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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-
methoxyphenyl)-cyclohexanol HCI (tramadol), is a centrally-acting analgesic that
has an unexpected distinction from morphine, the prototype pufe 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



bi nds with higher affinity than the parent conpound,

but still with nmuch |Ioweraffinity than norphine. Thus,
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t he components of tramadol's nechani sm of action, but

insufficient onits owm to explain tramadol's

anti noci ceptive and anal gesi ¢ potency and efficacy. A
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odmmyagq{atphmesotmd rmrphl nans, which has led to a
series of opioids with a superi or bi ol ogical lifetine

( Vednelgesicsihatropesateaia thg wenipid reepptaarmtypisally phegols and

il ey flendl Byt o 58 faypticifPinelf3f
méfabelicaﬂy Jnal:tlvﬂbdlbymmlver@rpto dibheuronid280&hicBGizé€ Tapidly
excé (gsg%ﬁwrg%}gﬁ aé%tul)o% { Ceﬁtgalggo %e%rny éffective bioisosteric
surrogate for the phenol group in certain benzomorphans and morphinans, which
has led to a series of opioids with a superior biological lifetime (Wentland, M. P.
et al. Bioorg. Med. Chem. Lett. 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.
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di scl osed in PCT application WO 03/0481 13, issued
June 12, 2003 (Senanayake, C. H et al., Seprecor
Assignee). Thus there is a need to address the
nmet abol i c i nactivation of tranmadol that occurs through
the conversion of its hydroxy netabolite to the
correspondi ng gl ucuroni de. The present invention
replaces the netdMmARNY SR THENNVENTIONTRdOl with a
car boxam do group. SUMVARY OF THE | NVENTI ON The present
i nvention provides carboxam do opi oid conpounds of
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| nadheRieseTt T Broyides b kdtnidd @itld donicings of
Fompdlao@en, | ower al kyl, and al kyl diyl wherein Rland R2
are taken together withythe atons to which they are
attached to forma nonocC yc ring; R3 and R4 are
i ndependent|y sel ectgq fyom-+0enB?Rfup. consi sting of
hydr ogen, |ower al kyl, cycl oal kyl , and al kyl di yl
wherein R3 and R4 are[takenNRSB&ther with the atons to
which they are attached to forma nonocyclic ring; Y
i s hydrogen, |ower alkyl, |ower alkoxy, hal ogen, or
trifluoronethyl; and phfﬂ?ﬁ‘é’&ﬂ? cally acceptabl e
ptioners, diastereoners, tautoners, solvates and
sal'ts thereof.
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;

R3and R*are independently selected from the group consisting of
hydrogen, lower alkyl, Cs.zcycloalkyl, and alkyldiyl wherein R3and R* are
taken together with the atoms to which they are attached to form a

monocyclic ring;
Y is hydrogen, lower alkyl, lower alkoxy, halogen, or trifluoromethyl;

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.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows the
anti hyperal gesic effect of Conpounds 3 and 4 in a rat
w@Eksneds@nt heat nodel of inflammatory pain. PECQUS®OR016581

shows the anal gesic effect of Conpound 3 in a spinal
nerve ligation (SNL) nodel of neuropathic pain.Figure

3 shows the results of a study of the devel opnent of
tolerance to the antiall odynic effect of Conmpound 3.
Figure 4 shows the results of a study of the

devel opment of tolerance to the antiallodynic effect
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—mbodi ments of the present invention include those
antigligstynieceifast ofepmmosndi3) wherein RL and R2 are

i ndependently selected fromthe group consisting of

hydr ogen and G -4al kyl . Enbodi nents of the present
Figung-drghiows theaksults éfreostady offheudeielapmérdraitdlaranice to the

Mherein nd R2 are independently selected fromthe
a"%%“@oﬁﬁqﬁpfﬂ@rmmﬂydr ogen and nethyl. Embodi nents
of the present invention include those conpounds of

For mul a (Ib wherein Rl and R2 are each nethyl.
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conmpounds of Fornmula (1) wherein R3 and R4 are .
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hy d Eotjmdiments4 of ki, pEsent yioventiony lincludel ttosel égmpoynds of
ei : ent n. j e ong,.t
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consisting of hydrogen and Cq.jalkyl.

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, Ci4alkyl, Cs.7cycloalkyl, and Cq4alkyldiyl 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.



Enbodi ments of the present invention include those
conpounds of Fornmula (1) wherein R3 and R4 are
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hydrogen, nethyl, and cycl opropyl . Enbodi nents of the
present invention include those conpounds of Fornmnula
(I') wherein R3 and R4 are each hydrogen. Enbodi nents
of the present i nvention include those conpounds of
Fornmula (1) wherein Y is_hydrogen, or hal oge
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Exenplified conpounds of the present invention include
3-[(1-RS,

2- SE}n%)chth%?dfhb{é Prasamt iAveRYbA mbrldsdhesey evmbeicaybi - b

enzam
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2R)-rel -2-[ (di net hyl am no) net hyl ] - 1- hydr oxycycl ohexyl ]
- be Ensaditaenisigf-tBe pfdsest invention include those compounds of

2S)-rel -2-[ (dj I thyl]-1
Foryia GRS N o PGB, am de. 3. [ ( 1- RS,
2-RS) - 2-[ (di et hyl am no) net hyl ] - 1- hydr oxycycl ohexyl ]-

L/, L/-di ethyl benzam de; L/-cyclopropyl-3-[(1-R
2- R&) fughey embadimentiof te sl quntmrunéwe§/ &Q?ﬁe%W‘HQU“dS

of g@&é?@z(ﬂei s ABR 1R 2R ©§; 28 eﬂapﬁlomenc pair.

di net hyl am no) net droxycycl ohexyl ] -/
Vet hyl benzam de The conpounds of the present

hnv xtelm%llf &? Xor%p%gngs oPth %S[ﬁ'ggeri\tr?n\;ehn%o];\cl’&%de
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, 2S)-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



of pharmaceutically acceptable salts. For use in

nmedi ci ne, the salts of the conpounds of this invention
WO edoeni13486 non-t oxi ¢ " pharmaceuti cal | y accept abberuab1085/016581

(Ref. International J. Pharm, 1986, 33, 201-217; J.

Pharm ScL, 1997 (Jan), 66, 1, 1). O her salts may,

however, be useful in the preparation of conpounds

according to this invention or of their

armaceutically acceptable salts. Representati
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hyhmmmeaydrbbmrmc leydtlddic, peeshioric, sulfuric, nitric, phosphoric,
2- napht hal enesul ni.c, p-taluenesulfonic

acelieIRIARIRRIGe gy P! QPt'Cs%‘F‘?CHS}Fw’Ea'e%@EH%ﬁ'? Aalicyfartaric, citric,

behkbit! MAhAAIRE Methated SfoRRP h§&RRY SthaMEs MoaR) b@n@ienesulfomc
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e, alumnum ca um magn
bages ammusm nﬂhllemtdzdztonbasm/\becetldr‘nresaitsmmhmhsbenzathine,
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under st ood that all such stereoi somers and racenic

m xtures thereof are enconpassed within the scope of

the Wﬁ(ﬁ%%& c?r‘?l}é%ﬁ?é)gcccﬁ%gnsrtﬁg ﬁvenﬁeﬁ%ré’t:hﬁ'aethey may

crystalline ounds may exi st
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Ftﬂli\grrge@péog;p ke crystallifig foqms 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 A

encompassed within the scope of this invention.

