
vol t age- gat ed CaZ+ entry. BAQEGROENDZSF THE DIVENTIONNe potential by K+
currents and inhibition of the CaZ+ influx prevents neurotransmtter release
and pain transm ssion in varying neuronal pathways. However, the principal
receptor involved in pain nanagenent is the p opioid receptor (Foss, J. F.,
i bid). O her consequences of 20 [t-receptor activation include delays in
gast r oi At eft1¢1ﬁ&fﬁle&&m¢‘9¥l respiratory depression, mosis, and feelings of
wel | - being (euphoria) (Foss, J. F., ibid). Opioids, also known as opioid

up of drugs that exhibit i um or nor phine-like

agoni sts, are a grot o dr, .0 . (

properties, supﬁ?r%smﬁéu@mnalmatbciﬂﬁlﬂl wfanedlwaalgbbmlsimnt fropediculspi tied
receptors. .The..opi Ql.ds ;del yv..adm nistered for a variety of nmedical 25
i ndi cati on§n‘g’glpmgfe?%§Eoﬁ{f%fim%u{&%ﬁtg%}’%% rpixgn%der ate to strong

anal gesics. Opioid conpounds. have been reported to have a nunber of side
effects, i riﬁ%ﬁdclggﬂ consti pation, dysphoria, respiratory depresession,

di zzi ness, @a and pruritus (Yuan, C S. et al., J. Pharm Exp. Ther.
300: 118-123 (2002)). CNS-nedi ated side 22 March 2007 WD 2004/ 029059

PCT/ US2003/ 029871‘?16 primary location of pain control is in the central nervous system (CNS).

10  The three primary classes of opioid receptors, p (mu), x (kappa), and & (delta), are

distributed throughout the CNS and the periphery (Foss, J.F., The American Journal

of Surgery 182 (Suppl to November 2001):195-268 (2001)). p, x, and & opioid

receptors are functionally coupled to pertussis toxin sensitive heterotrimeric G

proteins (G;) to inhibit adenylyl cyclase activity. Activation of these receptors

15 activates K" currents which increases K effflux, i.e., hyperpolarization, thereby

reducing voltage-gated Ca®* entry. Hyperpolarization of membrane potential by K*

cutrents and inhibition of the Ca*" influx prevents neurotransmitter release and pain

{fransmission in varying neuronal pathways., However, the principal receptor involved

in pain management is the p opioid receptor (Foss, J. E., ibid). Other consequences cl>f

20  p-receptor activation include delays in gastrointestinal transit, respiratory depression,
miosis, and feelings of well-being (euphoria) (Foss, J. F., ibid).

Opioids, also known as opioid agonists, are a group of drugs that exhibit
opium or morphine-like properties, suppress neuronal activity at the above mentioned
opioid receptors. The opioids are widely administered for a variety of medical

25  indications but primarily they are employed as moderate to strong analgesics. Opioid
compounds have been reported to have a number of side effects, including
constipation, dysphoria, respiratory depresession, dizziness, nausea, and pruritus
(Yuan, C.-S, et al., J. Pharm. Exp. Ther. 300:118-123 (2002)). CNS-mediated side




-2 effects include the abuse potential of opioids. Opioids are al so
effective as a preanesthetic nedication and a cough suppres%%%@?héwg I n
treating PHgaooddl arrhea and dysentery. There have bgghgdheiRbsst ©

sel ectively antagoni ze opioi d-i nduced side effects 5 via the use o

receptor antagoni sts such as nal oxone or nal nephene. However, the success
has been |imted because these conpounds al so reverse anal gesia and i nduce
opioid withdrawal (Yuan, C -S. et aI.,_&u Pharm Exp. Ther. 300:118-123
(2002)). Methylnaltrexone, a quaternary derivative of the pure opioid

ant agoni st nal trexone, has been reported to block undesired side effects of
opi oid pain pedigations 10 predom pant]y nedi ated by peripherally |ocated

recelpt ors, WHete mGlude Hy é@ﬂﬁ@rﬁ‘!’tP‘}nal RigPrieids: 393}(6@% 3 é*SPe%ﬂf‘?Ct’(’%PéngdC. h S.
et al., J. Efbﬁﬁéﬂhgﬁé Pred{EBn %ﬂgatlr%oglg%%g%péé%% d gi {reiﬁ@ @ﬁﬁﬁﬁt%aﬁ%gfh t hat

met hyl nal t rexone does not cross rain arr 0SS,
J.F., The Aamtdwantedournal of Surgery 182 (Suppl to Novenmber 2001):19S-26S

(2001)). 15 Therg,still exists a need in the art,to prqvide efficient

anal gesi a wit hpu&hf@ﬁl@ﬁv FFRAVEHPE t&ég’_@FtF‘@ @!ta@ammw%mgmeg Fmﬁﬁ?‘r‘@\l The
present §nVeplaeisd 3f E&E@tﬁ?%ﬁa@oﬁi&@ séélf SONAbNore G nﬁh@#}ﬁ%& SHRFdvet, 4hed
hydr onor phones r epr esent by Formul a act as .s oplo recept or "agoni sts,
and that 26udchssyhad beerolimited becantethicbecompuinds alve ravens aypleamagdiituce The

copeci o Ty SRR TERAL iy Gataidh o bt EaF ootk i-hed (R, "an
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conpounds useful in the present i nvention have not" been heretofor
reported, Thas beemacpwisdcto dlodkhengesred tidd riffeeisi ofh opioidii pade tracilicasionie novel

N-al kyl ;. subst.d t ut ed hydy. nphones of. For a l.. Another aspect of.the

br osent 10 nv BiecPifsRly diFERER B B Rhe A BrTR Ressaeat e BRRG: cerfelk

opi 0i d 1 ecepic@iaicAINUI SR effect NBeh, €087 ¢t al, J Pharm. Exp. Ther. 300:118-123
(2002)). It has been reporied that methylnalirexone does not cross the blood-brain

U

barrier in humans (Foss, I.F., The American Journal of Surgery 182 (Suppl to
November 2001):195-268 (2001)).
15 There still exists a need in the art to provide efficient analgesia without CNS-

mediated side effects.

SUMMARY OF THE INVENTION

The present invention is related to the discovery that N-alkyl substituted

hydromorphones represented by Formula I act as p opioid receptor agonists, and that
20  they do not penetrate the central nervous system (CNS).

The invention is also related to treating, preventing or ameliorating pain,
especially chronic pain, in a mammal in need thereof by administering an effective
amount of a compound of Formula I as described herein.

The compounds useful in the present invention have not been heretofor

25  reported. Thus, one aspect of the present invention is directed to the novel N-alkyl
substituted hydromorphones of Formula I,
Another aspect of the present invention is directed to the novel compounds of

Formula I as p opioid receptor agonists.




