THERAPEUTI C Pl PERAZI NES AS PDE4 | NHI BI TORS Cross- Reference to Rel ated
Applications 5This is a non-provisional application 37 CF. R 1.53(b),
claimng priority under 37 CF. R 119(e) to U S. Provisional Patent
Application Serial Nos. 60/777,291, filed on February 28, 2006, the entire
di scl osure of which is hereby expressly incorporated by reference.
10Background of Invention An estinmated 4 to 5 mllion Anericans (about 2%
of all ages and 15% of those ol der than 65) have sone form and degree of
cognitive failure. Cognitive failure (dysfunction or |oss of cognitive
functions, the process by which know edge is acquired, retained and used)
commonly occurs in association with central nervous 15 system (CNS)

di sorders or conditionSy, ' gl?&- ' y i npairnent,
delirium (sonetines calirHeé agﬁggnggn ué@%ﬁgfhg%ggg?ﬁggénentia (soneti nes

classified as Al zheimer's or non- Al zheinmer's type), Al zheiner's disease,
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(1 anguage/ speech di sturbance), apraxia (inpaired ability to carry out notor
activities despite intact notor function), agnosia (failure to recogni ze or
identify Hbjects despite intact Batkgooundfefdovéndion, di st urbance in executive

functioning (i.e. Alanii.fa4 8533k AderRRIENEI2BPof all ages and 15% of

those older than 65) have some form and degree of cognitive failure. Cognitive
failure (dysfunction or loss of cognitive functions, the process by which knowledge is
acquired, retained and used) commonly occurs in association with central nervous

15  system (CNS) disorders or conditions, including age-associated memory impairment,
delirium (sometimes called acute confusional state), dementia (sometimes classified
as Alzheimer’s or non- Alzheimer’s type), Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease (chorea), mental retardation (e.g. Rubenstein-Taybi Syndrome),
cerebrovaslular disease (e.g. stroke, ischemia), affective disorders {e.g. depression),

20  psychotic disorders (e.g., schizophrenia, autism (Kanner’s Syndrome}), neurotic
disorders (i.e. anxiety, obsessive-compulsive disorder), attention deficit disorder
(ADD), subdural hematoma, normal-pressure hydrocephalus, brain tumor, head or
brzin frauma.

Cognitive dysfunction is typicalty manifested by one or more cognitive

25  deficits, which include memory impairment (inability to learn new information or to
recall previously learned information), aphasia (language/speech disturbance),
apraxia (impaired ability to carry out motor activities despite intact motor function),
agnosia (failure to recognize or identify objects despite intact sensory function),
disturbance in executive functioning (i.e. planning, organizing, sequencing,

30  abstracting).

Cognitive dysfunction causes significant impairment of social and/or

occupational functioning, which can interfere with the ability of an individual to



30abstracting). Cognitive dysfunction causes significant inpairnment of
soci al and/or occupational functioning, which can interfere with the
ability of an individual to performactivities of daily living and greatly
i npact the autonony and quality of life of the individual. Thus, there is
currently a need for conpounds and net hods that are useful for inproving
cognitive function in animals. Phosphodi esterases (B.C. 3.1.4.17) are a
cl ass of enzynes that catalyze the 5 hydrolysis of the 3'-phosphodiester
bond of 3',5'-cyclic nucleotides. The phosphodi esterase 4 (PDE4) isoform
specifically hydrolyzes adenonsine 3',5 cyclic nonophosphate (cAMP) to
form5' - adenosi ne nonophosphate (5 -AMP). cAWMP is a well studied

i ntracel |l ul ar second nessenger that is known to be responsible for

regul ating a number of, cel Iar processes |ncluding trans tio
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in animals with_inpair function (see Baourtchoul adze, f at, Proc
Nat| Acad Sci WoHAtudieddnfraceljar sqepnd meqsgnges fhat ?dﬂﬂWEf‘b‘EFs’eﬁQﬂ’?ﬂBIﬁl & have
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i nducti on of &RER sathwigc OFlcd CRER pathWQr i8 respowilpafor regulating fremsdriptomalPDE4
I nhibiting co q&%@qé thterfx?at,in %ﬁ“ﬁtﬂn& {hteﬁmkpﬁo%pgg) tﬁméiﬁ o 1%‘§tein syntheses
required for learning and memory, especially the consolidation of short-term to long-
term memory. It is known that inhibition of PDE4 improves cognitive function in
15 mammals, including contextual memory and object recognition (Tully, et. al, Nature
Reviews Drug Discovery, 2003, 2, 267-277; and Barad, et al., Proc. Natl. Acad. Sci.
1998, 95, 15020-15025). It has also been shown to improve memory in animals with
impaired CREB function (see Bourtchouladze, et. al., Proc Nail Acad Sci USA, 2003,
100, 10518-10522).
20 Numerous companies have invested in the development of specific PDE4
inhibitors to treat a variety of diseases, most notably in the anti-inflammatory field
(e.g. Rolipram™, and Ariflo™). A common side-cffect of these treatments has been
the induction of emesis. Accordingly, there is a particular need for PDE4 inhibiting
compounds that cause little or no emesis.
25

Summary of the Invention
The invention relates fo compounds that inhibit PDE4 and that are useful to
improve cognitive function. Accordingly, in one embodiment the invention provides

30 =2 compound of formula I:



Summary of the Invention

I nhibit PDE4 and that are useful to inprove cognitive function.