Unless specified otherwise, the term "alkyl" 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



Unl ess specified otherwise, the term"alkyl" refers to
a saturated straight or branched chain consisting
weodoehy34ed 1-8 hydrogen substituted carbon at orET/US2005/016581

preferably, 1-6 hydrogen substituted carbon atons;

and, nost preferably, 1-4 hydrogen substituted carbon
atons. Unl ess specified otherwi se, the term"al koxy"
refers to a saturated strai ght or branched hydrocarbon
chai n al cohol radical derived b{ethe renpval of the
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en substituted carbon’ pre erably
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pairpsiyniciomes of ghistrs Od@mgranm gadaahesdilhg utdity efethe 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



procedures descri bed herein. An enbodi nent of the

invention is a pharmaceutical conposition conprising
WOD®s0I13480r € conmpounds of this invention in asBODUSI00®0M6581

with a pharmaceutically acceptable carrier. Another

enbodi nent is a pharmaceutical conposition made by

m xi ng any of the conpounds descri bed above and a

pharmaceutical Iy acceptable carrier. A further

enbodi nent is a process for making har maceuti ca
hetzimpoa ithérapediinaby ieffetiventiogenty raﬂqula\'e tgaei-@pinisb'mestor. The

d bed ab d h Ll I
cofpping AEs AtimuiEre BAIRBRIRrea o BSHFEAEN Sy
cohvetftivhaProuts oRadfiniehtioanindluding ) g ri@tlhmlteﬁd@baéleﬁlaéar a

rru0|0|dllgand In the nethod for treatipg pain

sublinavahtecylasy ransAespabirectpl yaginat #d saresterghyl & §'t"%‘i“é%“eous
inthftndsct | fttadbfinACRiralBREROEICYNY of the conpounds as
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subjekt Alreadyedidrantabdne drafdre, p-spidid Medidations other than a
transdermal, rectal, vaginal and parenteral
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treating pa| in a subject already tol'erant to one
hecgin i a¢henapputically efféctive dagestoonbdulatenthe 1ropioithegaptosr The
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effective dose to nodulate the mopioid receptor. The

- sublingialReuty traesdedmighireetal vagingl an% pajesteral (-ensdbcyjaneous,
intFdrRGSRAE iltPadBMMal, 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, 5.0, 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.



conventional route of adm nistration including, but
not limted to oral, nasal, sublingual, ocular,

wo e@sadaseml , rectal, vaginal and parenteral (PCEUS2005/016581
subcut aneous, intranuscul ar, intradermal, intravenous
etc.). Atherapeutically effective dose for use of the
i nstant conpounds or a pharnaceutical conposition
t hereof conprises a dose range of from about 0.001 ng
to about 1,000 ny, in particular fromabout 0.1 ng to
about 500 ng or, nore particul arly fromabout 1 ng to
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thetapéticdeseige may be admini stered in divided doses of
two, three or four tines daily.It is apparent to one
skilled in the art that the therapeutically effective
dos eohfjoun@s of thisiAveisnthaP be baministerit in@ny@F the fore omg
phar maceuti cal conposition thereof will vary accord| ng
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thqt he advancenent of the di sease condition. In addition,

8% ors associated with
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-yl)-N,N,N',N' -tetramethyluronium
hexafluorophosphate

M = molar

MeCN = acetonitrile

MeOH = methanol

min = minutes



the particul ar subject being treated, including

subj ect age, weight, diet and tine of adm nistration,
wowdos/1tasul t in the need to adjust the dose toPEmUS2005/016581

appropriate therapeutic | evel. Conmpounds of this

invention may be adm nistered in any of the foregoing

conposi tions and dosage regi nens or by neans of those

conposi tions and dosage regi mens established in the

art whenever use of the conpounds of the invention as
ﬂ/ﬁﬂlop|0|a rec%%ﬂ&ﬁemﬁﬁﬁanﬁ?ors is required for a

THEHD) ect &n neg ];,?% Abbrevi ations used in the
I nstant specification partl cularly the Schenes and

TFBxanpl ess ar etrlﬂsorfoabetW\BCIded or Cnpd= conpound d day/
O.lcl}ays DMF_di rretﬂ 1eforrram' de DPPF
1' - bi s(di phé é phosphi no) ferrocene Et OAc et hyl
TEACet at e £t OH wiethgtamhing hour/ hours HATU
O "- Azabenzotriazol -i-yO A ./v./V.A 1-
hexaf | uor ophosphate M nol ar MeCN acetonitrile MeCOH

met hanol GENERAL SYNTHETIC METHODS

Representative compounds of the present invention can be synthesized in
accordance with the general synthetic methods described above and are
illustrated more particularly in the schemes 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



mn = mnutesrt/ RT = roomtenperature THF =
tetrahydrofuran TFA = trifluoroacetic acid OTf
w0 pooShetses TEA = triethyl am ne GENERAL SYNTHETI #CIVESHEEXHE 6581
Representati ve conpounds of the present invention can
be synthesized in accordance with the general
syntheti c nethods descri bed above and are illustrated
m)re particularly in the schenes that follow Since
schemes are illustratjons, the invention sho |t
forﬁa{'a #S WihBydraxide aniqibproyides farRexagyide eMAQURFie 8f formula
Ag.eactions and conditions expressed. The preparation of
the various starting nmaterials used in the schenes is
Scheme Aithin the skill of persons versed in the art.
During any of the processes for preparatign of the

corrpound R f the present | 0pMgkt may e
Geceséﬁ‘f'z/ and/ o desirabl emﬁ@?ect si\ti ye
eactiv 82 gr oupsj_ on_any of thg ecul eE’%n né'g\r

s_cra.)L_be_.a eoNRR? an_s_o_f_Yc_o_nyent NR'R?  KOH
ot ec%l:*{;)q , such as those descri be
A¥ otecti¥e in Oganic Chemstry , gd. J.F. W
McOnie, Plenum Press, 1973; and T.W Geene & P.G M
Wiys, Protective Groups in Organic Synthesis . John
Y & Sons, 1991 . The protecting groups nay be
HOEND &ONHz conveni ent subseguent stage using nethods
rqmthe art. Representative conpounds of the
entNF Rventi on may be synt hesi zed

Scheme B shows an alternative synthetic route to compounds of the
present invention. Starting with a Y-functionalized derivative of a tramadol
metabolite, B4, which may be synthésized using methods known in the literature,

treatment with triflic anhydride provides compounds of formula B2. Compounds

Scheme B
Y. Y. Y
X X XY

oTf  Pd(OAc),, HO_  )=/""COOCH; \,0H
O -
NR'R2 D?%F, TEA, NR'R2

NR'R?
MeOH
B1 B2 B3
Y Y
X X\
HO_ )=/ CcooH _ HATU HO, )=/ —CONR3R*
NR'R2  HNRR® NR'R?
B5
B4 B6

11



by the nethods illustrated in Scheme A. Cycl ohexanone
A 1 may be el aborated using a Mannich reaction with

wo coosaldehyde and an am ne of fornula A2 to gi PET/ES2005/016581
conmpound of formula A3, wherein Rl and R2 are as
previously defined. A Yfunctionalized aryl-nmagnesi um
reagent of fornmula A4, prepared according to the
literature (Knochel, P. et al. Synlett, 2003, 6,

