WO 2007/ 011594 PCT/ US2006/ 026991 HI GHLY SELECTI VE SEROTONI N AND

NOREPI NEPHRI NE DUAL REUPTAKE | NHI Bl TOR AND USE THERECF 5 BACKGROUND COF THE
| NVENTI ONvoheommidoet for neurosci ence and wonen' s heal t Ipcarusgsnsiha®obeen
noving towards the use of dual serotonin and norepi nephrine reuptake
inhibitors (SNRI) for first line treatnent of various indications, as

evi denced by the recent devel opnent of SNRI's such as Venl af axi ne and

Dul oxetine. This contrasts with the traditional use of 10 selective
serotonin reuptake inhibitors (SSRI). Al though the side-effect profile of
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15 dry mouth, drowsiness, appetitite stimulation and some cardiovascular risks.

The higher norepinephrine (NE) activity of SNRI’s has also been implicated in a
number of side effects and therefore limits their application. For example, the
currently available SNRI’s have limited application for the treatment of irritable
bowel syndrome (IBS) because of the constipation side effect associated with higher

20 NE activity. Another potential side effect of SNRI’s is that at higher dosages there is
a modest increase in diastolic blood pressure and this side effect is associated with
higher NE activity. Further, potential overdose situations have been associated with
excess adrenergic stimulation, seizures, arrhythmias, bradycardia, hypertension,
hypotension and death.

25 What are needed are alternative compositions for treating conditions
associated with serotonin and norepinephrine imbalances, by allowing serotonin and
or norepinephrine re-uptake inhibition for efficacy with lower post synaptic receptor

binding for reduced side-effects [(H. Hall, et al., Acta pharmacol et. toxicol. 1984, 54,
379-384)].



SUMMARY CF THE | NVENTI ON The present invention provides a new class of
conpounds with dual serotonin and norepinephrine reuptake inhibitor
activity.wohoémuisowi shing to be bound by theory, it ispbghisesed2dobnt these
conpounds wi |l exhibit the reduced side effects due to 5 binding with post
synapti c neuronal receptors, for exanple histam ne, nuscarinic,

al pha- adrenergic, serotonin (various types), dopam ne, opiate,

benzodi azepine, etc. This class of conpounds is a nore selective
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OCl1 - C6 alkyl, substituted OCl - C6 al kyl or .a or, a
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i nvention for treatlng ITB.] or depressi ve disorder synpt ons,
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i ncont i nencglff rat%oof%eﬁit&ﬁﬁ/nbfbpﬁﬁﬁﬂiﬂeh%ﬁﬁtﬁﬁe inhibigod &Utivﬂ?ﬁh@f‘ﬁi@ﬁbma nt, the
i nvention prow es nmet hods of preparing conpounds of formula A: 2 WO

2007/ 011594SRRT/sUS2006/ 026991 HO Y HO OH, where Y is C or a bond. or

formula 63 In one aspect, the invention provides a compound of the structure:

N

™~

2= (l, F, Br, CH,, CF;, SCH;, NHCH;, NO,, CN,
OH, OC; . Cg alkyl, substituted OC; . Cg alkyl

or a prodrug or a pharmaceutically acceptable salt thereof.
15 In another aspect, the invention provides a pharmaceutical composition
comprising a compound of the invention and pharmaceutically acceptable carrier.
In still another aspect, the invention provides a method of using the compound
of the invention for treating major depressive disorder, vasomotor symptoms,
irritable bowel syndrome, premature ejaculation, pain and urinary incontinence in a
20  subject in need thereof.
In a further embodiment, the invention provides methods of preparing

compounds of formula A:



R XXY N OH OHwherein Xis C N, or O; and Yis a C or absent; when X is
C R2is selected fromH, halogen, CF3, phenyl, SCH3, OH, NHCH3, OC1-C6
al kyl , amstoubrmtiigoat ed OCl- C6al kyl ; and when X is N, RBcrass@omedoer from
H, phenyl or CF3. These net hods, described herein selectively' provide

conpounds in the cis- configuration. In one enbodinent, the conpound of the
invention is in a5 configuration is greater than 50%cis diastereoner. In
anot her enbodi nent, the conpounds of the invention are in a configuration
which is greater t han 95%cis iastereoner. Still other aspects and

advant ages of the invention “be apparent fromthe follow ng detailed
description. 10 BRI EF DES OF THE DRAWNGS Fig. 1 provides an X-ray
powder diffraction of 1- gb th Ianlno | - (4-

phenol ) -et hyl -ci s-1, 4- a chart of the
hygroscopicity profllﬁgof 1-[-2- dlne?ﬁy BK?YQ{@%ﬁg%ﬁn@

(4- phenol)-ethyl-cis-1,4-cycl ohexandiol. Fig. 3 provides a chart of the DSC
of |-[-2-dimethylarnino-I-(4-phenol)-ethyl- cis-1,4-cyclohexandiol. 3 WO
2007/ 011594 /K :§%£M§%906/026991 Fig. 4 provides a chart of the pH -
solubility pr e of 1-[-2-di nethylam no-I-

(4- phenol)-ethyl-cis-1,4-cycl ohexandiol. Fig. 5 provides an X-ray powder
diffraction of 4-[2-dimethylam no-1-(cis-1-

hydr oxy- 4- met hoxy- cycl ohexyl ) - et hyl ] - phenol .

Rz\x P

OH

OH
wherein X is C, N, or O; and Y is a C or absent; when X is C; R? is selected from H,
halogen, CFs, phenyl, SCH;, OH, NHCHj;, OC;-Cg alkyl, and substituted 0C;-Cgalkyl; and
when X is N, R? is selected from H, phenyl or CF;.

These methods, described herein selectively provide compounds in the cis-
configuration. In one embodiment, the compound of the invention is in a
5  configuration is greater than 50% cis diastercomer. In another embodiment, the
compounds of the invention are in a configuration which is greater than 95% cis
diastereomer.
Still other aspects and advantages of the invention will be apparent from the
following detailed description.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 provides an X-ray powder diffraction of 1-[-2-dimethylamino-1-(4-
phenol)-ethyl-cis-1,4-cyclohexandiol.
Fig. 2 provides a chart of the hygroscopicity profile of 1-[-2-dimethylamino-1-
15  (4-phenol)-ethyl-cis-1,4-cyclohexandiol.
Fig. 3 provides a chart of the DSC of 1-[-2-dimethylamino-1-(4-phenol)-ethyl-

cis-1,4-cyclohexandiol.



5 Fig. 6 provides a chart of the hygroscopicity profile of

4-[ 2-di met hyl am no-1 (cis-1-hydroxy-4-net hoxy-cycl ohexyl)-ethyl]-phenol.
Fig. 7 prwoidemiassghart of the DSC of PCT/US2006/026991

4-[ 2-di et hyl am no- 1-(ci s-1 - hydroxy-4- met hoxy-cycl ohexyl)-ethyl] -phenol.
Fig. 8 provides a chart of the pH - solubility profile of 4-

[ 2-di mret hyl am no- 1 - (cis- 1 -hydroxy-4-nethoxy- cycl ohexyl ) - et hyl ]

- phenol . DETAI LED.DE CRI PTI E |nv ntLon
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preferably in the cis config in one enbodlnent t he
compound of the invention is in a configuration is greater than 50% ci s

di-ast er eonern, - py AYHIEL R IPTION OF THE INVENTION

The present invention provides a new class of compounds which has the

structure:

OH

HO

R2
R?=CL, F, Br, CHj, CF3, SCH;, NHCH;, NO,, CN,
15 OH, OC,; . C; alkyl, substituted OC, . C¢ alkyl
or a prodrug or a pharmaceutically acceptable salt thereof.

Advantageously, these compounds and formulations of the invention reduce the
undesirable side-effects associated with many previously described SNRI’s, including
constipation, hypertension, and the histamine-related side-effects.

20 The compounds of the invention may contain one or more asymmetric carbon
atoms and some of the compounds may contain one or more asymmetric (chiral)

centers and may thus give rise to optical isomers and diastereomers. While shown

4



enbodi nent, the conpounds of the invention are in a configuration which is
greater than 95%cis diastereoner. Thus, the invention includes such
optical iwomesmiasyd di sastereoners; as well as the racegrasandoe@spl ved,
enantionerically pure 10 stereoisoners; as well as other m xtures of the R
and S stereoisoners, and pharmaceutically acceptable salts, hydrates, and
prodrugs thereof. The term"alkyl" as a group or part of a group, e.g.,

al koxy, is used herein to refer to both straight- and branched-chain

sat ur at ed abithtwttrespetiytdsterenchemistiyon Fermuly fidnpng gmppdimens, capongl is5 g 7
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attachnment constitutes a stabl e ¢chem cal. noi etg. The term 'hal.ogen" refers
to O, Br, Fmbediment fhesomapapndse{ihe myenton st spniidation Whch it gL o
aryl 0xy, | S b9y NGE Blalick fmdr CT1s, 1@ ifyBAORRIENRIeL Sud PRI SoritiS ban €. 0.

of 6-20 carbon "at ons, Ich may be a 25 single ring, or nultiple rings
fused or |i diseslereometsher weld asthehadens¢ and raselsied, eoaatiquagrically putge fused or

l'inked rings forns the conjugated.aronat.i.c S The aryl groups

i ncl ude'!’(5 bu SICEROBORSES; P Pﬁeﬁélagﬁ'{‘?,r nﬁﬁmlo?tl}?a%ﬁ?isIr‘%er%oll%%meeﬁ%/ila,ngant ﬁryl ,
tetrahydrOn?ﬁdilaxéuticanﬂawéﬁﬁwdaw,lhydﬂa@@, LT prodigb Sierdoft ed aryl” refers to
aryl as just defined having one, two, three 30 or four substituents from

the group incl udiThg téral ‘G’ aongroap|or RaEp of ag1aup; e-&h RIKoxXY.5s wisddwoen 69 1594

PCT/ US2006/ 026991 .cycl-qal k al.kenyl . . al.
cubst  tut ed SR ta ARy L brafins Ao PR ipr L B bis Bbs,
aryl thio. Agkeayly &nd 2abky iy b, D68 pabomytohe Idngth, exkespbthevise specified. at ons.

15  The term “lower alkyl” is used to refer to alkyl chains of 1, 2, 3, or 4 carbons in

length. The terms “substituted alkyl” refers to alkyl or lower alkyl as just described
having from one to three substituents selected from the group including halogen, CN,
OH, NO,, amino, aryl, heterocyclic, substituted aryl, substituted heterocyclic, alkoxy,
aryloxy, substituted alkyloxy, alkylcarbonyl, alkylcarboxy, alkylamino, arylthio.
20  These substituents may be attached to any carbon of alkyl group provided that the
attachment constitutes a stable chemical moiety.
The term “halogen” refers to Cl, Br, F, or L.
The term “aryl” as a group or part of a group, e.g., aryloxy, is used herein to
refer to a carbocyclic aromatic system, e.g., of 6-20 carbon atoms, which may be a
25  single ring, or multiple rings fused or linked together as such that at least one part of
the fused or linked rings forms the conjugated aromatic system. The aryl groups
include, but are not limited to, phenyl, naphthyl, biphenyl, anthryl,
tetrahydronaphthyl, and phenanthryl.
The term “substituted aryl” refers to aryl as just defined having one, two, three

30 or four substituents from the group including halogen, CN, OH, NO,, amino, alkyl,



Cycl oal kyl groups may have 3-8 carbon atons. 5 The term "heterocyclic" is
used herein to describe a stable 4-, 5-, 6- or 7- nenbered nonocyclic or a
st abl e mabi2oymiti4het erocyclic ring which is saturat edpcTpsedcabdoyt
unsaturated, or unsaturated, and which consists of carbon atons and from
one to four heteroatons selected fromthe group including N, O, and S
atons. At |east one carbon atommay be C=O The N and S atons may be
oxi di zed. The 10 heteroﬁécllc ring also includes any multicyclic ring in

whi ch any ofcyaleelkal, absenileallcyns; alkeey erylexs swessituted plsgloay BKErATEPRAL ring. A
mul ticyclic ki clic rings of 4- to 7-nenbered rings
as descri becf”lil Ii‘g‘ﬂrfmé&rﬁﬁcyﬁmﬁerocyc %a/rl ng may be attached at any

het er oat om or carAsnyltaadaikyayl gi‘eﬁb§l‘h€y hasUbt aninpls 217uathimeatorms.cheni cal | 'y
st abl e. Such het erocyclic groups include, for exanple, 15 tetrahydrofuran,
pi peri di nyl, )b{iﬁ?il? ﬂﬂwmaZWBa.Sp%rm "H?‘ins azepi nyl, pyrrolidinyl,

i m dazol gl, pyri dgﬂetgﬂa( FR LB olicPYd hsdl ﬁbﬂé}ﬂ to UGB 4-, X2 @k V-

i soxazolyl, norpholinyl, 1ndolyl, quinolinyl, thienyl, fur 1,

benzof ur any lmerhberzdtrtvnecyclic or & Isiahtmn]ﬂltloycnm)heteroctwhmng Ndillcrhw Isatslmteﬁdm de,

and i soqui nol i The m " subst i er oC i [ used reinto
descri be t héﬁ%ﬁ”&%‘é%ﬁt@r orzbnsjaﬁg@te@ %Rﬂsﬁé (fr‘f&rthBaF %rfli t uent s
sel ect ed fr%ﬂett@?olﬂ'}l@tbi?oa\f&h§§bléc@éd ﬁ'&ﬁ&heﬁi@ gﬂﬁﬂhdl @"and\@%ton?smﬁ'to al kyl,
substituted al kyl cl oal , al keny stituted al | cenyl, al kynyl,

al koxy, aryl loasy oneeﬂmgmn @tgmerdasab«SZF@x yTheaN Rlsd 8 atamesriphy be axididedaTboxy,

al kyl a o, th40 The & i e refer . to the
OR gro[JTB,6 wﬁ%?eéO |lgn§ I?V mcm eégngnbuﬁé%éh{:g g'ﬁ?%ﬂ %a?&e(ﬂtaéé)ﬁ&g%y oxy" is
used herei n He@er6@fcHE rin@s isfmse@Rogﬁ@rmnnghemultByu& I&ﬂig(ina9lbe$Ld’173tl tuted aryl.
The term "al kyl carbonyl™ is used herein to refer to the grou where R

is alkyl or @WPHW%&F ofi4k {0 7-menebered rngss dgsERed ghgve. |Qlell§€fd°°3ﬁ fein to
refer 10, o000, G R IARES B A in SR L Mt ahkitl T Corm

"am noal kyl ary and tertiary am nes erern the al kyl
or 30 subst |sttmbmde ﬂlchymlogﬂpuqable Saoh detatoogelangrotys iaclgle, fonehaiplat ons, which

may be t her s me. or different, and, t poi nt q ttachnent i 0 the
ni %/r oge I‘Sat dgirahgdroturan, 1()11per1 nyl, p1perazmy?% oxop?pendzny‘fl azepinyl, pyrrol?qu

imidazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, isoxazolyl,
morpholinyl, indolyl, quinolinyl, thienyl, furyl, benzofuranyl, benzothienyl,
thiamorpholinyl, thiamorpholinyl sulfoxide, and isoquinolinyl.
The term “substituted heterocyclic” is used herein to describe the heterocyclic
20  just defined having one to four substituents selected from the group which includes
halogen, CN, OH, NO,, amino, alkyl, substituted alkyl, cycloalkyl, alkenyl,
substituted alkenyl, alkynyl, alkoxy, aryloxy, substituted alkyloxy, alkylcarbonyl,
alkylcarboxy, alkylamino, or arylthio.
The term “alkoxy” is used herein to refer to the OR group, where R is alkyl or
25  substituted alkyl. The term “aryloxy” is used herein to refer to the OR group, where
R is aryl or substituted aryl. The term “alkylcarbonyl” is used herein to refer to the
RCO group, where R is alkyl or substituted alkyl. The term “alkylcarboxy” is used
herein to refer to the COOR group, where R is alkyl or substituted alkyl. The term
“aminoalkyl” refers to both secondary and tertiary amines wherein the alkyl or
30  substituted alkyl groups, containing one to eight carbon atoms, which may be either

same or different and the point of attachment is on the nitrogen atom.

6



WD 2007/ 011594 PCT/ US2006/ 026991 The conpounds of the present invention
can be used in the formof salts derived from pharnmaceutically or

physi ol ogvoabéyiadeept abl e aci ds or bases. These salt spicmalisoabe/o2ddat ar e
not limted to, the following salts with organic and inorganic acids such
as acetic, lactic, citric, tartaric, succinic, fumaric, maleic, malonic, 5
mandelic, mallic, hydrochloric, hydrobromc, phosphori c, nitric, sulfuric,

met hanesul f oni ¢, .t ol uenesul f c_and. simtarl . acc a cids, and
m xtures thereo &’WBP“%‘% cgth EYOhEvERt %ca%be é\[i]ﬂlaatﬁ?%%%sghgr al kal i ne
earth netal aenwﬂoxﬁﬁ)haﬁ%uﬁ@aﬂ@ o8 physi6l6Eidamyhasdessbld@rids pebassi Thesee. g.
pot assi um hydroxi de), calciumor nagnesium 10 These salts, as well as

ot her conposaltisneifide, fut prevonlimdted tayhaiollpwingsalts pifh eganieandingrgagier hammat es
and ot her cQ h.onal ry LB, 9:{%" red in such
form convert \é?nﬁ‘ihhag aﬁ%tfcpﬁaCtlg 9} Ia?taH\E} S\l%éﬂl ﬂggﬁﬁnaﬁ %Irl(gf erred

enbodi meft , nidndelid, Qﬁﬁlh@&y&fo@hﬁ;&b&iﬁlxo‘tﬁ&ﬁlc, ph@sphoﬁc nltes} aﬂﬁmﬂ J. Cal dwel I,

"Prodrugs Revi Slnéﬁetﬁ&n-qugggép\d ﬁl_{%g?é‘?/ ar_g&g}&gyo gcogg%%frengdsto k and
Desi gn", 15 Tges e w3 Cdy &
Sons (1996

( ) ;1? ersdt Qﬂﬁ &gﬁ?ﬂkeng}sglﬁ\aﬁ? ]lamﬁﬂ%étﬁgopélﬁéﬂiﬁeeﬁrth metals, such as

1-[ 2- di net hyl am no- -cls -1, 4- ohexandi ol , or a

phar maceut i cadibin (@gceptan kydrakitle), potassprmo de. g.gpoﬂamuanfnydﬂimcb),@alquuu od is
characterized by .a formula CL6H25NO3 and a nol ecul ar wei ght of about
279.38. The ™3288SWése of this conpound has the structure: OH HOH HO In
anot her 1gnbodi MeRipesd Hifys| d%‘()@é]f és%?h&rcgﬁfﬁgﬁﬁis%f ftiges o ERidMYh &Pb&Rrthe €dkm of

hydr oxy- 4- pr opoxy- cycl ohexyl ) - et hyl ] enol ThIS conmpound is characterized
by a for nulesterst cmMEmmdr@nmtmal oeugyiforned, widdy, xdienThe free base

of this CO 'ilrﬂs ere Sin ts&‘c% t%%y c(::otn%ﬁ ;to t?le active moiety in vivo. In a currently

preferred embodiment, the prodrugs are esters. See, e.g., B. Testa and J. Caldwell,
“Prodrugs Revisited: The “Ad Hoc” Approach as a Complement to Ligand Design”,
15 Medicinal Research Reviews, 16(3):233-241, ed., John Wiley & Sons (1996).