Accordi ngly,
formula I:

(C3-C8) cycl oal kyl, (C3-C8)cycloallcyl (Cl-C6)allcyl, halo(Cl- C6)alkyl,

i n one enbodi nent the invention provides 30 a conpound of

The invention relates to conmpounds that

(1) wherein: RlLis H (C-CGalkYl, (C-GC6)allcoxy,
(G -Co)all canoyl, (C -C6)al koxycarbonyl, 5(Cl-C6)allcanoyl oxy,

aryl, aryl (Cl-C6)al kyl, aryl (Cl-C6)allcoxy, aryl(Cl-GC6)al kanoyl, het,

het (Cl- C6)allcyl, het(GC -C6)al koxy, or het(Cl-C6)allcanoyl; nis 1 or

2:m

Is 1 or 2; 10Wis 0, S, or two hydrogens; X is 0 or N Y-R4; Yis a
-CH2-, -C(=0)-, -C(=8)-, -0-, -C(=0)0-, -0C(=0)-, -C(=0)NRra-,

di rect bond,

-S-, -8(=0)-

10
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, -S(=0)2-, or -S(=D)2NR6-;

R, er
&4
}

(n
wherein:

Ry is H, (C-Cgalkyl, (Ci-Ce)alkoxy, (C,-Cs)alkanoyl, (C1.Cejalkoxycarbonyl,
(Ci-Ce)alkanoyloxy, (C3-Cg)cycloalkyl, (C5-Ce)eycloalkyl(C,-Cg)alkyl, halo(C;-
Ce)alkyl, aryl, aryl(C)-Ce)alkyl, aryl(C,-Cg)alkoxy, aryl{(C;-Cs)alkanoyl, het, het(C)-
Ce)alkyl, het(C-Cg)alkoxy, or het(C;-Cg)alkanoyl;

nizlor2;

mis1or2;

W is O, 8, or two hydrogens;

XisO orN-Y-Rg:

Y is a direct bond, -CH,-, -C(=0)-, -C(=8)-, -O-, -C(=0)0-, -OC(=0)-,
-C(=O)NR.-, -8-, -8(=0)-, -8(=0)-, or -S(=0);NR,-;

R4 is H, (Ci-Cealkyl, (Cr-Cs)alkoxy, (Ci-Cg)alkanoyl, hydroxy, {Cs-
Cs)eycloalkyl, (C3-Cg)eycloalkyl(Ci-Celalkyl, hato(C,-Cgalkyl, hydroxy(C;-Cs)alkyl,
(C1-Cs)alkoxycarbonyl, carboxy, aryl, aryl(C,-Ce)alkyl, het, NR4R,, -C(=O)NRR,,
NRyR(C;-Celalkyl, or het(C-Cqalkyl;

R, is H, (C)-Cg)alkyl, (C3-Cg)cycloalkyl, (C1-Co)alkoxy(Cp-Cg)alkyl, or (C3-
Cs)cycloalkyl(C;-Cg)alkyl;

Z is a phenyl ring substituted with one or more substituents independently
selected from (C)-Cs)alkyl, halo(Ci-Cg)alkyl, (Ca-Cg)eycloalkyl, (Cs-
Cs)eycloalkyl{Ci-Ce)alkyl, (Ci-Ce)alkoxy, halo(C;-Cslalkoxy, (Cs-Cg)eycloalkyloxy,
and (C3-Cg)oycloalkyl(Ci-Celalkoxy; or Z is a phenyl ring that is fused to a saturated,
partially uosaturated, or aromatic; mono- or bicyclic ring system comprising from
about 3 to about 8 atoms selected from carbon, oxygen, and NRy, wherein the mono-
or bicyclic ring system of Z is optionally substituted with one or more R, and
wherein the phenyl ring that is fused to the mono- or bicyclic ring system is
optionally substituted with one or more substituents independently selected from (C;-



