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tramadol was introduced into cl | nical practice in the 1970s without

expect ati on of nechani st i CARBOXAMIBOOPIOID'COPMROUNDS he data gathered to
date in preclinical studies, clinical trials, epidemological reports, and
wi despread use in patients indicate that a differentiation is appropriate.
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nmor phi ne. Thefereneein itsa¢ntoetyof - opi oi d receptors appears to be one of the
conponents of tramadol's nmechani sm of action, but insufficient on its own

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

The research and development of the invention described below was not
federally sponsored.

BACKGROUND OF THE INVENTION

Tramadol hydrochloride, (1RS, 2RS)-2-(dimethyl-amino)-methyl-1-(3-
methoxyphenyi)-cyclohexanol HCI (tramadol), is a centrally-acting analgesic that
has an unexpected distinction from morphine, the prototype pure opioid
analgesic. Although tramadol was introduced into clinical practice in the 1970s
without expectation of mechanistic differences from opiates, the data gathered to
date in preclinical studies, clinical trials, epidemiological reports, and widespread
use in patients indicate that a differentiation is appropriate.

Tramadol is an atypical centrally acting analgesic in that its efficacy appears to
be attributable to multiple mechanisms of action. The compound and its
enantiomers bind with weak affinity to rodent and human p—opioid receptors and
with less affinity for 6- or k-opioid receptors. Tramadol's O-desmethyl metabolite
binds with higher affinity than the parent compound, but still with much lower



to explain tramadol's antinoci ceptive and anal gesic potency and efficacy. A
second, non-opioid conponent is suggested by several observations that

i nclude the_i e nal oxone reversibility in nost a and in
human triaﬁ@bqgﬁg?&ﬁﬁe attenuation of its antinociceptlagﬁ®¢n§ﬁ§$%§%
effect by non-opioid antagonists. Hence, the results are consi stent mnth
dual contributions, opioid and non-opioid, with the predom nant

contribution perhaps being dependent upon the species, route of
adm nistration, or particular nature of the pain. The source of the dual
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03/ 048113, issued June 12, Senanayake ., Seprecor

Assi gnee) tnmﬁqrﬁ@tr@ar@a@ple@eﬁot edwaesantiomersimastramadel opa deinoveereon of

t ramadol 3;5| idAkEWhah the'dmwgh the conversion of its hydroxy metabolite to
the correspo 8|ng gl'ucuroni de. The present invention replaces the nethoxy
substituent of tArmigebids thali ageratevia thexaopidio rgceptpor are typically phenols and

phenol ethers. They frequently suffer from the drawback that they are
metabolically inactivated by conversion to glucuronides, which are rapidly
excreted. The carboxamide group has been found to be an effective bioisosteric
surrogate for the phenol group in certain benzomorphans and morphinans, which
has led to a series of opioids with a superior biological lifetime (Wentiand, M. P.
et al. Bioorg. Med. Chem. Left. 2001, 11(5), 623-6; Wentland, M. P. et al.
Bioorg. Med. Chem. Lett. 2001, 11(13), 1717-1721, Bidlack, Jean M. et al. J.
Pharmacol. Exp. Ther., 2002, 302(1), 374-380).

" The preparation of certain 1-aryl —(2-dialkylaminomethyl)cycloclohexan-1-
ols is disclosed in PCT application WO 03/080557, issued Oct. 10, 2003
(Sundermann, B. et al, Grinenthal GMBH Assignee.). A genus of tramadol
analogs is disclosed in PCT application WO 03/048113, issued June 12, 2003
(Senanayake, C. H. et al., Seprecor Assignee).

Thus there is a need to address the metabolic inactivation of tramadol that
occurs through the conversion of its hydroxy metabolite to the corresponding
glucuronide. The present invention replaces the methoxy substituent of tramadol
with a carboxamido group.



2 WD 2005/ 113486 PCT/ US2005/ 016581 SUMVARY OF THE | NVENTI ON The present
i nvention provi des carboxam do opioid conpounds of Fornula (I): HO CONR3R4

NR R2 For nwbaodsiixzsspvherein: R and R2 are i ndependent | ypEeb®oismdsskt om t he
group consisting of hydrogen, |ower alkyl, and al kyldiyl wherein R and R2
are taken together wth the atons to which they are attached to forma
nonocyclic ring; R3 and R4 are independently selected fromthe group

consi sting of hydrogen, |ower alkyl, C3.7cycloal kyl, and al kyl diyl wherein
R3 and R4 are taken together with the atons to which they are attached to
forma nonocyclic ring; Y is hydrogen, |ower alkyl, |ower alkoxy, hal ogen,

or trifluoronethyl; and phamumoarRyY ofrlTHE AOENTION € enanti oner s,
di astereoners, tautoners, solvates and salts thereof. BRI EF DESCRI PTI ON OF

THE DRAW NGS Fi gure 1 shows the antihyperal gesic effect of Conpounds 3 and 4

in arat CFA raﬁ., %Oé]ﬂrﬂ;vegg%gf,mgdeg%}b%?‘gﬁgﬁ%p@?g}gmp?hg&% g\lz shows t he

anal gesi c effect of spl na L) nodel of
neur opat hi cFeraiuta (I8 WO 2005/ 113486 PCT/ US2005/ 016581 Figure 3 shows the
results of a study of the devel opment of tolerance to the antiallodynic

effect of Conpound 3. P4 \
HO = /—CONRR?

NR'R?

Formula (I)
wherein:
R'and R? are independently selected from the group consisting of
hydrogen, lower alkyl, and alkyldiyl wherein R' and R? are taken together
with the atoms to which they are attached to form a monocyclic ring;

R?and R* are independently selected from the group consisting of
hydrogen, lower alkyl, Cs.zcycloalkyl, and alkyldiyl wherein R®and R* are
taken together with the atoms to which they are attached to form a
monocyclic ring;

Y is hydrogen, lower alkyl, lower aikoxy, halogen, or trifluoromethyt;

and pharmaceutically acceptable enantiomers, diastereomers, tautomers,

solvates and salts thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the antihyperalgesic effect of Compounds 3 and 4 in a rat CFA

radiant heat model of inflammatory pain.

Figure 2 shows the analgesic effect of Compound 3 in a spinal nerve ligation
(SNL) model of neuropathic pain.



Figure 4 shows the results of a study of the devel opnment of tolerance to the
antiallodynic effect of norphine. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Enbodi ment swar20081a3486esent i nventi on i ncl ude those conporod®smdsolEssanul a (1)
wherein RL and R2 are independently selected fromthe group consisting of
hydrogen and Cl. 4al kyl . Enbodi nents of the present invention include those
conpounds of Fornula (I) wherein R and R2 are independently selected from
the group consisting of hydrogen and nethyl. Enbodi nents of the present

i nvention include those conmpounds of Fornula (I) wherein R and R2 are each
met hyl . Enbodi nents of the present invention include those conpounds of
Formul a (1) Figoes 8ishows tigwdstiMs off £studyeppiedenélopment sfabletarfdeadtiidie gr oup
consi sting of hly rq&eﬁ, CJf al kq;]/al , .C3. 7cycl oal kyl, and Cl4ai kyl diyl wherein
R3 and R4 aptialipdynicefrggld UPH 3t he atoms to which they are attached to
forma nonocyclic ring. Enbodi nents of the present invention include those
conpounds of Fornul a é)‘lf) wherein R3 and R4 are independently selected from
the group EigHEs4sheys ewu%gfea],stuwwp,deaﬂgpwmQfgpbpanqetntlwa 2005/ 113486

PC1/ US2005/ : i 0f the present invention include those
R mESpRe i

conmpounds o ein R3 and R4 are each hydrogen. Enbodi nents of
the present invention include those conpounds of Fornula (I) wherein Y is

hydr ogen, Cl4al kyl, C1. , j of the present
i nvention include thosﬁ&ﬁggér%@éggﬁﬂgéﬁu%%TF@W@bﬁ Y i s hydrogen,
met hyl , or methoxy. Enbodi nents of the present invention include those
conmpounds of . . Lo

Embodiments of the present invention incilude those compounds of
Formula (I) wherein R' and R? are independently selected from the group

consisting of hydrogen and Ci4alkyl.

Embodiments of the present invention include those compounds of
Formula (I) wherein R' and R? are independently selected from the group
consisting of hydrogen and methyl.

Embodiments of the present invention include those compounds of
Formula (I) wherein R and R? are each methyl.

Embodiments of the present invention include those compounds of
Formula (I) wherein R?® and R* are independently selected from the group
consisting of hydrogen, Cy4alkyl, Cs.7cycloalkyl, and Ci4alkyldiyl wherein R®and
R* are taken together with the atoms to which they are attached to form a
monocyclic ring.

Embodiments of the present invention include those compounds of
Formula (I) wherein R® and R* are independently selected from the group

consisting of hydrogen, methyl, and cyclopropyl.



Formula (I) wherein Y is hydrogen. A further enbodi nent of the present

i nvention includes those conpounds of Formula (1) as their 1 R 2R/ 1 S,
2S enant i omawo eoopaixse Exenpl i fied conpounds of the presemcTiusymsbiedsy | ncl ude
3-[(1-RS, 2-SR)-2-[(dinethylam no)nethyl]-1-hydroxycycl ohexyl]-benzam de;
3-[(1-RS, 2-RS)-2-[(dinethylam no)nethyl]-1-hydroxycycl ohexyl]-benzam de;
(-)-3-[(1 R

2R) -rel - 2-[ (di net hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ] - benzam de;

(+)-3-[(1S, , : o

2S) - rel - 2- [ (di meEMRosimenss eEtheyrresentinention inpludstosp ompamwpdicle;  3-[(1- RS,

2- RS) - 2- [ (dipgpinbg @wmsemerhand R afysicwtyaysdenhexyl | - N, N-di et hyl - benzami de;
N-cycl opropyl - 3-[ (1- RS,
2-RS) - 2-[ (di et hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ] - benzam de; and

3-L(L-RS 2-RS) - EmddlioteiS br f1E S84 SR ifVelnlion in2K ik Bodey Corisiints br

nmet hyl benzam de. e conpoun present 1 nvention may al so be present
in the formFasmula®ywiserein Y isshydpogars €puallyleCsalkaxy, dtdralege. i n nedi ci ne, the
salts of the conpounds of this invention refer to non-toxic
"pharmaceutically acceptable 5 WD 2005/113486 PCT/ US2005/016581 salts"
(Ref. I nternati oEambodimétitaofithe préént id@ntidd ihcRitié those ddmoun8siof, 1997 (Jan),

66, 1, 1). her. sal ts may, .however, b seful.,in the preparation of
conpounds ?ﬁ@Plﬁ(ﬂg‘"Q?fe\’%Yésh'i‘ ’%QE'LHFP??)H- FMeNBXY  phar maceut i cal |y
acceptabl e salts. Representative organic or inorganic acids include, but are

not limted to, _hydrochloric, hydrobromc, hi/dri odi c, perchloric, sulfuric,
nitric, phosphor EMbodipents of the prgsemiirventon inglude thesecgqrapounds ©f ni c, nal ei c,

fumaric, malgdgmulA(fehdrein €id AydrogerPenzoi c, nmandelic, methanesul fonic,
hydr oxyet hanesul foni c, benezenesulfonic, oxalic, panoic,

2- napht hal enesul foni ¢, p-toluenesul fonic, cycl ohexanesulfamc, salicylic,

saccharini c ot i d gy GASitnP6 e pRERNERGEHBN NEuQSLRBLE cBhpbliisaan C

of Formula () as their 1R, 2R/ 1S, 2S enantiomeric pair.