In one embodiment, the invention provides 1-[2-dimethylamino-1-(4-
phenol)ethyl]-cis -1,4-cyclohexandiol, or a pharmaceutically acceptable salt, or
prodrug thereof. This compound is characterized by a formula C;sH25NO3 and a
molecular weight of about 279.38. The free base of this compound has the structure:

N

~

OH

HO

HO

In another embodiment, the invention provides 4-[2-Dimethylamino-1-(1-
hydroxy-4-propoxy-cyclohexyl)-ethyl]-phenol. This compound is characterized by a
formula of C;7H37NO; and a molecular weight of 293.40. The free base of this

compound has the structure:



WD 2007/ 011594 PCT/ US2006/ 026991 C17H27NG3 Mol . W.: 293.40 CH HO

4-[ 2-Di met hyl am no- | - (1- hydr oxy-4- net hoxy-cycl ohexyl)-ethyl]-phenol O her
exenpl ar ywoanpmunds of the invention include 4-[2-D net lpgirarseosnisods-

et hoxy- 1 -hydroxy-cycl ohexyl)-ethyl] -phenol, salts and prodrugs thereof.
The free base of this conmpound has the structure: OH HO OCH2CH3

4-[ 2- Di met hyl am no- 1- (4- et hoxy- 1- hydr oxy- cycl ohexyl ) -ethyl]-phenol Stil
anot her exenpl ary compounds of the invention is 4-[2-D methylam no-1|-(1-
hydr oxy- 4-i sopr opoxy-cycl ohexyl)-ethyl]-phenol, and salts and prodrugs
thereof. The free base of this conpound h?s the structure: N OH HO
OCH2CH2CH3 4-[ 2-Di neth Ianlno 1-(1-hyd

r oxy- 4- propoxy-cycl ohe t hyl ] - phenol

the invention can be pPg %?éﬁ ?ollomﬁng
WO 2007/ 011594 PCT/ US2006/ 026991 S nth
invention can be prepared using tk
synt heti c net hods known in the sy
t hese met hods by one skilled ij-tThe .
Organic Synthesis, "Selectivity, Strategy &

P ese and the ot her conpounds of
he ,,Schenes illustrated below. 5 8
&I S The conpounds of the present

3 escribed bel ow, together with
ic arts or variations of
general ly, 5 Conprehensive

4-[2-Dimethylamino-1-(1 -hydroxy-4-methoxy-cyclohexyl)-ethyl]-phenol

Other exemplary compounds of the invention include 4-[2-Dimethylamino-1-(4-
ethoxy-1-hydroxy-cyclohexyl)-ethyl]-phenol, salts and prodrugs thereof. The free
base of this compound has the structure:

HO , OCH,CH3
4-[2-Dimethylamino-1-(4-ethoxy-1-hydroxy-cyclohexyl)-ethyl]-phenol

Still another exemplary compounds of the invention is 4-[2-Dimethylamino-1-(1-
hydroxy-4-isopropoxy-cyclohexyl)-ethyl]-phenol, and salts and prodrugs thereof.

The free base of this compound has the structure:
I

N\
OH

HO OCH,CH,CH3
4-[2-Dimethylamino-1-(1-hydroxy-4-propoxy-cyclohexyl)-ethyl}-phenol

These and the other compounds of the invention can be prepared following the

Schemes illustrated below.



Organic Chemistry”, ed., |. Flem ng, Perganon Press, New York (1991);
Conpr ehensi ve Organic Chem stry, "The Synthesis and Reactions of Organic
Conpoundswo 2eab/01ds9F. St oddard, Perganmon Press, New Yor k pCTAB3)0k/02630i t abl e
nmet hods include, but are not limted to, those outlined below 10 Schene |
provides one nethod for the synthesis of certain conpounds of the
invention. A simlar method can be used for synthesis of the other
derivatives of the invention using different internediates with the
appropri at eSgnthepis. These internediates are commercially available. 9 WD

2007 a0 000 a0 b sl S0, &
Li Al H4 Et OHjesliifed by, tokithdr v3th syhtiastié niethéds kaswaleh ktesynibictiv bruanlcyarts
or variations of these methods by one skilled in the art. [See, generally,
5  Comprehensive Organic Synthesis, “Selectivity, Strategy & Efficiency in Modern
Organic Chemistry”, ed., L. Fleming, Pergamon Press, New York (1991);
Comprehensive Organic Chemistry, “The Synthesis and Reactions of Organic
Compounds”, ed. J.F. Stoddard, Pergamon Press, New York (1979)]. Suitable
methods include, but are not limited to, those outlined below.
10 |
Scheme I provides one method for the synthesis of certain compounds of the
invention. A similar method can be used for synthesis of the other derivatives of the
invention using different intermediates with the appropriate groups. These

intermediates are commercially available.



Alternative Synthesis In one enbodinent, the invention provides a nethod of
preparing a conpound of the structure AA N, Y HO HO OH, where Yis Cor a
bond. 10W@@@AATI9911594 PCT/ US2006/ 026991 or struct ur ecBusedvsnedon:r X i s C,
N, or O; and Y is a Cor absent; when Xis C R2 is selected fromH,

hal ogen, CF3, phenyl, SCH3, NHCH3, OCl-C6 al kyl, and substituted

OC - Coal kyl ; and when X is N, RZ is selected fromH, phenyl or CF3; This
nmet hod i nvol vés the step of reacting a 2-(4-hydroxy-phenol) -

di met hyl acetam de with a benzyl halide to afford a 2-(4-benzyl oxy-phenyl) -
di met hyl acet am de. The 2-(4-hydroxy-phenol)-di al kyl acetam de may be in a
solution conprising dinethylformam de. Further, the solution can be
treated with potagsium carbonate prior to react i on “wi, tt~the benzyl halide.
To obtain the conpound of strudture A the resul ting

2- (4- benzyl oxy- pb Fy - di nethylaeet am de *5 sumbseque _ : th a
conpound hawngthertructur: OlOYls Co ;N L@ on with a
sui t abl e base ord t he-CTdxresponding terti af cohc s

conmpound. Exa Qf.i Sikad bases i ncl ude,

di i sopropyl a nd _ T.SOPr ORY 1) |un1br0ﬂ;dﬁ) The sol &
cont ai ni ng tetr.hydrﬁ%ﬁran ( HF)) t ai ni ng ?he ketal i th an

acid (e.g., agueous HCl) and % ed to afford a ketone. Td 2
hydrol ysis reaction may be quenched with potassium carbonate. The
resulting product is typically then extracted, concentrated, and
crystallized from hot EtQAc/hexanes to afford the ketone. The ketone is
reduced to

R Y.
~

v HO
HO I

LiAIH; x

EtOH
THF ‘
F
OH
°\\//£:::j

R? X and Y are as defined previously.

H,, PdIC

Y

Alternative Synthesis

In one embodiment, the invention provides a method of preparing a compound

of the structure A:

Y
HO '
HO OH, where Y is C or a bond.

10



selectively afford the cis diol and the amde utilizing a reducing agent
selected from lithium alum num hydride (Li Al H4) and borane, thereby

provi di ngvoheomaisvespondi ng dial kyl ami ne. In order topafrfuseasiob@oconpound
of the structure A, the benzyl ether is hydrogenated to renove the benzyl
group. O course, the benzyl ether may al so be 11 WO 2007/011594

PCT/ US2006/ 026991 renoved by additi onal nethods avail able to one of
ordinary skill such as other reductive nethods as well as acid cl eavage

W th reagensistisoube Bs H, HBr, TMSI, etc. To prepare the conpound of
structure B, the 2-(4-benzyl oxy-phenyl)- dinethylacetam de is reacted with
a conpound having the structure: 0 f:::), /x wherein Xis C, N, or 0; and
Yis a Cor absent; when Xis G _RR is selected fromH, halogen, CF3,

SCH3, NHCH3, OH, OC1-C6 al kyl, phenyl, and substituted OCl- C6al kyl; when X
is N R2is H phenyl or CF3; in-e hON (e.g., containing THF) wth a
sui t abl e base, such as descri bed above. In one enbodi nent, this conpound is
selected. fromthe group consisting pyr an-4-one and

phenyl - pi peri di ne-4-one. The resul thpg product is reduced (e.g., using

Li AlH4) to provide the corresponding |di nethylam ne and the benzyl ether is
hydrogenated to renmove the benzyl grolp and afford a compound of structure
B. The i nvemtaari &G, ed; aphoip b feseberaiorhen Xisfh & fredicist Ban Hrierersifig @y, | a
conpound hastHgNHEH, G104 etialrand supgsitutyd QCioCoplkyl i verd sNeR s fRiectedfomibphendr o a5
defined prewiadysly; and a conpound having the structure: 12

This method involves the step of reacting a 2-(4-hydroxy-phenol)-

dimethylacetamide with a benzyl halide to afford a 2-(4-benzyloxy-phenyl)-
dimethylacetamide. The 2-(4-hydroxy-phenol)-dialkylacetamide may be in a solution
comprising dimethylformamide. Further, the solution can be treated with potassium
carbonate prior to reaction with the benzyl halide.

To obtain the compound of structure A, the resulting 2-(4-benzyloxy-phenyl)-

dimethylacetamide is subsequently reacted with a compound having the structure:

oA

Y is C or a bond;
in a solution with a suitable base to afford the corresponding tertiary alcohol, ketal
compound. Examples of suitable bases include, e.g., lithium diisopropylamide and
isopropyl magnesium bromide. The solution (e.g., containing tetrahydrofuran (THF))
containing the ketal is reacted with an acid (e.g., aqueous HCI) and quenched to
afford a ketone. The ketal hydrolysis reaction may be quenched with potassium
carbonate. The resulting product is typically then extracted, concentrated, and
crystallized from hot EtOAc/hexanes to afford the ketone. The ketone is reduced to
selectively afford the cis diol and the amide utilizing a reducing agent selected from
lithium aluminum hydride (LiAIH;) and borane, thereby providing the corresponding
dialkyl amine. In order to afford the compound of the structure A, the benzyl ether is
hydrogenated to remove the benzyl group. Of course, the benzyl ether may also be

11



WD 2007/ 011594 PCT/ US2006/ 026991 R2 -1 N HO O wherein R2, X and Y are as

defined previously, and a conmpound having the structure, /mo o 0/
wher ei n Ywoo@m1g®ii ned previously,
o N HO O wherein Y is as defined previously,
structure,

conpound having the structure,

N

HO

O YON HOOwerein Y is as defined previously, and a

removed by additional methods available to one of ordinary skill such as other

reductive methods as well as acid cleavage with reagents such as HI, HBr, TMSI, etc.

To prepare the compound of structure B, the 2-(4-benzyloxy-phenyl)-

dimethylacetamide is reacted with a compound having the structure:

o

wherein X is C, N, or O; and Y is a C or absent; when X is C; R? is selected from H,
halogen, CF3, SCHs, NHCH3;, OH, OC;-Cs alkyl, phenyl, and substituted OC;-
Cealkyl; when X is N, R? is H, phenyl or CF3; in a solution (e.g., containing THF)
with a suitable base, such as described above. In one embodiment, this compound is
selected from the group consisting of pyran-4-one and phenyl-piperidine-4-one. The
resulting product is reduced (e.g., using LiAlHy) to provide the corresponding
dimethylamine and the benzyl ether is hydrogenated to remove the benzyl group and
afford a compound of structure B.

The invention further provides useful intermediates including, e.g., a

compound having the structure:

RZ_ N

N

HO |

I X

O

wherein R%, X and Y are as defined previously; and a compound having the structure:

12

and 13 WD 2007/011594 PCT/ US2006/ 026991

Y

and a conpound havi pgTiUse008R48t UT €,
and a conpound having the

(0]

(0]



O wherein Y is as defined previously. Advantageously, it has been found
that the process is highly selective for the cis-conpounds, leading to a
hi gh yi elwoaner/godd crystallinity. Wthout w shing to becTthswumndobsot heory,
it is believed that the LAH reaction plays a significant role in this
specificity. In one enbodi nent, the nethod of synthesizing the conpounds of
the invention provides a conpound having a configuration is greater than
50% cis diastereoner. In another enbodi nent, the nmethod of synthesizing

t he conmpoun®%_qf¥{ he invention provides a conmpound having the configuration
which is greatier than 95%cis diastereoner. In another enbodi ment, it may
be desirable t iUt e~ sodi um borohydride for the LAH SCHEME 2 The
foll ow ng scheme™ j/ ﬁ'tes for the synthesis of an enbodi nent of the

i nvention, for conpagipnds where Ra = CH 14 WD 2007/011594 PCT/ US2006/ 026991
(o 000 No \ A N K2COB _ \ - HO acid Benzyl Bromde O9 DWW OH

wherein R%, X and Y are as defined previously, and a compound having the structure,

(o]
T
o (o]
N/
‘ HO |
°v©

wherein Y is as defined previously, and a compound having the structure,

(%
‘g
g

wherein Y is as defined previously, and a compound having the structure,

o) Y\ o
m B
HO |
| AN
S
°\/©

wherein Y is as defined previously, and a compound having the structure, and

13



O O HOII< LAO O OH 4-(D nethyl carbanoyl nmet hyl ) phenol in

di met hyl formam de (DVMF) is treated wth K2C03 foll owed by benzyl brom de.

The benzwolhwemiigd®4protecting group is 5 particul arly wech/iseedkedssddor use

in the nmethod of synthesizing the conmpounds of the invention because of

its ease of renoval during the final step. [In an early experinent, a

nmet hyl group was used to protect the oxygen in the 4-position on the

benzene ring. However, the use of L-selectride during the deprotection was

difficult, Ileading to poor demethylation and subsequent difficulty in the
P #adi ng 10 to many inpurities.] However, other protecting

gtituted. The mxture is stirred at roomtenperature

0 for 1 hour. The m xture is concentrated to

i th) Et OAc and washed with water. Dry MySO4 i s added,

the mxture filteredyand' concentrated to | ow 15 WO 2007/ 011594

PCT/ US2006/ 026991 ne Hexane is added to precipitate the ketal

i nternedi ate prod ds are collected via filtration and dryed. A

solution of the nmonofFeth @ ketal in 100 nL THE/50 nL MeOH is treated

with acid (e.qg. , §tirred at roomtenperature. The met hoxy

derivative S P ' nverting the
1, 4- cycl ohevx\g‘ﬁ gﬁéa lpm;x%ur;gy ketal before the LDA reaction to
4- met hoxy cycl ohexanone. |n another embodi ment, the ketal may be converted

to contain the d So tit%ﬂ@ﬂééﬁf@ﬁﬁ@ﬂhaﬂﬁ@ kdobsd i6 AL PSolecTive fethal
hydr ol ysi s react %?Xﬁl?[g que? d wth saturat e(I:I) K2C1)3M%1x}?ract ed with Et OAc

and concentisatoatpotinds teading. to I?rhwumﬂd adgopd caistalliny. Witheuhwishmetadenexanes
om0 LiGnemERhoS: bRl BT ar aRkibh bAs Rlighliftalf bR i) THE vas

added to a
specificity.

\
groups nay be
foll owed by hea s
remove DMVF, dil uted

In one embodiment, the method of synthesizing the compounds of the
invention provides a compound having a configuration is greater than 50% cis
diastereomer. In another embodiment, the method of synthesizing the compounds of
the invention provides a compound having the configuration which is greater than
95% cis diastereomer. In another embodiment, it may be desirable to substitute

sodium borohydride for the LAH.
SCHEME 2

The following scheme illustrates for the synthesis of an embodiment of the

. . 2
invention, for compounds where R” = OH.

14



al um num hydride (LAH) pellets in THE at -78 C. The m xture is warned to
room tenperature and stirred for at |least 3 hours. The reaction is
quenched wot2boMa@3d4 fol |l owed by 10 % NaCOH and stirred fecTats2éceastosB hours.
The solids are renoved by 15 filtration, followed by a wash (e.g., with
THF), and concentrated. The resulting solid is recrystallized from

Et CAc/ hexanes to provide the correspondi ng benzyl ether. Advantageously,
it has been found that the process is highly selective for the

ci s-conmpounds, leading to a high yield and gogd™erystallinity. Wthout
wishing to be bgpund by theory, dt is believed the LAH reaction plays
a significant |/nth|s specgjficity. In one odi ngnt, the nethod of

i zi e&~d’ nvention pro ¢s al conpound having a
0% cis  di ast er eomer/ anot her enbodi nment ,
t he method o sonpounds_of the ifive tloﬁ\provmdes a
conpound hav whi chhi s greater R, 95% crs—

di ast ereoner. Tn andther enb yary\be desi P to substitute

sodi um bor ohyded de for the LAH i # ether and Pd/C in
100 mL of ethanol are hydrogenat eth—s . re overnight. The solid is
purified by filtration foll owed b jﬂsh. Sol Nd+s concentr at ed
and crystallized from Et OAc/ hexane\te/gi ve the final 20 o@ t. Salts may.
be formed by contacting stoichionetric amounts of the acid w/th the free
base. Alternatively, the acid may be used in excess, usually no nore than
1.5 16 WO 2007/011594 PCT/ US2006/ 026991 equi val ents. In one enbodi nent,

t he base orothe acid are in solutign, or both are in solution. The
crystalline Se may be prepared by \di 3 om a sol vent.

| mproved vyi el i 2 of the sol vent
or by 5 crysta atlon at el evated peratures fol | owed ontrol | ed
cooling, prefer@bly in'\stages. Caref uI rak” of preci pi tat/nQ
tenperature and seedi ng may be Wsed to" prove t he repiﬂdudelllty\bf t he
production pr oce d the particle size tribution

the5|2|ng t'

4-(Dimethylcarbamoylmethyl)phenol in dimethylformamide (DMF) is treated

with K,CO; followed by benzyl bromide. The benzyl bromide protecting group is
5  particularly well suited for use in the method of synthesizing the compounds of the
invention because of its ease of removal during the final step. [In an early
experiment, a methyl group was used to protect the oxygen in the 4-position on the
benzene ring. However, the use of L-selectride during the deprotection was difficult,
leading to poor demethylation and subsequent difficulty in the LDA reaction, leading
10  to many impurities.] However, other protecting groups may be substituted.