R4 is H (C-Co)al kyl, (G -0Co)al koxy, (Cl-C6)al kanoyl, hydroxy, (C3-
15C3) cycl oal | cyl, (C3-00cycl oal kyl (C1-C6) al kyl, hal o(C -C6) al kyl

hydr oxy(Cl - C6) al kyl, (Cl-C6)al koxycarbonyl, carboxy, aryl,

aryl (C1-C6)allcyl, het, NRalta, -g=0)Nlt6R0, NlLaRb(Cl -C6)al kyl, or

het (Cl - C6) al kyl ; Rais H (C-C6)allcyl, (C3-C8)cycloalkyl,
(Ct-Co6)al koxy(C2-C6) al kyl, or (C3- C8)cycloal kyl (G -C6)alkyl; 20Z is a
phenyl ring substituted with one or nore substituents independently
selected from (Cl -C6)al kyl, halo(Cl-C6)allcyl, (C3-C8)cycloalltyl, (C3-
CCcycl oal kyl (G - C6) al kyl, (Cz-CCal koxy, hal o(C - C6) al koxy,

(C3-00cycl oal kyl oxY, and (C3-00cycl oal I cyl (Cl -C6)al koxy; or Z is a phenyl
ring that is fused to a saturated, partially unsaturated, or aromatic;

nmono- or bicyclic ring system conprising from 25 about 3 t% abo&% 8 atons
sel ected fr onCeakitlohalo@hyGratkyldfRarOrrpcloatind, EmCagelonbiiCoranidy e ring

system of Z i & afphip ﬂélbt%-(?ﬁzgtﬁ%égg LR MeIcRIPIBRY, Ahd (OLEs)BaloaBRUCHMEr €i n t he

phenyl ring that 1s fuse nono- or bicyclic ring systemis
optional |y sufselkptiied with one or nore substituents independently sel ected

from (Cl-~ CB)al kyk, is a8den, 8, (CECAMkAYICs-C1eFelGRkpl (0 aBdlkopty(Co-Coalkyl,

(C3-C8) cycl oal kyl (C(C’;I - %Qﬁ}lﬁ I y %’]. C6) al koxy, hal o( C2- C6) fi| koxy, )

( C3- C8) cyc? oafT &l %/'Cg) tycl oal | cyl (Ci C6) al koxY; Rhis

absent, H, (Cl-06)Rlik{C:-COBYICR)1eTddlkomly] (1Cs)all@noxdsiiCasipcrariaayhl | cyl

oo R LB AR ok 1

Ce)alkyl, aryl, aryl(Cl-ngallcyl, aryl{C,-Cg)alkoxy, aryl(Ci-Cs)alkanoyl, het, het(C;~

Cglalkyl, het(Cy-Cg)alkoxy, or het(C,-Cg)alkancyl;

10 each Ry and R, is independently H, hydroxy, (Ci-Cs)alkyl, (C;-Ce)alkenyl,
(C2-Co)alkynyl, (Cy-Ce)alkoxy, (C2-Cs)alkenyloxy, (C.-Ce)alkynyloxy, (Ci-

Ce)alkanoyl, (C,.Cg)alkoxycarbonyl, (Cs-Cg)cycloalkyl, (Cs-Cg)cycloalkyl(C,-
Ce)alkyl, aryl, aryl(Cy-Cglalkyl, NRRg, or aryl{(Cy-Ce)alkoxy; and
each Rrand Ry is independently H, (Cl;Cs)alkyl, (C1-Cglalkoxy, (Ci-

15 Cgalkanoyl, (C;.Ce)alkoxycarbonyl, (Ca~Cs)cycloalkyl, (C3-Cg)eycloalkyl(Cy-

Ce)alkyl, aryl, aryl(Ci-Ce)alkyl, or aryl(Ci-Cg)alkoxy; or Rrand R, together with the
nitrogen to which they are attached form a pyrrolidino, piperidino, piperazino,
motpholino, or thiomorpholino ring; wherein any aryl or het of R; or Ry is
optionally substituted with one or more substifutents independently selected from (Cr-

20  Cg)alkyl, phenyl, (C;-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci.Ce)alkoxycarbonyl, (Ci-
Ce)alkanoyloxy, (Cs-Cs)cycloalkyl, (Cs-Cs)eycloalkyl(Ci-Ce)alkyl, halo(Cy-Ce)alkyl,
{Cs-Cg)cycloalkyloxy, (Ci-Cg)eycloalkyl(Ci-Co)alkoxy, halo(Co-Ce)alkoxy, cyano,
nitro, halo, carboxy or NR4Re;

and wherein the ring containing X is optionally substituted on carbon with one
25  or more halo, (C)-Cglalkyl, or {(C;-Cg)alkoxy.
or a pharmaceutically acceptable salt thereof.
The invention also provides a pharmaceutical composition comprising a
compound of formula I, or a pharmaceutically acceptable salt thereof, in combination

with a pharmaceutically acceptable diluent or carrier.