885- 88@8, mag be added to a ketone of fornul a A3 to
of éprinila Begnpy bR gopyertest inte aomBounds:ef fremuladd3 Xiddnpound
[
m@hoRCEghy{tiof deind KArRH A AR Ga BB TEAGR AR in
theptasenae lof/e palladibet caiairysmnzd a ngar(uiTpmJ'nds (bf’-t he

o PRERY PO rocih, ChalsR ol o 7 cpgaines
ushigtiyesxide to fismerebhredpondimyoarboxyiiteadid t B4 anam;ounds of

treatment with trifljc anhydri de row S C ounds
formyflaR4may bedyphen plakorg g %e&ffmv &C%'Q&'“g

thé@é(rb'%% g%lgﬁw&ﬁ%n%.ﬁe%@rmmwssqﬁ thOpraseAcSdf ¥h %pgropnate

met hox onyl ati on using carbon nonoxi de gas
couplingiagentesucings HATU inemarrotipiselvent. a pal | adi um

catalyst and a ligand such as ( 1,1'-

bi s(di phenyl phosphi no) ferrocene. Conpounds of fornula

B3 miystbrecaaps of theepresentigvéntibnanayl betsephmated biyeeverse

orESh PR s SRR Sl i ALY Bl Gpoemi
coffjoimbia of the imésémuﬁbémmtrhsy sarsapécet@d 46 tivdit idvdidual
am ne of formula B5 in the presence ropriate

engptipMerfigusiog kaows methads frmmuhﬁ ﬂftqaﬁtuaw%'ﬁ?@%gp»ent

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



Di astereoners of the present invention may be
separated by reverse phase or normal phase

w@E boosme4egr aphy or by fractional crystallizatip@r/us2005/016581
Racem ¢ conmpounds of the present invention may be
separated into their individual enantiomers using
known nethods fromthe literature (EP 786450).

SPECI FI C EXAMPLES Speci fi ¢ conpounds which are
representative of this invention were prepared as_per
MHz) spegiraraeleng Tha ¥alES arepxPregsesin parts peLEHirsdownfield from
TMX & ﬁr%sé‘@ﬁeétl‘f@ﬁ’g‘sﬁgé%t&ﬁﬂh@ bing MiBRMAIPIAESmM LC

sequences are offered by way of Illustration, to ald
spegirontedenorcar Agitland LEgspectrometer wsingtealentrospraydachiiguesot

StehEp SAMBHE Piebings Felupe 2o Bke R Tp B RRREE as

sepdiateadidste opters dad Bhgntidraersiikeresfusing Xiray erysealiogiaphyiand

subsequent exanpl es to prqduce additional .conpounds of

OtheR SghRSON oG 1o e 316 e et dtyoh sorerqiions were
L Lol e o F _ tians.

R S R e e T
Progheomd-G30 erlymn: duplicat retations weresdetarmiagd wisthg a Pegdn-Elmer
MAGRIBE] B fRtel AUNRLL BARHEE ol #RITh o BRARBRGS e ©

pur chaSed Trom comrer Cl al Sources. Nuclear nagnetic
exaraples avere obtdiidd Spaceadilyfavaildhle comererciblosupplienser synthesized

asured .n the indicated. solvent w.t T t.he
by SR Epicineltiodh KBpindn e akIREIN BP sutiiricNemmigst bysifiesjgo The
sulbstiMtigroupRewhich betwBBA exampRs, afcchyRXeyerbisrfifssd Btherwise
nog&gs per mllion downfield from  TM5. The mass spectra

) were determned on a Mcronass PlatformLC
spectrometer or an Agilent LC spectroneter using
el ectrospray techni ques. Stereoi soneric conpounds may
be characterized as racé&ndgedoiexfures or as separate
di agt oner.s and ant i s .ther i - .
or y§'t[§'ﬁb'BFQBﬂ9mé'ﬁ§)n m&%yﬂ'ﬂ%—hyd Fox%c‘flgtoh%&yﬁgb%{o%trlle

iPrMgCl,

THF, 0°C NG
OH

—_—
o
| i‘j/\rl\l/ N~
|

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 (K2CO3), filtered, and concentrated under reduced pressure to afford 3-[(2-

13



ot her met hods known to one skilled in the art.

Specifically, chiral separations were perforned by
we@emparasé ve HPLC using a Dynam c Axi al Conpr eBST/U82005/016581

type Prochrom LC50 colum. Optical rotations were

determ ned using a Perkin-El mer Mbdel 241 polarineter.

Unl ess otherw se noted, the materials used in the

exanpl es were obtained fromreadily avail abl e

.commercial suppliers or synthesized by standard
d'fﬁ%‘!‘M'@Hﬁ"qk)ﬁtﬁXhY'ﬁ6'fb/ﬁ‘é°>§/w1='9€%x¥'lnbﬁ'T?@"ﬁ?"? a5ra pyvdurecef four

dia%Yé}EBﬁé}ss(mé—é‘E sydstituent groups, which vary between

exanpl es, " are~hydrogen unl ess ot herw se not ed.
Procedure A

3-[(2-Di et hyl am no) met hy| ] - 1- hlydroxycycl ohexyl ] - benzo
nitrile |sopropyl magnesi ide (5.4 nL of a 2M

SOI34(1 RS, 23S RY2-[(DimEthyiamjnoyasethgi] edh gid iapayicy elohexyl] -
sol ution of 3-iodobenzonitril 66235 1g 8.7 mmol) in THF
(20 mL) at 00C. AfterPeRzamidsqCPg,t' 30 nin,

2-di net hyl am nonet hyl - cycl ohexanone was added and the
ice bath renoved. After 1 h, the reaction was quenched
wi th satuyated aqueous PRI chl d\i 0 nmL) and
o440 m) waseadded. T phase was
separated ang/1hen extracted—wth a sol ution

hydr oxi de solution. The basic solution was then
extracted with chloroform (3 x 20 nL). The lorganic

ext fo\as%ﬁpllé%gQ-[Fzgm&ﬁglanﬁlgé)ﬁ%tﬁﬁ%ﬁroxy}?*&lélﬁé@% and
SIC NG N -
dié%ig%ehli%%ﬁ%ﬁtg%mﬂ ALY powtered bBRESILAPATISxile }1.89 321
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 (K2CO3), 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)methyl]-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