The mixture is stirred at room temperature followed by heating at 60 °C for 1

hour. The mixture is concentrated to remove DMF, diluted with EtOAc and washed

with water. Dry MgSO, is added, the mixture filtered and concentrated to low

15



and formof the product. 10 USE OF THE COVPOUNDS OF | NVENTI ON The i nvention
provi des conpounds with a different ratio of serotonin reuptake inhibition
t o nor epiwephsinesmeupt ake i nhibition than the current| pycauaréoabbe@oSNRI ' s
This attribute is very attractive for indications like Irritable Bowel
Syndronme (1BS) where the higher NE activity of SNRI's limts the
application because of constipation 15 side effects. This lower NE activity
is also attractive for patients that have cardiovascular risks related to
t hehSI de effr@aﬁaeot—lehamas tédesi topreciftitatd the khtabintermedjate produdtofolids afeal i ng

with urinary |ncon ence a ain. The conpositions of the present

i nvention cégilepted lY BOI?F%‘gfh%'Sﬁl prevent central nervous ssstem di sorders

including, but ngtg, dtghto?%etlﬁondigﬂ%%ﬁék&ﬁl itai 100 oD TREF/ 5 RRLIMEOROES thebteiit ed
to, major depressive disorder, bipolar disorder and dysthym a), anxiety,

fi br omyal gi withacidi(egy HCﬁia;,rthcn ﬁlrmdraﬂefrom tRyEneEPwEh i Tae %BQXWF%Y%Y? Wastress

di
Synar one) , " ERBe bR camarany BRI Eip RSP AR Rhe REBIRIGLIE, )

obsessive CEmUﬂeﬁéti& to ALiHethgRY c{dlodxaalbney Ih an@hatdnhﬂddmmtaﬂm kstat imaly banxi et y
di sorder, generalized anxiety 25 disorder,

h b ,
anor exi a neeowysted daniaiat iseshsubsiituprls afigr t%l;: iﬂ%&%@éﬁ%ﬁmf esity
vasomoLor [ Lush A GRSRIG A0l PRl AL 1000 RA ERYAE Yat | on,

(i ncl uding jacutratro erline pérsonality disorder,

chroni c fat pgneentgated todreoil. |1P:©dﬂ¢uma1yeua11(zeah flomdhai FtOAchlexanes ompiovitedhe

overfl ow i ncont | nence passi ve incontinence, reflex incontinence, stress
urinary 10 nclSPFPPWé’FR%’@e Btf. urge incontinence, urinary exertional incontinence

and urinary incopf , . da4b aR@pchiiBh beHtign M gr ai ne,
chroni ¢ back palir%l mﬁ%&?g%{@ngneplglwg}g%?@a a \RD 21007/011594

PCT/ US2006/ Qrigffdm hpdiide (Lreid)y pqmtehnd‘}ﬁaatn-%d’&] ’Ehc wixabets wameadriopeerhy, and
post her pet i ¢ neuropat hy

Par ki nson' s tppeese and ﬁglﬂé‘ﬂ)ggf at Eﬁ‘@l&)ﬁ‘?’r’gg’g ﬁeog ?lgglgfhgd %@gﬁ ons of
e e O g et e et
15 filtration, followed by a wash (e.g., with THF), and concentrated. The resulting solid
is recrystallized from EtOAc/hexanes to provide the corresponding benzyl ether.
Advantageously, it has been found that the process is highly selective for the
cis-compounds, leading to a high yield and good crystallinity. Without wishing to be
bound by theory, it is believed that the LAH reaction plays a significant role in this
specificity. In one embodiment, the method of synthesizing the compounds of the
invention provides a compound having a configuration is greater than 50% cis
diastereomer. In another embodiment, the method of synthesizing the compounds of
the invention provides a compound having the configuration which is greater than
95% cis diastereomer. In another embodiment, it may be desirable to substitute
sodium borohydride for the LAH.
A mixture of the benzyl ether and Pd/C in 100 mL of ethanol are hydrogenated
under pressure overnight. The solid is purified by filtration followed by an ethanol
wash. Solid is concentrated and crystallized from EtOAc/hexane to give the final
20  product.
Salts may be formed by contacting stoichiometric amounts of the acid with the

free base. Alternatively, the acid may be used in excess, usually no more than 1.5

16



5 of cognitive enhancenent in patient suffering fromsenile denentia,

Al zheinmer's disease, nenory | oss, amesia and amesi a syndrone; and in
regi nens wonoerrasati on of snoking or other tobacco usegcTAGdIdsi0o6val |y,
conpounds and conpositions of the present invention can be used for
treati ng hypothal am ¢ anmenorrhea in depressed and non-depressed human
femal es. 10 An effective anbunt of the conposition of the invention is an
amount sufficient to prevent, inhibit, or alleviate one or nore synptons
of the af oequralentonEtomoenbadimest, tEtheseiershe acidapuintsoliionyer hogh aedat |
prevent, inhibi.t or alleviate each of the aforenentioned conditions wll
vary with tﬁ%m'g@erity of the condition to be treated and the route of

admi ni stration. Tine cAR&ERineWAl 18B5E: frepab@be Virddwdrydtaltikmg fiomt ¢ seleentt di ng to
age, body weight, response and past nedical history of the _indivjdual
human pat i eAfpraved may by obténeddysrrareraien elsompe Jodleofthgspdvangpr bye
condi ti oAs I i i Al 1000 ngy
per day, S og%&tﬁ#%ﬁg? Egélggﬂn%de{eg?@%a%€foi %ﬁ% %? %S%tg%lﬁh%g ggn%g’f ﬁg%ﬂgyr 14‘lf rom
about 15 ny stagealdatdful chhfohal magipitdtiondeinperamudand sveding nefy hichsed fvent i on,

the dosage will range from ghou t o about e is

descri bed i NnP&VﬁéhWPmBCipﬁglé Ogg’ég’r"i‘gﬂu %pr%a?s@éﬁeogagﬂglggﬁq&%ﬂsﬁlg}oq he

succi nate sglj ¢ rh{‘oﬂﬁ@gﬂnidﬂgt.t he patient, the therapy is generally
initiated at a ?omer dose and increased if necessary. Dosages for non-human

patients can be adjusted accordingly by one skilled in the art. A conpound

of the ipventi I I ination with other 25 active
agents il %ﬁ@F@%@ﬁBﬁﬁﬁ%ﬁmege of venl afaxine is about 75
ng to about 350 TH/igkantieh pAReAEs cémpBlindsGyi@td® diffedet ratl/ Slayrotdriin 2aptker

embodi ment, the dosage of venlafaxine is about 75 ng to about 150 ng/day.
Venl af axi ne igtibiieothperepineplrinesgepiekejiahibitiondtian hegurenilygypilablers NIHes.

conposition. of t i nvent i .l . i

conposition S tﬁgoulken@é’ﬁﬁ %ﬁ?cr@r% fﬁlte)iﬁfﬁ&gtﬁ% lgttggg}tg@g%)%ﬁ %ﬁ‘kﬁg/nteggﬁ)abl e
route of adritprsthedidRANEAtDRY ofINR/H it tHerapplicttiog tebaispaf cantipamidoh an
effective anmount_of a conpound of the invention. For, exanple, oral, nucosal
18 WO 20067/ eidesdleccthigdowesNEastvity 1s also attractive for patients that have :

cardiovascular risks related to the side effect of hypertension. It also has an
application in dealing with urinary incontinence and pain.
The compositions of the present invention can be used to treat or prevent
central nervous system disorders including, but not limited to, depression (including
20  but not limited to, major depressive disorder, bipolar disorder and dysthymia),
anxiety, fibromyalgia, anxiety, panic disorder, agorophobia, post traumatic stress
disorder, premenstrual dysphoric disorder (also known as premenstrual syndrome),
attention deficit disorder (with and without hyperactivity), obsessive compulsive
disorder (including trichotillomania), social anxiety disorder, generalized anxiety
25  disorder, autism, schizophrenia, obesity, anorexia nervosa, bulimia nervosa, Gilles de
la Tourette Syndrome, vasomotor flushing, cocaine and alcohol addiction, sexual
dysfunction, (including premature ejaculation), borderline personality disorder,
chronic fatigue syndrome, incontinence (including fecal incontinence, overflow
incontinence, passive incontinence, reflex incontinence, stress urinary incontinence,
30  urge incontinence, urinary exertional incontinence and urinary incontinence), pain

(including but not limited to migraine, chronic back pain, phantom limb pain, central
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(e.g., nasal, sublingual, buccal, rectal or vaginal), parental (e.g.
I ntravenous or intranuscular), transdermal, and subcutaneous routes can be
enpl oyed.wBredmni®d routes of adm nistration include owralrjustecansader mal and
mucosal . A conpound of the invention can be conbined with a pharnaceuti cal
carrier 5 or excipient (e.g., pharmaceutically acceptable carriers and
exci pients) according to conventional pharmaceutical conpoundi ng
techniques to forma pharnmaceutical conposition or dosage form Suitable
lo_har mag eut i mjrlfl neusupathid pdih sudheasrdigheic aperopashy id@estbeipatic naEoPHNY), 8h¥ not
imted to,_those descriped ip Renmingtgn.s. The.Scien P I ce of
Phar macy, (BEAgRLFgdroge, Raynau %%YHH%’GI?% ?Sﬂ(,msfgﬁ?l%%ﬁ% I?Sﬁel%&”%g‘{tﬁ‘é}%o whi ch
i's herein i aeRHBRHALEE cBMpb&fiicitaRe prett Riveasen cahasomoset ifaairbyenting
acceptable" refers to additives or conpositions that are physiologically
tol erabl e are@apa@onmpurrcx;q@ioéébprysqmmémH@ataﬁglarw@rrgp%ﬂmnt;sﬁorw&eé’ﬁd‘t?ﬁ{n&%r d
reactio such as.gastric upset, . dizzd ] ke, m ni st ered
o an a mapt et aanpRER vetied s A RofiEnte erpor AMPREST 1 Ce
enmbodi nent , disbe GABIAOSI loby) Br@ksid lied dmieid syndradnse; and imregibheus dor essation

formul ation. I n _another enbodi ment, the conposition of the i.nvention is a
sustai ned pEsmeeldng popther tabicsa Uses Pddrioarily, CompprilsAnf SRTIPGS! o%se%féﬁ? bed

herein. Ho . - ' | Sy sy [ id abl e
Compos t1 ongregyat{afiEh el AR, dauPhyBRp b Abncil In Aphaketid D1 2
the art gi vaon-dbsredsad hummab fonalgs. ovi ded herein. For exanple, in addition to
provi di dosing units sq%' table for ?ral adm ni str.ati.on %uch as_tablets,
capsul eV and capl et s AHECHRSFROYH R H}eﬁpﬂjgélt’ﬁﬂé’?c%lmﬁqlgn%ﬂ PPEL o
parenteral adfiheloRbidR inkBit! SraMe et Bie o? ndib SARRomBGIiHY Stration. Oral
solid pharnmaceutical conpositions may include, but  are not limted to
starches, safyagrsentivined cordjgens! [Thadosagelaniovsbysedil te Eaatspreyenioh®itdig agent s,

| ubri ts, . bi.nd disi i ng,. 8. '
phar mceut | E4MRE SiuS B B aneL B R A BT oot ve

conmponent s. ¢ondition to be treated and the route of administration. The dose, and dose frequency

15  will also vary according to age, body weight, response and past medical history of the
individual human patient. In generally the recommended daily dose range for the
conditions described herein lie within the range of 10 mg to about 1000 mg per day,
or within the range of about 15 mg to about 350 mg/day or from about 15 mg to about
140 mg/day. In other embodiments of the invention, the dosage will range from about

20 30 mg to about 90 mg/day. Dosage is described in terms of the free base and is
adjusted accordingly for the succinate salt. In managing the patient, the therapy is
generally initiated at a lower dose and increased if necessary. Dosages for non-human
patients can be adjusted accordingly by one skilled in the art.

A compound of the invention may also be provided in combination with other

25  active agents including, e.g., venlafaxine. The dosage of venlafaxine is about 75 mg
to about 350 mg/day or about 75 mg to about 225 mg/day. In another embodiment,
the dosage of venlafaxine is about 75 mg to about 150 mg/day. Venlafaxine or
another active agent delivered in a regimen with the composition of the invention may
be formulated together with the composition of the invention, or delivered separately.

30 Any suitable route of administration can be employed for providing the patient

with an effective amount of a compound of the invention. For example, oral, mucosal
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30 In one enbodi nent, the active conponent(s) are prepared in the formof a
tabl et or tablet-in-capsule. For exanple, a conpound of the invention is

m xed W twWo 20€/M{392007/ 011594 PCT/ US2006/ 026991 sui t ablpeTarseoogiogsys t o
forma granul ation. In one enbodinment, the granulation is fornmed using a
roller conpactor. In another enbodi nment, the granulation is fornmed using a
hi gh shear granul ator. However, other nmethods known to those of skill in
the art, including, e.g., a |low shear granulator, a blender, etc, can be
utilized to(qy ppaalesublmgidlabheealyrataloayaging), pTreata) (aguinEavesaus @ t hen

conpressed usi ng cqonyenti onal thods to forma tablet. Thi et may be
provi ded wi twaavgla?lﬁ?fiﬁam&%@},é? Sp qu??ﬁlg?lfsf,gutg %r%]l%?%‘f' éloy%cgé’? ?f%%%gl | ayers
W th active GmAgRiSstréionahdlfde b@Y GhisdiniByddenddesi red for enteric
coating, seal coating, separation between |ayers, or the like. In one

enbodi ment, the AGomaisiuad of thednvantionicasboermbined with aahsunasitica g2t econd
active nponent .i rovided i.n I J: fjnal seal
coat 1 s Spppt et B g iGoay ol ipaplDe G prd BA0R) dooftilg @
conposed of cM@h@M?Hﬂﬁiaﬁaﬁﬁyﬂ chpounding tédHRMDEs tenfbrmetpharmagsoticadr yi ng, i s
| ess than about 1 w%of the total, coated tablg. Cﬁ)tional.l%/, talc is
utilized ascemnesifiomen dosagsiogpi Syitabls pharmageytically apaertable syrEei 3l ets into a

sui table pagk ,giigps ittihde, ullb BORHIYPLY 1R5e Adelibi R dringlofi€, TRISGEnday D

| oaded into a er aspec¢t, the invention provides a capsul e
cont ai ni ng théPactite/ef Plmanpoy) ¢Gennabiy AR, cdpd Otheslitiors 199 HddaskdPubs Cag),

techni ques known to those of skill .in t re. In one embodi t, the
i nventi oA proNGhde Sergit BEaRRPLALS @Sﬂ?%enfﬁ%palga orpgla%’?ace'ﬂ)thc@ﬁéf rac?%’&%[feof t he

conpounds of.d 8, LAKARY @Ro @sigeﬁs ﬂ’iﬁ‘% a(flg Pﬁys‘i’&l@gi@_ﬁl@df’eb‘lérﬁlﬁla la¥d da@eept abl e
i

excipients, e.g., diluents, Dbinders, ers, glidants, anti-adherents, a

pH adj ust etypcudiygroduse adjellotgin or sithdaramtevard meactins, @bl as s8R o about
70% w w active conpound(s)., | n other adi S can range
f r om about %%Swr@ tﬁ?)ﬁg%&henbag%lwwe%g? S Oa&ts%%gg/g&jfw 't?%mg'ﬁ'd%t 50%
ww, from apgkny@0%
15
COMPOSITIONS

In one embodiment, the composition of the invention is an immediate release

formulation. In another embodiment, the composition of the invention is a sustained
release formulation. Illustrative formulations are described herein. However, the
20  invention is not so limited.

Still other suitable compositions of the invention will be readily apparent to
one of skill in the art given the information provided herein. For example, in addition
to providing dosing units suitable for oral administration such as tablets, capsules and
caplets, the invention provides dosing units suitable for parenteral administration,

25  transdermal or mucosal administration.

Oral solid pharmaceutical compositions may include, but are not limited to
starches, sugars, microcrystalline cellulose, diluents, granulating agents, lubricants,
binders and disintegrating agents. In one embodiment, the pharmaceutical
composition and dosage form may also include other active components.

30 In one embodiment, the active component(s) are prepared in the form of a

tablet or tablet-in-capsule. For example, a compound of the invention is mixed with

19



ww to about 40% w w, or from about 25% w w to about 35% w/ w, about 30% w w
to about 45% w w, or about 32%to about 44% w w, based upon 100% wei ght of
the uncowpedomnsage form The core may be in a sustai nedTnE@a®e6991

formul ation or other suitable cores as are described in greater detail

bel ow may be sel ected. In one 30 enbodi nent, a delay rel ease coat and/or an
enteric coat are provided over the core. Suitably, the total anmount of

di luent, binders, fillers, glidants, anti-adherents, 20 WO 2007/011594

PCT/ US2006/ 9@88le Excigiedisddjfovaa genpladiganin pue emodiment, the gssnWal9Bdt of about

30% w w to about 97% w of the r 9 wt % of
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30% w w t o @baueludingos gy last sheab iz @%iﬁé’geéc’fc&lh?uﬁ* AP PN punt  of
a pH adjé"“%’tabﬁ (ﬁ%%litf%ﬁag“‘rﬁé E%g}u On fﬁﬁggcgrﬁﬂ@%séﬁﬁﬁihg(aoﬁvé)ﬂﬁ%éﬂ to about

e cote, © 0 W a

10% w w of rabou wto out” 8% w' w, “or about 3% w w to
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others. In i ERRRtL adte cBinpESintd, or SBLRYEE as hia9Peal¥Bingl for enteric

m crocryst a?@ﬁ%@%ul ogheaj1 crgsp Vi c?llone,r and Fryn xtur eg thereof. Suitable pH
adj ust er s i owdtingeseabcagting,sepiratiorbetiveeralapers saydheliksi mans sithodimenidhassi um
carbonate, |ithium carbonate, . .anong others. Stil] I I :
conpone{ﬂ s Wlbkqt CRIS cPRIHIS|ope &Btb‘éﬁcé’ﬁ‘ﬁmfl@oaﬁ aspoQid a}cﬁ%%&flﬁ%ﬂegr .p??\?ll‘é%%e
enbodi ment , i DeoagaBRAMAd(s) of the invention is in a sustained rel ease
formul ati on which contains rate-controlling conponents., i call such

T )
rate control | i n@ptionalynafinel sgpkcaahiseppbet ¢ BT heigblsh Wg’?gﬁ @Egléﬂalf rom
hyd hi. | i | i i Cl i t
cont Soi 17 no 58 5 by PSR pr b BAiob, ABMET i RAfr uidh dBANE, T8

al cohol ( PVR)less thupshivat | &8%, cfitble totalf coaesl thbler, e0ftionBl g tpleds uidlizeduistaabl e

insoluble or inert "plastic" ) ) . . .
15 final step prior to filling the multi-layer tablets into a suitable packaging unit.