(C1-Co) al | canoyl oxy, (C3-C8)cycloallcyl, (C3-C8)cycloal kyl (G -C6)allcyl,
hal o(Cl C6)al l cyl, aryl, aryl (G -C6)allcyl, aryl (G -C) allcoxy,

aryl (Cl - G6) al kanoyl, het, het(Cr C6)al kyl, het(Cl-0C6)al koxy, or

het (G - C6) al kanoyl ; 10each R6 and Re is independently H, hydroxy,
(ca-c6)allcyl, (C2-Co6)al kenyl, (C2-Co6)alkrtYl, (Cl-C6)alkoxy,

(C2-Co6) al i cenyl oxy, (C2-C6)al kynYl oxY, (ClC6)alicanoyl,

(G .Co)all coxycarbonyl, (C3-Cracycloallcyl, (C3-C8)cycloalkyl (ClC6)al kyl,
aryl, aryl (Cl-C6)al kyl, NRi Rg, or aryl (G -C6)al koxy; and each Rf and Rg is
I ndependently H, (Cl-C6)alkyl, (Cl-C6)allcoxy, (Cl- 15C6)al kanoyl,

(C1_C6j alkoxycar bonyl, (C3-C8)cycloal kyl, (C3-C8)cycloallcyl(C- C6)allcyl,
aryl, aryl (Cl-C6)al kyl, or aryl(C, -C6)al koxy; or R/ and Rg together with
the nitrogen to which they are attached forma pyrrolidino, piperidino,

pi per azi no, nor phOW%@VG@O“WP@W%Gﬂhweummemmmpmwlgaogmhw het of

R or R4 is Oﬁiﬂcﬁ&ﬁida\‘x aﬁﬁﬂﬁ chﬁl é’&nﬁﬁ‘nsﬁﬁﬁg o thé@ﬁﬁmﬁéﬂtéﬁ‘ebﬁw@%t ofa
i ndependent |y sel ect {él]lkg Co) al | cyl hen oxy,

( Cl- 08) al | can§SPoRRg wcallv(&spteﬁyaﬂt@%am oxYy,
( C3- Cg) cycl oal kyI Tl{;ﬁﬁvﬁﬁ@;i@isﬁ@fdv%béﬁleﬂﬁﬁ)farhﬁﬁﬁmn PFaGLe

eﬁﬁa‘r@Us ro
C306ccoa| Cs cl.oall c Cl - C6) al koxy,
E:yano )n?/t o, alv(l)v cor&%rbs' %’F‘%fiﬁ!@be febeftins wi meﬁ%&‘}/‘ﬁﬁ’éﬁ‘gﬂt‘?’fy?ﬁ‘@“?tﬂﬁg
contai ning X asommundmafdrymkub&taphatrmd:auﬁcaﬁy&h:@ptawehﬂtshaﬁoQS or nore hal o,
(Q1-Co)al Tyl o lnPokah Y peouhics F0RRBEMRS RN B o BECSRLAN S S2l L

t her eof . The i nvention also provi arnaceu

conprising a eVWHisaiaaRenimal whareinthe astivity pfRDEfarseeptirs islimplictespdabl e sal t
thereof, in Cﬂm:tﬁtﬁltdfmm&&p%r Bmm&&éﬁé@gdnkﬁﬁsﬁ&%ﬁhﬁ%&g%ttf#%&‘h?ﬁr

carrier. Qn al so” provi de her apeut 1 ¢ e
i mpr ovi ng%ogﬁ?ﬁ%ﬁtﬁﬁf’&‘ﬂ@%%“& ?W°"@8H$ﬁ?%@ﬂ@llﬁﬁﬂﬁl stering to the
ani mal an ef fpmmmuﬁa:wyrabcepfaba sapmeaond of formula |. or a

pharmaceuti cal l'y aﬁ? B\t>e%g!3§ alsoprow ese é x%e[hod for activating the CREB pathway in an

animal comprising administering to the animal an effective CREB pathway activating

amount of 2 compound of formula I, or a pharmaceutically acceptable salt thereof,

15 The invention also provides a method for 'activating the CREB pathway in
vitro comprising contacting a sample comprising SK-N-MC cells stably expressing a
CRE-luciferase construct with an effective CREB pathway activ'ating amount of a
compound of formula I, or a pharmaceutically acceptable salt thereof,

The invention also provides a therapeutic method for treating a psychiatric

20  disorder in an animal comprising administering to an animal in need thereof an
effective amount of a compound of formula I, or a pharmaceutically acceptable salt
thereof.

The invention provides a compound of formula I, or a pharmaceutically
acceptable salt thereof for use in medical therapy (e.g. for use in improving cognitive
25  function or for use in treating a disease or condition wherein inhibition of PDE4
receptor function is indicated or for treating a psychiatric disorder), as well as the use
of a compound of formula I for the manufacture of 2 medicament useful for
improving cognitive function in an animal,
The invention also provides the use of a compound of formula I, or a
30  pharmaceutically acceptable salt thereof for the manufacture of a medicament nseful
for inhibiting PDE4 receptors in an animal.