Exemplified compounds of the present invention include
3-[(1-RS, 2-SR)-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl}-benzamide;
3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl]-benzamide;
(-)}-3-[(1R, 2R)-rel-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl}-benzamide;
(+)-3-[(18, 28)-rel-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl}-benzamide;
3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl]-N, N-diethyl-
benzamide;
N-cyclopropyl-3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl}-1-hydroxycyclohexyl]-
benzamide; and
3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl]-N-
methylbenzamide.

The compounds of the present invention may also be present in the form
of pharmaceutically acceptable salts. For use in medicine, the salts of the
compounds of this invention refer to non-toxic “pharmaceutically acceptable



bases include, but are not limted to, basic or cationic salts such as
benzat hi ne, chl oroprocai ne, choline, diethanolam ne, ethyl enedi am ne,

megl um ne, Wwomoes/ned486 al um num cal cium |ithium mnMagnesPOTSIOCYEESBI UM

sodi um and zinc. Where the conpounds according to this invention are chiral,
they may accordingly exist as enantioners. In addition, the conpounds may
exist as diastereoners. It is to be understood that all such stereoisoners
and racem c mxtures thereof are enconpassed within the scope of the

present inv 0B, FUrther nor SO cLyst Lne . or r \the
conpounds rrgé);se igft ’"5%’"812%%@67@'3 agb'rs]ﬁ)éﬁﬁﬁfr'éﬁ H??r &l @752 I'f)ncl uded
i n the preseésat,iyotdraalts hray, addé\térpﬂs\e usefofin the prieﬁamup@ﬂadapmmform
solvates with ter {r@h hydr at eré% Co n or‘?anl sol vents, and such
sol vates ar éc%ﬂ 189t 'Géﬂmt Peoft ’c‘?ﬂ‘?ﬁ@é@ icgly §ne of this

i nvention. H@b%%én@ﬂ@&bfg‘aﬁ@ d?ﬁﬁtﬁb&‘hsé%csd%%l&dﬂ But é&leiﬁﬂt hm’itétfiﬁf s to a
saturated straight branched Chai n consi sti ntg solely of 1-8 hydrogen

substit ut ed hwpﬁaﬂrlraﬁwﬁ@brorwpehw@sw Pe@h@'ﬁyﬂﬂ égérﬂ'@GthqSlPUP% car bon
atoms; and, E&%t meg?Jnﬁ@WcMh hcﬁc léH%Hathrﬁgllcc?érgﬂi@ alfs. Unl ess

speC|f|ed ot term " al koxy ers 'saturated straight or
branched hybeqzsig, Mndehalmemamﬁwbnucawmmyedmneedtbm behezenesulertlic,of t he

hydr ogen at r he, | j (o] carbon 6 WO
26051 11343655 BRHES7 HHEEEHeNEBHE B heheluBhit Btigneldieqtightc e

subst i t ut ed salaylicsaethanaic giteffueraddefic atidc Repyesentativeoundpatic bulneql;aum:r bon

atons; and, _nost. f er abl -4 hydrogen substityted car tons. The
novel car onaﬁsdBaﬂg?&ugaﬁ%%im@B tgfba{%pfeorpqaﬁg@ﬁtsa ?ﬁ‘é‘fﬂ?%ﬁ engaling s of y|

- opi 0i d r ecehlbprovahd, aholire, diethamaldming) éthylehétiaring! megnmn@,qmmm opi oi d
conpounds are - opi o%cj .receptor nodul ators, useful as a esi cs.

Fur t her nor e @UMIREM; ¢AlGIUR, "tBEh’Fbmeéb’"bFﬂoéﬂs&'%ﬁBSWthncgpgc| s- opi oi d

recept or nodul ators

Where the compounds according to this invention are chiral, they may
accordingly exist as enantiomers. In addition, the compounds may exist as
diastereomers. ltis to be understood that all such stereocisomers and racemic
mixtures thereof are encompassed within the scope of the present invention.
Furthermore, some of the crystalline forms for the compounds may exist as
polymorphs and as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water (i.e., hydrates) or
common organic solvents, and such solvates are also intended to be |
encompassed within the scope of this invention.

Unless specified otherwise, the term "alky!" refers to a saturated straight
or branched chain consisting solely of 1-8 hydrogen substituted carbon atoms;
preferably, 1-6 hydrogen substituted carbon atoms; and, most preferably, 1-4
hydrogen substituted carbon atoms. '

Unless specified otherwise, the term "alkoxy" refers to a saturated straight
or branched hydrocarbon chain alcohol radical derived by the removal of the
hydrogen atom from the hydroxide oxygen of the alcohol. The hydrocarbon



useful as analgesics with inproved pharnmacoki netic properties. Exanples of
pain intended to be within the scope of the present invention include, but
are not | iwobee/misgecentral ly nmedi ated pai n, peripheral pyroedesaiesd pai n,
structural or soft tissue injury related pain, progressive disease related
pai n such as cancer pain, neuropathic pain and acute pain such as caused by
acute injury, trauma or surgery and chronic pain such as caused by
neuropat hic conditions, diabetic peripheral neuropathy, post-herpetic
neural gia, trigem nal neuralgla,, 6 post-stroke i n ndrones or .cJuster or
o ai ne- hethAR RausSts saleti 198 PiasBOeh atheitilen oD AR et i g
receptor nopyragén SutssBtutEecaBb® BN GndCmesttraerdtly, 1128 hy@rogesdur es descri bed
herein. An enbodi rent of the invention is a pharnaceutical "conposition

conpri si ng Sstikitedparbog giaFdtinds of this invention in association with a
pharmaceutically acceptable carrier. Another enbodinent is a pharnmaceuti cal
conposition made by m xi ng any of the conpounds descri bed above and a

phar maceut i cal | yThecneyel edrbexanaideiopioid gormpourndsrof dhebpresertinvention ape ocess f or

descr i bed apeud HaHboETeraRAEREHY L (IR AR aR Aot BB ey
enbodi ment  @dmpduhdar=Re ardpidid Yedtptad madulatorse tiseidl dPandigenids. Farthérimbrerodul at ed
by a nu-opioid ligand. In the nethod for treating pain nodul ated by a

- opi oi d | i gthednstaetcarpaxamidePpipichcomapunds aresiropieid recapipeswpduladersof any of
thor apeut | carig s agEis visiersRo ittt iiche dpmilines. EieitpierSr T, 0 11 @
conpound mapaibénteddediodiecwithin the scopelof tet presentémaention inchuatenbut arbyiotiny
Convent ! onelgt e oSl T ab BB g A B4R, o2
(i.e. subcutissuedniary relatéd painsprogmissive disease related pali suxheasocehcet pair,.

neuropathic pain and acute pain such as caused by acute injury, trauma or

surgery and chronic pain such as caused by neuropathic conditions, diabetic

peripheral neuropathy, post-herpetic neuralgia, trigeminal neuralgia, post-stroke

pain syndromes or cluster or migraine headaches. The utility of the instant

compounds as p-opioid receptor modulators can be determined according to the

procedures described herein.

An embodiment of the invention is a pharmaceutical composition
comprising one or more compounds of this invention in association with a
pharmaceutically acceptable carrier. Another embodiment is a pharmaceutical
composition made by mixing any of the compounds described above and a
pharmaceutically acceptable carrier. A further embodiment is a process for
making a pharmaceutical composition comprising mixing any of the compounds
described above and a pharmaceutically acceptable carrier. Still another
embodiment of the present invention is a method for treating pain modulated by a
mu-opioid ligand. '

In the method for treating pain modulated by a p-opioid ligand there is

administered to a subject in need thereof any of the compounds as defined

7



Anot her enbodi nent of the invention is a nethod of treating pain in a
subject already tolerant to one or nore -opioid nedications other than a
conmpound orwoangpsaukde as defi ned herein, which nethod corgIiURess/016581

adm nistering to the subject in need thereof any of the conpounds as defined
herein in a therapeutically effective dose to nodulate the -opioid receptor.
The conpound nay be adm nistered to a subject in need of treatnent by any
conventional route of admi nistration including, but not limted to oral,
nasal, sublingual, ocular, transdermal, rectal, vaginal and parenteral

(i .e. subcubeipiddn @ therapeutigally effective dose tamedutate the-epigyegeptet.cThe A

therapeut | 98drh¥otﬁ1fdfrﬁ§§ Pléf gﬁm@ﬂ&e&%ﬁo%bﬁa Fnﬁ?eédggtn%%m&&rmp s of a

phar maceut i cal™ conpos ereof conprises a dose range “of “from about
0. 001 ngy teconabotianal r@0E ofrgdministyation including, butorat dinited t® odal,mpsah about 500 ng

, dcularly f b 2 . of ' di
oL o PR GLh R t! FSBRERA et B R 8 BBl
herei n may ihtramadeiiay, fitadetmalnintavatbue@tc.fJose rel ative to their hydroxy

counterparts as permtted by their inproved pharnacokinetic profile. For
oral adm nistration, a pharmaceutical conposition is preferably provided in

the form of tablgicthéramsddimnast ofthdihveRtidhds alndthod obtredtig palnha5. 0, 10.0,
15.0, 25.0, 50.0, 100, 150, 200, 250 and 500 mlligrams of the active

i ngr edi ent $ubject akeady ojarantde ope KAMEese Heapioid edinatigps aler thantthe subj ect to

be treated. rﬁ%’ t H‘gﬁ]m | tion may be
adm ni st er e%o I'n Lg‘% c@%ﬁgf@hﬁg? %’ ose orrabh%nﬁgﬁiﬁﬁ(g‘ghdgaﬁg%age may be
adm ni st er eadministeringde dhel sgtgect imheedtheradiaey obthefcompaunde asdiefihgd 8 WO
2005/ 113486, PCT/.US2005/ 016581 _It.is apparent, to one skilled in the art that
the ther apelfTFidP |aflﬂsrfap_se'_e<f g eigeyerises E%moga'aieomm@gddﬁcmaﬂi fR%nti on or
a phar maceugdrgdun@afiBy bk adAimistericaela subjdct inided cttRatiemdyt shyt he desired
effect. Therefore, optinmal dosages to be, : .

conventional route of administration including, but not limited to oral, nasal,

" sublingual, ocular, transdermal, rectal, vaginal and parenteral (i.e. subcutaneous,

intramuscular, intradermal, intravenous etc.).