3-[(1 -RS, 2-SR)-2-[(D nethyl ani no) net hyl ] -1
- hydr oxycycl ohexyl]- benzam de, Cpd 1 1 A sanpl e of
w@2¢o§21Hdseret hyl am no) net hyl ] - 1- hydr oxycycl ohexpd/452005/016581
benzonitrile (Procedure A 1.66 g, 6.4 nmol) as a
m xture of diastereoners was dissolved in terf-butanol
(20 nm.), powdered potassium hydroxide ( 1 .8 g, 32.1
nmol ) was added, and the reaction was brought to
reflux for 1_h. After cooljng the reagtion,. chloroform
acetate iy atgh fpdipsted tq BU=r15) Wih ulfufiracid) 1es 'Biegiee en a water
pré-AUSHed\BS1 SENGALS femble 8y sKREBlUbsedudntig! e puped
concentrated to afford 3- )(2- ]
diagitereomerig mintiyermasflushad pif dne goltyn wite aarpdisahefwates and
métRafk di astereoneric mxture (1 .6 g, 93%. The
mxtcd're was purified on a reverse phase C 18 col umm
with 0.5 % ammoni um acetate in water and acetonitrile

as eluents. Conpound 1, 3-] E é %S,

2- SR) - 2-[ (di et hyl ani no)## 1- hydroxycycl ohexyl ]-b

enzap 4es, 2R8)4@-birméthyldiirio)hfetAyilieh RoHesty -

SRS, 2 s%';ﬂ-iz- yid¥ito) Yt EhyaroxyeyBRtstyR

[ (di net hyl ami no) et hyrgnzamigde; €R@cd/cl ohexyl | - benzani de
An alternative nethod for the separation of

Corrpounds 1 and 2 uses a C 18 colum and 0.01 M
sodiTbmtidlalcbatpound ehded se¢ant] romettietseppratin3iesctibed in

sul furi j / et ha : Isocratic mxture 85/15,
E@W'%s&é@%ﬁ%&ﬁg?kanol bet ween runs. The pure

fractions of separated Cpd 2 and the pure fractions of

separated Cpd 1 were separately but identically

treated: the solvents weP@BRISphrated, and the

resul t ant m'xtureré_pure i somer + water + 0.01 M

antb#il(ifh &R 2ekl(RrPimethylanaimo)metayl]-d -mdroxgcyglohexyl]-

sul furic acid)) was iy 0 ter pre-flushed
C-18 colum to remve&arﬁ‘%hggﬁ gpﬁ ubsequently, the

Th@usr-ﬁ1 -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 (¢ 1, CHCI3); Analytical
reverse phase HPLC (gradient 10-90% MeCN, 0.1% aqueous TFA) tg = 1.52
min, ~99%; '"H NMR (CDCl3) 6 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 Hz), 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, 2S)-rel-[(2-Dimethylamino)methyl]-1-hydroxycyclohexyl]-
benzamide, Cpd 4

15



di astereoneric m xture was flushed off the colum wth
a gradient of water and nethanol. Exanple 2 3-[(1-RS,
WQ@20@Sh1§48@2- Di et hyl am no) et hyl ] - 1- hydr oxycycl ediexgiops/o16581
benzam de, Cpd 2 The title conpound el uted second from
t he separation described in Exanple 1: CIMS (M+ H)
mz = 277. Exanple 3 (-)-3-[(1R
2R)-rel -[ (2-Di net hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ]
- benzam de, C(ﬁd 3 Thg 3-%%1- R?,, ) )
Therepond compREEH A aihteBemebryeslution dessibed i EH@WH:*B‘@S
+ d - dsHe
R e N S A
(2.8t a8 MIz27F (MS#+hda¥he 38@ (enh CHCh)tAnadyticahtsiverse phase

HPLS (EFationt 10-SpBLUBCRL 1 15 bRy TFR ty 31649 BV 99%:
NMR *Q@Dmgvacheséii @(s?) H), M55 52(Ad 2HY, Nté6-1. e[aacg}re 3831 54-

tical reverse phase HPL

@3 r adi ent
ngo% WA @8 (do 1higs) aql?e%df?)#ﬁ? 2.6 m138% Z1i (s, %990/@ 4842.45

<m!t*.“‘§6$-?@?é8 o 4G A TR48 % 4= #2) T B 2H),

8.04 (531HL), 2.02-2.05 (m 3H), 2.18 (s, 6H), 2.43-2.46
(m1H), 5.69 (s, 1H), 6.44 (s, 1H), 7.43 (t, 1H J =

7.7 Hz), 7.69- 7.72 (m 2 8.0 (S, 1H). Exanple 4

(+)-3-[(1 S, 29 -rel - [(5@#&%& am no) et hyl]-1
TriffUstofrethiAt Sedyiclacid 3-[(1-RS, 2-RS)-2-[(dimethylamino)methyl]-1-

hydroxycyclohexyl]-phenyl ester

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,Cl; 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
(Na2S0Q4). The solvent was evaporated to give 11 g of an oil. The residue was
passed through a silica gél column (4:1, CH2Cl2: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 bottle 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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benzam de, Cpd 4The second conpound to elute fromthe
resol ution described in Exanple 3 was (+)-3-[(1S,

W@ S)osned4s@- [ (di met hyl am no) et hyl ] - 1- hydr oxycyedDli8209$/916581
-benzamde, (2.3 g), Mo nmz 277 (M#); [a]2 D5 +33.6
(c 1, CHCI3) ; Analytical reverse phase HPLC (gradi ent
10- 90% MeCN, 0. 1% aqueous TFA) tR =1.49 min, -99% 1H
NI\/R(CDCIS)d135 .43 (s, 1H) 1.55-1 .65 (m 2H),

1 74- 1 80
mclte) cz IE? b3 @@%G@éewﬁ cagppn n%%'c{?swa% hybb@gzt@roygﬂéhe
ree(d?‘bﬁ'?pnytﬁe for 5 ?mn &hﬂl thésbétﬁe @ﬁas ébged gndlﬁeétbd té I’||00~°JC ’for 2 h.

I—? Procedur e
Upohicopliog dhetrﬁwtmuwa%nwedanta V@t[e( ancksx racted with 70: 30

d| t .
Etﬁ@%@)&éé&@r ohex ?ﬁ%ﬁi@#& c}‘ﬂ?;e\g%( Ok]tip%d’gwas%hr?p ‘8'”6%” agﬁ%
brlhb,Hirieii Nd,S@a}, pidditteted. nTIme aolﬁ/éaiskasaedapmafeeﬁnwiabho and the

reskGit S PRoasd PraudharTicA e e0 ¢} SHgi WedA: Rifion)
to %rv85)5 g (hé%)rm'trlié/hmaﬁb&m&yﬂnb rib/z —292 (MH ). "H NMR &CD%)

dr ox cyclohex | ]-phenol (6. in

nol
Koy S5iicd BUMeAH ) A @ 1607 2.1 TaHIon 511, (s 8 on
trlfllc anhydride (6 mM_ in 10 m _ CH2Cl 2) was added
dropwi se. The ice bath was renoved and the reaction
was stirred at roomtenperature for 2 h. The reaction
was then washed with water, br| e, and dried (Na2SO)
The sol vent was evapo give 11 g of an oil.