-3 Also, an aspect of the present invention is to provide a pharnaceuti cal
conposition useful for treating, preventing or aneliorating March 28t ai ni ng
an effective amount of a conpound of Fornmula | in a mxture with one or
nore pharmaceutically acceptable carriers or diluents. 5 DETAILED

DESCRI PTI ON OF THE | NVENTI ON The i nventors have found that hydronorphone
derivatives of Fornula | act as potent opioid receptor agonists.
Furthernore, it has been found that conp@unds of Forrmula |I do not cross the
bl ood-brain barrier and, thus, should not have CNS- nedi ated side effects.
Therefore, conpounds of Fornmula | are useful for treating 10 disorders
responsive to the Ci (oY {;t;;{{nor- i riRhe,

especially pain. A%?ngga%g%ogﬁlé%@ﬁégénga é%ter)l rB?:l?gsEg r!th"lrem g}é%tog brain
barrier ther@)m];s)smmn ptfelnforatredtong, giversomiing her amahmandg pusief cdntaininizhas

aspect of t resent |nv ntion are N- I stituted derivatives of
hydrormrphon%felggﬁ‘? S @ b%/CP’S‘PHWFdaO aqui%‘ %—@ aWturRH””; ne1er MO H 0

22 March 20 rﬂ@@e%ﬁ%?% bl gﬁ/rggs%gggggrgg%m -4 or a pharmaceutically
accept abl e %at t hereo V\%ZI‘ EIE)I’I ' Ri1s CL.6 al kyl, Useful alkyl groups
i ncl ude straight-chained and branched Cl1-6 al kyl groups, nore preferably

[C):rlgp;: ky: sg[)(r)ggfll Tﬁﬂ;; @g%ﬁﬁﬁ?bl(ﬁ‘ pﬁo?ﬁﬁg@g@ﬁ{ﬁpﬁ aﬁfﬂhﬁle%yl 59r oups.

R is preferably nethyl or et hyl, nore preferably nethyl. Since the conpounds

of Fornula | are Of?l'vgrgtgrs YavP ?{gmﬁqﬁat%ydron%rphone derivatives of Formula I act as

potent p opioid receptor agonists. Furthermore, it has been found that compounds of

Formula I do not cross the blood-brain barrier and, thus, should not have CNS-

mediated side effects. Therefore, compounds of Formula I are useful for treating

10 disorders responsive to the excitation of p opioid receptors in the periphery, especially

pain. Since compounds of Formula I do not cross the blood-brain barrier there is no
potential for abuse.

The compounds useful in this aspect of the present invention are N-alkyl

substituted derivatives of hydromorphone represented by Formula I:

15 HO C H o]



receptors, they can be used for treating, preventing or aneliorating pain
including acute pain and chronic pain, inflammatory pain, ani Narchied
pai n. Acut ncl udes, but is not limted to, peri %@ i n
postoperat?vgﬂggP%Bﬂ%ost traumatic pain, acute di sease rﬂfﬁﬁ “%@?ﬁ% and
pain related to diagnostic procedures, orthopedic manipulations, and
myocardi al infarction. Acute pain in the perioperative setting: includes
pai n because of pre-existing disease, the,surgical procedure, e.g.,
associated drains, chest or nasogastric” ﬁubes, or conplications, or a
conbi nati on of disease 15 related and procedure-rel ated sources. Chronic
pain includes, but is not limted to, inflammatory pain, postoperative
pai n, cancer qnmphmnmxbebaﬂbhmcqﬁdﬂ@aﬂhma@abMma&md with netastatic cancer,
trigem nal nggrqég acute her peti c and postherpetic neural gi a, dlabethlc
neur opat hy, sl brachlal pl exus avul sion, occipital neuralgla refl ex

synmpat heti c dyst rfﬂ?ﬂ‘b‘ful Eflkflrﬁﬂi‘}?s' #cRde @ﬁéighbdlﬁﬁi%ﬂ%ﬂ'ldréﬁbheé*'m 5 RN and
ot her 20 forns of neural %dg neuropat hic, and idiopathic pain syn rones In
each i nst ancemowhueferabiySuis abieyl hevipsr ypivel Cnv @bl groupe quéinds amgthyhidinds i ng

to an ani eed of n, ef f nt of a opioid
recept or gorﬁrg?ﬂblfsolfrﬂ@dp @%ﬁfc' ﬁ&gﬁ?i ﬁtyl %d}e%&l gﬂ%ﬁ@al | y acceptabl e
salt thereof. Chr q@§§prggtgb1pmeﬂ@mbpaﬁylhhﬁrmﬁram fheliglier ogenous di sease
state with an 25 unclear etiology. In chronic pain, the pain can be

medi at ed by nul ti piscanslshgampaunds tvqugnnstlpeI care m@pmstgenﬁmnpberdr usesiofd om

injury to the peri or,__centr ner vous drones |nclude
pai n associ atk 8%’ r? hﬁlﬁ%lcﬁﬁlbec'ﬁgteé Pﬁjh'ﬁ? 'S ﬁ?ﬂ‘?"PP‘bﬁ‘?e or é‘E}e@P{@%ﬁ% Heet i c
neural gi a, tricgenpaal andedirhii ﬁam,phﬁnhﬁﬁatm Tﬁmncaﬁt}?%h@@&l mi A@lfté

synpat hetic dystrophy and | ower back pain. ‘chroni ¢ pain is d|fferent
from 30 aldut enplailes, bat ikt lisaitadeter Qersqmraéwe Phia, absioperaliveppain, prshbadmdits t hat

Goep achi ng. poith 20 SIREK AR Al S R B R BUBEE b obedioss BN a 76
-5 can be evokaslpliyidigatnd wdcdrdialaithretimh aneuidyieh dh gRe Ip@ngﬁerit&veh@ﬁing

col d-, or nechano-allodynia. Neurgpathic pain can he cause I njury or
i nfection of ipelofegsrain becaupe of pro-existing disease, the surgical procedure, e. g o assomated

drains, chest or nasogastric tubes, or complications, or a combination of disease-
15  related and procedure-related sources. Chronic pain includes, but is not limited to,
inflammatory pain, postoperative pain, cancer pain, osteoarthritis pain associated with
metastatic cancer, trigeminal neuralgia, acute herpetic and postherpetic neuralgia,
diabethic neuropathy, causalgia, brachial plexus avulsion, occipital neuralgia, reflex
sympathetic dystrophy, fibromyalgia, gout, phantom limb pain, burn pain, and other
20  forms of neuralgia, neuropathic, and idiopathic pain syndromes. In each instance, the
methods of the present invention require administering to an animal in need of such
treatment an effective amount of a 1 opioid receptor agonist of the present invention,

or a pharmaceutically acceptable salt thereof.
Chronic pain or neuropathic pain is a heterogenous disease state with an
25  unclear etiology. In chronic pain, the pain can be mediated by multiple mechanisms.
This type of pain generally arises from injury to the peripheral or central nervous
tissue, The syndromes include pain associated with spinal cord injury, multiple
sclerosis, post-herpetic neuralgia, trigeminal neuralgia, phantom pain, causalgia, and
reflex sympathetic dystrophy and lower back pain. The chronic pain is different from
30  acufe pain in that patients suffer the abnormal pain sensations that can be described as

spontaneous pain, continuous superficial burning and/or deep aching pain. The pain



nerves. It includes, but is not limted to pain from peripheral nerve
trauma, herpes 5 virus infection, diabetes nellitus, causal gi2dargh 2Wiis

avul si on, i mb anputation, and vasculitis. Neur is al so
caused by ﬂ@ﬁ@g g%%ge from chronic al coholism hunman |%ﬁﬁh§%@@ﬁ%’@ﬁ

virus infection, hypothyroidism wurema, or vitamn deficiences.