A therapeutically effective dose for use of the instant compounds or a
pharmaceutical composition thereof comprises a dose range of from about 0.001
mg to about 1,000 mg, in particular from about 0.1 mg to about 500 mg or, more
particularly from about 1 mg to about 250 mg of active ingredient per day for an
average (70 kg) human. The carboxamido opioids described herein may be
administered in a reduced dose relative to their hydroxy counterparts as
permitted by their improved pharmacokinetic profile.

For oral administration, a pharmaceutical composition is preferably provided
in the form of tablets containing, 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 6.0, 10.0, 15.0, 25.0,
50.0, 100, 150, 200, 250 and 500 milligrams of the active ingredient for the
symptomatic adjustment of the dosage to the subject to be treated.
Advantageously, compounds of the present invention may be administered in a
single daily dose or the total daily dosage may be administered in divided doses
of two, three or four times daily.



adm nistered may be readily determned and will vary with the particul ar
conpound used, the node of adm nistration, the strength of the preparation,

and the ad of the di sease condition. In additi r
associ at ed\{ﬁmpgﬁﬁ{}%e particul ar subject being treated, ?ﬁ@ﬁ‘%ﬁ‘ﬁ%@“i"dbj ect

age, weight, diet and tine of admnistration, wll result in the need to
adj ust the dose to an appropriate therapeutic | evel . Conpounds of this

i nvention may be admi nistered in any of the foregoing conpositions and
dosage regi nens or by nmeans of those conpositions and dosage regi nens
established in the art whenever use of the conpounds of the invention as
nu-opi oi d receptor nodul ators is rggg ired for I n_need  thereof.

Abbr evi at i ons ul iScPRR3rentdo pReskited i tbeiaft tB%tttf‘% H‘erﬁ%ﬁ'{t‘icébf effaqlive AeS&chenes

and Exanpl Fb?’acﬁﬁéc&ﬁ%&mds%ﬁhe (REntIn Srisharmatafieaconthositidd er8eial DMF =
di met hyl f or mam de -bi s(di ;‘)_hen hos hi no)ferrocene EtQAc = et hyl

acet at e Et Up{y-2ceoigingto the deSIMeﬂfeqﬁo heye @pﬂmal dosages to be

O 7 heabeggiliuatldy bbdeqhphdled FEEHINLH A Wl U ophosphat e
2005/ 113486omEavndSesmt; el B®de of administration, the strength of the preparation, and

the advancement of the disease condition. In addition, factors associated with

the particular subject being treated, including subject age, weight, diet and time

of administration, will resuit in the need to adjust the dose to an appropriate

therapeutic level.

Compounds of this invention may be administered in any of the foregoing
compositions and dosage regimens or by means of those compositions and
dosage regimens established in the art whenever use of the compounds of the
invention as mu-opioid receptor modulators is required for a subject in need
thereof.

Abbreviations used in the instant specification, particularly the Schemes
and Examples, are as follows:

Cpd or Cmpd= compound

d = day/ days

DMF = dimethylformamide

DPPF = 1,1’-bis(diphenylphosphino)ferrocene

EtOAc = ethyl acetate

EtOH = ethanol

h = hour/ hours

HATU = O-(7-Azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium
hexafluorophosphate

M = molar

MeCN = acetonitrile

MeOH = methanol

min = minutes



rt/ RT = roomtenperature THE = tetrahydrofuran TFA = trifluoroacetic acid
Orf =triflate TEA = triethyl am ne GENERAL SYNTHETI C METHODS Representative
conpounds oWwdtdoes/msa@sent i nvention can be synthesized i npcaoSITAESE W t h

t he general synthetic nethods described above and are illustrated nore
particularly in the schemes that follow Since the schenes are
Illustrations, the invention should not be construed as being limted by the
chemi cal reactions and conditions expressed. The preparation of the various
starting rra%tﬁéjrals used in the schemes is well within the skill of persons
versed in art. Duri nfPOEhiPTORErBWER processes for preparation of the
conpounds ofHFhe present idtilanpdrof@an it My be necessary and/or desirable to
protect sengitive or reactive groups on any of the nolecul es concerned.
This may beTB®hi eved=by Hiiaroaseticarident i onal protecting groups, such as
those descrpled in Prot ecggﬂg% Goups in Oganic Chemstry, ed. J.F. W

McQOm e, Plenum Press, 1973; and T.W Geene & PP.GM Wits, Protective

G oups in OFGAni c Syrt hestriethyleshine Wl ey & Sons, 1991. The protecting groups
may be renoved at a convenient subsequent stage using nethods known from
the art. Representative conpounds of the present invention may be
synthesized by the net hodsGENERAL SYNTHETICIMBFRODS Cycl ohexanone Al nmay be
el aborated using a Mannich reaction with fornal dehyde and an am ne of
formula A2 to give .a conpound of formula A3, wherein Rl and R2 are as
previously defi rReprefentativielbopipcunds of e present IM@AESH CaR besgmhésiadd ihor mul a

A4, prepared accordi n@] Eo the literatur &K ochel , Ig et @I. Synlett, 2003,
6, 885-887) ?C‘}?é@a%é“é B8 geperz! Ruttbele metnods pasarbed @abpye gpd@ey conpound of
formul a AS.jkstRaédRidte PartidulaAYTPHBG cRémes that follow. Since the schemes are

illustrations, the invention should not be construed as being limited by the
chemical reactions and conditions expressed. The preparation of the various
starting materials used in the schemes is well within the skill of persons versed in
the art.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Protective
Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and

T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John

Wiley & Sons, 1991. The protecting groups may be removed at a convenient
subsequent stage using methods known from the art.

Representative compounds of the present invention may be synthesized ‘
by the methods illustrated in Scheme A. Cyclohexanone A1 may be elaborated
using a Mannich reaction with formaldehyde and an amine of formula A2 to give
a compound of formula A3, wherein R! and R? are as previously defined. A Y-
functionalized aryl-magnesium reagent of formula A4, prepared according to the
literature (Knochel, P. et al. Synlett, 2003, 6, 885-887), may be added to a ketone
of formula A3 to give a compound of formula A5. Treatment of a compound of

10



10 WO 2005/ 113486 PCT/ US2005/016581 fornula A5 wth hydroxide ani on

provi des carboxam do conpounds of fornula A6. Scheme A O HNRIR2 NC MgX Al O
HO CN 6 CHRO2805MRI4B2 A4Y NRCR2 KOH Al A3 AS HO CONH2 iR16%2005A%6s8Chene B
shows an alternative synthetic route to conmpounds of the present invention.
Starting with a Y-functionalized derivative of a tramadol netabolite, B1,
whi ch may be synthesized using nethods known in the literature, treatnent
with triflic anhydride provi des conmpounds of formula B2. Conmpounds Schene B

. TEA R AT WThi e i Ges (3bosern Bpoig: oligtTRR oo

HNR3R4 NR R&6. BS B4 B6 11 WO 2005/ 113486 PCT/ US20051016581

Scheme A
NC
102 .
o th\Rz R o .
CH,0
A1 A3

Scheme B shows an alternative synthetic route to compounds of the
present invention. Starting with a Y-functionalized derivative of a tramadol
metabolite, B1, which may be synthésiied using methods known in the literature,
treatment with triflic anhydride provides compounds of formula B2. Compounds

Scheme B
Y.
X
(TN,O  Ho. Pd(OAC),, HO_ )= COOCH; p.0n
R1R2 NR’RZ oiSbF, TEA, NR'R?
MeOH

B3
COOH _HATU CONR3R?
R"R2 HNRSR‘ NR1R2

11



of formula B2 may be converted into conpounds of fornmula B3 via a

nmet hoxycar bonyl ati on usi ng carbon nonoxi de gas bubbl ed t hrough nethanol in
t he presencwoabosaipgb! adi um catal yst and a |igand such agckids2b05/016581

bi s(di phenyl phosphi no)ferrocene. Conpounds of fornula B3 nay be saponified
usi ng hydroxide to formtheir correspondi ng carboxylic acid, B4. Conpounds
of formula B4 may be further el aborated to conpounds of Forrmula (1) by
coupling the carboxy group with an amine of formula B5 in the presence of
an appropriate coupling agent, such as HATU ip an aprotjc sol vent.

Di astereorre?émﬂ'f‘u'ﬁﬁ ’BP&?@&P“YWTWW“B%°€%@P&%@IVWreverse phase or

normal phas ﬁeﬂWx?G@b@WI&Wué?ﬁ% Brbbh AonbKiBa lgas bubbiah ithré@hh PRbthdrF AM C
conpounds of the present invention rmay be séparated into their 1ndividual

enant i oner stheqiregenesafa natladivanscatalyshande ligend suehigs (1.8P 786450). SPECI FI C

EXANPLES: SDBidid e ABBHIAS) WIS Re AEBbRBRAS S ToARIN B Dhal MeS abBYGA | On wer &

prepared as p W'ng exanples and reaction sequences, e exanpl es
and t he di ausiagbydregidetté fagnt their coarespondingeaooxykcacidcBéf Comgububgs ofy of

construed + 9T 84 fevhe Aing IRk pROTR AheRbuldt ot il AR bRy whi'oh
fol l ow thetheadarisgxy grbdp with adrimine opformdia BBy the presedce dEdn approptistenedi at es

in subsequent exanples to ce additjonal conpounds of the present
i nvention. CRYPIA8 A8 %s%agggﬁ‘ d’@acpbot@piof"ﬁ‘ge the yields obtained in any

of the reactions. One skilled in the art would know how to i ncrease such

yields through routine variations in reaction tinmes, tenperatures, solvents
and/ or reagent s. Dipstesramers gbthe presentdivention may bersaparatay by senerss;. Nucl ear

magnetic gy iy ase ?6rﬁ§toﬁ%rph2>6¢B?%&icﬁ%a?&’@s%ﬂfzﬁtiéﬁaﬁ Gfici n the
indicated solvent with (TM5) as the inhternal standard on a Bruker Biospin,
| nc. DPX- 30compaundsfire pregentlinesgion PE hesseparated #8e their individual

enantiomers using known methods from the literature (EP 786450).