Alternatively or additionally, the tablet may be loaded into a capsule.

In another aspect, the invention provides a capsule containing the active
component. Such capsules are produced using techniques known to those of skill in
the art.

20 In one embodiment, the invention provides a formulation containing a core of
one or more of the compounds of the invention and one or more pharmaceutically
acceptable excipients, e.g., diluents, binders, fillers, glidants, anti-adherents, a pH
adjuster and/or an adjuvant. The core contains about 3% w/w to about 70% w/w
active compound(s). In other embodiments, the compound can range from about 5%

25  w/w to about 60% w/w, from about 10 % w/w to about 50% w/w, from about 20%
w/w to about 40% w/w, or from about 25% w/w to about 35% w/w, about 30% w/w
to about 45% w/w, or about 32% to about 44% w/w, based upon 100% weight of the
uncoated dosage form. The core may be in a sustained release formulation or other
suitable cores as are described in greater detail below may be selected. In one

30 embodiment, a delay release coat and/or an enteric coat are provided over the core.

Suitably, the total amount of diluent, binders, fillers, glidants, anti-adherents,

20



pol yners include, without limtation, one or nore polynethacrylates (i.e.,
Eudragit(r) polyner). Oher suitable rate-controlling polynmer materials

i ncl ude, wogoo7/hysdnoxyal kyl cel |l ul oses, pol y(ethyl ene) exirdsseocabdoyi

cel l ul oses, carboxynmethyl 25 cellul oses, hydrophilic cellul ose
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those of 21 WO 2007/011594 PCT/US2006/ 026991 skill in the art. Suitably,
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functional second coati ng@ n one enbodinent, an initial seal coat can be
r o1

appl i ed di r @boutyl Oppwiwer re, ONERAYS b Hfnwivh o b BHaHYS 0B AP 3%o WA [tO ¢ oat
b di f | ted
rom anong. SoPRAY eRCER et 8 sl Porklitalilcon bl UEUSER s £RBRd BRYeciBa 85 101 21

et hyl cel | ul @ﬁeofﬂﬁllyﬂt}ﬁ)ah't al cohol , and conbl nat| ons ther eof 10 optionally
cont ai ni ng pl asticizers and _ot her desirable conponent artl cularly

sui t abl 8seal codthebinfleamay bepgiectet fromsamong known ki ?réﬁb‘P U8 ¢&oat can be
applied as ?lhﬂg%ar\?\fév&;lﬁ% Qrtnoﬁ’%sgio/ W?ﬁ bAL bﬂﬂo&lﬁleﬁp%blﬁ%r% W1 Qed2 5% W W,

and pref eraf to about w. The initial seal coat can be
applied on &m&m amdngpeadcroaastaline cellgose, byosppridgriengnd mixtaree thendeddi nent , an

ol - and bot t omahiapHhgoES fidine £ Ao ttcarly Bt BGOTERE ¢ he
dried pell ety eQtigH &ﬁﬁmﬁi@hﬂhﬁﬁn cAbendts eanwﬂgtoth&b estpathey fuilabld ear seal coat
is applied th an inlet ferrperatureo roximately 50C to 60C, a coating
sol uti ohd  components will be readily apparent to one o skill in the art
In one embodiment, the compound(s) of the invention is in a sustained release
formulation which contains rate-controlling components. Typically, such rate
controlling components are rate controlling polymers selected from among
hydrophilic polymers and inert plasticized polymers. Suitable rate controlling
20  hydrophilic polymers include, without limitation, polyvinyl alcohol (PVA),
hypomellose and mixtures thereof. Examples of suitable insoluble or inert “plastic”
polymers include, without limitation, one or more polymethacrylates (i.e., Eudragit®
polymer). Other suitable rate-controlling polymer materials include, e.g.,
hydroxyalkyl celluloses, poly(ethylene) oxides, alkyl celluloses, carboxymethyl
25  celluloses, hydrophilic cellulose derivatives, and polyethylene glycol.
In one embodiment, a formulation of the invention contains about 5% w/w to
about 75% w/w microcrystalline cellulose (MCC), about 10 % w/w to about 70% w/w
MCC, about 20% w/w to about 60 % w/w, about 25 wi% to about 30 wt%, or about
30 % w/w to about 50% w/w, based on the weight of the uncoated dosage unit.

30 In one embodiment, the core is uncoated. These cores can be placed into a

suitable capsule shell or compressed into tablets, using techniques know to those of
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spray rate of 5 to 10 grans/ m nute, atom zation pressure of 1 to 2 bar.
Upon drying, wunder suitable conditions, the initial seal coat is in the
range of wbaud7/i¥%/ w t o about 20 3% w w, or about 2% wCwusedostob@ouncoat ed
core. In another enbodi ment, a commercially avail abl e seal coat contai ning
HPMC, anong ot her inert conponents, is utilized. One such commercially
avail abl e seal coat is Opadry(r) Cear (Colorcon, Inc ). In one

enbodi nent, the oral dosage un ont ai Ns I 25
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grams of the dried pellet cores are charged into the unit. The Opadry® Clear seal coat

is applied with an inlet temperature of approximately 50°C to 60°C, a coating solution
spray rate of 5 to 10 grams/minute, atomization pressure of 1 to 2 bar. Upon drying,
under suitable conditions, the initial seal coat is in the range of about 1% w/w to about
20 3% w/w, or about 2% w/w, of the uncoated core. In another embodiment, a
commercially available seal coat containing HPMC, among other inert components, is
utilized. One such commercially available seal coat is Opadry® Clear (Colorcon,
Inc.).
In one embodiment, the oral dosage unit contains a further release or “delay”
25  coating layer. This release coating layer may be applied over an initial seal coat or
directly over a core. In one embodiment, the release coat contains an ethylcellulose-
based product and hypomellose. An example of one suitable ethylcellulose-based
product is an aqueous ethylcellulose dispersion (25% solids). One such product is
commercially available as Surelease® product (Colorcon, Inc.). In one embodiment,
30 asolution of an aqueous ethylcellulose (25% solids) dispersion of about 3% w/w to

about 25% w/w, and preferably about 3% to about 7%, or about 5% w/w, is applied to
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of methacrylic acid and nethacryl ates, such as the commercially avail able
Eudragit(r) 15 L 30 K55 (Rohm GrbH & Co. KG). Suitably, this enteric coat

i s appl i eWlouetnvitdvat it coats the multiparticul ate in arcarosweisiosfoonbout 15
to 45% w w, or about 20% w w to about 30% w w, or about 25% ww to 30% w w
of the uncoated or initially-coated nultiparticulate. In one enbodi nent,
the enteric coat is conposed of a Eudragit(r) L30D 55 copol ynmer (Rohm GrbH
& Co. KG, talc, triethyl citrate, and water. Mdire 20 particularly, the
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U029 ont e cbost L 15 ey e el S e
embod! Ment . ARPaRbA!oiBA2 rnAgTha @3reap@uhwsgﬁiawmﬁsﬂtw@% atRueduct ,
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Is in the range of about 2% to about 5% or about 3%to about 4% w w of

the uncoated or iAm ¢riterid goat Gateedntrollisg f3m) My benpplisdiodbamuiimartialaesn i ed

directly to the uncqated core,..i.e t y be applied
over an ini lap@rnaé( eaf u‘ieog’tlt. is pRENRIELI %oquggﬁlgé}glga?e é@%ﬁ%&lagéggge, 23 WO
2007/ 011594 RIS ok Q268 inatibs tHerdifC ahk yncdipfidd rettagmaltipaiticdldped coat er.
I n one enbodi ment, Surel ease(r) aqueous ethylcellul ose dispersion ((25%

sol i ds)10s depruletebn sangontai frem abawi Yrviastorgheut Wi vt actiyg ¢appqund

et hyl cel | ul s | iced, o/ L 0 ! -5 to 10
mnutes. 5 I°h gﬁé%éna 1§1%l?}%gér?tf’, ﬂlg #ﬁgﬁ&{stgaf aé\gé er%suft ngﬁa‘?gﬁ%ééﬁta%gmgnt eric
coat and, epllules®bhied ohaheweightidbf 4n wredatad desdge fiain.st ep prior to filling

the forrmulations_into a suitable packaging unit. Suitahly, this, final seal
coat i s conposed IBPngpmbodingniicsnte tc‘?i}t%}’f‘%@?rc’iﬁgcq‘g@§gfsrf’a?f’p8w 1 W%

of the totaly catAicUh afd8a85rYiRiek; sulf ad te-colfiniicially available Eudragit®

15 L 30K55 (R6hm GmbH & Co. KG). Suitably, this enteric coat is applied such that it
coats the multiparticulate in an amount of about 15 to 45% w/w, or about 20% w/w to
about 30% w/w, or about 25% w/w to 30% w/w of the uncoated or initially-coated
multiparticulate. In one embodiment, the enteric coat is composed of a Eudragit®
L30D-55 copolymer (R6hm GmbH & Co. KG), talc, triethyl citrate, and water. More

20  particularly, the enteric coating may contain about 30% w/w of a 30 wt% dispersion
of Budragit® L 30 D55 coating; about 15% w/w talc, about 3% triethyl citrate; a pH
adjuster such as sodium hydroxide and water.

In another embodiment, the enteric coat contains an ethylcellulose-based

product, such as the commercially available Surelease® aqueous ethylcellulose

25  dispersion (25% solids) product (Colorcon, Inc.). In one embodiment, a solution of
Surelease® dispersion of about 3% w/w to about 25% w/w, and preferably about 3%
to about 7%, or about 5% w/w, is applied to the multiparticulate. Upon drying under
suitable conditions, the enteric coat is in the range of about 2% to about 5%, or about
3% to about 4% w/w of the uncoated or initially-coated core.

30 The enteric coat can be applied directly to the uncoated core, i.e., the uncoated

core, or may be applied over an initial seal coat. The enteric coat, as described above,
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I n anot her enbodi nent, the present invention provides products containing
the conpounds and conpositions of the invention. In one enbodi nent, the
conposi t iwoerr1Packaged for use by the patient or hi crarse@icnesl For
exanpl e, the conpositions can be packaged in a foil or other 15 suitable
package and is suitable for mixing into afood product (e.g., applesauce or
the like) or into a drink for consunption by the patient. In another

enbodi ment, the conpositions are suspended in a physiologically conpatible
suspendi ng s tgpically Espliedroala fliidbed c@har MoretmbadimeatySosdl¢ase® 2queous

har naceutical carriers and excipients can include, huf. are,not Jimted to
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are filled in capsules, caplets o the Iike for oral delivery. In another
enbodi nent , niietepr esent i nventi on provi des for the use of conpositions of

the i tion in.th t] di .s. i ncl udj t 25
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treatnment therew th, and irritable bowel  syndrone. |n another enmbodinent,
t he present paekaging unit. Prisahilyighisfimel scabeassis compopest of FRIMG angd wiater, upon

formul ati ons_of t.he inpventi it i jcaments for 30
del i very o0 edr ot PEEgPOGa e b heih 2uhd Bt (s BB B0 T 60
PCT/ US2006/ 026991 I n ot her enbodi nents, the present invention provides for

the use of nultiparticulate fornulations of the invention in the
prepar afPonIBf ddsisng units, including but not linited to dosing units for

oral, transdermal, aﬂ&h%%@krgeﬁ% %%E'&‘?%{é% ndrfigR ﬁm@&%ﬁqngmg he

i nvention are pharnaceutical packs Compri i g a contal ner, such
as a foil paectpgendsrandichmpositivhsadfithe tyattidmer, having a formulation of the
'nvention in uni tI.n ggg gr%ﬁoéig{em, the compositions are packaged for use by the patient or
his caregiver. For example, the compositions can be packaged in a foil or other
15  suitable package and is suitable for mixing into a food product (e.g., applesauce or the
like) or into a drink for consumption by the patient.

In another embodiment, the compositions are suspended in a physiologically
compatible suspending liquid. For oral liquid pharmaceutical compositions,
pharmaceutical carriers and excipients can include, but are not limited to water,

20  glycols, oils, alcohols, flavoring agents, preservatives, coloring agents, and the like.

In yet another embodiment, the compositions are filled in capsules, caplets or
the like for oral delivery.

In another embodiment, the present invention provides for the use of
compositions of the invention in the preparation of medicaments, including but not

25  limited to medicaments useful in the treatment of depression, gastrointestinal side-
effects of venlafaxine in a subject undergoing treatment therewith, and irritable bowel
syndrome.

In another embodiment, the present invention provides for the use of

multiparticulate formulations of the invention in the preparation of medicaments for

30 delivery to a pediatric or geriatric patient.
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10 The follow ng exanples are illustrative of the invention. EXAMPLE 1:
PRODUCTI ON OF 1-[ 2- DI METHYLAM NO- 1- (4- PHENQOL) ETHYL]-CI' S -1, 4- CYCLOHEXANDI
OL 15 4- (Wormdtnihvar banoyl met hyl ) phenol (35.6 g, 198.5 muwhys2008/026991

di met hyl f ormam de (DMF) (400 nmL) was treated with K2C03 (35.6 g, 258.0
mmol) followed by benzyl bromde (28 nmL, 238 mml ). The m xture was
stirred at room tenperature for 4 days followed by heating at 60 C for 1
h. The mxture vas ol EﬁBS&iﬁ{eh%t ﬁ%}r&eﬁﬁmﬁm%@vﬂeé ff 8 Wik bh Et OAc and
washed with water 3x. s added, thé mxture filtered and
concentrate dnmltlpartmulml funnulaﬂtmsaxf ghenasentide dlqmemﬂwmmftd@ﬁmgpmdsw ct.

Solids were .cqll.ected via |Itrat|on e49 92% yi el d of
a solid. 251 9%‘%8%5?%1%’@& eﬁ&ﬁ&%&%ﬁ%ﬁ%’%’é@?{ °6nN°E)9“ﬂ|\J\ LDA N Ho
K2CO3 O Benginikifmwnde DMV O O OH C10H13NO O / \' 2 Ml. W.: 179.22
CsH1233

Also encompassed by the invention are pharmaceutical packs and kits
comprising a container, such as a foil package or other suitable container, having a

formulation of the invention in unit dosage form.
10 The following examples are illustrative of the invention.

EXAMPLE 1: PRODUCTION OF 1-[2-DIMETHYLAMINO-1-(4-
PHENOL)ETHYL]-CIS -1,4-CYCLOHEXANDIOL

15
4-(Dimethylcarbamoylmethyl)phenol (35.6 g, 198.5 mmol) in

dimethylformamide (DMF) (400 mL) was treated with K,COs (35.6 g, 258.0 mmol)
followed by benzyl bromide (28 mL, 238 mmol). The mixture was stirred at room
temperature for 4 days followed by heating at 60 °C for 1 h. The mixture was

20  concentrated to remove DMF, diluted with EtOAc and washed with water 3x. Dry
MgSO, was added, the mixture filtered and concentrated to low volume. Hexane was
added to precipitate product. Solids were collected via filtration and dryed to give 49
g, 92% yield of a solid.
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Cl7HI9NC2 Mol . W.: 156.18 Mol. W.: 269.34 C25H31INCG Mol. W.: 425.52
solution of 2N lithiumdiisopropylamde (LDA) (48.25 nlL, 96.5 mmol) was
cool ed towonB807i1asyd diluted with 25 nL of tetrahydrof ur 2oT(Ukklop026001 t hi s
was added dropwi se, a solution of

2- (4- Benzyl oxy- phenyl ) - N, N-di net hyl -acetamde (20 5 g, 74.3 mmol) in 250
of THF. The m xture was warned to 0 C, then cooled back to -78 C. A

mL

solution of 1, 4-cycl ohexanedi one nono-ethyl ene ketal (14.1 g) in 350 nL of

THE was added. The solution was allowed to to -20 C. Highthroughput
| i qui d chromat ography (HPLC) agsay still showed i .
1 g of ketal was,added and thelsolution was WAT 0 OOC for 2 10 hour.

g y
% yi el d—of—a—sori d. 26, WO 2007/ 011594
N )~N? \ acid O BhNO 23 27 4

Benzyl Bromide
DMF

\> °
C1oHNO, °
Mol. Wt.: 179.22 C:H,,0,
Cy;H;sNO, Mol. Wt.: 156.18
Mol. Wt.: 269.34
CZSHJ INOS
Mol. Wt.: 425.52

A solution of 2N lithium diisopropylamide (LDA) (48.25 mL, 96.5 mmol) was
cooled to —78 °C and diluted with 25 mL of tetrahydrofuran (THF). To this was
added dropwise, a solution of 2-(4-Benzyloxy-phenyl)-N,N-dimethyl-acetamide (20

5 g, 74.3 mmol) in 250 mL of THF. The mixture was warmed to 0 °C, then cooled back
to —78 °C. A solution of 1,4-cyclohexanedione mono-ethylene ketal (14.1 g) in 350
mL of THF was added. The solution was allowed to warm to —20 °C.