-(rz eBJ:[(Q RS U@R@&%ﬁ\??)glbcghgﬁn&h?(]u -ﬁ?d@&kyc‘%iéﬂ@kyl]-
' benzoic aci

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,O. 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-hydroxycyclohexyl]-
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 (Na;S0O4),
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trifluoronmethanesulfonic acid 3-[(1-RS,
2-RS) - 2-[ (di met hyl am no) net hyl ] - 1-

whyasosescl ohexyl ] - phenyl ester. M5 m z = 233p¢MMUSDN5/016581
Procedure C Methyl 3-[(1-RS,
2-RS) - [ (2-di et hyl am no) net hyl ] - 1-
hydr oxycycl ohexyl ] -benzoate Into a pressure bottle was
placed trifl uororret hanesul fonic acid 3-[(1-RS, 2- RS)

andgiteiec e1ie Wials b8 a9 IoEh IR eeds Aot 1S TRy pasper
thr@ﬁ’EﬂFa(sﬁ&Qrg& coRiniP(S6: 10P¢(©4}9¢I§ 1&6%4: mmmb %Y%gﬂ%g

Gaseous carbon nonoxi de was

(32%} ol 1tRE, 2-R2k2 Hdlrnetiavlanénw)metsyl}n1myamy@mowyﬂrMN-

. [ Q
il HERgaR et S LS THVER GculS T Aty o
anafzz(bcﬁmw/ FuQaa, {Bx)2.1 )SH)r 28ri.6 (FYr0iHNS . Wbt e6H).

conbi ned, washed with water, brine, dried (NaaSCv),

and flltered The sol vent was evaporated in vacuo and
the resi due was passed through a silica gel colum
(90:10:1 CH2Cl 2: MeOH: |er give 2.5 g (48% of
the title conpound. MS (M+) . 1H NWR (CDCl 3)

4 bBimf ik g ot
2- RS) - [ (2- Di nieydndxyey cloheayl]ybdnzamibdgdCprycycl ohexyl | -

benzoic acid A sanmple of nmethyl 3-[(1-RS,
2-RS) - 2-[ (di et hyl am no) net hyl ] - 1-

Usﬁ@h@ﬂédé‘dtﬁﬁ@ﬁﬂxhn%‘ 50§3t%tlfu'=iln§ (Q'clo?rcﬁ)yla'fﬁi'n)a foleOH

., and 3N Na wer e reo uxed for 1.5 h.
am@ﬂt%gﬂ%owapa% Waﬁrpf%%ﬁfﬁé i A% Yieldr 45 drg AL’

gggﬁg 0 %g% l'?'?-?.(zc(%?,e)H),E'.‘F(s?%h‘Fé‘.b A8$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 title compound was prepared in 37% yield. MS m/z = 291 (MH"); '"H NMR
(CDCl3) 6 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 (l) in Table 1 were synthesized using

the procedures described above.
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and the residue triturated with Et2qg . The solid was
dried overnight in vacuo to give 2.2 g (92% 3-[(1-RS,
wWQ@20@Sh1828¢ (di met hyl am no) net hyl ] - 1- PCT/US2005/016581
hydr oxycycl ohexyl j - benzoi ¢ acid. Exanple 5 3-[(1-RS,
2-RS) - 2-[ (di et hyl am no) net hyl ] - 1- hydr oxycycl ohexyl ] -
L/, L/-diethyl-benzam de, Cpd 5 A sanple of 3-[(1-RS,
2-RS) - 2-[ (di net hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ] -
benzoic acid (0.1 g, 0.36 mmol), CH2CI 2 (5 L), and
di ethylamne (0.08 nL, 0.36 mmol) was placed into a
flask and stirred for 5 mn. To the reaction was added
HATU (0.13 g, 0.36 mmol) and stirring was conti nued
Tabler1 2 h. Water was added and the organi c phase was
separated, washed again with water, dried (Na2SO )

ana £ 1+ Ay A

Tha--f i1l + v ot o _
ak®% He resi due passed through a silica gel colum
(NP 10: 1, CHPCI2: MeOH NHAOH) to give 42 ny (35%
of 3-[(231_-(R_} _SR)-2:K(d] lamino)methyll-1-
2- RS) E % §ﬁ gnL ?1'83% ﬂ?/’l'r] Teﬁyyai]rbxycycl ohexyl | -

L/ 4L/ -} wWliced lbR&ARDEHE: n{\y@erriz = 333 (MH); 1H NWR
(coa Hi‘ 7*%5,% (Ar Afl\ 3 a_n_d_g_,_L(@b.q)_AH)_; 4

& Bt O
2- BS) - [2nyideckyeptibhiexyil bezaetidy | | - 1-

h\lf‘lrJ'\V\lr‘\lr‘l nhavul 1 hoanzam dao Cod—6—sin
II] AY. N} oeTTZUArTT UG, WU \vJ A\ o R |

FI'II—\

D
(1)

g—th
pr ocedyr 7 rsetRSiahdiNG InnstnGy.¢L opr opyl am he
for di Lej(t)ﬁ?/mﬁgmélez th' ?‘jtgorlrpo’un S prepared i

45% vyi dhydiroX\YSyalblaewlBllGhz(anHH§ 1H NWR (CDCI 3) d
+—F 72(/—\?, H-II}, 2% \o, Ul—l}, 20-15(m 12h, D. 5

(2t, 4H-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 hydroxycyclohexyl]-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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Exanple 7 3-[(1 -RS, 2-RS)-2-[(D nethyl am no)nethyl]-1

- hydr oxycycl ohexyl ] - Nmet hyl benzam de Usi ng the
w@emsadyse of Exanple 5, substituting L/-nmethybemismos/o16581

for diethylamne, the title conmpound was prepared in

37%yield. MSmz = 291 (M+) ; 1H NWR (CDCl 3) d

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 Fornula (I) in

zed u t he dur e

(
Th Relid el CaRacd e e FValion s afoids & el ated by the rat
bratatmiPaAd deltd opitid FRebfor BHdimdl abenedd aésdibed fdow.

AssayThe activity of conpounds of the invention as

opioids is denonstrated by the rat brain nu and delta
pPrAPifjd receptor binding assay as described bel ow

rocedure Mal e, Wstar rats (150-250 g, VAF, Charles
MdRe anstaMa@é.‘thSO\g’)VA\E,r@thsl Riveb\KingstoncllY) were killed by

di. sl ocat nand £ brains removed and pl a d..
ceflical Sieatin Y hF bt Advadimt GoeaH Bisdiaiey jpjce cold
Trig-HQI buFfes ($@ﬁﬂ\brpﬂﬂ It )Wahe forRbedins fbré rsegmtdm frefpthader

of the brain a coronal transection e

remainggr Pglthé’tbr?lﬁ‘eb%% ceropg Vafaffﬁsct'eas%@mgmoe rﬂ%f %ﬁ'%"% the colliculi
angrb'a%gﬂp Jéﬁﬁaﬂ% ﬁﬁ?@#mﬂﬁq{qﬁbf‘ﬁnid&%é Uhctibh! foter d_llssectlon the

I'ssectl on ebrali ns were ormg ni zed
forebfdins weere laomegema(eqi in Hisbufferonageeflane rglasmbomogemzer The

o BB B MR W Bk A AGRAER LS kBl 100 mL

Fai ot asge per
Trisduffier hnd edntifudde, £8D,0005Kf@® for D mim. THé pebetivag was