Neur opat hi c pain I ncludes but is not limted to pain caused by nerve injury
such as, for exanple, the pain from which diabetics suffer. 10 Conpounds of
Formula | can al so be used as cough suppréssants, and in treating or
anel i orating dyspnea, diarrhea and dysentery. Exenplary preferred conpound
that nay be enployed in this nethod of invention include, wthout
limtation, cranrﬂm hychlte;idbmrlmqshotnid ;oamdametianndyeemlgesinl g budwap; ablde eal t

t her eof . Adva ﬁhxghthe pharmaceutically acceptable salt is a 15

hal ogeni de, ide, a chloride or a bromde salt. Sone of the

conpounds di scl oqeaubpitﬁbrpaﬁmzarpeawsea B eniAfy @Eﬁe%ﬁ%ﬁéﬂpﬁeraf@éﬁs@f)ﬁ and
my t hus gl ve ri1se to enanti oners, di ast ér eoners, and o st ereoi soneric

forns. The praseesntlt mohgiws; ot lsslohhmtedrénammntﬁ;orempba@hnawe trauah, heppeasu bl e

f .| t th Th
20 | et vidual e Gine, SRR, By RIS, SRE, Wil e ol o el
known to t hagitionObdd wcmlﬁkl INeutdpa #hlis a6 c@ﬁ@d HEeh@w B dafnBfe HORHM

stereoi soners” is a general termfor i somers of i ndividual nolecul es
that differ @mmc.ﬂc@h@smr,ubtﬁﬁm i iU @ﬁmncmm infectipac dwypethyroidighudes

coent  omer, a8y, 8P SBauheATROLT UG 18 BB S OPLly 1

25 are not mrror’

center” ref eclfaasddcb)ale@% Bfury atenas for\shiaraplef the paidifdne whivh diatetips suffdr.e
attached. The term "enantiomer” or _"enantioneric" refers to a nol ecul e that
is nonsiferi nposeespangds qft Korpula §can rePeb@Nget ah CeUEp STRAIPISY R, &

wherein the Liﬂfﬂﬁ’ | arized light in one
direction antcrjéﬁpgB%%?ﬂééﬁfm%%‘sﬁﬁ?%%a?@g@t %n@pof pol ari zed light in the
opposi te directi dxendaiybprefer2dOdompdind that may be employed in this method of

invention include, without limitation, N-methylhydromorphone or a pharmaceutically

\U D

acceptable salt thereof. Advantageously, the pharmaceutically acceptable salt is a
15  halogenide, such as a iodide, 2 chloride or a bromide salt.

Some of the compounds disclosed herein may contain one or more asymmetric
centers and may thus give rise to enantiomers, diastercomers, and other
stereoisomeric forms. The present invention is also meant to encompass all such
possible forms, as well as their racemic and resolved forms and mixtures thereof. The

20  individual enantiomers may be separated according to methods that are well known to
those of ordinary skill in the art,

As used herein, the term "stereoisomers” is a general term for all isomers of
individual molecules that differ only in the orientation of their atoms in space. It
includes enantiomers and isomers of compounds with more than one chiral center that

25  arenof mirror images of one another (diasterecomers).

The term "chiral center" refers o a carbon atom to which four different groups
are attached.

The term “"enantiomer" or "enantiomeric" refers to a molecule that is
nonsuperimposeable on its mirror image and hence optically active wherein the

30  enantiomer rotates the plane of polarized light in one direction and its mirror image

rotates the plane of polarized light in the opposite direction.



The term "racem c" refers to a mxture of equal parts of enantioners and
which is optically inactive. The term"resolution" refers to 23 March é?fyratl on
or concentration or depletion of one of the two enantioneric forns of a

nol ecule. 5 The invention disclosed is also neant to enconpass all
pharmaceutically acceptable salts thereof of the disclosed conpounds.

Exanpl es of pharmaceutically acceptable salts include inorganic and organic
salts. The pharnmaceutically acceptable -galts include, but are not linmted

t o, hal ogeni des, such as chloride, brom de, and iodidide, phosphate, and
sul phate; organic acid salts such as citrate, lactate, tartrate, 10 nul eate,
fumarate, mandel a'{l% teAnCEAL cd'rsﬂafsog]%%%& € ofld; hhbgﬁ{s"s{a%hﬁt ?@‘%@te
and fornmate; | f onat es su as met hanesul f onat eCl nzenesul rona and p-
t ol uenesul fowhlt:blsdﬁima]lynmumva)n is also d| rected to a method for treating

di sorders responsjyve to exeitatio opioid receptors in ani mals
suf fering ther eo1:Q41L heggprp;” EfiﬁP lobf?ff"éﬁ F‘ég“’ SEBAAWAH B mggtr%qontq{élemegpxp(yf

substitut ed JheH oDt RNMARE S £ pra%ﬁ’m% of this invention are
represented by previously detined Formu The conpounds of this invention

may be priepared uBhengnvestitrodsckosedvis tabso hieastetos Ien¢d1mnhss rallt pearavateutieally
exanpl e, co ou of the inv n .can be pre chut ki n
reacti on. Iﬁiﬂﬁaﬁeﬁs W&Pgﬁgﬁﬁn@l HISS argbids | Exustic o AhesrIeavo
react in a Séébéﬁ?&l@ sAI8 MEle RMor@miOAnieitbarlt %;Srh:@'%'aﬁgé&é ﬁ@?edée ;J?Jblé s a

Cl_6 al kyl group and X i1s a hal ogeni de, suc
brom de, to falis rmdudeqdmte’trﬂamoy lim;athdotmpm]ahxgnmldcﬂ sath asl-d;lﬂbm:tmrbpcbmrde anth be

prepared by .nethods own t eskllledlnthe art .or rcially
Dal Tl e bySOU: BrogtBRtt s BRS Simie Aeid Bi vt i i, Beffontiats ey be
tested Ty thgledte, ARARAY, ﬁﬁﬁ@aa@race?a'ie ttlﬂ%f&cc%&%' Miflibr@Heeate SkhlafcliBRd | Onal
profile at opioi d receptor by the following in vitro bindi hg assays.

Qpi oi d RecepﬁounatBi ndulfignagess aguchSOaSRadlediahwlfdn&:to,s ebelizeptsatfonatet askaps used
0.2 nM[3H] - h{%ren gﬁ){lne (Perkin El mer, Boston, MA; 50.0 G /mmol) with 20
g nenbrane pPOFEFH 9% mr ch 2007

The invention is also directed to a method for treating disorders responsive to

the excitation of p opioid receptors in animals suffering thereof. Particular preferred
15 embodiments of the N-alkyl substituted hydromorphones for use in method of this
invention are represented by previously defined Formula L.