SPECIFIC EXAMPLES

Specific compounds which are representative of this invention were
prepared as per the following examples and reaction sequences; the examples
and the diagrams depicting the reaction sequences are offered by way of
illustration, to aid in the understanding of the invention and should not be
construed to limit in any way the invention set forth in the claims which follow
thereafter. The instant compounds may also be used as intermediates in
subsequent examples to produce additional compounds of the present invention.
No attempt has been made to optimize the yields obtained in any of the
reactions. One skilled in the art would know how to increase such yields through
routine variations in reaction times, temperatures, solvents and/or reagents.

| Reagents were purchased from commercial sources. Nuclear magnetic
resonance (NMR) spectra for hydrogen atoms were measured in the indicated
solvent with (TMS) as the internal standard on a Bruker Biospin, Inc. DPX-300 (300

12



MHz) spectroneter. The values are expressed in parts per mllion downfield
from TMS. The mass spectra (M5) were determned on a Mcronmass PlatformLC
spect r omet ewo@oosan3slgi | ent LC spectroneter using el ectr ogprresz06saaE881 ques.
St er eol soneri c conpounds may be characterized as racem c m xtures or as
separate di astereoners and enantioners thereof using X-ray crystall ography
and other nethods known to one skilled in the art. Specifically, chiral
separations were performed by preparative HPLC using a Dynam c Axi al

[ Prochrgom LC50 col um. tic f1ons re determ ned

Co
usi hg & PorHHA SeREPMERdre Jaben e prrsedl i Rt Sy A SR

materi al s up@d. TRe hidRs sPEGIEIMS )\W&é%e@%ﬁ\bﬂ%ﬁ anféFBnﬁé%%Q’léNor#V@(D' abl e
comerci al sup tpllers or synthesi zed st andard net hods known to one

skill ed in $Pestremeteper @héﬁﬂ%!-cﬂaﬁsmqﬁgr usingeleciigspraytaehniauesoups, whi ch
vary betwe ocedure A
3 [12-0i metPeeo no%mﬁ'b?]’mi/ ?8@%‘?% ex%%@@n@gﬁ?ﬁjﬁg CN i PrVyCl
q THF_OC- Neparatddigsterdamgrs @pqlena@;mwmtherﬂﬂf using&-rag crystellogfaphy and sol ut i on

0 THE, 10 S B RbhodenouBf S he Bl irifie o, SpBIAIN oG] ol iR RN (11T €
2]c di et hyI a;mrl]'iwn”ed! bybretpy!cdtwbMmjdbmmngl\alﬁynad[daeﬂduair&bmmessnon tbpé h removed.
After 1 e re waL enc with turate ni_um

chl ori de ( ZYORRPMY, éé(gf’ﬂl)‘ff“ ac 'Ptéﬁag c{égf@nmer glerming d‘s'q’ﬂ“?e SMEEF"&e'phase was
separ at ed angdéizan poidrinfstbe dUesSlotABraict st thes@htériblRrused in tNehydrochl oric
acid (2 x 20 nL). The acid extracts were conbi ned and _then made basic with

2N sodi um rﬁ)@ﬂmsdﬁée@cﬂbtﬁ'"%ffoﬂi'ﬁ%aqﬂaél/%'a%lchmpﬂ'%ﬁf aynthesizedy with
chl or of or m 3standdid me\hod-gh@lo%gé‘ﬂhg sl@ﬂ@dnﬁ%esad"@fr Cheffied? ‘s?rgﬁ'esw dTl')@d (K2CX®),

filtered, and concentrated under reduced pressure to af
substituent groups, which vary between examples, are hydrogen unless othenmse

noted.

Procedure A
3-[(2-Dimethylamino)methyl]-1-hydroxycyclohexyl]-benzonitrile

iPrvgC,
THF, o°c

Isopropylmagnesium chloride (5.4 mL of a 2M solution in THF, 10.9 mmol) was
added dropwise to a solution of 3-iodobenzonitrile (2 g, 8.7 mmol) in THF (20

mL) at 0°C. After stirring for 30 min, 2-dimethylaminomethyl-cyclohexanone was
added and the ice bath removed. After 1 h, the reaction was quenched with
saturated aqueous ammonium chloride (20 mL) and ethyl acetate (40 mL) was
added. The organic phase was separated and then extracted with an aqueous
solution of 1N hydrochloric acid (2 x 20 mL). The acid extracts were combined
and then made basic with 2N sodium hydroxide solution. The basic solution was
then extracted with chloroform (3 x 20 mL). The organic extracts were combined,
dried (K.CO3), filtered, and concentrated under reduced pressure to afford 3-[(2-

13



13 WO 20051113486 PCT/ US20051016581

di met hyl am no) net hyl ] - 1- hydr oxycycl ohexyl ] -benzonitrile as a m xture of four
di ast er eoneWO 2005/1688¢), 73% . Exanple 1 3-[(1-RS, PCT/US2005/016581

2- SR) - 2-[ (Di et hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ] - benzam de, Cpd | 0O NC
KOH, t-BuOH, OH reflux, 1 h H2N A sanpl e of

3-[ (2-di net hyl am no) net hyl ] - 1- hydr oxycycl ohexyl]- benzonitrile (Procedure A,
1.66 g, 6.4 mvl) as a m xture of di astereoners was dissolved in

t ent - but anol,. il d Lum [.OXi 1.8.9, 32,1 nmmol) was
added, and ?'W&a}%ﬂﬂ'b?gﬁgﬁﬂgqﬁyg& e?%lj] %gr)\gqngfjl%la(s@ m}g\g?rgro%é%lgl ing the
reaction, ctibsteconters (£66 gl-73%nd vvater (50 mM-) were added. The organic

| ayer was separated, dried (K2C03), filtered, and concentrated to afford
3-[(2- di met hyl am no) net hyl ] - 1- hydr oxycycl ohexyl ] - benzam de as a

di astereoneric mxture (1 g, 93%Eexafipfe MM Xture was purified on a reverse
phase C-18 colum with % anmmoni um acetate in water and acetonitrile as
el uents. Conpou:?r&“iRs %SN-@ [(@,imethylammo)methyl] 1-hydroxycyclohexyl}-

2- SR) - 2- [ (di et hyl am no) net hyl ] - 3, phexyl ] - benzam de, eluted
first. Next to elute was Conpound 2, 3[(1 , 2-SS)-2-

[ (di met hyl am no) met hyl | - 1- hydroxycycl ohexyl ] -benzam de. An alternative

nmet hod for the separatiaon of Conpounds | and 2 gses—a C 18 colum and 0.01
M sodi um sul f at e i nmcwa (adj ust edOHa-BEEH.2. 5 Wilt-h furi c acid) |

met hanol : isocratic mY%{ios 85/ 15, rafid Washed Hyii t h Ypdr eHnet hanol  bet ween
runs. The pure fractions p tions of
separated Cpd | were se t e sol vents were
evaporated, and the res wat er + 0. 01M ammoni um

;teﬂy but identically trea
nt mxture (pure isoner +

A sample of 3-[(2-dimethylamino)methyl}-1-hydroxycyclohexyl)-
benzonitrile (Procedure A, 1.66 g, 6.4 mmol) as a mixture of diastereomers was
dissolved in tert-butanol (20 mL), powdered potassium hydroxide (1.8 g, 32.1
mmol) was added, and the reaction was brought to reflux for 1 h. After cooling
the reaction, chloroform (50 mL) and water (50 mL) were added. The organic
layer was separated, dried (K2CO,), filtered, and concentrated to afford 3-[(2-
dimethylamino)methyl]-1-hydroxycyclohexyl]-benzamide as a diastereomeric
mixture (1.6 g, 93%). The mixture was purified on a reverse phase C-18 column
with 0.5 % ammonium acetate in water and acetonitrile as eluents. Compound 1,
3-[(1-RS, 2-SR)-2-[(dimethylamino)methyi]-1-hydroxycyclohexyl}-benzamide,
eluted first. Next to elute was Compound 2, 3-[(1-RR, 2-SS)-2-
[(dimethylamino)methyl}-1-hydroxycyclohexyl]-benzamide.

An alternative method for the separation of Compounds 1 and 2 uses a C-
18 column and 0.01 M sodium sulfate in water (adjusted to pH 2.5 with sulfuric
acid) / methanol: isocratic mixture 85/15, and washed with pure methanol
between runs.The pure fractions of separated Cpd 2 and the pure fractions of
separated Cpd 1 were separately but identically treated: the solvents were
evaporated, and the resultant mixture (pure isomer + water + 0.01M ammonium

14



14 WD 2005/ 113486 PCTI US2005/ 016581 acetate in water (adjusted to pH=2.5
with sulfuric acid)) was injected on a water pre-flushed C 18 colum to
renove any wel2065/1188psequentl|y, the pure di astereomneri c PiUswes/oaess1 f | ushed
off the colum with a gradient of water and nethanol. Exanmple 2 3-[(1-RS,
2-RS) - [ (2- Di net hyl am no) net hyl | - 1- hydr oxycycl ohexyl ] - benzam de, Cpd 2 The
title conpound eluted second fromthe separation described in Exanple 1:
CMs (M+ H mz = 277: Exanple 3 (-)-3-[ (1R

3 (1R A R T 2 S B AR e e W ant e v
then resol vpe- ﬂlstheﬂmlnmhp@krﬁ@mwswsdbséﬁﬁbrﬂ{yaﬂbetmm trile as the

OO e TR e Hishad S I i S TR GG S5

2R) - rel - 2- [ indthambhy! am no) met hyl ] - 1- hydr oxycycl ohexyl ] - benzam de (2.25 Qg):
M5 ml z277.0 (MH); ["]o -33.5 (c 1, CHCI3); Analytical reverse phase HPLC
(gradient 10-90% MeCN, 0.1 % aqueous TFA) tR = 1.52 mn, -99% 1H NWR
(CDCl 3) 8135143(3 1H), 1.55-1453 22H), 1.66-1.68 (m 3H),
174179(m1 R& 1H, J = , 2.02-2.05 (m 3H), 2.18 (s,
6H), 2.43- 15611R$+)2- )4@-Dimethylaming)meathyy-1-hyegoxyeyalohexyll1 H J = 7.7

Hz), 7.69- 772(m 2H), 8.0 (s, ﬁ} gﬁa@y F24 (+)-3-[(1S,
2S)-rel -[(2-D net hyl am no) net hyl |- ﬁy dxycycl ohexyl ]1- benzami de, Cpd 4 15

The title compound eluted second from the separation described in
Example 1: CIMS (M + H) m/z = 277.