B AN NI M AT L .
PaiAfdn §dthagéhitére PRHisbafidudBsS preparhtfoplwad Bs@Pfdrithe opioid
receptor binding assays. Following incubation with the mu opioid selective
peptide ligand [3H]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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receptor binding assays. Follow ng incubation with the

mu opi oi d sel ective peptide |ligand [ 3H DAM3O or the
waledosailzaps oi d sel ective |igand [ 3H DPDPE at 258 T/Us®05/016581

tube contents were filtered through Watman G-/ B

filter sheets on a Brandel cell harvester. The tubes

and filters were rinsed three tinmes with 4 nml _ of 10

nM HEPES (pH 7.4) and the radioactivi ty associ at ed

with the filter circles determ ned us Fornula_99

Hugar my- pﬁ@&e'fmamarqmwa?gpsw&am| RegeptsnBiolagy, Inc.
(Bélﬂ ré 2 f\ft'1%@ﬁﬁl%f‘?ﬁemﬁf@1‘ey;§bfelﬂ— %sdﬁfs%eﬂﬁét?m 10 mM

to c ate a Ki val ue, using G aphPad Prism
TRﬁﬂ'ﬂﬁéﬂ eH7. PSBB}NB'EFQ;EABI(]%ﬁngrOAgsay in human nu

B e ri AR R RS o T BB RerfBieBbs was added igto 15 mi
cofdr amﬁebeﬁé@rcoatalhmgyso i HEBEISLIpnge% mgﬂomi 160 mM
ran ro n n
Nagh 3 veM TBERT 308 3" BBt | SoTee dremblahet dyRRagion was
ho%@%n%bnﬁ/ﬁh '%eﬁo@'froﬂ ﬁgme% éﬂd @éntﬁﬁJH@daé‘leéo nw?lﬁd@?GHO min.

I nfo 15 assay buffer, contai'ning
Thpwuvematgnhwawgmm centoifugerh at1@,000; rpmw fm20 ana. 7hewellet was

re P ETan T PE RSy BURERIH 3R ot 3000 1 pm for 10°

mn. The supernatant was then centrifuged at 18, 000

20 min. The pellet was resuspended in 10 m
m%&’?ﬂ?"fﬁ??’é‘#’%th a Polytron. Incubation Procedure The

Theepdirt nidribranes 20 Zi.@/rlﬁi])/\ﬂér)e prelreubaRidnwitlh Banttilatidm Proximity
Asgg;/ rLljtelaldls aEtSIP(,l)\n 18rr%/ml) a¥ 25°C for 45 min in the assay buffer. The SPA
beads (5 mg/ml) coupled with membranes (10 ug/ml) were then incubated with
0.5 nM [358]GTPyS in the same HEPES buffer containing 50 yM 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 uM DAMGO - % Basal of compound)*100
/(% Basal of 1 M DAMGO -100)

ESS]GTPyS Binding Assay in NG108-15 Cell Membrane

Preparation of Membranes
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Assay beads (SPA, 10 mg/m ) at 250C for 45 mn in the

assay buffer. The SPA beads (5 ng/m ) coupled with
woreosbneaes (10 ng/ m) were then incubated w t hrOT/BSI0M/016581

[35S] GTPYS in the sane HEPES buffer containing 50 mv

GDP in total volunme of 200 M . A range of

concentrations of receptor agonists were used to

stinmulate [35S] GTPyS bi ndi ng. The basal bindi ng was

NGORT ol meE ey nwpres IHTEEEREE T 3 foptn CelleiSsipnces
RS&P}H% MeRdi KRGt r‘r[}ghﬁly p’&ﬁﬁ)n%ﬁ‘ﬂémﬁeﬁ% Srdtein B%ks?ﬁéﬂ)ended in 10

Count .” Dat a ta were cal cul ated as foll ows: % of
ﬁB -HCK pH #dl aimed ED%n‘l%{gé@pqu@) * 100/ (basal - non

M%EEZ'%I"&W erd Il el 80576, Baft nelior of MerfilEes ygh acded

int83ABLGIL RG6H Bssaly bgffélsiwmtamnng\lGDOﬁlMlB'nerH-l e maldeMgCl,, 100

o SEGhebanbt SN SaTA\ FOBAT orlhes MERBIRDR | FuspeREpn Was

hof¥og8niZB4 'Wltlp‘ér tlcl?ﬂoﬁfz ﬂﬁi&réﬂ!ﬁcéﬁtﬂf jed 4RS00V $HANSLA0 min.
in 10 nM T 2, nM EDTA, 10% sucrose.

Thmemeé%ntv\@a%tm mrarlﬂ\@sdat 18,48 rpm form30 mipyr tTherpedet was
buf f
edERRNANF T 1R BERAY DUt TPl E25™ 100 i aca

1 MM DIT and 1 nmM EGTA. The nenbrane suspensi on was

zed with a Polytron 2 times and centrifuged at
Incé%még'?g r?LO m n. The supernatant was then

Th@émillét fn'éﬂﬂﬂaﬂés QJB 9{9@{1!) aerd preifdubatay wThSHﬁebbedjs (MEDSmg/mI)

g.uspended i.n ass buffg usi ng a Pol%
at 25 for 45 min in the assay bu er. 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 uM GDP in total volume of 200 pl. A range of
concentrations of receptor agonists was used to stimulate [353] GTPyS binding.
The basal binding was tested in the absence of agonist and non-specific binding
was tested in the presence of 10 yM 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).

ECso values were calculated using the Prism program.

Table 2. In vitro mu and delta opioid receptor parameters

Mu opioid
Mu opioid | Delta opioid GTPYyS Delta opioid
Cod No binding binding (ECso/ GTPyS
P | Ki(nM) Ki (nM) relative efficacy) | (ECso, nM)
1 1387 9875
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I ncubati on Procedure The pellet nmenbranes (75 ng/m)
were preincubated with SPA beads (10 ng/m) at 250C

wo 0005483486 N i n the assay buffer.

The SPA beadspP{BUS2005/016581

ng/ M) coupled with nenbranes (37.5 ng/m) were then
i ncubated with 0.1 nM[35S] GIPgS in the sane Tris

buf f er

A range of concentrations of

containing 100 MM GDP in total
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into their |

hi ndpaw. Fol | owi ng a 24-h incubation

Example 3
Rat CFA Radiant Heat model of inflammatory pain

eft

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 uL) 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

(hydroxypropyimethyicellulose, HPMC). Percent reversal of hyperalgesia was

calculated for each animal as (Treatment Response — postCFA Response) /
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peri od, response |atencies on the Radi ant Heat Paw

Stinmulator (RH) were obtained and conpared to baseline
w@ prosACHS) | atenci es. The RH devi ce aut onati cabdmUS2005/016581

registered lifting of the paw fromthe surface of the

glass. Only rats that exhibited at | east a 25%

reduction in response |atency frombaseline (i.e

hyper al gesia) were included in further analysis.