The compounds of this invention may be prepared using methods known to
those skilled in the art. For example, compounds of the invention can be prepared by
Menschutkin reaction. Accordingly, hydromorphone or a salt thereof is allowed to

20 react in a suitable solvent or a solveni mixture with R'X wherein R! is a Ci4 alkyl
group and X is a halogenide, such as iodide, chloride, or bromide, to form a
quaternary hydromorphonium salt. Hydromorphone can be prepared by methods
known to those skilled in the art or is commercially available by, e.g., Sigma-Aldrich.

Compounds of the present invention may be tested for their p optoid receptor

25  binding activity and their functional profile at . opioid receptor by the following in

vitro binding assays.
u Opioid Receptor Binding Assay:

30 Radioligand dose-displacement assays used 0.2 nM [*H]-diprenorphine
(Perkin Elmer, Boston, MA; 50.0 Ci/mmol) with 20 pg membrane protein



WD 2004/ 029059 PCT/ US2003/ 029576 -7 (reconbi nant g opioid receptor
expressed in CHO- Kl cells; Perkin Elnmer) in a final volune %?fMQVG’@)zQﬁZ

bi ndi ng by 54/62%%9”'\/' Myd 2, 1nM EDTA, 5 % DVMSO, 50 nM plgdesinses PH
7.4). Unl abel ed nal oxone (Signa) served as the assay positive control
(concentration range 3x10'7 to 1x10-13 K. All reactions were perfornmed in 5
96- deep wel | pol ypropylene plates for 2 hours at roomtenperature. Binding
reactions were termnated by rapid filtration onto 96-well Unifilter G-/ C
filter plates (Packard, Meriden, CT) preSoaked in 0.5 % pol yet hyl eni m ne
(Sigma). Harvesting was performed using a 96-well tissue harvester
(Brandel) followed by three filtration washes with 500 gL icecold binding
buf fer. Fil {tcombimantp apicid serepler expredsyd dr CEID-Kil lls;5Rerkinf Blmez) B ©i6oals. 50

L/ wel | intjillatj taj.l t int: Perki k ded and
Dl at o5, wer ¢ LR BHORHLG e PO 330 et MeGlor M e 1 BYFG) 80 kddept or
35S] GTP-y- réhg, di [ ; ' A L adi
<[assa1/s vve?/egrcon u‘é%%aE?y?&gm?ﬁ?ﬁm%@}ﬁ%@?%%ﬁ %gmﬁggg%ig@ﬁ?{s‘gi Inn? he
order shown coutrgli @butentretiomuinga St} tmhth‘I&MpeAﬂlrmadtpms wede pafomgrdgh g
(S e Chonsbeestvell SELRRRAEE pltjes” Sta2 ofBES iy o S5y uiitbe, WodinE
5' - (7-thio) ‘r&ictigﬂé)ﬁr@fbat%ﬁnﬁlhéé%}rgﬁdﬂ@ﬁc(n%ﬂ?%%fm: eﬁ@?/@%ﬂk‘ﬁa@‘c@r Co. ,
W | m ngt on, '(EDE:)ka;n(;égl n%g%agg@ﬁ&éﬁgogmgﬁm 10 nM /AEQCI Zé) 3;3 }/IinHEPES,
H7.4 V thyispdmipe/ (Megrhy). vidarves
ltoranszar?gdlto 96-shgamlow | I éi{i r | ene Iaatt?s ont ai ni.n Lgof 20x
concent r at ed" & RSERTEE HTW%\A\?GE)W ﬁ %ﬁ%gﬁ%’egfﬁ @Sf)‘? §rﬁ°gf’@e€b¥lﬂp§? ]ﬂgtfag‘]ﬁﬁr ed in
di et by Su! eihdlow((RNB0)T, ISt Rk Zinch pHh e haciuol eapfl 1 n 25

(DAM3O) (Sigma-Aldrich) 'served as the assay positive control for the g
functi onél 358s'Cafor 274 Abess. vidr gliwetiudsattitldtidrocodfll BetaScnt; Rerkio Ehmerd mpsr at ur e
wi t h shaki ng. eactions were termnated, by rapid filtration onto 96-wel |
Unifilter Gaédqff 4‘%&1”15? &’F’éf’s"ml{l‘iﬁg@k% W%T?@Cau@éﬂmémm@we&sue har vest er
(Brandel) and followed by three filtration washes with 200 gL ice-cold

bi ndi ng buffer (10 nM NaH2PO4, 10 nM Na2HPO4, pH 30 7.4). Filter plates were
subsequent | Ypoid@kcaptob [ SIGTPEy-8 Binding FenctioAali Adsus| |

i

15 Functional [*S]GTP-y-S binding assays were conducted by sequentially
mixing the following reagents in the order shown to yield the indicated final
concentrations: 0.026 pg/uL p membrane protein, 10 pg/ml saponin, 3 pM
guanosine 5°-diphosphate (GDP) (Sigma Chemical Co., St. Louis, MO), and 0.20 nM
[y-*Slguanosine 5°-(y-thio)-triphosphate ([**S]GTP-y-S) (DuPont/New England

20  Nuclear Co., Wilmington, DE) to binding buffer (100 mM NaCl, 10 mM MgCl,, 20
mM HEPES, pH 7.4) on ice. The prepared membrane solution (190 pL/well) was
transferred to 96-shallow well polypropylene plates containing 10 pL of 20x
concentrated stock solutions of compound or appropriate control prepared in
dimethylsulfoxide (DMSO). Unlabeled [D-Ala?, N-MePhe’, Gly’-oljenkephalin

25 (DAMGO) (Sigma-Aldrich) served as the assay positive control for the p functional
assay. Plates were incubated for 30 minutes at room temperature with shaking,
Reactions were terminated by rapid filtration onto 96-well Unifilter GF/B filter plates
(Packard) using a 96-well tissue harvester (Brandel) and followed by three filtration
washes with 200 pL ice-cold binding buffer (10 nM NaH,PQ4, 10 mM NaHPOy, pH

30 7.4). Filter plates were subsequently dried at 50 °C for 2-3 hours. 50 pL/well



22 March 2007 WD 2004/029059 PCT/ US2003/029876 -8 scintillation coctail
(BetaScint, Wallac) was added and plates were counted in a B g007

Top- Count Pfda)éog‘i{ys well. Data analysis: Data from bot hg’;&e}ﬂgg)t R:g 2ggjmand

functiona re analyzed using the curve fittin ns in

G aphPad PRISMIM v. 3.0. Data were 5 expressed as nean S.E.M The results
fromthe binding assays are represented as inhibition constants, K1l val ues
(the concentration of a conmpound that produces half naximal inhibition).
The results fromthe functional assays afé respresented as EC50 values (the
effective concentration a conpound that causes 50 % of the maxi num
response). 10 In vivo Pharmacol ogy: The conpounds of the present invention
nmay be test edirftitlatiom cod:wﬂ (BieBaScmbuWaﬂac) was ladded andifpletes iweve ,copnted iora i . p.