The invention also provides a nmethod for inhibiting PDE4 receptors (in
vitro 5 or in vivo) conprising contacting the receptors with an effective
i nhi bitory anmount of a conmpound of formula I, or a pharnaceutically
acceptabl e salt thereof. The invention also provides a therapeutic nethod
for treating a disease or condition in an animal wherein the activity of
PDE4 receptors is inplicated and inhibition of PDE4 receptor activity is
desired conprising adm nistering to the animal 10 an effective PDE4

i nhi biting anmount of a conpound of formula I, or a pharnaceutically
acceptabl e salt thereof. The invention also provides a nethod for
activating the CREB pathway in an animal conprising adm nistering to the
animal an effective CREB pat hway activating anount of a conpound of fornula
I, or a pharmaceutically acceptable salt thereof. 15The invention also
provi des a net hod The inxgatiopalsp mepwides themsmotasamneynd of forevla Losapr i si ng

contacting a pR4HaBeutiOAIR dcBlpiibleithithhidMof & thSmdiuthite BKPHRERAMEt Bseful
CRE- | uci ferase construct (mﬁlng WefJ‘ect i ve CREB pat hway activating anount

of a corrpound%f@“'f‘%ﬂ? g ically acceptable salt thereof.
The invention al sOThe invertiaa alo phetidep eistuse ofeddipduidef formdth Lrgaa psychiatric

20 di sordet i n,an ani. COoNpLi Si admi.ni st eri to an ani mal i n_ need
t her eof anrjef £ rela('}-fnlf’"i:/aé'mgaﬁ { sl %%blleasa@ ghr%%’g%o i m?%‘?%ﬁ Offt mgcrl 1caament ubell
phar maceut i calfdryjreatugppsybhiatric disordehimragehimalhe i nventi on provi des a conpound

of formula I, or aTH@ﬁ?éﬁ%ﬁﬁ‘éﬁsh_ Pdvidés SRRt 3RcEss8nh iﬁtggﬁeg&fqu%n&é& in

medi cal '.theragy (e.g or use in inproving po?ﬁnl tive unction or for use
in treating aheeidhaiareysefd fyiprapaving goamerngdsiof frpuly (Brpr saltsriyraos; Sewst or
function is i ggthsn@SoOforch@h I ia§ Bk Lt as RRMMBHiAkS for pripa@nd@hdr, as well as
the use of a conpound of faorpula | for the manufacture of a nedi canent
useful for? nf)?‘gg‘?'ﬁ‘ﬂs %‘IQH?‘EIF% function in an animal. The invention al so
provi des the use ORepresetafice/ttinp@iinds@f#dtinilal |, hats alfo been tested and found to
produce little or no emesis.
' Brief Description of the Figures
FIG. 1 Shows data for a representative compound of the invention 50 in the
15 Contextual Memmory Assay (fear conditioning) described hereinbelow.
FIG. 2 shows data for a representative compound of the invention 50 in the
novel object recognition (NOR) assay déscribed hereinbelow.
Detailed Description
The following definitions are used, unless otherwise described: halo is fluoro,
20  chloro, bromo, or iodo. Alkyl, alkoxy, etc. denote both straight and branched groups;
but reference to an individual radical such as propyl embraces only the straight chain
radical, a branched chain isomer such as isopropyl being specifically referred to.
Aryl denotes a phenyl radical or an ortho-fused bicyclic carbocyclic radical having
about nine to ten ring atoms in which at least one ring is aromatic; Het encompasses a
25 radical of a monocyclic, bicyclic, or tricyclic ring system containing a total of 3-20
atoms, including one or more (e.g., 1, 2, 3, 4, 5, or 6) carbon atoms, and one or more
(e.g., 1, 2, 3, or4) heteroatoms selected from oxygen, sulfur, and N(X) wherein X is
absent or is H, O, (C;-Cj)alkyl, phenyl or benzyl, wherein one or more ring carbons
of Het can optionally be substituted with oxo (=0); Heteroaryl encompasses a radical
30 ofamonocyclic aromatic ring containing five or six ring atoms consisting of carbon

and one to four heteroatoms each selected from the group consisting of non-peroxide