Fal i th | at
(PraGEaRBr oSy ~ BOSEF A Regptneek0D; HBRIO A Blopdangmaal
pré- M%ﬁdﬁ%&?&éﬁﬁé@é& H‘b@%eeﬁdeW)NheP@éé?ﬁ@bhérﬁj@frélﬂ'
of hyperal gesia was cal cul ated f each ani mal

pogsthEAtthmhoNéypaﬁw@f’é effiganyt C&MM@% ﬁf@f@/@}sal ©p hﬁmmlges'a was
e CARRERy PR SRR el o B e Pmgouncs 3

andl GO¥erf émtd’qur,algdm inctbismoodéldsge Figupenipost - CFA
t hreshol ds was 0% efficacy. Average % reversal of
hyper al gesi a was then cal cul ated for each treatnent
group (n=6-8 rats/group). The Conpounds 3 and 4 were
anti hyperal gesic in thi SExgfsie 4 see Figure 1). Exanple
4 Spinal nerve ligation nodel of neuropathic
pai n Ani resliral nweel@ﬁpag élLbamd@{/OE'awoaeﬁhwmg 145 to
165 g (approximately 6 weeks of age) were obtained
Ariﬁwgm Harl an (1 ndianapolis, IN. Food and water were
prOV|ded ad lib and a 12 h light and 12 h dark cycle
Mate SpraguenDawleydatsAneighing 14 © 185y fagprasziatately Geweeks of age)

BBk ESHIRAEN A doanl: ) ERCARLUSIA S SERY o
lib Rl PP ng.gﬁuamenzh itk BREIE WEEenAiRtEHRsH. | Afinvdlsiu_ké Yrdup
solid bottom carbonate cages with automatic

hoyged Hneef Wlfgé@ hagepsicearder mpintaiped gomrenmeniand were
allBR&k & bbciPHBThd RES A1 l\7!%relk‘?‘rifq)lIowmg 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 O2). 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 Oz). 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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Tekl and Di et # 8604. Surgery: Anesthesia was induced
using isoflurane (lsoVet(tm) inhalant in an induction
w@ebashexusd 3-5% in 2 L/mn of Q). Once recunbeptT/Us1065/016581

ani mal was renoved and placed into a nose cone which

delivered inhalant isoflurane (0.5-2.5%at 2 L/mn of

2) . The dorsal pelvic area was shaved and scrubbed

asepti cally with chlorhexidine scrub, 70% al cohol, and
5% chI or hexi di.ne sol utjion. The ani |

I d i
V'S\Vél'%efdal o Rs ihsa/iglatse aé‘di"@é‘f‘?%ﬁs'ﬁﬁg -0 g%\sNatng g\ﬁ%’%"@awa’m
saﬁ’r‘ié’§ﬁ@| Hro%s@%?%d@ﬂu@adﬂbmt@%%%&é&%hn\iﬁately p%lst op

formed. The I'eft paraspinal nuscles were separdte
be @lﬁ%q\/@%fﬂrmsﬂlﬁtﬁ@%sses at the level of Lumbar 4 to
Sacral 2 (L4-S2). Once the nuscul ature was retracted,
the L6 transverse process was renoved using a snall
Evatuagjeniof methanidal&llcglyniaal nerves coul d then

al t hen o| at ed .and.
Atfgast Bne et toamnd SRrdeay. anials were mavidha b et oA Lucie
tedtmgmmuemgv.mrﬁ WhE Phésh M&onadMdthahraPEadtiEpsliodlfiaYvas
post - ogtbe ore recovery form anesthesi a. Eval uafion of

measyFecthbY. 3Cosding dympressiue ateuieh Sircatiraird paw Was Withdrawn
frofr‘r‘é&%re}ﬁ Stlﬁ““ll@bﬁﬁ@%ﬁmr@ Pdn\eé;' rﬁtﬁ{%ﬂnh t34998 1 HWEM@%IE& to

bott om
0.245 @ct5g ef) prabswdyaprliedds the pbntaduniace of thalpay (béatween the

foflp 38 hcBoRlnd ¥ B s05lL REERERRYL AT HOAN e b o™

carbﬁ&tel pBN vatHdrswaletniesheld(PYBT]. ON&:ﬁﬂaIQEtschaﬁﬁwuhsﬁand at Ieast
plied to the plantar surface of the (bet ween t

159 %Pb%?é‘je WEE%‘HHP%@O’!%"Q heNbrTatseeatt '@SBP"@:F%BF iRlecas J 3(59 of
prés’s%?é‘) R'aﬂ; \Qér‘iﬁhclhee@ﬁ{ tid S8 Bﬁ |Nﬂeﬂq5\ﬁ¢5\ha§. BeRW ALY

rats can wths | east

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/force 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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15g of pressure wi thout responding. SNL rats can
respond to as little as 0.25g of pressure. Rats were

WO nimsadEss i n this study only if their PW was bet/u$2005/016581
4.0g. Von Frey testing of compounds: Aninmals were used
for conpound testing between 2 weeks and 8 weeks post
operatively. Animals were always pre-tested for
baseline withdrawal threshold on the day of testing.
ol | owjn 16 h f PWL was luated at 30 mn, 1

Tahie' S "RIrod of campaupds isan A orrs SOREBBHEE st ud es
were ¢onducted at thg tine of peak [ef \WVPE orBEDY €3
were ¢condyehgqd.n a plindgshg@mnner.| Statgjeca
anal ysrs—Doata were ornmat T zed—and resutts wWere
present ed as 2 MPE (pax3 magyassi blle ef f eBT Yo of t he
drug. |% MPE = x g/fofce - baseline|g/force X 100 15
g/ forgce - ba<el i ne g 130 9/ P.Qf f dct  af %&;('Pmlp
conpounds i's resentcd in Table 3, |a Cp an
ED50 value ufaOJ.l rgRkg—at—2h—(see I—IES)UI l:dIL) ﬁ&%"‘ﬂ 3.
Ef fect of compounds | 3Gpigna, prerve | i gat 3@, nodel
Exanplle 5 Tnvestigat|on of Tol erande Devel opnent The
devel opment & t ol er At@@MAAKG. IRO-andl gesi 9P ect of nu
opi oi d conmpounds is well known. The devel opnent of
tolerance to the antiall odynic effect of the Conpound
3 was investigated by a ing the compound to
spi nal nerve |igated rag‘ﬁ%&gve days. The
anti al | odyni cipicstigation oft Teterzmop Devdlopatergval uat ed on
days one and five. Dosing for five days did not
di m ni sh the

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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anti al l odynic effect of the conpound; conpound effect
was the same or was slightly increased by repeated
wolomsngg4g¢cee figure 3). In contrast, tolerancepeDUsIv85/016581
anti al l odynic effect of the typical nu opioid norphine
rapi dly developed, little or no antiall odynic effect
remai ning after five days of dosing (see figure 4).
Exanple 6 Metabolic Stability The nmetabolic stability
f. Conmpound 3 was jnvestigated using seve
NoSehiY HE EGboTRE ol dhB SaRPOHAY e G thessutest
coRHitibAS RIMMImAR IR MItP6soméd., dog and human and the
percent of conpound renaining after ten mn
quantified. The conpound was netabolically robust in
Tabld 4 Ipoisremetahslio statlitiiof {-pdribinmeavera ispeeies (%t fdpd
conpourthaiwisg affeet @ eun incibation aitd lives microsemeslons i n
human liver mcrosones. Table 4. In vitro netabolic
stability of Cpd 3Specisver al % pemaiiing%)|of Cpd
remai ning aftel 10 m n i ncubatafegr M@ infin | i|ver
m crosomes). | mppddd TOW Up [STudyggmp humgn |iver
m crosones, theg F@ﬁr Cent of gonpougg g emai|ni ng was
det er m ned at ttb/o rcubdt Un 92[635 (30, 60 and 90
mn). The in vi l" .al 1 i_f" L‘IOT4LUII}JL und was
determ ned to be u\“lw Aot I.. a—stuey usi ng
reconbi nant hunman P450 |soforrrs t he conpound was onl
In 28 Rl [Ymistidboi NUERRD. Ve IFTCSPMES) (e RESFeR! Pegpmpound
remAthin? Was d%@mlﬁ’&igt sé\FE}alltﬁ%ubéﬂbnaﬁ}néQ (30, t60Parkd Qd)‘nm) The
usi ng human 1 ver m crosones, no gl ucuronidation of
in vitre hatfrife ohthevgemprunscwas) 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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Taken together, these several in vitro netabolism
studi es point to the unusual netabolic stability of