i njection usin ollowing test. 15 Sprague Dawl ey rats
were dosed T ﬁﬂﬁl@%’pl n?‘?’fgl IP{%"Z‘f’f’]ﬁ:orrpound The dosi ng sol ution was in 25 %
2-hydroxypropyl bgia- gy s@sdexﬁéthnﬁéﬂpﬁﬁﬁ)thérﬂ &iRg ARS rgioNa!

m./ kg. One hour after adm nistration, ﬂes? posgtlﬁﬁlg vo?ggﬁ“és bI ood
was drawn t hamalygbd uangllt]amcqmmﬁttmgeﬁmﬁkcamnn Gmpiahd@i‘lsw& Yrahm t])mamnd e

bl ood by centrlf ation and subm tted for the analysis. Follow ng the
bl eedi ng3 t HXPISS weay J iS5 Me ABe fegulte floaytheindipg 9Sﬁab'ﬁ§x=sorepwsw¢ja%or nmal

sal i ne and ty e e r

sanpl es wer e %br e%"%{aﬁ§0 Mﬂeé {tﬁ%cgnéaé{ﬁ% t?ogxl S. aEQ Bgnaﬁ{zg?ﬁ?o%gﬁe tﬁalllasmal
sanpl es, calmtinial ﬁﬂhlbiﬁdiﬂbegrhbﬁ‘é@ltﬁ rf&mﬂﬁdﬁmmcﬁ:al s ard@wpr@eﬁtumhw@go

anal ytes into_co rcially avail able control rat plasma. 200 pL 25 aliquots
of st andar ds¥ n(g{%tﬁf@ clixerspacenifation a squgowhd thapgauses éaué’o@fst@dm‘ﬁlmﬁw of

i nt er nal qg%ﬂjg?)( oxycodone) and extracted on the C18 solid-phase
cartridges ( format, 3M according to the follow ng procedure. The
cartridddés were activated by applying 500 L nethanol followed by 500 M. of

water. Then Itn vzvosﬁngpmgcsolg\g%r ©

The compounds of the present invention may be tested for in vive distribution

to brains afier iv., p.o. or ip. injection using, for example, the following test.

15  Spragwe Dawley rats were dosed 10 mg/kg i.p. the test compound. The dosing

solution was in 25 % 2-hydroxypropyl beta-cyclodextrin (HPBCD) and the dosing

volume was 5 mIi/kg. One hour after administration, the highest possible volume of

blood was drawn through cardiac puncture, Plasma was separated from the whole

blood by centrifugation and submitted for the analysis. Following the bleeding, the

20 whole brains were harvested, briefly rinsed in cold normal saline and then snap-frozen

in liquid nitrogen. Both plasma and brain samples were stored at —70 °C prior to
analysis. _

For analyzing the plasma samples, calibration curves were prepared by spiking

down amounts of analytes into commercially available control rat plasma. 200 pL

25  aliquots of standards and study samples were added with 800 pL aqueous solution of

internal standard (oxycodone) and extracted on the Cys solid-phase cartridges (96-well

format, 3M) according to the following procedure. The cartridges were activated by

applying 500 pL methanol followed by 500 ul. of water. Then the samples were

applied and cartridges were washed with 500 uL of water and then eluted with 2 x

30 500 pL of 1 % formic acid in methanol followed by 2 x 500 pL of 2 % ammonia in



applied and cartridges were washed wth 500 L of water and then eluted with
2 x 30 500 L of | %fornmic acid in nmethanol followed by 2 x 38dash28P7 2 o
amoni a i 2007 WD 2004/ 029059 PCTI US2003/ 0298 - ol .
Upon evapgygg?dgﬁﬁgd%% reconstitution, the sanples were ang 3T/§Uesg%g§£d%ﬁ% VB/ VB.
For analyzing the brain sanples, study sanples and control brains were
honogeni zed with water in ratio 1:10 (WV). Calibration curves were prepared
by spiking known anounts of the analyteg into control brain honpgenates.
500 gL 5 aliquots of standards and study”sanpl es brain honbgenates were
added with 500 L aqueous solution of internal standard (oxycodone) and
extracted on the C15 solid- phase cartridges, (96-well format, 3M according
to the proce@ﬁﬁhén‘ﬂes@WPBe%?’aEaﬁaﬁPTérmoﬁcorffglma dhamspmnles pyers analyzsd 1 on and

reconstituti Sanp) IX%E g nd

I nternal st aﬁg% M&r@%@@%ﬁﬁtgﬂﬁgéﬁoﬂe%ﬁﬁ% en g%geﬁ‘@%%@ﬁve (4.6 x
150 nm 3.5 homsgenizePavith whier $i Zatjo UNOEW: VRt Galibetibnrintves lveerd pashassdt by
conditions (specific gradient for each anal yte) using procedures well known

to those ofspiing kapynsameunts af the asalytes e @nirplibrai hamogeraies. y 26¢)

MS/MS., T anal vi e re reqistered as,"daughter" ions of,,analytes'

mol ecul a | GHEubl Qi pAtSugs pA0 1ReG RS bt HohEarrs o s ik R
condi ti ons wepRm@PidiEliced! (1REmEPSRnddd doMicHicHe) AR ktrBctb® ACIRE QY SBBYI Mum
selectivity and sensitivity. The concentrations of the unknown sanples were

cal cul at ed behweeicayridghe(I6paelh fsmat, SMyfacetrdingde thesproprtinmgdesatibast earliesfor ur ves.
The brain copcentrati.on expressed in."n r.. f tissue" were obt.ai ned by
Ul 1 piyi ng WAGH SIS o R R aBt FPaR Rt Mo eI e Bt B 1o
(dilution factosams.i ng the honogenation step). The brain-to-blood ratio

were cal cul ated as the ratio of the corresponding brain (br;g/ ) and pl asma
(ng/ nL) Woncent r af\n8igs pag inkegad standass mprarhrampiographed o ger ﬁ%@enda@ 18

tandard devj at i C t : f d
mmy Dot est eP P gk TSGR 33 Bibiopdiil HrRY B it fStoniife ERBRALTO,
as descri bedconditidun $épraific gtadiert. foBeachamaBic) wsing pfocddates, well kidevit taSthbse

Met hods
of ordinary skill in the art. The effluents were analyzed by MS/MS. The analyies

were registered as “daughter” ions of analytes’ molecular ions on the second
15  quadruple of the instrument. The MS/MS conditions were optimized for each
individual analyte to achieve maximum selectivity and sensitivity.