30 pharmaceutically acceptable salt thereof for the manufacture of a

medi canent useful for inhibiting PDE4 receptors in an aninal. The
i nvention al so provides the use of a conmpound of formula I, or a
pharmaceutically acceptable salt thereof for the manufacture of a

medi canment useful for activating the CREB pathway in an animal. The

I nvention al so provides the use of a conpound of formula I, or a 5
pharmaceutically acceptable salt thereof for the manufacture of a

nmedi cament useful for treating a psychiatric disorder in an aninal

The invention al so provides synthetic processes and internedi ated di scl osed
herein that are useful for preparing conpounds of formula (1) or salts

t hereof . Some compounds of fornmula | nmay be useful as internediates for

o “For mil'a. | EE: 8155 BASIOQ BEeret RAIOFBA: Hh O SHERERTT PRPE & no.
emesi s. Bri efyeRS Gsivitlian 8 ratficdl bfarForfhior fasedblidgclid heffrovysledeflaboit gighato ten
hooay (fear COMAFEROIIYGY hestor BUBeRc: Aa il i b o Lt HhedlET01)
r epr esent at i \aeprogyiaeymihettfyldracotitetvammethydene Sfradical thesetnoVhe tegh skt recogni tion
(NOR) - ass 2y de%ggnr];i)alggeg I-ﬂ?err&{rﬁb 911'9%1-985&&11 £ Qﬁ?l(\g%lﬂ; duBRituted with one or

more aryl groups; Het(C;-Cs)alkyl is an alkyl group substituted with one or more Het

groups; and Heteroaryl(C)-Cg)alkyl is an alkyl group substituted with one or more

Heteroaryl groups.

The term *animal” as used herein includes birds, reptiles, and mammals (e.g.
10 domesticated mamrmnals and hurnans).

The term “psychiatric disorder™ as used herein includes psychotic disorders,
neurological disorders and neurotic disorders. The term includes schizophrenia, age-
associated memory impairment (AAMI); mild cognitive impairment (MCI), delirium
(acute confusional state); depression, dementia (sometimes further classified as

15 Alzheimer’s or non-Alzheimer’s type dementia); Alzheimer’s disease; Parkinson’s
disease; Huntington’s disease (chorea); mental retardation; (e.g., Rubenstein-Taybi
and Downs Syndrome); cerebrovascular disease (e.g., vascular dementia, post-cardiac
surgery); affective disorders; psychotic disorders; autism (Kanner’s Syndrome);
neurotic disorders; attention deficit disorder (ADD); subdural hematoma; normal-

20 pressure hydrocephalus; brain tumor; head trauma (postconcussional disoxder) or
brain trauma

It will be appreciated by those skilled in the art that compounds of the
invention having a chiral center may exist in and be isolated in optically active and
racemic forms. Some compounds may exhibit polymorphism. It is to be understood

25  that the present invention encompasses any racemic, optically-active, polymorphic, or
stereoisomeric form, or mixtures thereof, of a compound of the invention, which
possess the useful properties described herein, it being well known in the art how to
prepare optically active forms (for example, by resolution of the racemic form by
recrystallization techniques, by synthesis from optically-active starting materials, by

30  chiral synthesis, or by chromatographic separation using a chiral stationary phase)



The follow ng definitions are used, unless otherw se described: halo is
fluor, 20 chloro, brono, or iodo. Al kyl, alkoxy, etc. denote both straight
and branched groups; but reference to an individual radical such as propyl
enbraces only the straight chain radical, a branched chain isomer such as
i sopropyl being specifically referred to. Aryl denotes a phenyl radical or
an ortho-fused bicyclic carbocyclic radical having about nine to ten ring
atons in which at least one ring is aromatic; Het enconpasses a 25 radical
of a nonocyclic, bicyclic, or tricyclic ring systemcontaining a total of
3-20 atons, including one or nore (e.g., 1, 2, 3, 4, 5, or 6) carbon atons,
and one or nore (e.g., 1, 2, 3, or 4) heteroatons selected from oxygen,
sul fur, and N(X) wherein X is absent or is H 0, (C-C4)allcyl, phenyl or
benzyl, wherein

ne .ot nore ring. carpons of Het can optionally be
subst it uted vt PGy & ferefyaing PloRs phibyineant Bivsaedte sindadtess destribet o
m)ngcycl ig ar miﬂ,orﬁdﬁtmothmirﬁilaiitﬂgﬁHiMﬁar@ﬁvchk%m{éﬂ?gh@érQHB consi sting of
carpon an one to I eter at eacC ected. from,he roup conS|st|ng
of non- peroxi de oé égééf#,]a“gﬁr? ﬁ?,é)‘gaﬁ’cfsﬁlf%g?iﬁ%? iTlicels, subspwents, agf s H, o,
(Cl- C4) al kyl , rpigesapte for illuetratiph onlysthepetlé natexdudeattha alfindd valueobi Siferf used
Y L F ar B, S VAR oS R4 B Bl Sl AERYRES de7ived Lherefrom

particularly a benz-derivative or one derive usi ng a propyl ene,
trinethyl ene, or t&8PecHifsin(Cefeatyteaaibemethyhetlpropphdsapenpyl, Betyl, 3so-