wo besaoapound. WHAT |S CLAIMED |S: 1. A conposi PEDOS2005/016581
conprising a conpound of Formula (1) Formula (1)
wherei n: Rland R2 are independently selected fromthe
group consi sting of hydrogen, |ower alkyl, and
al kyl diyl wherein Rland R2 are taken together with the

h they are attached to forma nonocyclic
W?‘A?Tg éiSN are independently selected fromthe

1.9" OWcEA |§(§d&§}n fisiRY ArcAFbundrEForAuiy (1

C3- 7cyc|g§fkyl agd a kyl diyl wherein R3t ?amd R4 are
taken together with thexateps to which they are
attached to forma nopnoc cl\ coONRIR4 Y is hydrogen,

| oner al kyl, |ower a al ogen, or
trifluoronethyl; and rIREcal |y acceptabl e

enanti omers, diastereq tautoners, solvates and
salts thereof. 2. A conpound according to claim1l
wherein Rland R2 are i ndependie()l y sel ected fromthe
group caonsisting of hydrogen and Ci-4alkyl. 3. A
con‘d@]?ﬁ%f Naccording to claim1 wherein RL and R2 are

I ndePeunderRdri ||‘$diép%‘“nﬂéﬁtl)f g@lebtfeaercgﬁ Wgﬁﬁ!bsdoﬁntslslﬂﬂ of
hydrogen and met hy ound accor o claim
1" wher ej hymgandlowzr arkafl @aéraimeluwhgre'w?ca &ursge taken
accordin deétnér hmhla é/i@ﬁf's%f\}vrl’m?ﬂ%y%r@ gbﬁéi&&%%rg ly
sel ect ed omt e group consisting'o

Cral kyl , negwoeyslic row; kyl |

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 alkoxy, halogen, or trifluoromethyl;

and pharmaceutically 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 C1.salkyl.

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.
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and G ~al kyldiyl, wherein R3 and R4 are taken together
wWth the atons to which they are attached to forma

wooveayxké ¢ ring. 6. A conpound accordi ng to cbei/msio5/016581
wherein R3 and R4 are independently selected fromthe
group consi sting of hydrogen, nethyl, and cycl opropyl.
7. A conpound according to claim1l wherein R3 and R4
are each hydrogen. 8. A conmpound according to claim1
wherein Y is hydrogen, C ~al kyl, C.,- 4alkoxy,  or

5 hal @@mp@r‘dﬁ@%&ﬁ%gaﬁ%clﬂe r‘M’i\{‘?fﬁ"t B° and e are idanendently
I'S %%E:E&ﬁ?om'fﬁé EVde nsiBihg & Yydrsgen QQQPQPCQJ(':&IcIoaIkyI,

wh gen.” 11.

according to clarm1 Freln Y i's hNydrogen.” ]
conpod iGi«atkylsiyli whenein BF andrR1 arentakepogetbenwith the alms to

2R BT SFOBILAEIBrRE hondBpifehgound el ect ed

oup consisting of
2- SR) - 2-[ (di net hyl am no) met hyl ] - 1- hydr oxycycl ohexyl ] -
benzam de; 3-[(1-RS : . .

6. 2° RS COMpMIARRA BH  pR gl RS ae R e inraepdpoty
benzarcfay frcﬂm_)thé*’?[dujp ®nsisting of hP/drOfen, methyl, and cyclopropyl.
2R)-rel -2-[ (di methyl'am no) nmet hyl'] -

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

2S) 4 - 2~ ' ' -

7.25) ol GhnBolEhEB] i AT TRl e BHE TP E XA Gt
2-RS) - 2- [ (di net hyl am no) et hyl ] - 1- hydr oxycycl ohexyl ] -

8. &\/éorrqil)gl}n%yééc%%ﬁsrt% d&im 1 wherein Y is hydrogen, Cy4alkyl, Cy.

salkoxy, or halogen.

9. A compound according to claim 1 wherein Y is hydrogen, methyl, or

methoxy.
10. A compound according to claim 1 wherein Y is hydrogen.

11. A compound according to claim 1 that exists as its 1R, 2R/ 1S, 2S

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)methyl]-1-hydroxycyclohexyl}-

benzamide;
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L/ -cycl opropyl -3-[ (1- RS,
2-RS) - 2-[ (di met hyl am no) net hyl ] - 1-

whyasasescl ohexyl ] - benzam de; and 3-[(1 - RS, PCT/US2005/016581

13

14.

15.

16.

17.

18.

2-RS) - 2-[ (di met hyl am no) net hyl ]-1

- hydr oxycycl ohexyl ] -/ Vet hyl benzam de. 13. A conpound
sel ect ed fromthe group consisting of (-)-3-[(1 R
2R)-rel -2- [(dinmethyl am no) met hyl]-1

é%{@ﬂ‘-ﬁ%y?(%%héﬂ{dwsﬁa e FRdRVI Rciondy Soprabiig

- benzcﬁ’&h‘}’leber%mlarBe corrpound (+)-3-[(1S,
2S)-rel-2-[(di met hyl am no) net hyl ] - 1-

hy d NosxgtsRrEPeY e [£111 %&rB&h%[&dlnﬁhylﬂanﬁﬁwaut-u cal

conpo d of claim1l and a
pth %ﬁ*@&cgﬁﬁﬂé@cg&%ﬁgﬁg%w er. 16. A nethod for
t he3t[(1eBSrrﬂFFRS)32 [(cmmathyiamme)nmtbqu 1thydneedytlobergf-N-
conprls%t?.g adm nistering to the subject a

t her agB PENFIMAS ecti ve ampunt of a compound of
claim1l. 17. A pharmaceutical conposition conprising a

compound of claim 14 and a pharnaceutical | X accept abl e
car figampound %lﬂ%tﬁﬁér@mwgrﬁepp%ﬁﬁmef OF 3R 2Ra-rgl-2-

sub f to
e S i T T
conpotd(16f 28)-séld- ﬂdlmethylamlno methyl]-1-hydroxycyclohexyl]-

benzamide.

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

A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

A method for the treatment of pain in a subject in need thereof comprising
administering to the subject a therapeutically effective amount of a

compound of claim 1.

A pharmaceutical composition comprising a compound of claim 14 and a
pharmaceutically acceptable carrier.

A method for the treatment of pain in a subject in need thereof comprising

administering to the subject a therapeutically effective amount of a
compound of claim 14.
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