Highthroughput liquid chromatography (HPLC) assay still showed starting

material. Another 1 g of ketal was added and the solution was warmed to 0 °C for 2

10  hour. The reaction was quenched with a mixture of 25 g NH4Cl in 200 mL of water.
EtOAc was added and the layers separated. The organic layer was dried with MgSQy,
filtered and concentrated. Column chromatography (50% EtOAc/hexanes) gave 30.3
g, 96% yield of a solid.
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C25H31INGG Mol . W.: 381.46 MIl. W.: 425.52 A solution of the ketal (28 g,
65.8 mmolL) in 100 nL THE/50 nL MeOH was 5 treated with 40 nL of 3N HCI,

t hen stirwedo@olt®am tenperature for 3 days. The react ipomusaseqr@ached

wi th saturated K2C03, extracted with Et OAc and concentrated to an oil.
Product was crystallized fromhot EtOAc/hexanes to provide 12.9 g, 51 %
yield. 10 OHO O )~NN HO LAH HO O C23H27NO4 C23H31NO3 Mol. W.: 381.46
Mol. W.: 369.50 A solution of the ketone (11.8 g, 31.0 moL) in 100 nL of
THE was added to a s nsion of LAH pell&ts (4.7 g, 123.9 nmoL) in 100 niL
of THE at -78 C. The §Z7 O 2007/ 011594 P J52Q06/ 026991 mi xture was
warnmed to room t enper aj-ue i

mat eri al /i nternedi ate wag poesent, ano g of lithium al um num
hydri de (LAH) pellets added||and stirred 3 M~ _The reaction was
guenched with MeOH foll owe of 10 % NaOH| and Stirred for 3 h.
Solids were filtered off 5 tdhrdugh ceNte, washed With THF, and

concentrated. The solid was re stal lizéd fronrEt™Ac/ hexanes to give 8.15
9, 71%vyield. HO HO HO N\ @ —

Ca3HyNO,
C,sH, NO; Mol. Wt.: 381.46
Mol. Wt.: 425.52

A solution of the ketal (28 g, 65.8 mmoL) in 100 mL THF/50 mL MeOH was
5  treated with 40 mL of 3N HCI, then stirred at room temperature for 3 days. The
reaction was quenched with saturated K,COs, extracted with EtOAc and concentrated
to an oil. Product was crystallized from hot EtOAc/hexanes to provide 12.9 g, 51 %
yield.

10

C3Hp7NO, Cy3H;NO,
Mol. Wt.: 381.46 Mol. Wt.: 369.50

A solution of the ketone (11.8 g, 31.0 mmoL) in 100 mL of THF was added to
a suspension of LAH pellets (4.7 g, 123.9 mmoL) in 100 mL of THF at —78 °C. The
27



OH C 16H25NG3 Mol . W.: 279.37 C23H31INOG3 Mol. W.: 369.50 10 A m xture
of the benzyl ether (8.1 g, 22.0 mmol) and 2.0 g of 10% Pd/ C (50% wet) in
100 nlL ofwetoemnalksower e hydrogenated at 100 psi over ni ghtcTAseoosioxdonr e i S
filtered through celite, washed with ethanol, and concentrated. Solid
product is crystallized fromEt OAc/ hexane to give 5.1 g, 82%yield of the
title conpound. 15 EXAMPLE 2 - PHYSI| CAL- CHEM CAL PROPERTI ES CJ: 1-[2-

DI METHYLAM NO- 1- (4- PHE ET ar ed
accordi ng TS W FiEHe er-ﬁbling I%M%%ﬁgﬁdegd%%gun 20 (f reggpbase) i s

char act er i zgdeM/ihfefndRhtt Qs REI1 pRigént] shobier BI75% of lithivins aammnnum hgdrids t r ans-
i somer, 0.22% internediates 28 WD 2007/ 011594 PCT/ US2006/,0 81,]%%3
Struct ural (EéFHpeletomeremided apdsvsedionPdr TReAtion a5 PERIRSd 8 O ar

Vet oht 279 SHTAETRISIBISSs HEUR,08 88 Lol i 0 Sypbltermandor Nelt

5  through celite, washed with THF, and concentrated. The sohd was recrys alllzed
from EtOAc/hexanes to give 8.15 g, 71% yield.

HO
HO

/\

HO

/\

OH
C16HasNO;s
Mol. Wt.: 279.37

C23H31NO3
Mol. Wt.: 369.50
10
A mixture of the benzyl ether (8.1 g, 22.0 mmol) and 2.0 g of 10% Pd/C (50%

wet) in 100 mL of ethanol were hydrogenated at 100 psi overnight. The mixture is
filtered through celite, washed with ethanol, and concentrated. Solid product is
crystallized from EtOAc/hexane to give 5.1 g, 82% yield of the title compound.

15
EXAMPLE 2 — PHYSICAL-CHEMICAL PROPERTIES OF 1-[2-
DIMETHYLAMINO-1-(4-PHENOL)ETHYL]-CIS -1,4-CYCLOHEXANDIOL

When prepared according to the method of Example 1, the title compound
20 (free base) is characterized by the following:
Purity 97.51% cis —isomer, 1.91% trans- isomer, 0.22%

intermediates
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Hygroscopi city Non-hygroscopic (Less than 2% weight gain at 10 26.30C 90%

RH), weight gain is lost upon reduction in %RH Solution Stability The

conpound weost@alioe for at | east 24 hours at room tenpecatuse@cionsoal | of

t he aqueous solutions (pH 1.4-10.0). 15 pH-Solubility Final pH 1.4 24.2

mgy/m Final pH 3.99 24.1 ng/m Final pH5.79 26.7 ng/mM Final pH 8.4

22.7 mg/mM 20 EXAMPLE 3 -SALT FORMS OF 1-[2- Dl METHYLAM NO- 1- (4-

PHENCL) ETHYL]-CI' S -1, 4- CYCLOHEXANDI OL A. Succinate Salt 0.5008 g of 1-

[ 2- di met hyl am noSthictufAl-Fo@aRl ) ethyl] -cis -1,4 25 cycl ohexandi ol was

di ssolved in 3 ml of acetone. The solution was heated to 60 C. 0.206 g of

succinic acid (Sigma - Aldrich), was dissolved in 7 m of acetone with 2

29 WD 2007/ 011594 PCT/ US2006/ 026991 drops oM _water and heated to 70 Cin a

wat er bath. Succinic acid solution was adg¢éd \UTOp by drop to the

1-[ 2-di net hyl am no- 1 -(4-phenol)ethyl] -¢is o#f, 4-cycl ohexandi ol solution

at 70 Cwith mxing. Heating was cgati nugdw/th the addition of few drops
txi,ng was continued at 60 C

e overnight. The

for 10 5 mnutes, then cooled to
precipitate that forned at the b k was di ssol ved in ethano
and then the ethanolic sol utiHéh was ted/with a rotary evaporator
under reduced pressure to give 0.4898 g of whife Hpowder. "H NMR confirns
the structure of the 1-[2-dinethylam no-1-(4xpl0 phenol)ethyl]-cis

-1, 4-cycl ohexandi ol succinate with a ratio of 1:1 for the 1-[2-

di net hyl am no- 1 -(4-phenol)ethyl] -cis -1, 4-cycl ohexandiol to the

succi nat e. Molecular Formula Ci16H25NO3
5 Molecular Weight 279.379
Appearance white to off-white crystalline powder
Melting point (DSC onset) ca. 193.3790 °C
X-ray (powder diff) One polymorph
Hygroscopicity Non-hygroscopic (Less than 2% weight gain at
10 26.30C/90% RH), weight gain is lost upon
reduction in % RH)
Solution Stability The compound was stable for at least 24 hours at

room temperature in all of the aqueous solutions
(pH 1.4-10.0).
15 pH-Solubility Final pH 1.4 24.2 mg/ml
Final pH 3.99 24.1 mg/ml
Final pH 5.79 26.7 mg/ml
Final pH 8.4 22.7 mg/ml

20 EXAMPLE 3 — SALT FORMS OF 1-[2-DIMETHYLAMINO-1-(4-
PHENOL)ETHYL]-CIS -1,4-CYCLOHEXANDIOL
A. Succinate Salt
0.5008 g of 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-
25  cyclohexandiol was dissolved in 3 ml of acetone. The solution was heated to 60 °C.
0.206 g of succinic acid (Sigma — Aldrich), was dissolved in 7 ml of acetone with 2
29



The succinate salt has a water solubility of nore than 12 ng/m in pH s of
1.3, 4.5 and 6.5L and is a white powder which is hygroscopic. B.

Hydr ochl owodeo78akt9415 0.5008 g of 1-[2-dimethylanino- 1pctAsspivengdopet hyl ]
-cis -1,4- cycl ohexandi ol was dissolved in 10 nL of acetone with 10 drops
of water and heated in a water bath to 70 Cto give a clear solution. 2 g
of 1N hydrochloric acid was heated to 70 C and added drop by drop to the

1-[ 2-di met hyl am no- 1- (4-. ph I l]1-cis - - ' [
The r esul t cAroBbpLVREHSKHRSaa Th & s “seskste Piseh S ACELRY a8 RO Uen o
were evapor@o@ﬁy‘é&r&ﬁ}%o; tﬂ% AU7%- EYRROTALRS-14AYenol) -8 -PUeSRIhexddidl ve a

yel | ow pi nk™s at'er was "di ssol ved in ethanol and the ethanolic
sol uti on wasolet@patr7at°€owith tdixingt Heatingwegs soatimred iwithethe addition 9f e d®pe to

give 0.4894 g of off-white solid. H af.i t he. st fiot he 1-[2-
di met hyl ani P.gWatfr o &vy 2@ ¢yign @t%f@@ﬂbéﬁf 8%’2“&“3‘%‘[31 %{ﬁ&f\? Yach gr i d[e
W th a ratigidReOthehichole@%o fd¥en fentpératin@Rivbii @l Mae piecidithtephaformeat &tyl | -ci s

-1, 4-cycl ohexandiol to the hydrochloride. EXAVPLE 4. PF | ON OF
4- [ 2- DI VETHtieAbavek the flaslowas dispabrrdXxiy cthappindyherthercthapsdia ST s PHENOL

30 The conmpound wa epared in L. e 1 wth
some m nor Smﬂbaé%dSWﬁB Iaﬁgﬁalﬁyge“taﬁg%ﬁozél Wg%%d%?%%%§u%§%%§%tgx%§ Ee to 1gebt ain a
4- 30 WO 2093‘@@@;,1594 PCT/ US2006/ 026991 et hoxy on t he cycl ohexanol . The
synthesis summary for 4-met hoxy-cycl ohexanone descriioed bel gw. The

i
remai ni ng synt hesi s stléﬁ@mﬁ@@ﬁﬁ}eéﬁ@ﬂt%oﬁf@%?[?ﬁ%@eﬁhﬁ aMpRAMPfe 1. 51 0
0 0 LDﬁ) phenol)ethyl]-cis -1,4-cyclohexandiol succinate with a ratio of 1:1 for the 1-[2-

dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol to the succinate.
The succinate salt has a water solubility of more than 12 mg/ml in
pH’s of 1.3, 4.5 and 6.5L and is a white powder which is hygroscopic.
B. Hydrochloride Salt
15 0.5008 g of 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-
cyclohexandiol was dissolved in 10 mL of acetone with 10 drops of water and heated
in a water bath to 70 °C to give a clear solution. 2 g of 1N hydrochloric acid was
heated to 70 °C and added drop by drop to the 1-[2-dimethylamino-1-(4-
phenol)ethyl]-cis -1,4-cyclohexandiol solution. The resulted solution was kept mix at
20 70 °C for 30 minutes. All solvents were evaporated with rotary evaporator under
reduced pressure to give a yellow-pink solid. The later was dissolved in ethanol and
the ethanolic solution was evaporated with rotary evaporator under reduced pressure
to give 0.4894 g of off-white solid. H-NMR confirms the structure of the 1-[2-
dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol hydrochloride with a ratio
25  of 1:1 for the 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol to the
hydrochloride.

EXAMPLE 4: PRODUCTION OF 4-[2-DIMETHYLAMINO-1-(CIS-1-
HYDROXY-4-METHOXY-CYCLOHEXYL)-ETHYL]-PHENOL
30 The compound was prepared in a similar pathway as that of Example 1 with

some minor changes including the use of 4-methoxy-cyclohexanone to obtain a 4-
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O N CrH1202 HON M. W.: 128.17 K, CO, Benzyl Bromde O DW OH 1.
NaBH4, MeOH O C10H13NO2 / 2. Mel. K2CO3 Mdl. W.: 179.22 3. HCl, THF,
McOH ClAvddDd1Mek. W.: 269.34 0 C25H3INGG J Mol . W prTARR005826991 C8H1203
Mol . W.: 156.18 EXAMPLE 5 - PHYSI CAL- CHEM CAL PROPERTIES OF 4-[2 10
DI METHYLAM NO- 1- (C S- | - HYDROXY- 4- METHOXY- CYCLOHEXYL) - ETHYL] - PHENOL When
prepared according to the method of Exanple 4, the title conpound (free
pase) 1S CNARERbEF brf il ch¥iohdinb ! TRy fiesiE Wirhfokry 1 hdinhy- Ui stieRhndiidf MU' @

1 is described below. The remaining synthesis steps were completed as described in

Example 1.

/
(o]
LDA
Q
o]
N
~ ™~ 0 -
N N
~ C/H 120, HO ~
Mol. Wt.: 128.17
K,CO,
.—__>
Benzyl Bromide [o]
DMF /
O
OH

1. NaBH,, MeOH o
C10H13N02 2. Mel. K2CO3

Mol. Wt.: 179.22 2 3. HCI, THF, MeOH
Mol Wi 26034
ol. Wt.: R
o C5H31NOs
Mol. Wt.: 425.52
o
CgH ;504
Mol. Wt.: 156.18

EXAMPLE 5 — PHYSICAL-CHEMICAL PROPERTIES OF 4-[2-
10 DIMETHYLAMINO-1-(CIS-1-HYDROXY-4-METHOXY-CYCLOHEXYL)-
ETHYL]-PHENOL
When prepared according to the method of Example 4, the title compound

(free base) is characterized by the following:

Purity 99%
15 Structural Formula
N
OH
HO
OCH3
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OCH3 31 WD 2007/011594 PCT/ US2006/ 026991 Mbl ecul ar Formul a C17H27NC3

Mol ecul ar Wei ght 293.40 5 Appearance white crystalline powder Mlting

poi nt ( DS€oauemt1)59479. 21C X-ray (powder diff) Crystalli peTAisesus/o2¢91 ynor ph
Hygroscopi city Non-hygroscopi c (0.44% wei ght gain @60%H, 1.2% wei ght
gain @0%H, weight gain was |ost when 10 returned to 10%:H or 0%H.)
Solution Stability The conpound was stable for at |east 72 hours at room
tenperature in all of the agueous solutions (pH 1.6- 10.5) pH Solubility
Fi nal pH 1. 8@oledfar/Horfipiar 15 KUpHLNGH 7.62 > 10.00 nmg/m Final pH 8.21
>10.00 ng/mM  Final pH 9.00 7.65 nmg/mM Final pH 10.5 7.65 ng/mM 20

Cct anol / Wt gyolcellAGaRiAPH 6 = &g8%0 Partitioning Coefficient EXAMPLE 6 -
PERVEABI LI TY ASSESSMENT OF FREE BASE AND SALT 25 FORMS OF

1-[ 2- DI METHY, 1- (4- PHENQL) - < CYCLOHEXANDI OL - HTS- 24
CACO- 2 %E%%?e of drug trqaﬁg?técr)}/st%lﬁﬁ?%%‘g%ﬂt he CACO 2 cells was
determ ned Meltih§ o€ vhsdlEr NEFAPIPCty Coefficient according to the

fol |l owi ng forrml(%:0 30 Papp = AQ X Rv,.cms 1 AI\T 60.A.C AQ = Change in

quantity  X-ay (powder dif; Crystalline — one -polymorph
Hygroscopicity Non-hygroscopic (0.44% weight gain @ 60%RH, 1.2%
weight gain @90%RH, weight gain was lost when
10 returned to 10%RH or 0%RH.)
Solution Stability The compound was stable for at least 72 hours at room

temperature in all of the aqueous solutions (pH 1.6-
10.5)
pH-Solubility Final pH 1.60 >10.71 mg/ml
15 Final pH 7.62 >10.00 mg/ml
Final pH 8.21 >10.00 mg/ml
Final pH 9.00 7.65 mg/ml
Final‘pH 10.5 7.65 mg/ml

20  Octanol/Water Coc/Caq @ pH 6 = 6.857
Partitioning Coefficient

EXAMPLE 6 - PERMEABILITY ASSESSMENT OF FREE BASE AND SALT
25 FORMS OF 1-[2-DIMETHYLAMINO-1-(4-PHENOL)ETHYL]-CIS -1,4-
CYCLOHEXANDIOL — HTS-24 CACO-2 MODEL

The rate of drug transport through the CACO-2 cells was determined

as the Apparent Permeability Coefficient according to the following formula:

30 Ppp= AQ X _Rv_ cms’
AT 60.A.C,
AQ = Change in quantity
AT = Change in time (minutes)
Co = Initial conc, in the donor chamber (mM.cm™)
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AT = Cha ti mnutes) Co = Initial conc"” in the L C r
(MM cm 3;1‘98329 0(7/011594 PCT/ US2006/ 026991 A = &r?gg@%é?"éa%ﬁf
menbrane (cn) 60 = Conversion factor to give cms-1 Rv = vol une of
receiver conpartnent. 5 Transepithelial electrical resistance (TER was
calculated from resistance nmeasurenments according to the follow ng
formula: TER = (Rlcells + filter + nediunj R.filter + medium) x cell
area. Apparent pernmeabiéi ty—r%uré@;ewe)ﬂmﬁ@rpwécsﬁ) as fol |l ows. Apparent

perneabi lity val ues whigh arex [ r -t han t hose observed for
nmet oprol ol 10 or propr6g)nol ol “durin IOﬁféﬁ%rt&%gg §1Say run are considered to

give a predicted fractirn &bﬁﬂmlaedfﬁfbbllvﬁiﬁé(ﬁnphfrhﬁéi@ % (hi gh permeability
classification). Apparent perneability values |ess than netoprolol or
propranol ol are considered to be <90 %fa (noderate perneability

classificgtion). Appar afhndGiyerablibdtivavalidtite @ﬁifgﬁ%&lc&la% e

to be <50 %fa (low perneability classi |cat|o val ues <120 15
ohms cn? indirwﬁt@%meammmlemyepcdrdimg@ﬂ’ ilteyfoBoweingtfhends s AERpe (R[edlls Afitterpound

/ t | ol r i ndi cates a high perneability
corrrrgoagcrzlo 2\ ccmf) %ﬁgprmegﬁ““aixﬁ%]bﬁﬁeﬁnol ol ratio of <1 indi cat es a
noderate to | ow penneabwp'afe}’ltﬁ&ﬁﬂ:@b&ﬂl@kzra@é%&'ﬁﬂer{oré?é@ﬂﬁﬂ%@'

hus, ﬁ ee base

Free Base = 2.9 HO salt = Succinate salt =
and bot h t esbedneshility V@hues wh@h@mnah@ cu@eamrg}narythombseazbdéor @&toprolol

Per meabi | d) ty O?BIQ)% alﬁ% 1ot Iaurmg the same assay run are considered to give a predicted fraction
absorbed estimate of >90 % (high permeability classification). Apparent
permeability values less than metoprolol or propranolol are considered to be <90 % fa
(moderate permeability classification). Apparent permeability values of <10 nms™
are considered to be <50 % fa (low permeability classification). TER values of <120

15 ohms cm’ indicate low monolayer integrity over the assay period.