Example 3

(-)-3-[(1R, 2R)-rel-[(2-Dimethylamino)methyl]-1-hydroxycyclohexyl]-
benzamide, Cpd 3

The 3-[(1-RS, 2RS)-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl]-benzamide
was then resolved using a Chiralpak AD column with 100 % acetonitrile as the
eluent and with 100% ethanol for rinsing the column in between each injection, to
afford (-)-3-[(1R, 2R)-rel-2-[(dimethylamino)methyl]- 1-hydroxycyclohexyl]-
benzamide (2.25 g): MS m/z 277.0 (MH+); [o]5 -33.5 (c 1, CHCI3); Analytical
reverse phase HPLC (gradient 10-90% MeCN, 0.1% aqueous TFA) tr = 1.52
min, ~99%; 'H NMR (CDCl3) 8 1.35-1.43 (s, 1H), 1.55-1.65 (m, 2H), 1.66-1.68
(m, 3H), 1.74-1.79 (m, 1H), 1.88 (d, 1H, J = 13 H2), 2.02-2.05 (m, 3H), 2.18 (s,
6H), 2.43-2.46 (m 1H), 5.69 (s, 1H), 6.44 (s, 1H), 7.43 (t, 1H, J = 7.7 Hz), 7.69-
7.72 (m, 2H), 8.0 (s, 1H).

Example 4

(+)-3-[(1S, 28)-rel-[(2-Dimethylamino)methyl]-1-hydroxycyclohexyi]-
benzamide, Cpd 4
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WO 2005/ 113486 PCTI US2005/ 016581 The second conpound to elute fromthe
resol ution described in Exanple 3 was (+)-3-[ (1S,

2S) - r el - 2- [wdiomsttiBsg@n no) met hyl ] - 1- hydr oxycycl ohexyl ] - renzesndeiessi 2. 3 g),
M5 mlz 277 (MH); [cc]'," +33.6 (c 1, CHCI 3); Analytical reverse phase HPLC
(gradient 10-90% MeCN, O0.1% aqueous TFA) tR = 1.49 mn, -99% 1H NWR
(CDCI3) 6 1.35-1.43 (s, 1H), 1.55-1.65 (m 2H), 1.66-1.68 (m 3H), 1.74-
1.80 (m 1 H, 1.88 (d, 1 H J =13.2 Hz), 2.02-2.06 (m 3H), 2.18 (s, 6H),
2.43-2.45 m 1l 575 (s, 1H). 6.46 (s, 1 7.4 t,-IH J =7.7 Hz),
7.69-7.72 ( esz?%d 89'6E°é’§d, t°1"ig't.e fﬁ%@‘&dﬁ?‘é”@“ﬁ?*ﬂgﬁg SHEXRESW#Dni ¢ aci d
3-[(1-RS, Z+R$J18; EZSNé‘l@f-[whﬁtﬁylﬁh)iﬁ@)nmtlh)]I]a‘ﬂ'hybmdy@cl&\\éﬁtlpbeﬁzdrﬂid&heny| ester
A 1.0 g sanple of 60% NaH in oil_was placed into a flask and washed with
hexanes. THE-3NMAHWIY/ 23/ pddiei ol t@-&c brChtEhlAnabfigalyguersa phasan i ce

bath. A sa - = 0 ' 1 D I -1
hydroxycyc%@@rf&ghéﬁ%&%é 6]\% %ﬁgﬁ)oé/%éﬂle%%?ﬁﬁ%gg%ﬁ‘%ﬁb rgr%")' '\-'I\B.S added.
After stirmNMB (COCI3) 5H,.35148I(sit 1H)N 11556 £.65 (m a2ty dr66a€68 gmpBH),M. 24 nl CHZCl 2)
was added dropw se. e at an e agt,l stirred
at room tenperature for-2 0" The c 16 t wastred Wit H Wat'er ,
P G 1 L T, 533 2139, 2 DGR 6R el Tl GEBHI a3
brine, and (dr 118X 5.76N82 8D} )6.461(8£1ER 7wNE, MBS €V az)AV S9-2.02 gny2HYL 1 g of an
oil. The r s'1d e wgls passed through a silica gel colum (4:1, CH2CI2: MeCH)
to give 7. é; kjs&’; W of trifluoromethanesulfonic acid 3-[(1-RS,
2-RS) - 2-[ (di met hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ] - phenyl ester. MS mz =
233 (M OTf). Procedure C Methyl 3-[HdcddBre B- RS) - [ (2-di met hyl am no) net hyl ] -1

- hydroxycycl ohexyl ] -benzoate Into a pressure bottle was placed
t ri f I uor onelHilyrromethanesultonic geid I (RS, 2-R8)-2-[(dimethylamino)methyl]-1-

2-[ (di met hyl am no) net hyl ] - lhwggwx@neﬁwdgwggﬁ?yl ester (6.8 g, 0.018

ol ), A 1.0 g sample of 60% NaH in oil was placed into a flask and washed with
hexanes. The NaH was suspended in 20 mL of CH,Cl2 and cooled in an ice
bath. A sample of 3-[(1-RS, 2-RS)-2-{(dimethylamino)methyl}-1-
hydroxycyclohexyl]-phenol (6.3 g, 0.024 mol) in CH2Cl, (20 mL) was added.
After stirring for 1 h, a solution triflic anhydride (6 mL in 10 mL CH,Cl;) was
added dropwise. The ice bath was removed and the reaction was stirred at room
temperature for 2 h. The reaction was then washed with water, brine, and dried
(Naz2S04). The solvent was evaporated to give 11 g of an oil. The residue was
passed through a silica gél column (4:1, CH,Cl;:MeOH) to give 7.9 g (83 %) of
trifluoromethanesulfonic acid 3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl}-1-
hydroxycyclohexyl]-phenyl ester. MS m/z = 233 (M-OTf).

Procedure C
Methyl 3-[(1-RS, 2-RS)-[(2-dimethylamino)methyl]-1-

hydroxycyclohexyl]-benzoate

Into a pressure bottie was placed trifluoromethanesulfonic acid 3-[(1-RS, 2-RS)-
2-[(dimethylamino)methyl]-1-hydroxycyclohexyl]-phenyl ester (6.8 g, 0.018 mol),
DMF (130 mL), MeOH (54 mL), DPPF (380 mg, 8 mol%), Pd(OAc). (163 mg, 4
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DVF (130 L), MeOH (54 nli), DPPF (380 ng, 8 mpl %, Pd(OAc)2 (163 ng, 4 16 WO
2005/ 113486 PCT/ US2005/016581 nol%, and TEA (5.4 nL). Gaseous carbon
nmonoxi de wasohoushhmes t hr ough the reaction mxture for Powus2esdidske bottle
was cl osed and heated to 100C for 2 h. Upon cooling, the reaction was
poured into water and extracted with 70:30 Et20 EtOAc (3x). The organic
portions were conbi ned, washed with water, brine, dried (Na2SQ), and
filtered. The solvent was evaporated in vacuo and the residue was passed

t hrough a Lk 9 10: 1 CH2Cl 2: I\/E )

(480/(;J %o t?ﬂlé°'t/3 fﬁﬁ%&%éﬂ&t l\éa§ﬂ°i‘39§§’2" el‘ﬁ?%%%ﬂ& ‘\3"38 20704

(Ar, 4H); 3Je8ction, m&t@re fat.Smirtlandlink boﬂlelwéssclo@d@ andlhéatdd %o ﬂm"cl@H)z h.Procedure

D 3-[(1- RS 2- RSOHé - Di et hyl am no) nget hyl ] dr ox cl ohex - benzoic
8t AR ]

acid A sanm Pf%af{"@m“ﬁspwr%spt%?tea? Wish 8% I] 1-
hydroxycyclg:t uxed ??i)z%b%réé’mépgmoﬁs @ef@"&irﬁbmé@%s(h%g vmh)wat@F‘d 3N NaGH (9

m-) were re was evaporated I n vacuo and the

resi due wadringddried:(Naz8 Ol mndifiterede ghe solventwap pvaneratagdn vacysoand 8 in vacuo

[0 give 21380k HabpHsS iy Sy HREAPIO0 A TRIEL ERIFNHEH |1 vacuo

hydr oxycycltolgivey2.$ gt{d8%0 ot theditie. cobpanpd. eNS B/ £292RMH" ) H NMR (CDCI3)
2 RS) - 2- (gt A )Rk 23R e g @l s (4, o ot hv! -benzam de,

2-RS) - 2-[ (di et hyl am no) net hyl ] - 1- hydr oxycycl ohexyl ]- benzoic acid (0.1 g,
0.36 mmol ), CHRCA 2 (5 nm), and diethylamne (0.08 nL, 0.36 mmol) was pl aced
into a flask and stirred for 5 min. To the reaction was added HATU (0.13 g,
0.36 mol ) and stirring was continyggedfire ® N- Water was added

3-[(1-RS, 2-RS)-[(2-Dimethylamino)methyl]-1-hydroxycyclohexyl]-
benzoic acld

A sample of methyl 3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-
hydroxycyclohexyl]-benzoate'(2.5 g, 8.6 mmol), MeOH (20 mL), and 3N NaOH (9
mL) were refluxed for 1.5 h. The MeOH was evaporated in vacuo and the
residue was made acidic with HCI (conc). The solvent was evaporated in vacuo
and the residue triturated with Et;0. The solid was dried overnight in vacuo to
give 2.2 g (92%) 3-{(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-
hydroxycyclohexyl]-benzoic acid.
Example 5
3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl]-
N,N-diethyl-benzamide, Cpd 5

A sample of 3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl}-1-hydroxycyciohexyl}-
benzoic acid (0.1 g, 0.36 mmol), CH2Cl, (5 mL), and diethylamine (0.08 mL, 0.36
mmol) was placed into a flask and stirred for 5 min. To the reaction was added
HATU (0.13 g, 0.36 mmol) and stirring was continued for 2 h. Water was added
and the organic phase was separated, washed again with water, dried (NazSOs),
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and the organi c phase was separated, washed again with water, dried
(Na2SO™4), 17 WD 2005/113486 PCT/ US2005/016581 and filtered. The filtrate
was evapor avedoosnimdscuo and the resi due passed through @causees/ogssl col umm
(90: 10: 1, CH2CI 2: MeOH: NH4OH) to give 42 ng (35% of 3-[(1-RS,

2-RS) - 2-[ (di met hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ] - N, N- di et hyl - benzam de:
M5 mlz = 333 (M#M4);"HNW (CDCI3) 6 7.7-7.2 (Ar, 4H), 3.6 and 3.2 (bq, 4H) ,
2.4 (dd, 1 H, 2.1 (s, 6H, 2.0-1.5 (m 10 H, 1.1 (bt, 6H). Exanple 6

vl oxy oyl DHATGIEE: TER R HasCoPert] 1y <2 ot SR Bbibe destst e 5,
subst i tgtl n@rongannrce@el astum®d og1lo7dt EHaG I, Ao OBt M-he)CH[))g:dli baemrmgugdzw?zr
B D50 | Jasgietdfincrs, BREr2-Hgmehyia B laty- iy rogxaisishe el AN 1 RS,

2- RS) 2- [ ( fauéfﬁ)‘?lfaéh%m@ %SW)zl- ésd"W*?WPMMR’(WdIE)]SM (A hpﬁrt?ré‘m de

Usi ng the procedure of 5, substituting | am ne
di et hyl ani rasad 3.2 fh, t4H)I%4((¢¢rp1d1)na 1asSHby 8ifat. édml. ﬂOZB‘ID% yi(et, GH)I\/B mz = 291
(MH); IHNW (CDCI3) 6 7.7-7.2 (Ar, 4H), 2.9 (d, 3H); 2.1 (s, 6H), 2.3-1.5
(m 10 H). Conpounds 1 through 7 of Formula (1) in Table | were synthesized
using the procedures described above. 18 WO 2005/113486 PCT/ US2005/ 016581
Table 1 Cpd No. Example 6

N-Cyclopropyl-3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-

hydroxycyclohexyl]-benzamide, Cpd 6

Using the procedure of Example 5, substituting cyclopropylamine for
diethylamine, the title compound was prepared in 45% yield. MS m/z = 317
(MH*); '"H NMR (CDCl3) § 7.7-7.2 (Ar, 4H); 2.1 (s, 6H); 2.0-1.5 (m, 12 H); 0.5 (2t,
4H).