The concentrations of the unknown samples were calculated based on the
parameters of the corresponding calibration curves. The brain concentrations
expressed in “ng per g of tissue” were obtained by multiplying the corresponding

20 homogenate concenfrations by factor of 10 (dilution factor during the homogenation
step). The brain-to-blood ratio were calculated as the ratio of the corresponding brain
(ng/g) and plasma (ng/mL)} concentrations for each individual animal and the means
and standard deviation were calculated for the groups of three,

The compounds may be tested for their antinociceptive activity in the formalin

25 model as described in Hunskaar, S., O. B. Fasmer, and K. Hole, J. Neurosci. Methods
14: 69-76 (1985). Male Swiss Webster NIH mice (20-30 g; Harlan, San Diego, CA)
were used in all experiments. Food was withdrawn on the day of experiment. Mice
were placed in Plexiglass jars for at least 1 hour to accommodate to the environment.
Following the accommodation period mice were weighed and given either the

30  compound of interest administered ip. or p.o., or the appropriate volume of vehicle

(10 % Tween-80). Fifteen minutes after the i.p. dosing, and 30 minutes after the p.o.



14: 69-76 (1985). Male Swiss Webster NIH mce (20-30 g; Harl S@?OH ego,
CA) were used in all experinents. Food was w t hdrawn on thef%]gﬁ'c

experi mangvo%\gog/ godfere placed in Plexiglass jars for at %@ﬁﬁgzo%/@!% to
accomodate to e environment. Follow ng the acconmodation period nce

wer e wei ghed and given either the 30 conpound of interest adm nistered i.p.
or p.o., or the appropriate volune of vehicle (10 % Tween-80). Fifteen

m nutes after the i.p. dosing, and 30 rp'lgqt es after the p.o. 22 March 2007
WO 2004/ 029059 PCT/ US2003/ 029876 -10 dosing mce were injected with
formalin (20 L of 5% fornmal dehyde solution in saline) into the dorsal
surface of the right hind paw. Mce were transferred to the Plexiglass jars

and noni t or esihgrmicheveradnieetedrwith fermabinn{20| ple lof iys dormaldehygiet sodutionninect ed

aw. Period f  Licking and bi.tin re.recqrded Lp 5 mnute Jjnt |s for 1
g \rllvour a:‘te?saﬁql@ I#‘t(?rthﬁ%ioﬁsafﬁ‘ng Ii ntﬂgﬁﬂgp{ E&Pﬁ&%%h@%%ﬁ%ﬁ%#@“?‘ﬁ{% isi nded
manner  dur ip)ékipRg jakdbhd GYGiRred Y @8TdnouRP3Fiké shAR bf BitiRSHRNSe was

]
measured as |icking / bi tlglg.bet ween 0-5 mnutes, and the Tate phase was
measur ed fr dniedisd paw. Periodeef liching andebiting wees xseended éh S ahisutgrivterialsgfor deat ed

gr oups re,anal yze one- . . an Sl rj.an A , P _val ue
<0.05 wad coivst Sé?fetg““'?l% %ﬁﬁ 813%193'1%6%%’['%%%"\)\?% §8?€§1%N%®bfl?f§qaﬂléerac ute
and second phgisg td Lk eRld. NThe @ug e phiavef the Thinidinatkbotist YvastigasaRERAUNS
are considered to be efficacious for acute and chronic pain. The conpounds

may be test digkingr/ bifjag bepyesenf-p aninpgs, andethe delgmbasn wes masswed dronpAps0

(anti al | odynj d ' e Vel t i .

peri pher al %@u%g'u%)g%%? @ﬁ%ﬁ@@ﬁ%&%ﬁ%@&% g?/&?da S ﬁi}"’%&ﬁ@’%@fﬁigﬁé 200- 225
g were anestwt ngdgisnf bartwco (ANGV AN - A Povaluea<®D3 twiisecoakidéfed %igiificamnd 30 %
oxygen) and __their pody tenperature controlled during anesthesia through use

01;] a horiﬂgt HeviR g actytyniRehlocking thepeis and spqomd; piwss of i ferpplingigduseddipWrade at
L5 . - is .
the an Hﬁlf@%;a%gwﬁ%%% gﬁglfd?ﬁﬁé‘al‘éecrohélﬁé@& ﬁm%ﬁg&w&h@% a&gg LAF bdnic

bilaterally n spin nerves were then e expose I sol ated, and
tightly liggted with 6-0 silk suture. A sham operation was perforned

eXposing the Conty Al At e s Taj B8 tested for Hivir potontal for the tegioent of oome’ ©'

pain {antiallodynic and antihyperalgesic activities) in the Chung model of peripheral

15 neuropathy. Male Sprague-Dawley rats weighing between 200-225 g were

anesthetized with halothane (1-3 % in a mixture of 70 % air and 30 % oxygen) and

their body temperature controlled during anesthesia through uvse of a homeothermic

blanket. A 2-cm dorsal midline incision was then made at the 15 and L6 level and the

para-vertibral muscle groups retracted bilaterally. L5 and L6 spinal nerves were then

20  be exposed, isolated, and tightly ligated with 6-0 silk suture, A sham operation was
performed exposing the contralateral L5 and L6 spinal nerves as a negative control.

Tactile Allodynia: Rats were transferred to an elevated testing cage with a wire

mesh floor and allowed to acclimate for five to ten minutes. A series of Semmes-

Weinstein monofilaments were applied to the plantar surface of the hindpaw to

25  determine the animal’s withdrawal threshold. The first filament used possessed a

buckling weight of 9.1 gms (.96 log value) and was applied up to five times to see if it

elicited a withdrawal response. If the animal had a withdrawal response then the next

lightest filament in the series would be applied up to five times to determine if it could

elicit a response. This procedure was repeated with subsequent lesser filaments until

30 there was no response and the lightest filament that elicited a response was recorded.

If the animal did not have a withdrawal response from the initial 9.1 gms filament



Tactile Allodynia: Rats were transferred to an el evated testing cage with a
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the ani mal had a withdrawal response thip the next lightest filament in the
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30 there was no response and the lightest filanent that elicited a response
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initial 9.1 gns fil Nt 22 rch,2007 004/ 029059, PCTI US2003/ 029876
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filanment el iveid @shde af RYBENIRnAMirt NoS phddussest avesmgt heiha@eal dBdshdi@r each
animal, three neasurenents weré& nmade at every tine point to produce an

aver age wi t Aetevinationh lestaovare pedomnad priaritorand péds &, deand Jsehduss pest dmgor to

and meciiani tatiofRuch J3E P83E oh wt Bl rIbbRlshE trP L et oAl ca
Hyper al gesi genciaklyver e transferred to an elevated testing cage with a wire

mesh floor and allowed to acclimate for five to ten mnutes. A slightly
bl unt ed needl e wicharied ddvneosigenia:pRethtveare Sansieed b7 an levaicddpdinec@esi ng a

dinpling 10 { | ' t | | I, st d of the
needl e to cb"ﬁ‘@raﬁﬁﬁz‘%ﬂ %%%gl#lgﬁgggégéde%%éé g‘%@ﬁé ﬁ tleﬁ‘gﬂ ngb'rég%ﬁgﬁg%, t oo
short to beblunteddchendlelws teichipdad tie planak suifacé ofithiel hindpawethusingial dighplingl ti ne
of 0.5 Secong\jhp-rgi,% oper at ed si de paw of neuropathic animals exhibited an
exagger B edohihe skinaishont sepsiratiag the skine Mminisigtion gt theareedle 4 SOHIAMPANE hdr awal

tine of ten . A . p - : ¢ bt h
pave of t neObaralprodEee dREiucindifigtablor, Fsgeoic RIEANE LudFRube) 2
fi ve-ni nut eandarbitearily pgivérod ithdoeenl tippdfos iseecnd. Thhe dgerstedl sileasw of wer e

used to generate an average, w.t hdrawal ti f each tinme point.
d nauropat}?ic an\llmalsgethlte an exaggeratréﬁ w19c drawa responsepto the blunted