A compound / metoprolol or propranolol ratio of >1 indicates a high
permeability compound. A compound / metoprolol or propranolol ratio of <1
indicates a moderate to low permeability compound.

Compound / Propranolol ratio:

20 Free Base =29
HCl salt =29
Succinate salt = 2.9

Thus, the free base and both tested salts of this compound are highly

permeable.
25
Permeability Conclusion:

There was no difference in permeability between the base and salt
forms (HCI and succinate) for 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-
cyclohexandiol under these caco-2 assay test conditions. Predicted permeability in

30  the GI tract was higher than that observed for the propranolol reference compound,
indicating 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol is
33



There was no difference in perneability between the base and salt forns
(HA and succinate) for 1-[2-dinethylam no- 1-(4-phenol)ethyl] -cis -1, 4-
cycl ohexamgi2ob7/und@r these caco-2 assay test conditi onspciPrisdeosioedot
perneability in 30 the @ tract was higher than that observed for the
propranol ol reference conmpound, indicating 1-[2-dinethylam no-1

-(4-phenol )ethyl] -cis -1,4-cycl ohexandiol is 33 WO 2007/011594

PCT/ US2006/ 026991 predicted as a high perneability classified conmpound. In

each case Bp&édlﬁe@@mﬁtghg)enﬂemaylcmaﬁe(a eanpEad M\@@hlc@m t@Acobipeuld : A
rati o was cal cul ated at 1 indicating no efflux actiyvi t{ Per cent
I

conpound r e@éﬁ?éﬁl?}lal\ﬂémj’ﬁﬂd”%sao‘ﬁ@i 39 the By hﬁ M}’loﬁ’i’fkjwaicﬁlat@ atiet - F mdicalingect i on
assays. Filter of
conpound. Ttﬁlﬁsefg%ééetg)tngd %ﬁ%}ff{e&v\a@ Hﬁ%\ﬁ%\%’%gnce ggﬂ]p é eg?qg gt ‘(fy%ﬁqggﬁﬁy

met abol i sm iefthehflix disaipn aysatye MiltdexshirblFeompoRhPRMAGEE BIgY, WOR good

1-[ 2- DI METHYLAM NO-1- (4- PHENGL) ETHYL]-CI S GYCLOHEXANDL.Q. 10 The

foll owing t éE‘FOé(eTyso °§lPﬁ’Hﬁﬁ1 y LB SP%%?&?%@F“%&"@%FO sV PICegiEonYnduct ed

for 1- [2-dipmbdyisAinhis adsaycgstjenol ) ethyl] -cis -1, 4 cycl ohexandi ol (Test
Conmpound) .  These assays were prepared as described in the follow ng

publications, as nodified by Novascreen. The receptor binding assays were

Ad i P | & Ex
Then < bse o/ GRS RstARAT oL TP B s e B EAMINDS F2: "o o' &P
Sci ences, 44HYBROIGETHHA! SDlB,-1dp@aerLr@HEb<rAmDnm_rter bi ndi ng assay [ Madras
et al, I\/bI Phar macol . 524, with nodifications, JJ Javitch et al,

Mol Phailfracol | 26Fl@5?oldqw<ng9@zly }sawnyn@zmqféeqqmtormsfambngl%ga@leﬁ mQtedet

ot br o i g B EA- bR TR IERARAY (Tt ol M
Ther, A47: 73-THde 4st30)dre prdpattdzeldesigibei heihegoldesiay phﬁli&aﬁbﬁms @lodafied b}Bl’ it.

JPhar macol , 99(4):803-809 (199Q), with nodifications], nuscarinic Mo (human
r econbi nant )Nwamfpfmg Hsf‘sréyeqmblghe& REspy BV etg| Adrgagreionhd Akbgnan) indisg - 476

§ égg%l nant ) Q%a.@?ﬁgi B! ﬁﬁhh&’ DRI 7 PRSI BERYp et ABEBY00S07((198 Mwith

15 modlﬁcatlons JA Totaro et al, Life Sciences, 44:459-467 (1989)]; dopamine
transporter binding assay [Madras et al, Mol. Pharmacol., 36:518-524, with
modifications, JJ Javitch et al, Mol Pharmacol, 26:35-44 (1984)]; histamine H1
binding assay [Chang, et al., J Neurochem, 32:1658-1663 (1979), with modifications,
JI Martinez-Mir, et al., Brain Res, 526:322-327 (1990); EEJ Haaksma, et al,

20  Pharmacol Ther, 47:73-104 (1990)]; imidazoline binding assay [CM Brown et al,
Brit. J Pharmacol, 99(4):803-809 (1990), with modifications], muscarinic M5 (human
recombinant) binding assay [NJ Buckley et al, Mol Pharmacol, 35:469-476 (1989),
with modifications]; norepinephrine transporter (human recombinant) binding assay
[R. Raisman, et al., Eur J Pharmacol, 78:345-351 (1982), with modification, S.Z.

25  Raisman, et al, Eur J Pharmacol, 72:423 (1981)]; serotonin transporter (human)
binding assay [RJ D’ Amato, et al, J Pharmacol & Exp Ther, 242:364-371 (1987),
with modifications; NL Brown et al, Eur J Pharmacol, 123:161-165 (1986)]. The
cellular/functional assays were the norepinephrine transport NET-T) human [A.
Galli, et al, J Exp Biol, 198:2197-2212 (1995); and the serotonin transport (Human)

30 assay [D’Amato et al, cited above and NL Brown et al, Eur J Pharmacol, 123:161-
165 (1986)]. The results are shown in % Inhibition of the receptor.
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[R Raisman, et al., Eur JPharmacol, 78:345-351 (1982), with nodification,
S.Z. 25 Raisman, et al, Eur JPharmacol, 72:423 (1981)]; serotonin

t ranspor two 20dmoresdx  bi ndi ng assay [R] D Anato, et al, »Prmasoweobeods Exp
Ther, 242:364-371 (1987), wth nodifications; NL Brown et al, Eur
JPharmacol , 123:161-165 (1986)]. The «cellular/functional assays were the

nor epi nephrine transport (NET-T) human [A. Galli, et al, JExp Biol,
198: 2197-2212 (1995); and the serotonin transport (Hurran) 30 assay [D Amato
et al, cited above and NL Brown pf‘aﬂ Eur R “m 125 161165
(1986)]. [The rRecdpter Rimlispdwsayi n % I\nhi bi ti B‘Fcﬁ? of v ‘?8§ept or. 34 WD
2007/ 011594 PCT/ US2006/ 026991 Recept|or Bi ndi nife MB¥i%ecant or 8 ndi ng %
| nhi bi ti rest Cﬁnpound 10 I M Adenasi ne Nst%n@pund\@hgé he A2A (hr) 7.68
Adr ener gite—A-phat-A—=t—96——AdTENEr gilc, Alpha 1B B5R7_ Adrenergilc, Al pha
2A () 1008 ’ |60 Adrener gifgeg Al pha 2C (hr|) 3.06
Adr ener gi|cAdepesiae 1) 7 65 Adrenerigic—Beta >1fl5g -7 7
Benzodi aZeblrarersiseApidal (h) 1. 65 Canmabinot L5 (T8I
Cannabi ndi AresBic( Atphall® 66 Dopani nel Transperter-—B-49—bopanime;] DI (hr)
-5.73 Ddpadici@gicDAtphal?A (19. 17 Dopanj ne, D3 (hr) 1343

Adrenergic, Alpha 2B 8.60

Adrenergic, Alpha 2C (hr) 32?

Adrenergic, Beta 1 (hr) 7. -

Adrenergic, Beta 2 (hr) -2.4

Benzodiazepine, peripheral (h) 1.65

Cannabinoid, CB1 (hr) 8.1 16

Cannabinoid, CB2 (hr) 15 .469

Dopamine Transporter 85 =

Dopamine, D1 (hr) -6 .17

Dopamine, D2s (hr) 3.36

Dopamine, D3 (br) 3.39

Dopamine, D4.4 (hr) 1.6 -

GABA A, Agonist site -16.

GABA A, Benzo, central 0.20

Glutamate, AMPA Site o 2.50

Glutamate, Kainate Site -0.51

Glutamate, NMDA agonist Site -2.99

Glutamate, NMDA Glycine 2.24

Glycine, Strychnine-sensitive —2.;81

Histamine, H1 | 11 . =

Histamine, H3 17.43

Imidazoline, I1 .

Imidazoline, 12 central \ 3.24

Melatonin 11 .Zg

Muscarinic, M1 (hr) -5.9

Muscarinic, M2 (hr) 11.98

Muscarinic, M3 (hr) 0.11

Muscarinic, M4 (hr) -3.52

Muscarinic, M5 (hr) 5.40

Nicotinic (a-bungarotoxin insens) -1.07

Norepinephrine transporter 49.72

Opiate, Delta 2 (hr) 12.2;’;

Opiate, Kappa (hr) -4.1

Opiate, Mu (hr) -0.35

Oxidase, MAO-A, Central -0.11
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Dopam ne, D4.4 (hr) 3.39 GABA A, Agonist site -16.06 GABA A, Benzo,
central 0.20 dutamate, AMPA Site 2.50 dutamate, Kainate Site -0.51

d ut amat eyoldMDA1aeni st Site -2.99 dutamate, NVDA G yecmars200842698 yci ne,
Strychni ne-sensitive -2.38 Histamne, HL -7.84 Histam ne, H3 14.00
l'inidazoline, Il 17.43 |Im dazoline, 12 central 3.24 Melatonin 11.20
Muscarinic, M (hr) -5.96 Muscarinic, M2 (hr) 11.98 Muscarinic, M3 (hr)
0.11 Muscarinic, Md (hr) -3.52 Muiscarinic, Mo (hr) 5.40 Nicotinic

(a- bungar ofoxi n Res&6D Bilﬂdiﬂ%AsN@re ing hrine WReopoeBiadingd. 72 Ojiate,
Del Ija 2 (rl\l/lra\) 12.23 Opiate, Kappa (hr) |-4.17 Oppgaighibion hr) -0. 35
Oxi dase, O-A, Central -0. 1T 35 WO 2Z00// 0L [RZ6991
Recept or Birgghi-teg—+ y—Rege Brreng—tnit @ﬁ@gﬁﬁ%i@’gg}.%unw 0 1M

Serotonin Transporter V 94.45

Serotonin, SHT1,non-selective 5.09

Serotonin, SHT1A (hr) 1.80

Serotonin, SHT1D (h) 7.26

Serotonin, SHT2A (h) 3.70

Serotonin, SHT2C 10.05

Serotonin, SHT3 (hr) 9.72

Serotonin, SHT4 3.98

Serotonin, SHT5A (hr) 19.95

Serotonin, SHT6 (hr) 17.05

Sigma 1 2.96

Sigma 2 1.00

-20% to 20%

Baseline — no activity at the receptor

21% to 49% - Marginal activity at the receptor
> 50% - Compound is active at the receptor

From this data it is evident that 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -
1,4-cyclohexandiol has very good serotonin reuptake inhibition activity and
acceptable norepinephrine reuptake inhibition activity. It is also evident that 1-[2-
dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol is highly selective in that it

10  has no significant binding to other receptors that are usually associated with specific
side effects, such as dry mouth and drowsiness (muscarinic/cholinergic), sedation or
appetite-stimulation (Histamine H1) and cardiovascular effects (alpha-adrenergic).

These conclusions are based upon Novascreen’s interpretation summarized
above.

15
EXAMPLE 8 - PHARMACOKINETICS AND METABOLISM FOR 1-[2-
DIMETHYLAMINO-1-(4-PHENOL)ETHYL]-CIS -1,4-CYCLOHEXANDIOL
These studies were conducted to determine the potential metabolism of
this compound in humans. These results indicate that the metabolism in humans will

20 not be very significant. This is an advantage for this compound, because it has good
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Oxi dase, MAO-A, Central 2.43 Serotonin Transporter 94.4 [

SHT1, non-sel ective 5.09 Serotonin, 5HT1A (hlro) 1.80 Ser50t gﬁirgt Ogi—rrll'ELD (h)
7.26 SerwoamemiiBkT2A (h) 3.70 Serotonin, 5HT2C 10. 05PC$EUSQG(,EMM991 5HT3
(hr) 9.72 Serotonin, 5HT4 3.98 Serotonin, 5H T5A (hr) 19.95 Serotonin
SHT6 (hr) 17.05 Sigma 1 2.96 Sigma 2 1.00 -20%to 20% Baseline - no ’
ac'(t)lwty at the receptor 21 %to 49% - Marginal activity at the receptor >
50% - Conpound is active at the recept 5 Fromthls dat i% i.5 evident
that 1- [2sy§iermc hypc&mmao alnos &l g '?‘éftl}%qa}ns 1 fhe body ﬁ&lgfcwgﬁexandi ol has
very good ser ot |n reg E% t{éhl bition activity and acceptable

nor epi neph‘r‘ql]il%o FHE 2RLA PARKIPBI i on activity. It is also evident that 1-[2-

di met hyl ani no- 1A(4 phesmioMsayblisnci s - 1, 4- cycl SO0l ie b
celoctive in that it 30 Fas ng 1S|g ey ohexand| ol is highly

f'c nt ndi
3; g WtSJ;suaI ly associ at é’deotfﬁetétﬁf%‘émf 'zéﬁ?l ﬂ@':l%f@fgs %ﬂ%ggéthgg%%ong(&{_?\ ;P\gt
[ ows ss Wegﬁ 10 &é&p&%dh& 84 9 & heﬁﬁfé&hbf&@oﬁés ofPpretud-Pawidymalsat i on
(H sta car di ovascu efflects a-adrenergic). These
concl usi OnﬁlaPJ@)gaaﬁlaﬁ rﬂ@ﬂdeymemMQnﬂlsamdréemﬂg?@%@deﬁ chifAffEi¥&ed above.

15 EXAMPLE 8 - PHARMA
metabolic stabllft:}gérll ent%sca'tqur? oyE T€§q'te§Ml F%u?letﬁ&l’ammo 1-(4-

phenol)ethyl]-cis -1,4-cyclohexandiol was stable (/2 > 60 minutes) in hepatic
microsomes indicating Phase I and II metabolism was minimal in all species.

10 Based on LC/MS analysis, 1-[2-dimethy1amino-1-(4-phenol)ethy1]—cis
-1,4-cyclohexandiol appeared to be very stable under experimental condition as only
one minor metabolite, N-demethylation, was detected in all species. The proposed in
vitro metabolite pathway of 1-[2—dimethylamino-1-(4-phenol)ethyl]-cis -1,4-

cyclohexandiol is shown below.

15
,L ;
~ ~N
OH OH
—_—
HO HO
H H
HO HO
1-[2-dimethylamino-1-(4-phenol)ethyl] N-demethylation
~cis -1,4-cyclohexandiol MW=265RRT=0.98
MW=279,RRT=1.00
B. Pharmacokinetics in Dog

Preclinical pharmacokinetics of 1-[2-dimethylamino-1-(4-
20  phenol)ethyl]-cis -1,4-cyclohexandiol was determined after a single 2.5 mg/kg IV
bolus and 7.5 mg/kg oral dose in male dogs. After an IV dose (Water for injection at
0.1 mL/kg) in male dogs, plasma clearance was low (~ 7 mL/min/kg compared with a
hepatic blood flow of ~ 38 mL/min/kg) and was consistent with in vitro hepatic

intrinsic clearance. The apparent volume of distribution (Vss) was moderate (1.9
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DI METHYLAM NO- 1- (4- PHENOL) ETHYL]-CI S -1, 4- CYCLOHEXANDI OL  These st udi es
were conducted to determ ne the potential netabolismof this conpound in
humans. TWeeowmsiskt s i ndi cate that the netabolismin hegans2cislokés920 not
be very significant. This is an advantage for this conpound, because it has
good 36 WD 2007/011594 PCT/ US2006/ 026991 system c exposure, so al nost all
the drug that remains in the body is the actual conpound and not a
nmetabolite. A In-vitro MetabolismIn vitro netabolism of

1-1 3- dit mdst hm?ggiaﬂ%tﬂer{pﬁa&hﬂéﬁhMI lialf-lit]:eqtsv’;) wak,léng & ﬁh@irbl fmfﬁmckiiﬁﬁlle oas
conducted in the hepatic nicrosones o rague- rats, . mal e dogs,
mal e nonkeygoserrf 7§ ey eengd m&ﬂﬁb,éh%ﬁ‘a%@??@%ﬂa%w&% pLleng ratpR) i ¢
stability ang, i I f ' | ; A=Y oo -
phenol ) et hylieﬁjh%idkg&%éi‘;ehﬁ%dg fggﬁfe?{l(ratﬁgla 0 %@ﬁg?%%?%g??élﬁkéy%g%ﬁ %tljétrg{se;l in
hepatic m comsdling step dfteadralnginRhatetidn wakhe Elimidatioo of $he dmg Therdralal i n al |
speci es. _10 Based on LC a sis, 1-[2-dinethylamno- 1

- (4- phendl )@%W?‘?ab-léb’évas%%}h&%/él ohexandi ol appeared to be very stable
under experimental condition as only one mnor netabolite,

N- denet hyl ati on, was detected in all species. The proposed in vitro

net abol i te FEMAMBLER: IN-V/YOIEREIGACH @M J-[24DIMETHNEAMING A4+ -cis -1, 4
cycl ohexandiRHEN®LIEDYLb&I8wl ,4-CY QL OHEXANDHOIHN MICROMALYSHD HO

1-[ 2- di net hyi@miEno- | - (4- phenol )ethyl] N-denethylation -cis

-1, 4-cycl ohexandi ol MA£265, RRT=0. 98

1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol was evaluated

in a microdialysis study conducted in male Sprague-Dawley rats [MT Taber et al,

10  Differential effects of coadministration of fluoxetine and WAY-100635 on
serotonergic neurotransmission iz vivo: sensitivity to sequence of injections, Synapse,
2000 Oct; 38(1):17-26.] This technique can capture the neurochemical effects of
compounds in the brains of freely-moving rodents. The effects of 1-[2-
dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol were studied in the rat