enconpasses Heh®l, eeu- , . (5. htuted with
one (r)nr) nmore ar {? r %dt)s’l ﬂl—ﬂ%%ﬁ%ﬁﬂl&éﬁi a—%s@?abr){@ 2%1&5?%8%%@8%@11 ;J ut edWI
with one or nb ‘30]1%1@3’ ‘8?!5’8&@,’1' Ve s ?’%’Fcfé?‘?!!)ﬂﬂh”@&l@%t@ﬁ?a]m cagmbaal kyl group
fub_st i ][ 'l'Jt ed Wicj?dlop;ﬂ@;h_ﬁéthyp biﬁzidiﬂﬁtﬁxh_&ﬁﬂybycw;ﬁit&t?ﬁnethyl, cygiohexylm%ﬁﬁ, jerm 10

ani ma u rein inclyde rds, repti]es, and mammals (e,
donest i ca’ii éd ﬁg‘%‘w’?ﬁ‘?’éﬁ%‘f%’ %ﬁ%%&lgﬁylﬁwcﬁﬁﬁty{eayﬁm ﬁ%‘?ﬁlﬁv%ﬁ’ﬁﬂﬁ’gidpg“or der" as
used herein i feklkdescassechahoxy, ethery; prepexy, Bepph:agbsiaty, tHosatd] scand
neurotic di sog : el ox STt 2 eni e- oci at ed nmenor
R e T T
conf usi onal sP#aOyL M@ﬁ@e@gnl&ml,caaémdpmathyhbmml,fchmmxu assified as

15 Al zhei mer' guebmBL, Hiiflaed AS). @i bs hel#RLy i sease,;
Par ki nson'ﬂ)i di lsleq%i;?{l ajghl n@%%é%%gggg?%hﬁgﬁ?éﬁent af’m?tg !’;i?’gati on;
n |-

e.g., S , > e (e.g.,
Rubgns P& WA Costine capra©isarys meppisadond cabarycabandse (
vascul ar denepfopaxycbsiiyl SepbRyCABART, Bﬁtbxﬁkfb@ﬁ&l%jﬂ&td?dyé&ﬁ&ﬁ[%’r psychotic
di sorders; au%éxsm &K norlllef,' § §y) ro . ne#r otic disorders; "attention
deficit disordar (: B%i BYS (abP ARSI IREY SFD 96iompIPronspoylpis butproyloxy,
hydr ocephal usisolmtaioploxypentantidad, or ety (reS(Cs-aRRycIsaRyIaky einder der) or
brain traumd cyclopropyloxy, cyclobutyloxy, cyclopropyloxy, eyclohexyloxy, or eyclohexyloxy;
20  aryl can be phenyl, indenyl, or naphthyl; and heteroaryl can be furyl, imidazolyl,
triazolyl, triazinyl, oxazoyl, isoxazoyl, thiazolyl, isothiazoyl, pyrazolyl, pyrrolyl,
pyrazinyl, tetrazolyl, pyridyl, (or its N-oxide), thienyl, pyrimidinyl (or its N-oxide),
indolyl, isoquinolyl (or its N-oxide) or quinolyl {or its N-oxide).
A specific value for R, is (C1-Cgalkoxy, (Ci-Cs)alkanoyl,
25  (Ci.Ce)alkoxycarbonyl, (C;-Cs)alkanoyloxy, (Ca-Cg)eycloalkyl, (Cs-
Cs)eycloalkyl(C;-Ce)alkyl, halo(Ci-Ce)alkyl, aryl, aryl(C;-Ceglalkyl, aryl(C,-
Ce)alkoxy, aryl(C,-Ce)alkanoyl, het, het(Cy-Cgalkyl, het(C;-Cg)alkoxy, or het(C)-
Cslalkanoyl.
A specific value for R; is H, (C1-Cg)alkyl, aryl, aryl(C)-Cg)alkyl, or het.
30 A specific value for Ry is H, benzyl, indolyl, phenyl, 2-methylpropyl, 2-
methylbenzyl, 3-methylbenzyl, 4-methylbenzyl, a-phenylbenzyl, phenethyl, 1-




It will be appreciated by those skilled in the art that conpounds of the

i nvention having a chiral center may exist in and be isolated in optically
active and racem c fornms. Some conmpounds may exhibit polynorphism It is to
be understood 25 that the present invention enconpasses any racemc,
optically-active, polynorphic, or stereoisoneric form or mxtures thereof,
of a conpound of the invention, which possess the useful properties

descri bed herein, it being well known in the art how to prepare optically
active forns (for exanple, by resolution of the racem c form by
recrystallization techni ques, by synthesis fromoptically-active starting
materials, by 30 chiral synthesis, or by chronmatographic separation using a
chiral stationary phase) and how to determ ne PDE4 inhibiting activity
using the standard tests described herein_ or t her .siml r tests