Example 7
3-[(1-RS, 2-RS)-2-[(Dimethylamino)methyl]-1-hydroxycyclohexyl]-N-
methylbenzamide

Using the procedure of Example 5, substituting N-methylamine for diethylamine,

the tite compound was prepared in 37% yield. MS m/z = 291 (MH™); "H NMR
(CDCl3) 8 7.7-7.2 (Ar, 4H), 2.9 (d, 3H); 2.1 (s, 6H), 2.3-1.5 (m, 10 H).

Compounds 1 through 7 of Formula (1) in Table 1 were synthesized using
the procedures described above.
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3-[(1-RS, 2-SR)-2-[(dinethylam no)nethyl]-1 1 hydroxycycl ohexyl]-benzam de
3-[(1-RS, 2-RS)-2-[(dinmethylam no)nethyl]-1- 2 hydroxycycl ohexyl]-benzam de
(-)-3-[ (1R woRyosned4s@- [ (di met hyl ami no) net hyl ]-1- 3 PCT/US2005/016581

hydr oxycycl ohexyl ] -benzam de (+)-3-[(1 S,

2S) 7rel - 2-[ (di met hyl am no) met hyl ] -1- 4 hydroxycycl ohexyl ] - benzam de
3-[(1-RS, 2-RS)-2-[(dinmethylam no)nethyl]-1- 5 hydroxycycl ohexyl]-N,

N-di et hyl - benzam de N-cycl opropyl -3-[ (1- RS,

2-RS) - 2-[ (di met hyl ami no) methyl ] -1 6 hydroxycycl ohexyl]-benzam de 3-[(1-RS,
2-RS) - 2-[ (di met hyl am no) met hyl ] -1- 7 hydroxycycl ohexyl ] - N-net hyl benzam de

Bi ol ogi cal Exanples Exanple | Rat Brain Mi and Delta Opioid Receptor Binding
Assay 19 005/ 113486 PCT/ US2005/016581 The activity of conpounds of the
i nvention oids is denonstrated by the rat brain nu and delta opioid
receptor bi nd| ng assay as described below. Procedure Mle, Wstar rats

(150- 250 g, arres Rrver,  KImgston, NY) were Kilred by jcervical
di sl ocati on r}gF T;I r brains removed and pl aced i mediately in ice cold

\\J\J IIIV‘! L) B ELAYE CNT AT TTIO \IVCI A\ OCIJ(II uu. \/
t he bl

remai nder of rgi- FE’EY ZaSR themggﬁﬁ%}ﬂ d]bip,egl nning dorisal ly at the

colliculi gnd paslsi ng vent ra?lQ t hrotgh the rai n-pontine {j uncti on.
After dissedtidn, MTOWGYQW%YK@%@TEIdﬁoanem zed in Tris buflffer in a
Tef |l on(r) - gl fass—homogeni—zer —The

3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-

2 hydroxycyclohexyl]-benzamide

(-)-3-[(1R, 2R)-rel-2-{(dimethylamino)methyl]-1-
3 hydroxycyclohexyl]-benzamide

(+)-3-[(1S, 2S)-rel-2-[(dimethylamino)methyl]-1-
4 hydroxycyclohexyl]-benzamide

3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-
5 hydroxycyclohexyl]-N, N-diethyl-benzamide

N-cyclopropyl-3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl}-1-
6 hydroxycyclohexyll-benzamide

3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-
7 hydroxycyclohexyl]-N-methylbenzamide |

Biological Examples

Example 1
Rat Brain Mu and Delta Opioid Receptor Binding Assay
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honogenate was diluted to a concentration of 1 g of forebrain tissue per 100
mL Tris buffer and centrifuged at 39,000 X G for 10 mn. The pellet was

r esuspendedvonosshesss@ne vol une of Tris buffer wth severmit/dmo08/d14381 ses from
a Polytron honogeni zer. This particul ate preparation was used for the
opioid receptor binding assays. Follow ng incubation with the nmu opioid

sel ective peptide Iigand [ 3HJIDAM3O or the delta opioid selective |igand

[ 3H DPDPE at 25C, the tube contents were filtered through What man G-/ B

filter sheets on rv e t it wer e
rinsed thr g‘éheté)@l\a@y %ﬁ‘ﬁ%ﬂ?ﬁgﬁ lhe&]@\mfﬂ%ﬁﬂéég 'o('%ﬂs'b‘l}.%zrfongﬁgtetdhgg tﬁégﬁ'toact Ivity
associ at ed bwainim laed telta epioid recépter biddihg assaecals desanipeddelow.a 989
scintillation fluid (New Engl and Nucl ear, Boston, MA) in a scintillation
counter. Analysis The data were used to calculate a K; val ue, using

G aphPad Prpgaedurbxanpl e 2 r5S) GTPyS Bi ndi ng Assay in human nu opi oi d- CHO
Cell Menbranes Preparation of Menbranes 20 WO 2005/ 113486 PCT/ US200S/ 016581
Human mu- cHédaleeWistaiipty H5025R & Afu ChRHeERIVEF.dfing@er N ¥} weliediiligg\by | nc.

(Bal tinore, af sk p=¥eya) ' ; in 10 mv
TRI S- HCl , pCH 7.a2|, 2 M\ho'é%?g%‘%ﬁobo/@ g’ﬁcros&@ﬁ/@%@%ﬁ%g}n »\/\%ragwngpﬁ? éaileﬁgd at 4-8C.

1 m of nenbisdiekbuftes (SHodl pHhi.4). 1TBhaorebraing wese separateddrom dlunt ai ni ng 50 MM
e, o el S R et AR PLETNILS (e
at 3000 r prarfdpassingnientrallyltheoughtbe nmidbrain-pumtine fiectioenAftef digsettian, thé, 000 r pm
F 20 o I orEAE e WP WS e G RAT L el ) o Porln i S Hizet! The @

homogenate was diluted to a concentration of 1 g of forebrain tissue per 100 mL

Tris buffer and centrifuged at 39,000 X G for 10 min. The pellet was

resuspended in the same volume of Tris buffer with several brief pulses from a

Polytron homogenizer. This particulate preparation was used for the opioid

receptor binding assays. Following incubation with the mu opioid selective

peptide ligand [°H]DAMGO or the delta opioid selective ligand [*H]DPDPE at

25°C, the tube contents were filtered through Whatman GF/B filter sheets on a

Brandel cell harvester. The tubes and filters were rinsed three times with 4 mL of

10 mM HEPES (pH 7.4) and the radioactivity associated with the filter circles

determined using Formula 989 scintillation fluid (New England Nuclear, Boston,

MA) in a scintillation counter.

Analysis
The data were used to calculate a K; value, using GraphPad Prism.

Example 2
[*°S]GTPyS Binding Assay in human mu opioid-CHO Cell Membranes

Preparation of Membranes
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The pellet nmenbranes (20 pg/m ) were preincubated with Scintillation
Proximty Assay beads (SPA, 10 ng/m ) at 25C for 45 mn in the assay

buf fer. ThewBRfvsifisRels (5 ng/nl) coupled wth nenbranes gHPuPodsihdssyer e then
i ncubated with 0.5 nM[35S] GIPyS in the sane HEPES buffer containing 50 pM

GDP in total volune of 200 pl. A range of concentrations of receptor
agoni sts were used to stinulate [35S] GTPyS bi nding. The basal bindi ng was
tested in the absence of agonist and non-specific binding was tested in the

presence of 10 pM unl abel ed GIPyS. Radi oactivity was quantified on a
Packar d Top‘(ﬂéﬂﬁﬂ MmO el trpemiranes Y| Rrepsed f\‘QSl‘I'%ﬁﬁ@Pt%%PbE&»s'&'F =

(stimul at edﬁaltﬁ%}esmyi\b&m1o%ﬂe/n(|feﬁﬁfymmaﬁ@grofaﬁwafs'éas QG@ed mob.w on = (%
Basal of 1 Y0 Basal ound / A)Basa N DAMZO - 100)

f 35S1GTPYS BRISdHGY pikE.2y 2 imM EEITR-10 wws%n‘or ane Pr epar at | on of Menbranes

21 V0, 2005/ 5 T SRORR e P i Bl SR A M 3 T Chased

fromApplie Cl ences portion menbr ane
pr ot ei n wascaid assayl ddffemn CbﬂtalmlM;'HEI @M—lGEPEpS-I pH Z,..6,25 MWEMBE)2, 10 mibkr ose.

Menbr anes [ I nt ai a rtion of nmenbranes was_added
‘nto 10 i Nry sE@@ S é‘lt",’ EOMA%‘?E%L 50! v EMErans, Sspension \Wwag o > 100
mM NaCl, 1 mm&a'ehmdwrth VPG én 2Thaesreﬁbroenmf@gwosm®®m rprmeor hommigeni zed
with a Poly ron times and centrl{ug% glé’g (rfo é mn The

Super nat ant HieSurermattonar thefyeentdiuodd abde,0 prg erws"ﬁéqfaset was

r esuspendedrelsispldhdil ,@qgm 2By Buffed Witht Poiftedp/t ron. | ncubat i on Procedure The
pell et nmenbranes (75 pg/m) were preincubated with SPA beads (10 ng/m)

Incubation Procedure

The pellet membranes (20 ug/ml) were preincubated with Scintillation Proximity
Assay beads (SPA, 10 mg/ml) at 25°C for 45 min in the assay buffer. The SPA
beads (5 mg/ml) coupled with membranes (10 pg/ml) were then incubated with
0.5 nM [**S]GTPyS in the same HEPES buffer containing 50 uM GDP in total
volume of 200 ul. A range of concentrations of receptor agonists were used to
stimulate [**S]GTPyS binding. The basal binding was tested in the absence of
agonist and non-specific binding was tested in the presence of 10 uM unlabeled

GTPyS. Radioactivity was quantified on a Packard TopCount.