15  dorsal lateral frontal cortex, a brain region thought to be involved in etiology and/or
treatment of depression. To see whether any effects on serotonin could be observed,
the compound (30 mg/kg, sc) was tested in combination with the selective 5-HT1A
antagonist, N-[2-[4-(2-methoxyphenyl)- 1-piperazinyl] ethyl]-N-(2-
pyridinyl)cyclohexanecarboxamide (WAY-100635). The rationale for doing this is to

20  block the somatodendritic 5-HT1A autoreceptors regulating 5-HT release. This
eliminates the need to perform a chronic (14 day) neurochemical study with the
compound alone to desensitize the 5-HT 1A receptors. The conditions of the study

are listed below:

25  Animal: Male Sprague-Dawley rats (280-350g)
Brain Region: Dorsal Lateral (DL) Frontal Cortex (A/P +3.2mm, M/L &
3.5mm, D/V —1.5mm)
Administration: 24 hr post-operative recovery

3 hr equilibration after probe insertion
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MAE279, RRT=1. 00 B. Phar naacokinetics in Dog Preclinical pharmacokinetics of
1-[2-dimethylamno- 1 -(4 20 phenol)ethyl]-cis -1, 4-cycl ohexandi ol was

det er m neslo2bémniad4single 2.5 ng/ kg |V bolus and 7.5 npCrgsesglozedese i n
mal e dogs. After an IV dose (Water for injection at 0.1 nL/kg) in nmale
dogs, plasma clearance was low (- 7 nL/m n/kg conpared with a hepatic

bl ood flow of - 38 niL/m n/kg) and was consistent with in vitro hepatic
intrinsic clearance. The apparent volune of distribution (Vss) was noderate
(1.9 37 WD 2007/011594 PG‘I‘MﬂJ@Z@BﬁMSQ@@Ql L/ kg) and the apparent term nal

(hater at 1 mike, tne t crimid inechish S PR EoRiheny ittt MO
hr), however it was sim | gy, glfhﬁ(ﬁpy‘ﬁﬁlﬂl)d%m“ﬁ@ﬁ%’fﬂﬂlﬂé pWaiggest i ng that

the rate controlling step er oral admnistration was the elimnation of
the drug. The oral 5 bi oavm%aﬁﬁqotamgtkasshbgwenégwlnbefe&m%9 | N- VI VO

EFFI CACY OF 1-[2- DI METHYLA A- P NDI OL
IN M CRéDI ALYSI S MODEL 1- ‘!fw ?Ngy#é'g‘lﬂyt a%tﬁl@'ﬁtﬁ%% t?lesn(%% eﬂét iié_ﬂcﬁx@'dw

-1, 4-cycl ohexandi ol was evg tg@ in a mcrodialysis study conducted in
male Sprague- Dawl ey rats [ er et al, 10 Differential effects of
coadm ni stration of fluoxetine and WAY- 100635 on serotonergic

neur ot r ans Si 2 Vi Vo: C hections, Synapse,
2000 Oct : % ?f’l”% Th?%n@%g'%rﬁéat&ei fz&%nﬁlg‘%jﬂpgﬂ néécﬁlgﬁfochem cal
effects of corrpounds |n the brai ns of freely novi ng rodents. The effects
of 1-[2- dinmethyl am no- henol )et 4- cycl ohexandi ol were
st udi edO n Anaysigt 15 dorsé‘l T@t" élParH ng]loé ; a brain region thought
to be involved in etiology and/or treatnent of depression. To see whet her

ffect
wes tested in conBrLPen iherReRIsiTis ot R IRRCU PRkt bk SC)
N[ 2- [ 4- (2- pea Dagsdfeeiy]-gis 1t MCpelbhﬂaﬁghlo] was byrthhindd (v2th a 5-HT1A antagonist.

These in vivo neurochemical effects are similar to observed effects when combining

15  other SNRIs and SSRIs like venlafaxine and fluoxetine with 5-HT1A antagonism.
These in-vivo results corroborate the in-vitro pharmacological profile for this

compound.

EXAMPLE 10: PRE-CLINICAL EFFICACY OF 1-[2-DIMETHYLAMINO-1-(4-
20 PHENOL)ETHYL]-CIS -1,4-CYCLOHEXANDIOL IN ANIMAL MODELS FOR
PAIN
Current SNRIs have been shown to have some effects for various pain
indications. 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol was
evaluated in two in-vivo animal models for pain, including a Visceral Pain model and
25  a Neuropathic Pain model. The compound was found to cause a statistically
significant reversal of visceral pain in the mouse PPQ induced writhing model at the
highest dose tested (100 mg/kg) and a statistically significant reversal of mechanical
hyperalgesia in the spinal nerve ligation model of neuropathic pain in the rate (MED,
10 mg/kg). 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol was not
30 found to affect acute pain in either the rat hot plate or tail flick assays (up to 30 mg/kg
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pyri di nyl ) cycl ohexanecar boxai ni de (WAY-100635). The rationale for doing
this is to 20 block the somatodendritic 5-HT1A autoreceptors regulating
5- HT rel emeaooilhi®4 elim nates the need to perform a chromius2§bé2aay)
neurochem cal study with the conpound alone to desensitize the 5-HT1A
receptors. The conditions of the study are listed below 25 Animal: Mle
Sprague-Dawl ey rats (280-350g) Brain Region: Dorsal Lateral (DL) Frontal
Cortex (A/P +3.2mm ML 3.5rm DIV -1.5m) Adm nistration: 24 hr

post - oper at pypardeamestYohdto reguse thdiflabilatynif inahe griodl eervedimatiommoda8Bof WO
2007/ 011594 PCT/ US2006/ 026991 1 hr 40 mn, baseh{ne S-WIIA ant agoni st

N- [ 2- [ 4- ( 2- RetmeBstsHRaiyin) the rasi(Eeto A0 )#/ke) 1w fhe doses tested.
-N-(2-pyridinyl)cyglo r ) LWAY- 100635] (0.3 ng/kg, s.c.
given 20 mn beforg'1?%§ﬁg%g?ﬁg?ﬁ@ﬂg%?wg- 1 -(4-pheno|)eth3?] 9cis )
-1, 4- cycl ohexandi ol  ( 36[2-diglekrylanpioy-19dApiceoBshyl¢ecis -bd-cyskahskaslialovdsect ed

for 3 hr_2 - injecti 10 .Anal.ysis:  5- | i fied
HPLC. ECLP RoBUSPIER BUE b RE Tepr R g TS e T for) Bbdiaradr apapke 8¢ ™
1-[ 2- di met hyl apd Dot 100 ff/deh e apshtiVivhs plitBased fdntVSbRtbRE@BACR Chemscals

conbined with a 5-HT1A antagoni St. These in vivo neurochenm cal effects are
sinmlar to ¢Osterivedamsidhpatdsuaprnded ordfioriwegn B9 o0 nermlecliinse gl s |i ke
or obor at & SR BB MM POy cal profil e for this  compound
EXAMPLE 10: PRE- Clgl NIl GabidelFl CACY OF 1-[2- Dl METHYLAM NO- 1- (4- 20

PHENOL) ETHYL] -CI' S -1, 4- CYCLOHEXANDI OL | N ANI MAL MODELS FOR PAIN__.

10 For the visceral pain study male CD-1 mice (20 — 25 g, Charles River;
Kingston/Stoneridge, NY) were housed in groups of 5/cage on bedding and for the
neuropathic study male Sprague-Dawley rats (125 — 150 g, Harlan; Indianapolis, IN)
were housed 3/cage on bedding. For all studies animals were maintained in climate-
controlled rooms on a 12-hour light/dark cycle (lights on at 0630) with food and water

15  available ad libitum.

C. Visceral Pain Model: Assessment of PPQ-induced constrictions
(writhing):
The ability of 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-
cyclohexandiol to attenuate acute visceral (abdominal) pain was assessed following an

20  ip. injection of 2 mg/kg PPQ (dissolved in 4% ethanol in distilled water, Sigma-

Aldrich, St. Louis, MO) [Siegmund, E., et al., Proceedings of the Society for
Experimental Biology and Medicine., 95 (1957) 279-731]. The compound was
pretreated 60 minutes (n = 7-10/group) prior to PPQ administration. During testing,
following PPQ administration, mice were individually placed in a Plexiglas cage and

25  the total number of abdominal constrictions was recorded for one-minute periods,
starting at 5 and 10 minutes after PPQ injection.

Statistical significance was determined using a one-way ANOVA
using a customized SAS-excel application (SAS Institute, Cary, NC). Significant
main effects were analyzed further by subsequent least significant difference analysis.

30  The criterion for significant differences was p < 0.05 compared to vehicle-treated

mice.
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Current SNRI's have been shown to have sonme effects for various pain

i ndi cations. 1-[2-dinethylam no-1-(4-phenol)ethyl]-cis -1, 4-cycl ohexandi ol
was evalweteerdinssuwo i n-vivo ani mal nodel s for pain, imprcirudzego2e9yi scer al
Pai n nodel and 25 a Neuropathic Pain nodel. The corrpound was found to cause
a statistically significant reversal of visceral pain in the nouse PPQ
induced writhing nodel at the highest dose tested (100 ng/kg) and a
statistically significant reversal of nmechanical hyperal ge5| ain the

spi nal nerve’ | i gati onAnpeétiveobsule@edsshemincwithing)iwpstfhend fr é-[EVED, 10

ng/ kg) . 1- th ngl ndi ol
was not 30 Figﬂ%h% ‘ﬁ’r?‘?&‘ﬁ’gﬁf&‘iﬁ}e&]{y@aﬂneﬁ é‘ﬁ%’ﬂ fhﬁ%t?laoiénhot pg)kgg@ és‘ra tail
flick assaysgof dtiistiealBPsiphifiksnt. a&gmw&m«sma&em WEHi 52006418269 91100p0) and
was not found to reverse tactile allodynia in the spinal nerve ligation
nodel dof ngloﬁ/@ S’gE@ pa| nin the rat (up to 100 ng/kg) in at the doses
teste . nmpo Al

1-[ 2-di né\t hyl am ?15(1) 1- u eno??%%‘%yl] cis -1,4-cycl ohexandiol was 5

di ssolved in sterile gali neL5a‘i)1ﬂncddm~\mlngcad(SM¢,1ly (p. o ) at dosages of 10

ng/ kg, 30 ng/ kg and 100 ny/kg., bapenti n was purchas
Research Chemicals (Ont ari@gglﬁaﬁgu%ﬁwegm%&%ﬁ“}‘ﬁ *ﬁ??b 2| n 0.5%
met hyl cel | ul, ﬁésgrlléﬁddelm&'nﬁhgf%nb ahd ARefthihensad. 5% foi thE d)lratllan oy ects: 10

For the viscer pain study male CD-1 mce (20 - arl es River;
Ki ngst on/ St ameeiyd defter Mductien ef inesthesia, ithe @pmm@ﬂ@f\ﬂ@/sga‘gd 2o Pepatidiy aand f or

t he opath c study,mnmal e S a ey rats an;

| ndi anagél i §te ?\f)‘lan%r%plﬂf}djf 15%%8@@@ Y vaa(s p&rg?n%equassﬁfil 6‘8:5@ ani mal s
vere mai nt aigagdived )[Kirhr@}pan@gﬁﬁﬂ UMdAhQ:Qg@mﬁéht@l 1h3dd) Boi periphéyal dark cycle
(lights on at 0630) with food and water vai |l able ad |ibitum

Vi sceral Paineutopatbly prodised byrsegmestadppingnpuveligationds theaet S48 5@\“99{2% ng) :
The ability 3%% 6%] le% tgle g}?éegﬁln?mapl?ervé‘mj&r?/ v@g%%)&&c@& B¥ It1]ght' l(féa%lon be e 1eft

L5 spinal nerve. Briefly, a midline incision was made and the L5 transverse process

15  was removed and the nerve was tightly ligated with 6-0 silk suture material and the
wound was closed in layers with 4-0 vicryl suture and the skin closed with wound
clips.

For the neuropathic model statistical significance was
determined using a repeated measure ANOVA using a customized SAS-excel

20  application (SAS Institute, Cary, NC). Significant main effects were analyzed further
by subsequent least significant difference analysis. The criterion for significant
differences was p < 0.05 compared to vehicle-treated rats. A positive trend was
observed for 1-[2-dimethylamino-1-(4-phenol)ethyl]-cis -1,4-cyclohexandiol at 10
and 30 mg/kg versus the SNL/vehicle.

25 The positive results for 1-[2-dimethylamino-1-(4-phenol)ethyl]-
cis -1,4-cyclohexandiol in pre-clinical spinal nerve ligation models for neuropathic
pain indicate the potential for this compound as a therapy for pain indications
including but not limited to visceral and neuropathic pain.

2. Behavioral testing:
30 Assessment of mechanical hyperalgesia thresholds were

measured as the hind paw withdrawal threshold to a noxious mechanical stimulus and
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cycl ohexandi ol to attenuate acute visceral (abdom nal) pain was assessed
followng an 20 i.p. injection of 2 ng/kg PPQ (dissolved in 4% ethanol in
di stil | edvoabero11Sigma Al drich, St. Louis, MD) [Si egnmuneCTRS2008102@b1 ,
Proceedi ngs of the Society for Experinental Biology and Medicine., 95
(1957) 279-731]. The conpound was pretreated 60 mnutes (n = 7-10/group)
prior to PPQ admi nistration. During testing, follow ng PPQ adm nistration,
mce were individually placed in a Plexiglas cage and 25 the total nunber
of abdon nalwagdseimingt using thegaw prssudettchiquofRenduibit.©. med Sdil, JIsHarti ng
at 5 and 10 m nutes after PPQ injection, .Stat.i tig{gl, si gni &Llcance was

det er mi ned msthesl fRr srvaswrampeningdenaleess vy CRdnibmmeLtssenglet B appl i cati on
(SAS Instit ROART S i el d further
by subsequez{hgrngg%{dg’i%ﬁb? ?%(%{Mg?lf ?fefér %Ihdgg;ésgrrrllgﬁ/si S. ’Iggé ?ﬁgq%li[?i%zri on for
si gni fi cant edipldysraenusdedymebeapplied 65the dnysameaf thohindipawi, eutofformsesdt at@58e. 40

WO 2007/ 011594 PCT/ US2006/ 026991 A posi.tiv esul t. (reduct.iqn,in i thing)
was foun f(granf-ﬂ[‘ezerﬂf)ﬁﬂ’ctl‘ﬁf‘? i°Rgs PaY %A&SW?E'I i%?ﬂ?ﬁﬂs-%?rg evaluted pior fo

-1, 4- cycl oheyaRfl #ld Rhssded@ o3 Redl/akior SNBSurdesy. Gif @bt dilyi @@ waresi gni ficant .
A significant reduction in withing was obtained at 100 / kg dosage. 5 D.
Neur opat hi ¢ aNmdngbtered vehileSpitesticomipoyns! negd@anicahthresiplds ag@i’%&éaﬁ 5pfidxs‘cg’dur es
wer e perforﬁgdﬁun%%[. 4%ti.so{nlﬁgbfmeu/ 5)2 anest hesi a, delivered via nose cone
and i nt ai Ne4E A BIBELAN #78i on of the surgery. After induction of
anesthesia, the incision site was shaved and prepared in a 10 sterile
manner. Spinal nerve ligation, (SNL) surgery was perfornmed as previously
descri bd8 [Kim ghapressat ioNemipn igngjto bp\gmg R peRnstby theresifics or  peri pher al
neur opat hy L fvy e | I 1 . . in, 50
(1092) " 355 RGeS deB Bt MAHRR mOBiGionsAGIAAD b RO En B, e

| i gati on of obkidub &f dbne dfskipinthé am drowethe Besceiptipn. Such dbdifieationsifsll siathims made

and the L5 transver roces
the scope o? t%e%ppendea claims.

15 Patents, patent applications, publications, procedures and the like are cited

throughout the application. These documents are incorporated by reference herein.
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15 was renpved and the nerve was tightly ligated with 6-0 silk suture

mat eri al WREHE1I5%ound was closed in |ayers with 4-0 vIPETHS2WG024981 and t he
skin closed with wound clips. For the neuropathic nodel statistical
significance was determ ned using a repeated nmeasure ANOVA using a

custom zed SAS-excel 20 application (SAS Institute, Cary, NC) . Significant
mai n effects were anal yzed further by subsequent |east significant

di fference anaCyaisiS: The criterion for significant differences was p <
0.05 conpared to vehicle-treated rats. A positive trend was observed for
1-[ 2- di et hyl ani no- I-(4 phenol)ethyl] cis -1,4-cycl ohexandiol at 10 and 30
ng/ kg versus the SN / 5 Th sitive results for

1-[ 2- dlnethylag1no %ﬁ% %%P?@ﬁ ® ¢cis -1, 4-cycl ohexandiol in
pre-clinical spinal nerve l'igation nDdeIs for neuropathic pain indicate
the potential for this conpound as a therapy for pain indications

i ncluding but not linted to visceral and neuropathic pain. 2. Behavioral
testing: 30 Assessnent of nechani cal hypefal gesia thresholds were neasured
as the hind paw wi thdrawal threshold to~a™gxious nechanical stinulus and
41 WO 2007/ 011594 PCT/ US2006/ 026991 as deternlned usi ng the paw pressure
technique [Randall, L.O and Selitto, OHA nethod for neasurenent of
anal gesic activity on inflang ; h bat. Pharnmacodyn. 3 (1957)
409-419]. The anal gesyneter g, Italy) enploys a rounded
probe applied to the dorsum cutoff was set at 250 5 g and
t he endpoi nt was taken g@ s ; eshol ds were eval uated prior
to surgery and reassess t hree weeks a NL surgery. On test day, rats
were admnistered vehicle or test conpound\nechanical thresholds assessed
1, 3, 5 and 24 hr after adm nistration (nzloﬁgroup). 10 The present
invention is not to be limted in scope by the specific enbodinents

descri bed herein. Various rhodct R@%@;}@F},gcﬁpm}gr@&jbﬁent s will be
OH, OC; _Cy alkyl, substituted OC; _ Cg alkyl

or a prodrug or a pharmaceutically acceptable salt thereof,

2. The compound according to claim 1, wherein R*is OH, or a prodrug or
pharmaceutically acceptable salt thereof.

3. The compound according to claim 1, wherein R? is O-methyl.

4. The compound according to claim 1, wherein R* is O-ethyl.

5. The compound according to claim 1, wherein R? is O-propyl or
isopropyl.

6. The compound according to claim 1, wherein the prodrug is an ester,

ether, or carbamate of said compound.
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obvious to one of skill in the art fromthe description. Such nodifications
fall within the scope of the appended clains. 15 Patents, patent

appl i cat iwopopuindsiscati ons, procedures and the |ike arepcirtusdoostobsorighout
the application. These docunments are incorporated by reference herein. 42
WO 2007/ 011594 PCT/ US2006/ 026991 CLAIMS: 1. A compound of the structure:
OH HOR2 R2 =d, F, Br, CH3, CF3, SCH3, NHCH3, NO2, CN, OH OCl - C6

al kyl, substituted OClL - C6 al kyl or a prodrug or a pharmaceutically
acceptabl e salt ther e@he cémpdiid acoondimgrid chtmdy, diherpin thegphaimaceyticelisr ei n R2
is OH or a prodrug or har maceut i gal ccept.able salt thereof. 3. The
compound acaeseniahly salf ixselgcirdifronyg yéT‘ﬁ %F’ssuﬁglﬁﬁtler% ormaje $3%h e compound
according to claiml1l, wherein R2 is Oethyl. 5. The conpound according to
claiml, wherein R2 is O-propyl or isopropyl. 6. The conmpound according to
claimi1, wherein8the fihedompours! aznordirtgeto any endief ¢laiges b reyieiat eonarising d
conpound. 43 %{()07 011594 gCT/ US2006/ 026991 7. The conpound according to
claimi1, wh&FathHmay, 0%8113 O™ 1y acceptable salt is selected froma
hydrochl ori de, succinate or formate salt. 8. The conpound according to any
one of clainms 1 through 7 conprising, greater than 50% cis _diastereonmer 9.
The conpound acc8r di nghe sompquishascerding tgiany ome phelginghl Hrewghst samprpng

greater than 95% cis diastereomer.