-d

needle. A maximum withdrawal time of ten seconds was used as a cutoff time.
15  Withdrawal times for both paws of the animals were measured three fimes at each
time point with a five-minute recovery period between applications, The three
measures were used to generate an average withdrawal time for each time point.
Tactile allodynia and mechanical hyperalgesia tests were conducted concurrently.
Pharmaceutical compositions within the scope of this invention include all
20 compositions wherein the compounds of the present invention are contained in an
amount that is effective fo achieve its intended purpose. While individual needs vary,
determination of optimal ranges of effective amounts of each component is within the
gkill of the art, Typically, éompounds of Formula I may be administered to
mammals, e.g. humans, orally at a dose of from about 0.1 to about 5 mg/kg, or an
25  equivalent amount of the pharmaceutically acceptable salt thereof, of the body weight
of the mammal being treated for pain one or more times daily, advantageously every 4
hours. For intramuscular injection, the dose is generally about one-half of the oral
dose. The pharmaceutical composition can, if desired, also contain one or more other
compatible pharmaceutically active agents.
30 The unit oral dose may comprise from about 5 mg to about 350 mg, preferably

from about 10 mg to about 300mg, conveniently from about 20 to about 300 mg of a
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about 0.25 to 75 (l)er cent. of active conpound(s), together with the
preferably from about 0.25 to 75 percent of active compound(s), together with the

7z

excipient.

15 The pharmaceutical compositions of the invention may be administered to any
animal that may expeﬁ-ence the beneficial effects of the compounds of the invention.
Foremost among such animals are mammals, e.g., humans, although the invention is
not intended to be so limited.

The pharmaceutical compositions of the present invention may be

20 administered by any means that achieve their intended purpose. For example,
administration may be by parenteral, subcutaneous, intravenous, intramuscular,
intraperitoneal, transdermal, or buccal routes. Alternatively, or concurrently,
administration may be by the oral route, The dosage administered will be dependent
upon the age, health, and weight of the recipient, kind of concurrent treatment, if any,

25  frequency of treatment, and the nature of the effect desired.

The pharmaceutical compositions of the present invention can take the form of
solutions, suspensions, emulsion, tablets, pills, pellets, capsules, capsules containing
liquids, powders, sustained- or controlled-release formulations, suppositories,
emulsions, aerosols, éprays, suspensions, or any other form suitable for use. The

30 pharmaceutical preparations of the present invention are manufactured in a manner



exci pient. 15 The pharmaceutical conpositions of the invention nmay be
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adm ni stration may be by parenteral, subcutaneous, intravenous,

i ntramuscul ar, intraperitoneal, transdé?mal, or buccal routes.
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conventional m xing, granulating, ~dragee-naking, dissolving, or
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the m xture of granules, after addi'ng sui e auxiliaries, if desited or
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pharmaceutically palatable preparation. Moreover, where in tablet or pill form, the

compositions can be coated fo delay disintegration and absorption in the

15  gastrointestinal tract thereby providing a sustained action over an extended period of

time. Selectively permeable membranes surrounding an osmotically active driving

compound are also suitable for orally administered compositions. In these latter

platforms, fluid from the environment surrounding the capsule is imbibed by the

driving compound, which swells to displace the agent or agent composition through

20  an aperfure. These delivery platforms can provide an essentially zero order delivery

profile as opposed to the spiked profiles of immediate release formulations. A time-
delay material such as glycerol monostearate or glycerol stearate can also be used.

Suitable excipients are, in particular, fillers such as saccharides, for example

lactose or sucrose, mannitol, sodium saccharin or sorbitol, magnesiun carbonate,

25  cellulose preparations and/or calcium phosphates, for example tricalcium phosphate

or calcium hydrogen phosphate, as well as binders such as starch paste, using, for

example, maize starch, wheat starch, rice starch, potato starch, éelatin, tragacanth,

methyl cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose,

and/or polyvinyl pyrrolidone, If desired, disintegrating agents may be added such as

30  the above-mentioned starches and also carboxymethyl-starch, cross-tinked polyvinyl

pyrrolidone, agar, or alginic acid or a salt thereof, such as sodium alginate,



agents such as fructose, aspartane or saccharin; flavoring a nts such as
peppermnt, oil of wintergreen, or cherry; coloring agents %P@@ErV|ng
agents, t I pharmaceutical | y pal atabl e prepara r,
where in 3@@3@%“%§5g||| form the conpositions can be cgg?gﬁ‘wghggﬁiy

di sintegration and absorption in the 15 gastrointestinal tract thereby
provi ding a sustained action over an extended period of tinme. Selectively
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Other pharmaceutical preparations which can be used orally include push-fit
gapsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
plasticizer such as glycerol or sorbitol. The push-fit capsules can contain the active
compounds in the form of granules which may be mixed with fillers such as lactose,

20  binders such as starches, and/or lubricants such as tale or magnesium stearate and,
optionally, stabilizers. In soft capsules, the active compounds are preferably
dissolved or suspended in suitable liquids, such as fatty oils, or liguid paraffin. In
addition, stabilizers may be added. The pharmaceutical preparation can be in the
form of a capsule as described in, for example, U.S. Patent No, 5,698,155,

25 Compounds of Formula I can be delivered in a controlled-release system or a
gustained-release system, or a delivery device that are well known to those of ordinary
gkill in the art, The coniroiled~ or sustained-release systems can be prepared by
methods known in the art (see, e.g., Goodson, in Medical Applications of Controlled
Release, vol. 2, pp. 115-138 (1984)). Other controlled- or sustained-release systems

30  discussed in the review by Langer, Science 249:1527-1533 (1990) can be used. In
one embodiment, a pump can be used (Langer, Science 249:1527-1533 (1990);
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controlled- or sustained-release of one or more active ingredients using, for example,

15  hydropropylmethyl cellulose, other polymer matrices, gels, permeable membranes,
osmotic systems, multilayer coatings, microparticles, liposomes, microspheres, or a
combination thereof to provide the desired release profile in varying proportions.
Suitable controlled- or sustained-release formulations known to those of ordinary skill
in the art, including those described herein, can be readily selected for use with the

20  active ingredients of the invention. The invention thus encompasses single unit
dosage forms suitable for oral administration such as, but not limited to, tablets,
capsules, gelcaps, and caplets that are adapted for controlled- or sustained-release.