Data

Data were calculated as follows:

% of basal = (stimulated — non-specific) * 100/(basal - non specific)

% Inhibition = (% Basal of 1 uyM DAMGO - % Basal of compound)*100
/(% Basal of 1 yM DAMGO -100)

|358|GTPxS Binding Assay in NG108-15 Cell Membrane

Preparation of Membranes
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at 25C for 45 min in the assay buffer. The SPA beads (5 ng/m ) coupled with
menbranes (37.5 pg/m) were then incubated with 0.1 nM[35S5] GIPyS in the
sanme Tris bwbheos/icasé ai ni ng 100 pM GDP in total vol une afcTa®3oloiesst r ange of
concentrations of receptor agonists was used to stinulate [35S] GIPyS

bi ndi ng. The basal binding was tested in the absence of agoni st and
non-specific binding was tested in the presence of 10 pM unl abel ed GIPyS.
The radi oactivity was quantified on a Packard TopCount. Data Cal cul ations

wer e perfor follows: % of Basal = (sti ateq -,.non_.spegific) *
100 (basal’ NGHaTe ,8e rigimbrenkss s puchased: edtho dpaieh el rgteh®ser i sm
program TaRoekville, MDY i Afi 8 riiginilngortieh bRmeRibrarte protawails suepemtideihsio Mi
opi oid M %RII\AOIF?I De tah‘(l\)Zm oi d G\]E'B(rs I?eLta O(E)I oid Cpd No, binding binding
(ECsd GTPy STMARISNIG, PhV-2e? M FD Tér, 1D a0 Ecs0 nM 1 1387 9875 22 WO
2005/ 11348601153 426 AdhBined Wy 4ol WL S6ich B eircfary Wadladdlly S Del ta
opioid Cpd No. binding binding (EC501 GIPy Ki nM Ki élnl\/p relative
ef fi cacy) EBu90!thmicad agsay byfferagentpiningsgR M JrisspiH §.615 MM daile. 799 4 828
>10, 000 482QmnMact 11 %M D10 801 ik BEFAS SARO mehtbrAR9 suspension was
homogenized with a Polytron 2 times and centrifuged at 3000 rpm for 10 min.
The supernatant was then centrifuged at 18,000 rpm for 20 min. The pellet was

resuspended in 10 mi assay buffer using a Polytron.

Incubation Procedure

The pellet membranes (75 pg/mi) were preincubated with SPA beads (10 mg/mi)
at 25°C for 45 min in the assay buffer. The SPA beads (5 mg/ml) coupled with
membranes (37.5 pg/ml) were then incubated with 0.1 nM [*S] GTPyS in the
same Tris buffer containing 100 pM GDP in total volume of 200 pl. A range of
concentrations of receptor agonists was used to stimulate [35S] GTPyS binding.
The basal binding was tested in the absence of agonist and non-specific binding
was tested in the presence of 10 uM unlabeled GTPyS. The radioactivity was
quantified on a Packard TopCount.

Data
Calculations were performed as follows:
% of Basal = (stimulated - non specific) * 100/(basal - non specific).

ECsg values were calculated using the Prism program.

Table 2. In vitro mu and delta opioid receptor parameters

Mu opioid
Mu opioid | Delta opioid GTPyS Delta opioid
Cod No. | Pinding binding (ECso/ GTPyS
PENO. | Ki(nM) Ki (n\M) | relative efficacy) | (ECso, nM)
1 1387 9875
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7 2121 >10,000 Exanple 3 Rat CFA Radi ant Heat nodel of inflammatory pain
Intrapl antar injection of Conplete Freund's Adjuvant (CFA) in rodents
results in wo2edsnenge | ong-1asting inflammtory reacti orecratmomoiesi zed by a
and nechanical stinuli.
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Example 3
Rat CFA Radiant Heat model of inflammatory pain

Intraplantar injection of Complete Freund's Adjuvant (CFA) in rodents results in a

strong, long-lasting inflammatory reaction, characterized by a chronic and

pronounced hyperalgesia to both thermal and mechanical stimuli. These effects

peak between 24-72 h following injection, and can last for several days to a few

weeks. To assess the ability of compounds to reverse thermal hyperalgesia,

male Sprague-Dawley rats (200-350 g) were given an intraplantar injection of
CFA (1:1 CFA:saline, 100 puL) into their left hindpaw. Following a 24-h incubation

period, response latencies on the Radiant Heat Paw Stimulator (RH) were

obtained and compared to baseline (pre-CFA) latencies. The RH device

automatically registered lifting of the paw from the surface of the glass. Only rats

that exhibited at least a 25% reduction in response latency from baseline (i.e.

hyperalgesia) were included in further analysis. Following the post CFA latency

assessment, rats were dosed orally (2.5mL/kg) with test compound or vehicle

(hydroxypropylmethylcellulose, HPMC). Percent reversal of hyperalgesia was

calculated for each animal as (Treatment Response — postCFA Response) /
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Mal e Sprague Dawl ey rats weighing 145 to 165 g (approximately 6 weeks of
age) were obtained fromHarlan (Indianapolis, IN. Food and water were
provi ded adwdlobs/asaea 12 h |ight and 12 h dark cycl e wep€r/usdood/@bssed.
Animal s were group housed under specific pathogen-free, barrier naintained
environment and were allowed to acclimate for no |l ess than 1 week.

Fol | ow ng surgery, animals were housed individually in solid bottom

pol ycarbonate cages with automatic watering devices at 22C and a rel ative

hum dity of, 60 ani mal s r and Diet ,# 860 Surgery:

Anost nesi o (RECkATesuBRAT ResCBATRITRNSEt BT TIR PR 6 Bl L nctr on

chamber (3- B%CHAZhrﬁammdQWaeabfnéam1momwmnv,,wﬁdieasano n:ﬁbngwfsoo rgerzm\ée/d ?ng
rane % a

| aced int h hal 2 fl
i of | 02POSt A HEPRIdses 0% e dvelon o iion S PYBEEIS=SBMAS cal |y
with chior h@w&ldﬁuﬁaté&fdﬂéacﬂﬁgfgwémbmup (ﬁaetsafaé%rebb)orfw@@lmasurml3Jt ion. The

animal was held in ventral recunbency on a heating pad, and the surgical
procedure a@%GM%EG"WWH%%&*@'"@F\@H@OCMWE)F'M§ﬁerformad The left

paraspi nal nmuscles were separated fromthe spinous processes at the |evel
of Lunmbar 4 to Sacral 2 (L4-S2). Once the nuscul ature was retracted, the L6
transverse process was renoved using a small rongeur. L4 and L5 spi nal
nerves could then be 24 WO 2005/ 1134BanpEAUS2005/ 016581 vi sual i zed. L5 was

dose of | ong-acti ng STBSTIeL AR (b NrBPRrtt el RBidbainy o “op herore

recovery form anesthesia. Evaluation of nechanical allodynia: At |east one
week fol | omApgnastr gery, ani mal s were individually placed in a Lucite

easur ad. by MR SPAOHE DANMe AR eoBng: 1P AR GaPERNERAIEY SMRRRS ST ndr ave
were obtained from Harlan (Indianapolis, IN). Food and water were provided ad
lib and a 12 h light and 12 h dark cycle were maintained. Animals were group
housed under specific pathogen-free, barrier maintained environment and were
allowed to acclimate for no less than 1 week. Following surgery, animals were
housed individually in solid bottom polycarbonate cages with automatic watering
devices at 22°C and a relative humidity of 60%. All animals received Harland

Tekland Diet # 8604.

Surgery:

Anesthesia was induced using isoflurane (IsoVet™) inhalant in an induction
chamber (3-5% in 2 L/min of O3). Once recumbent, the animal was removed and
placed into a nose cone which delivered inhalant isoflurane (0.5-2.5% at 2 L/min
of O;). The dorsal pelvic area was shaved and scrubbed aseptically with
chlorhexidine scrub, 70% alcohol, and a 5% chlorhexidine solution. The animal
was held in ventral recumbency on a heating pad, and the surgical procedure
described by Kim and Chung (1992) was performed. The left paraspinal muscles
were separated from the spinous processes at the level of Lumbar 4 to Sacral 2
(L4-S2). Once the musculature was retracted, the L6 transverse process was
removed using a small rongeur. L4 and L5 spinal nerves could then be
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fromgraded stinuli (Von Frey hairs ranging from4.0 to 148.1 mN equi val ent
to 0.25 to 159 of pressure) applied to the plantar surface of the paw
(between t hwo 20@atp@els) according to the procedure of Chegiresrossioisssl (1994)
in order to calculate paw withdrawal threshold (PW). Normal rats can

wi thstand at | east 15g of pressure w thout responding. SNL rats can respond
to as little as 0.259g of pressure. Rats were included in this study only if
their PW was bel ow 4.0g. Von Frey testing of conpounds: Aninmals were used

wer ool way At e SRRt A 1B PalGE S AESHurR el aﬁayA”' e

testing. Foddingiang acdoke df Igriygsacting'\dhtibidtic Ru8bumiristerid iRfnedistelylpdst-og  h, and
4 h post -dosi ng Dose-response studies were conducted at the tinme of peak

effect. St RARE '\RE?‘@'%BHM‘?@ eSi#-a blinded manner. Statistical analysis:

Data were nornalized and results were presented as % MPE (maxi num possi bl e
effect) of the drug. % MPE = x a/force - baseline g/force X 100 15 g/force
- basel i ne Gyaleatios Ofmeoé?ﬁﬂléélta”@ﬁ}’@ﬁanpl e conpounds is presented in Table 3,

2885%2328w&@8§§%%/k g?%%?&g@gwé@ ?etlhd‘f(’ %B%ggﬁ '@%Lgélin\a/t\f) nerve

| i gati on notesling\Eiancrer BHa wite ptbsNdmttMstlwﬂane:aQ(tSctrlgyailgdyMé wais % 2 30
mg/ kg, . o. %gag{ﬁ)red by recor& 4 kgresg'urgoat th% the affe(%ed/ paw was withdrawn
from graded stimuli (Von Frey hairs ranging from 4.0 to 148.1 mN equivalent to
0.25 to 159 of pressure) applied to the plantar surface of the paw (between the
footpads) according to the procedure of Chaplan et. al (1994) in order to
calculate paw withdrawal threshold (PWT). Normal rats can withstand at least
159 of pressure without responding. SNL rats can respond to as little as 0.25g of

pressure. Rats were included in this study only if their PWT was below 4.0g.