10. A pharmaceutical composition comprising a compound according to
any one of claims 1 to 9 or a prodrug or a pharmaceutically acceptable salt thereof and

a pharmaceutically acceptable carrier.

11.  The pharmaceutical composition according to claim 10, wherein said
compound ig selected from the group consisting of
1-[2-Dimethylamino-1-(4-phenol)ethyl]-cis-1,4-cyclohexandiol;
4-[2-dimethylamino-1-(cis-1-hydroxy-4-methoxy-cyclohexyl)-ethyl]}-

phenol;

4-[2-Dimethylamino-1-(4-ethoxy-1-hydroxy-cyclohexyl)-ethyl]-
phenol; and

4-[2-Dimethylamino-1-(1-hydroxy-4-propoxy-cyclohexyl)-ethyl]-
phenol; and

4-[2-Dimethylamino-1-(1-hydroxy-4-isopropoxy-cyclohexyl)-ethyl]-
phenol,

or a prodrug or a pharmaceutically acceptable salt thereof.

12.  The pharmaceutical composition according to claim 10 or 11,

comprising an oral dosage unit.

13.  The pharmaceutical composition according to claim 12, wherein said

oral dosage unit is a capsule or tablet.
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greater than 95%cis diastereoner. 10. A pharnaceutical conposition
conprising a conpound according to any one of clains 1 to 9 or a prodrug
or a pharweceatdicall y acceptable salt thereof and a phacraseabiocabl y
acceptable carrier. 11. The pharnmaceutical conposition according to claim
10, wherein said conpound is selected fromthe group consisting of 1-

[ 2- Di met hyl am no- 1 -(4-phenol)ethyl] -cis- 1,4-cycl ohexandiol; 4-

[ 2-di met hyl ami no- 1| - (ci s-1- hydr oxy- 4- nmet hoxy-cycl ohexyl )-ethyl] - phenol; 4-
[ 2-Di net hyl ami no- | -(4-ethoxy- | -hydroxy-cycl ohexyl)-ethyl] - phenol; and
4- [ 2- D net hyl am'lrlo- I

and 4-[2-Di net hylam norl:ﬁel(p:h:a‘?%gclr?gg( a&éﬁhgﬁgﬁ?%ég‘&@gh%y)&fg@%%]lgttch%]’]en ol

phenol , or aoppeiding@ndfndiieflaasetrmoRitioy. accept abl e salt thereof. 12. The
pharmaceutical conposition according to claim 10 or 11, conprising an oral
dosage unit. 13. The pharnmaceutical conposition according to claim12,
wherein said oral:dosgge. unift. .| : | £t 1594
PCT/ US2006/ 02699155 14, é‘%%ﬁ%%%@ﬁ?’?‘@i#@%%%%ﬁé %nmzﬁ"ﬁ’gﬁ%%g%%ny of
clains 10 t @ohiprising@sokiaiict gelodse iformdatiine r el ease fornul ati on. 15. The
pharmaceutical conposition according to any of clains 10 to 13, conprising
a sustained release fornulation. 16. A nethod of treating irritable bowel
syndrome compri sijd  adiHdllo el AirfiBROMIL 3EAR6AE BmbAsiARY of clalms 1
to 9 or a prodrug or a phar nacgufg?%gﬁ%y acceptabl e sa?rtnbt ﬁegeof, to a

subj ect i n redednisteengafcompound according to any of claims 1 to 9 or a prodrug or a

pharmaceutically acceptable salt thereof, to a subject in need thereof.

17. A method of treating pain or pain syndromes coinprising administering

a compound according to any of the claims 1 to 9 to a subject in need thereof.

18.  The method according to claim 17, wherein the pain is selected from

visceral and neuropathic pain or pain syndromes.

19. A method of treating urinary incontinence comprising administering a
compound according to any of claims 1 to 9, or a prodrug or a pharmaceutically

acceptable salt thereof, to a subject in need thereof.

20. A method of treating depression, fibromyalgia, anxiety, panic disorder,
agorophobia, post traumatic stress disorder, premenstrual dysphoric disorder,
attention deficit disorder, obsessive compulsive disorder, social anxiety disorder,
generalized anxiety disorder, autism, schizophrenia, obesity, anorexia nervosa,
bulimia nervosa, Gilles de la Tourette Syndrome, vasomotor flushing, cocaine and
alcohol addiction, sexual dysfunction, borderline personality disorder, fibromyalgia
syndrome, diabetic neuropathic pain, chronic fatigue syndrome, Shy Drager
syndrome, Raynaud's syndrome, Parkinson's Disease, and epilepsy, said method

comprising administering a therapeutically effective amount of a compound according
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17. A method of treating pain or pain syndrones conprising admnistering a
conpound according to any of the clains 1 to 9 to a subject in need

t her eof . W8.20dfa1syet hod according to claim 17, wherein the/ysaiwoe®esel ect ed
from visceral and neuropathic pain or pain syndrones. 19. A nethod of
treating urinary incontinence conprising adm nistering a conpound
according to any of clains 1 to 9, or a prodrug or a pharmaceutically
acceptable salt thereof, to a subject in need thereof. 20. A nethod of
treating depy 85sdfQimk il 9Myed glodrugsia phiaymadeaticatlydicegptalse salt thgeofiphobi a,
post traumatic stress disorder, prenmenstrual dysphoric disorder, attention
deficit disorder, obsessive conpul sive disorder, social anxiety disorder
general i zed anxi gty di i i reni.ae; b3 RERT Xi a
nervosa, bu|iniZﬁnerGﬁgéﬁﬁﬁﬁﬁ?ﬁﬁ?ﬁﬁ?Q’§%$§ﬁ$§@f§5§§%%$§ﬁéébggéonnﬁﬁr

fl ushi ng, cd@aidee(MDD). al cohol addi ction, sexual dysfunction, borderline
personal ity disorder, fibromyalgia syndronme, diabetic neuropathic pain,
chronic fatigue syndrome, Shy Drager syndrome, Raynaud's syndrone,
Parkinson's Di sease, G SRl EN iR, WHRREDAE sec@iNayifhdtbnas Pickiagier i ng a
therapeutically effective anount of a conpound accordi ng 45 2007/ 011594
PCT/ US2006/ @pégiationt o any of clains 1 to 9, or a prodrug or a
pharmaceutically acceptable salt thereof. 21. The method of claim 20,
wherein the depression is nmajor depressive disorder (MDD). 22. The nethod

of claim20, whensin tihe ns&@KPdccEiEig Gy @Re bF cIRIE RS /22, whiekdiihat i on. 23,
The net hod according to any one of clains 16 to 22, wherein the conpound

i s fornul at edmpoundoif dermauletay fafesicng dapdosingse of a conpound according to any
of clainse 1 to 9 in preparing a nedicanent. 25. Use according to claim 24,
wherein said nedicament is for treatnent of a condition selected fromthe
group consi sting2af uniseary conpotid faeorkng Wemyessiaims 1 to 9 in preparing a

medicament.

25.  Use according to claim 24, wherein said medicament is for treatment
of a condition selected from the group consisting of urinary incontinence, depression,
fibromyalgia, anxiety, panic disorder, agorophobia, post traumatic stress disorder,
premenstrual dysphoric disorder, attention deficit disorder, obsessive compulsive
disorder, social anxiety disorder, generalized anxiety disorder, autism, schizophrenia,
obesity, anorexia nervosa, bulimia nervosa, Gilles de la Tourette Syndrome,
vasomotor flushing, cocaine and alcohol addiction, sexual dysfunction, borderline
personality disorder, fibromyalgia syndrome, diabetic neuropathic pain, chronic
fatigue syndrome, Shy Drager syndrome, Raynaud's syndrome, Parkinson's Disease,
and epilepsy.

26.  Use according to claim 25, wherein the depression is major depressive

disorder (MDD).

27.  Use according to claim 25, wherein the sexual dysfunction is

premature ejaculation.
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fibromyal gia, anxiety, panic disorder, agorophobia, post traumatic stress
di sorder, prenenstrual dysphoric disorder, attention deficit disorder,
obsessi vewoauopulisiowe di sorder, social anxiety disorder pcgasesoaloo@er

anxi ety disorder, autism schizophrenia, obesity, anorexia nervosa,
bulima nervosa, Glles de |la Tourette Syndronme, vasonotor fl ushing,
cocai ne and al cohol addiction, sexual dysfunction, borderline personality
di sorder, fibronyal gia syndrone, diabetic neuropathic pain, chronic
fatigue syndroneggShy ADnamed oS pRPaGIEa chraynrdbishsytndaneel): Par ki nson' s

Di sease, and epilepsy. 26. Use according to claim25, wherein the
depression is major depressive |disorder (MDD). 27. Use according to claim
25, wherein the sexual dysfunctNen is premature ejaculation. 46 WO

2007/ 011594 PCT/U82006/026991 28. A nmethod of preparing a conpound of the
structure (A): N, Y HO sy C or a bond; (A) said nethod
conprising the steps of. Iﬂkacting a

2- (4- hydr oxyphenol ) - diH@et d®Hni th a benzyl halide to afford a

2- (4- benzyl oxy- phenyl ) - dIVE% F Eanlde (b) reacting the

2- (4- benzyl oxyphenyl ) - di y anganlde with a conpound having the
structure: O OYis Cor a bon in a solution with a suitable base to

afford the correspondi ng ketal conpound,
said method comprising the steps of:

(a) reacting a 2-(4-hydroxyphenol)-dimethylacetamide with a benzyl
halide to afford a 2-(4-benzyloxy-phenyl)-dimethylacetamide;
(b) reacting the 2-(4-benzyloxyphenyl)-dimethylacetamide with a

compound having the structure:

oA

Y is C or a bond;

in a solution with a suitable base to afford the corresponding ketal compound;
(c) reacting the solution containing the ketal with an acid to afford a
ketone;
(d) selectively reducing the ketone to afford the cis diol and the amide
utilizing a reducing agent selected from lithium aluminum hydride and borane,
thereby providing the corresponding dimethyl amine;

(e) hydrogenating the benzyl ether to remove the benzyl group and
afford the compound of structure (A).

29.  The method according to claim 28(c), wherein the acid is aqueous HCL
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(c) reacting the solution containing the ketal with an acid to afford a

ket one; (d) selectively reducing the ketone to afford the cis diol and the
am de utwbizaeg1®4r educi ng agent sel ected from |ithi umpelrwseevgneddydri de
and borane, thereby providing the correspondi ng di methyl am ne; (e)

hydr ogenati ng the benzyl ether to renove the benzyl group and afford the
conpound of structure (A). 29. The nethod according to claim28(c), wherein
the acid is aqueous HCl. 47 WD 2007/011594 PCT/ US2006/ 026991 30. The

met hod accordi ng 300 clHiemaBéd hcoording & ¢tuir®28(oher cthim 29)avheedn thearadtion

guenched wi t.h potassi um carhonate, extracted, concentrated, and
crystal lizedS ﬂP‘Eﬂ?ﬁeC§M h BaLy Bate; GXiaetedy ePOCRRTatet o F’ry?,tfﬂlz,&dlﬁ@[“hod of

preparing a R mRONRMeLhel REARl U G B): R2 I-X/v N OH OH wherein X is
C, N or 0; and Y i's a G or tgc%-sent; when X is C R2 is selected fromH,

hal ogen, CF3, SCH3, NHCH3, OH, OC1-C6 al kyl, and substituted OCl-C6al kyl ;

when Xis N, R2 is,,H phenyl or.CF3;.. (B) said ho onprising the steps
of: (a) reacti ngs%'z- (&WM@%W@F&&?—C&PWB%@{E%@&H&B@ (%)th a benzyl
halide to afford a 2-(4-benzyl oxyphenyl)-di nmet hyl acet am de; (b) reacting

t he 2-(4-benzyl oxyphenyl)-di net hyl acetam de with a conpound having the
structure: 0 | R2'X

2
RS

OH |

OH
wherein X is C, N, or O; and Y is a C or absent; when X is C; R? is selected from H, halogen, CF3, SCHj,
NHCHj;, OH, OC;-Cg alkyl, and substituted OC;-Cgalkyl; when X is N; R? is H, phenyl or CF;;

(B)
said method comprising the steps of:
(a) reacting a 2-(4-hydroxyphenol)-dimethylacetamide with a benzyl
halide to afford a 2-(4-benzyloxyphenyl)-dimethylacetamide; "
(b) reacting the 2-(4-benzyloxyphenyl)-dimethylacetamide with a

compound having the structure:

y o)
T
Rz/x

wherein X is C, N, or O; and Y is a C or absent; when X is C; R? is selected from H,
halogen, CF;, SCH3, NHCH;, OH, OC;-Cg alkyl, phenyl, and substituted OC;-Cgalkyl;
when X is N, R? is H, phenyl or CF;

in a solution with a suitable base;
(c) reducing the product of (b) to provide the corresponding
dimethylamine;
(d) hydrogenating the benzyl ether to remove the benzyl group and

afford the compound of structure (B).
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wherein Xis C, N, or O; and Yis a Cor absent; when Xis C R2is
selected fromH, halogen, CF3, SCH3, NHCH3, OH, OCl1-C6 al kyl, phenyl, and
substi t utwo 20@1188al kyl ; when X is N, R2 is H phenyl ecT@s3osioneoal
solution with a suitable base; (c) reducing the product of (b) to provide
the correspondi ng dinethylam ne; (d) hydrogenating the benzyl ether to
renove the benzyl group and afford the conpound of structure (B). 48 WO
2007/ 011594 PCT/ US2006/ 026991 32. The method according to claim31(b),
wherein the conpound having the structure R'X~Y Ois selected fromthe
group consi sting of pyran-4-one and phenyl - piperidine-4-one. 33. The

nmet hod according to any one of clains 28 to 31, wherein the 2-(4-

hydr oxy-phenol - dig kyl AgEhaMbe ScdoRdifif EPclh 31(®), Whefeifi P bdnfibub@ MRYing | N9
di et hyl f ormam de. 34. The nethod according to claim 33, wherein th

sol ution is thesmadgrewi t h pot assi um carbonate prior to reaction with the
benzyl hali q;gz 3&} The met hod according to any one of claim28 to 31,

wherein the trfpoynd in step (b) is in a solution conprising
tetrahydrofuran. 36. The method according to claim35, wherein the
reduction is pe is W1bdteZirB8 thé Eldup RoRdistiAbe d-bAeandBphenyhe net hod
according to any one of clains 28 to 31, wherein e base is selected from
the group cdiRerlingdrose.- |ithi um diisopropyl anmi de and i sopropyl magnesi um
brom de. 38. A conpound having the structure: 49

33.  The method according to any one of claims 28 to 31, wherein the 2-(4-
hydroxy-phenol-dialkylacetamide in step (a) is in a solution comprising

dimethylformamide.

34.  The method according to claim 33, wherein the solution is treated with

potassium carbonate prior to reaction with the benzyl halide.

35.  The method according to any one of claim 28 to 31, wherein the

compound in step (b) is in a solution comprising tetrahydrofuran.

36.  The method according to claim 35, wherein the reduction is performed

utilizing lithium aluminum hydride.
37.  The method according to any one of claims 28 to 31, wherein the base
is selected from the group consisting of lithium diisopropylamide and isopropyl

magnesium bromide.

38. A compound having the structure:
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WD 2007/ 011594 PCT/ US2006/ 026991 R2 X HO O wherein X is C, N, or 0; and Y
is a Cor absent; when Xis C R2is selected fromH halogen, CF3, SCH3,
NHCH3, OHvoQuird@iseal Kyl , phenyl, and substituted OCL- C6pcalusydosonésen X is

N, and R2 is H phenyl or CF3. 39. A conpound having the structure: R-X N
HO wherein Xis C, N, or O; and Yis a C or absent; when Xis C R2is

sel ected fromH halogen, CF3, SCH3, NHCH3, OH, OCl-C6 al kyl, phenyl, and
substituted OCL-C6 al kzyl; when Xis N, and R2 is H, phenyl or CF3. 50

RN X/Y o

~

N
HO I

L

wherein X is C, N, or O; and Y is a C or absent; when X is C; R? is selected from H,
halogen, CF3, SCH3, NHCH;, OH, OC;-Cs alkyl, phenyl, and substituted OC;-Cg
alkyl; when X is N; and R; is H, phenyl or CF;.

39. A compound having the structure:

RE_ X AN

PPy
HO I
l‘ X
F
O
wherein X is C, N, or O; and Y is a C or absent; when X is C; R% is selected from H,

halogen, CF3;, SCH3, NHCH;, OH, OC;-Cg alkyl, phenyl, and substituted OC;-C
alkyl; when X is N; and R; is H, pheny] or CF;.
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