Controlled- or sustained-release compositions can initially release an amount
of a compound of the present invention that promptly produces the desired therapeutic

25  or prophylactic effect, and gradually and continually release other amounts of the
compound of the present invention to maintain this level of therapeutic or
prophylactic effect over an extended period of time. To maintain a constant level of
the compound of the present invention in the body, the compound can be released
from the dosage form at a rate that will replace the amount of the compound being

30  metabolized and excreted from the body. Controlled- or sustained-release of an active

ingredient can be stimulated by various conditions, including but not limited to,
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example, ethyl oleate or triglycerides or polyethylene glycol-400 (the compounds are
soluble in PEG-400). Aqueous injection suspensions may contain substances which
increase the viscosity of the suspension, and include, for example, sodium
carboxymethyl cellulose, sorbitol, and/or dextran. Optionally, the suspension may
20  also contain stabilizers.

The following examples are illustrative.

EXAMPLE 1

25 N-methylhydromorphonium iodide (Hydromorphone methiodide)

Hydromorphone hydrochloride (1.9 g, 5.9 mmol) was dissolved in 50 mL of

water. To this solution, 50 mL of 20 % isopropanol/chloroform was added and the
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(iodide ion), 44 %, 4.25 min (product), and I %, 5.2 min (hydromorphone). The

reaction mixture was diluted with 10 mL of acetone and filtered. The filter cake was

esane

washed with 3 more 5 mL fractions of acetone and air dried to give 2.4 g of
hydromorphone methiodide (88 % yield). The yield was not optimized. The product
15 was dried over night under high vacuum. HPLC anal. 54 %, 3.2 min (iodide ion), 44
%, 4.25 min (product), and 1 %, 5.2 min (hydromorphone).
The HPLC conditions were as follows: Alltech Alitima Cig, 5 p, 4.6 x 250
mm coluinn; mobile phase 65:30:5 water:Al:methanol; 254 and 220 nm monitoring
wavelenghts, Al = 700 mL of water, 300 mL of methanol, 3 mL of tricthylamine, and
20  enough phosphoric acid to give a pH of 3.4.

EXAMPLE 2
Evaluation of N-methylhydromorphone in iz vitro and in vivo Assays

N-methylhydromorphone was tested for its p opioid receptor binding activity

and its functional profile at p opioid receptor as described above, N-

25 methylhydromorphone was also tested for in vivo distribution to brains using the
assay described above. The results of N-methylhydromorphone and other compounds

in these tests are represented in Table 1,
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TABLE 1 Eval uation of the Tested Conpounds as Agonists of Opioid Receptor
invitro and in




vivo Assay and the Penetration of the Blood-Brain Barrier 9

Activity/ Brain/ Conmpound name |{/M EC50/nM Efficacy % DAMZ3 Ma@baom

N- net hyl hydr onor phone 90 28 817 83 29 1 0.02+0.01 Hydronorphone 0. 46
0.08 31 +2 46+4 0.33 0.05 Morphine 1.70.07 118 28 56 4 0.420.13
Oxycodone 20 4 2537 310 46+5 2.51 0.51 5 The results of the tests show

t hat N-net hyl hydr onor phone has potency and efficacy simlar to oxycodone
and hydronor phone, but it does not perétrate the CNS. 22 March 2007 -19
VWHAT IS CLAIMED I S: 1. A conpound having the Fornula I: RCH3 N@H \ / |
HO O H O or wipdpiyatauMEm@id.y acceptable salt thereof, wherein: Ris ClL.6
al kyl. 2. The conpound of claiml, wherein Ris Cl.4 alkyl. 3. The conpound
of claim2, wherein Ris nethyl or ethyl. 4. The conmpound of claiml1,
wherein said conppund qsg% ne or a pharmaceutically
acceptabl e salt tfr)ler eoﬁg%om-po e co'% n {ﬂggl aim4, wherein said conpound
is hydronorphone nethiodide. 6. A pha tical conposition, conprising
one or nore conpounds as clainmed in clajy®ml, and a phar maceut i cal | y
acceptable carrier or diluent. 7. Th nposition of claim®6, conprising
fromabout 5 ng to H

HO o X o

or a pharmaceutically acceptable salt thereof, wherein:
Ris Cis alkyl.
2. The compound of claim 1, wherein R is C;.4 alkyl.

3. The compound of claim 2, wherein R is methyl or ethyl.

4. The compound of claim 1, wherein said compound is N-

methylhydromorphone or a pharmaceutically acceptable salt thereof.

5. The compound of claim 4, wherein said compound is
hydromorphone methiodide.
6. A pharmaceutical composition, comprising one or more

compounds as claimed in claim 1, and a pharmaceutically acceptable carrier or

diluent.

7. The composition of claim 6, comprising from about 5 mg to

about 350 mg of said one or more compounds.



about 350 ng of said one or nore conpounds. 22 March 2007 -20 onpound
as clainmed in any one of clains 1-5 for use as a nedi canent 2?Mm%hr28§'f| ng,
aneliorating or preventing pain in a mammal suffering therefrom 9. The
conpound of claim@8, wherein the use is for treating, preventing or
aneliorating chronic pain. 10. The conpound of claim8 or claim9, wherein
the conmpound is suitable for admnistering orally at a dose of about 0.1 to
about 5 ng/ kg of the conpound, or an 2quival ent anmount of the '
pharmaceutically acceptable salt thereof, of the body wei ght of the nmanmal
every 4 hours. 11. Use of a conpound as clainmed in any one of clainms 1-5 in
the manufacture of a nedicanent for the treatnent, anelioration or
prevention of padn i nAascompavnd as gldimed titgam}hem&iaﬂf olaims] 2-5 fomaiseigeaof cl ai m

11, conpri si ng i he clure of ament for _the treat msntl
prevention oft g’ﬁ%‘?’fﬂ&rir grﬁa ik CW%}WF%U%PH pri‘ffntl"i’ﬁepeﬂgemoﬁ BPA 11 or claim
12, conpri si ggfdrine thaeidact ure of a medi canent suitable for adm nistering

t he conpound orall'y at a dose of about 0.1 to about 5 ng/kg, or an

equi val ent anount of the pharmaceutically acceptable salt thereof, of the

body wei ght of ”‘6. rraminﬁfl: c%x‘ﬁ%%&n(fl orf‘ tain 8, wherein the use is for treating,

preventing or ameliorating chronic pain.

10.  The compound of claim 8 or claim 9, wherein the compound is
suitable for administering orally at a dose of about 0.1 to about 5 mg/kg of the
compound, or an equivalent amount of the pharmaceutically acceptable salt

thereof, of the body weight of the mammal every 4 hours.

11.  Use of a compound as claimed in any one of claims 1-5 in the
manufacture of a medicament for the treatment, amelioration or prevention of

pain in a mammal suffering therefrom.

12 The use of claim 11, comprising the manufacture of a

medicament for the treatment, prevention or amelioration of chronic pain.

13.  The use of claim 11 or claim 12, comprising the manufacture of
a medicament suitable for administering the compound orally at a dose of
about 0.1 to about 5 mg/kg, or an equivalent amount of the pharmaceutically

acceptable salt thereof, of the body weight of the mammal every 4 hours.