Von Frey testing of compounds:

Animals were used for compound testing between 2 weeks and 8 weeks post-
operatively. Animals were always pre-tested for baseline withdrawal threshold
on the day of testing. Following a 16 h fast, PWT was evaluated at 30 min, 1 h, 2
h, and 4 h post-dosing. Dose-response studies were conducted at the time of
peak effect. Studies were conducted in a blinded manner.

Statistical analysis:
Data were normalized and results were presented as % MPE (maximum possible
effect) of the drug.

- % MPE = x gfforce — baseline g/fforce X 100
15 g/force - baseline g/force

The effect of example compounds is presented in Table 3, and Cpd 3 had an
EDsp value of 17 mg/kg at 2 h (see Figure 2).
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Example 5

Investigation of Tolerance Development

The development of tolerance to the analgesic effect of mu opioid compounds is

well known. The development of tolerance to the antiallodynic effect of the

Compound 3 was investigated by administering the compound to spinal nerve

ligated rats for five days. The antiallodynic effect of the compound was

evaluated on days one and five. Dosing for five days did not diminish the

antiallodynic effect of the compound; compound effect was the same or was

slightly increased by repeated dosing (see figure 3).

In contrast, tolerance to the antiallodynic effect of the typical mu opioid morphine

. rapidly developed, little or no antiallodynic effect remaining after five days of

dosing (see figure 4).

Example 6
Metabolic Stability

The metabolic stability of Compound 3 was investigated using several

approaches. The compound was incubated with liver microsomes from mouse,

rat, dog and human and the percent of compound remaining after ten min

quantified. The compound was metabolically robust in all species tested.
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Rat 94.5 Dog 92.6 Human 101.4 In a follow up study in human |iver

m crosones, the percent of conpound renaining was determ ned at several

i ncubat i on worres/1483¢ 60 and 90 min). The in vitro hal frdwiRemio1ésee
conmpound was determi ned to be >100 m nutes. In a study using reconbi nant
human P450 i sofornms, the conpound was only a weak inhibitor (I1C53 > 10 M
of all isoforns tested, 3A4, 2D6, 2C9, 2Cl19, and 1 A2. In an in vitro study
usi ng hurman |iver mcrosones, no glucuronidation of the conpound was

the. anusual oay:8Fleldiqish 16 SEHERR udls Sbidhfed BB eaty ) v 1

A conposi t | conditionpin suman veroniprosochesf Fornula (1) CONRSR4A NR R2 Formul a
(I') wherein: R and R2 are independently selected fromthe group consisting

f hyd | qal K d al kyl di wh in R . t ak
Loget her wi 13ple ﬁ%@tﬁ‘?ﬁfv@%ﬁq@'ﬁ@gﬁ 3l Sevaia] sResiEE LG ronocyc! |
ring; R3 and R4 ar@MmapiegafieieHl mp nghbation Wity lyer MREO$ABes): consi sti ng of

hydr ogen, |ower al kyl, C . 7cycloalkyl nd-alkyldiyt wherein R3 and R4 are

taken together with the at ?ms $8e¢iAf ch | héyemiatning; gched to forma
monocyclic ring; after 10 min

Mouse 88.2

Rat 94.5

Dog 92.6

Human 101.4

In a follow up study in human liver microsomes, the percent of compound
remaining was determined at several incubation times (30, 60 and 90 min). The
in vitro half life of the compound was determined to be >100 minutes.

In a study using recombinant human P450 isoforms, the compound was only a
weak inhibitor (ICsp > 10 uM) of all isoforms tested, 3A4, 2D6, 2C9, 2C19, and
1A2,

In an in vitro study using human liver microsomes, no glucuronidation of the
compound was detected.

Taken together, these several in vitro metabolism studies point to the unusual
metabolic stability of the compound.
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Y |I's hydrogen, |ower alkyl, |ower alkoxy, halogen, or trifluoronethyl; and
phar maceutical |y acceptabl e enantioners, diastereoners, tautoners, solvates
and salts thereof. 2. A conpound according to claiml1l wherein R and R2 are
i ndependently selected fromthe group consisting of hydrogen and Cr.
4ai kyl . 3. A conpound according to claim1l wherein R and R2 are
i ndepenWémAT 15 SeAIMEE®:f rom t he group consi sting of hydrogen and nethyl. 4.
A conpound according to claiml wherein R and R2 are each nethyl. 5. A
conpound according to claim| wherein R3 and R4 are |ndependently sel ected
fromthe grolip consi st PFE™BISIAY ERRRTERY @ egmrend&f Formuadcy cl oal kyl ,  and Cr
eal kyl diyt, wherein R3 and R4 ar ken together with the atons to which
they are attached to form a nonocfcNigokisrg. 6. A conpound according to
claiml wherein R3 and R4 are fependent |y sel ected fromthe group
consi sting of hydrogen, nethyl, ndN8'We| opropyl . 28 7. A conpound accor di ng
to claim1l wherein R3 and R4 ar ach hydrogen. 8. A conpound according to
claim1l wherein Y is hydrogen, C Formdalikyl, C,.4al koxy, or halogen. . 9. A
conpound accordi pg f0 claiml1l wherein Y is hydrogen, nethyl, or methoxy.
10. A conpound according to claim 1 wherein Y is hydrogen. It. A conmpound
accordi ng to cl afirfind Rt graindepgndently seleqtaddrom the groyp qondisiing 0b s enant i omeric pair.
12. A conpound sel echyiebgbm,dowet alkyl,Gand eiRyldiy whérsih iRhgndof? are taken

together with the atoms to which they are attached to form a

monocyclic ring;

R®and R* are independently selected from the group consisting of - |
hydrogen, lower alkyl, Carcycloalkyl, and alkyldiyl wherein R*and
R* are taken together with the atoms to which they are attached to
form a monocyclic ring;

Y is hydrogen, lower alkyi, lower alkoxy, halogen, or trifluoromethyl;

and phamaceutically acceptable enantiomers, diastereomers, tautomers,
solvates and salts thereof.

2. A compound according to claim 1 wherein R' and R? are
independently selected from the group consisting of hydrogen and C;.
satkyl.

3. A compound according to claim 1 wherein R'and R? are

independently selected from the group consisting of hydrogen and methyl.

4. A compound according to claim 1 wherein R' and R? are each
methyl.

5. A compound according to claim 1 wherein R® and R* are
independently selected from the group consisting of hydrogen, Cialkyl,
Carcycloalkyl, and C.4alkyidiyl, wherein R%and R* are taken together with’
the atoms to which they are attached to form a monocyclic ring.

6. A compound according to claim 1 wherein R®and R* are
independently selected trom the group consisting of hydrogen, methyi,
and cyclopropyl.
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3-[(1-RS, 2-SR)-2- [(di met hyl am no) net hyl ] -i - hydr oxycycl ohexyl | - benzam de;
3-[(1-RS, 2-RS)-2-[(dinmethylam no)nethyi] 1-hydroxycycl ohexyl]- benzam de;
(-)3 [(1 R 2Ry-rel-2- [(dbmdaudmmbw&wh]Nhareuhyﬁamawebadnexyl ]-

benzam de; (+)-3-] ]dr on.

2S)-rel-2-[(dinmeth no) met hyl ] - 1=hydr oxycycl ohexyl | - benzam de; 3-[(1-RS,
2-RS)-2-[(di met hyl am no) nmet hyl } 1hydr oxycycl ohexyl ]-N, N- ;

di et hyl - benzangde; N cychephsyuyd actordipg toRfim 1 wherein Y is hydrogen, Ci.

2- RS) - 2-[ (di et hyl n vl ] shydroxycyci ohexyl ] - benzani de; and
3-[(1-RS, 2-RS)- f%ﬂ' ﬁéﬂqﬁg’pa‘jﬁhhﬁ'o Mot hyl ] - 1- hydr oxycycl ohexyl ] - N-

nmet hyl benzam de. 13 A corrpound sel ected fromthe group consisting of
(-)-34(1 R 9. A compound according to claim 1 wherein Y is hydrogen,

2R) -rel - 2- [(d| met h)ﬁ[emgl %ﬁﬁ,&?yl ) - 1- hydr oxycycl ohexyl ] - benzam de and
(H)-3-[(12 S, 29)-rel ‘F I met hyl am no) net hyl ] - 1- hydr oxycycl ohexyl ] -

benzam de.. 14. The conpound (+)-3-((1S, 2S)-rel-2-[(di nethyl am no) net
yl]-1- hydr oxyaeg.cl ohexyl| A-cbmpamndacterding o claim pivhiereinceiahydredenc onposi ti on
conprising a corrpound of claim 1 and a pharmaceutically acceptable carrier.

16. A phar rraceutlcal osi tion conp risi conpound _of m 14 and a
phar naceut i cal '} accept a P%’“Q"éf?‘??‘@?’d gt a1 Thal SR2EG 1R 2 8,
. 25 enantiomeric pair.
12. A compound selected from the group consisting of

3-(1-RS, 2-SR)-2-{(dimethylamino)methyl}-1-hydroxycyclohexyl]-
benzamide;

3-[(1-RS, 2-RS)-2-{(dimethylamino)methyl]- 1-hydroxycyclohexyl]-
benzamide;

(-)-3-[(1R, 2R)-rel-2-[(dimethylamino)methyl]-1-hydroxycyclohexyl]-
benzamide;

(+)-3-[(1S, 2S)-rel-2-[(dimethylamino)methyi]-1 -hydroxycyclohexyl]
benzamide;

3-[(1-RS, 2-RS)-2-[(dimethylamino)methyi}-1-hydroxycyclohexyl]-N,N- *
diethyl-benzamide;

N-cyclopropyl-3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-
hydroxycyclohexyl]-benzamide; and

3-{(1-RS, 2-RS)-2-[(dimethylamino)methyl)-1 -hydroxycyc|ohexy|]-N-
methylbenzamide.

13. A compound selected from the group consisting of (-)-3-{(1R,
2R)-rel-2-[(dimethylamiho)methyi]-1 -hydroxycyclohexyl}-benzamide and
(+)-3-[(1S, 2S)-rel-2-[(dimethylamino)methyi]-1-hydroxycyclohexyl-
benzamide..

14. The compound (+)-3-{(1S, 2S)-rel-2-{(dimethylamino)methyl]-1-
hydroxycyclohexyl]-benzamide.

15. A pharmaceutical composition comprising a compound of claim
1 and a pharmaceutically acceptable carrier.

16. A pharmaceutical composition comprising a compound of claim -
14 and a phammaceutically acceptable carrier.
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