Whi Ch ar'e wel TAPRHSURFORK: 2 HPRmetyL, ©-phegyibenp AR PR PRIl es | 1 st ed
bel ow for radéﬁﬂih&xylﬁb@ﬂ D Lrh Ry phedfl) 3AGIKRS PhaiyE of Smdtiidxysliengl i on onl y;

t hey do not exclu g? glgned %alues or other 5 values within defined
ranges for the ra et it uent s Specifically, (G -CQalicyl
can be net hyl, eth&bpecpﬂmweformmm opyl, butyl, isobutyl, sec-butyl,

pentyl, 3- entyl ( jcycloal kyl can be cyclopropyl,

cycl obutyl30 cycl ope etlﬁ%y‘lam fé}gﬁn%exyl (C3-00cycl oal kyl (Cl-C6)al | cyl can
be cyclopropylneth&BmmdyvmbbUbVMH%¥hyl cycl opent yl net hyl ,

cycl ohexyl nethyl, 2+ é@ﬁ&%ﬁl&ﬁfﬁ@yﬁ%m , 2-cyclobutyl ethyl,

2- cyclopentylethyl 2-cycl ohexyl et h

Cl- | k b th ,

et hoxy, propoxy, ééﬁqﬁfo efBﬁYé?(%/d“‘?"gW"Hgt‘%}V 82%@51}{})( S/fb%{;en?og; i
g- ltoent ory, or hexyA gxes nﬁd@l@&bﬂui@mg&mgﬂnﬂbe&mwéﬁy,clflabaﬂllmﬂoybrth |

ut anoyl ; i 0 rQ me :
L uor onet H1 . B C o h e BB oot Ao r R rpp R B Y

2,2,2-trifl uoNReRJ;lﬂ("O()NRalﬁ @drt(@i40dptkydt hyl ; (Cl- C6) al koxycar bonyl can be

met hoxycar bonyl , . ar bonyl ,
but oxycar bonyl , pent 8)%{%%{ %*Y = Qﬁg xyl oﬁ@gar&h%n#l ngmﬁﬁg%?sal kanoyl oxy
can be acet oxpmqymmgvﬁ@xyemM%bBWe detiony nPﬁf‘F‘b‘i ReB@byi oxy, or
hexanoy| oxy L& Qﬁéﬁ&&k&%ﬁﬂﬁi&tﬁw wﬁﬂa?lsbﬁo@@ﬂ@mcgg%k%&hylﬁi&bﬂbﬂi yl oxy,

a

F e R DRI S G /e sl S
triazinyl, oxuﬂwloxyaﬁmoazzeyﬂyhnémymydmkyamlmmnmmwhyl hydraxyﬂcyﬂyl, 2pyrrol yI ,
DY L o it S e o L (1
N- oxi de) . carbonylmethyl, or ethoxycarbonyl _
A specific value for Z is a phenyl ring substituted with one or more
20 substituents independently selected from (C;-Cs)alkoxy, halo(C,-Cslalkoxy, (C;-
Cg)cycloalkoxy, and {(Cs-Cg)cycloalkyl(C,-Cg)alkoxy.
A specific value for Z is a phenyl ring that is fused to a saturated, partially
unsaturated, or aromatic, mono- or bicyclic ring system comprising from about 3 to
about 8 atoms selected from carbon, oxygen, and NR;, wherein the mono- or bicyclic
25  ring system of Z is optionally substituted with one or more R,, and wherein the
phenyl ring that is fused is fused to the mono- or bicyclic ring system is optionally
substituted with one or more substituents independently selected from (C,-Ce)alkyl,
halo(C;-Cg)alkyl, (C3-Cs)cycloalkyl, (C3-Cs)cycloalkyl{Ci-Coalkyl, (Ci-Cslalkoxy,
halo(C2-Cs)alkoxy, (Ci-Cs)cycloalkyloxy, and {C3-Cg)cycloalkyl(C,-Cs)alkoxy.
30 A specific group of compounds of formula I are compounds wherein Z has the

following formula;



A specific value for Rl is (G -06)al koxy, (G -GC6)al kanoyl, 25

(Cl _Caal koxycar bonyl, (C -Caall canoyl oxy, (C3-C8)cycloal kyl, (C3-
Cs)cycloal lcyl (G -CCal I cyl, halo(Cres)al kYl, aryl, aryl (Cl-C6)al kyl,

arYl (G - C6)al koxy, aryl (Cl -C6)al kanoyl, het, het(Cl -C6)allcyl,

het (Cl - C6) al koxy, or het (G C6)al |l canoyl . A specific value for R
is H (C-CCal kyl, aryl, aryl(Cl-C.6)allcyl, or het. 30A specific value for
Rl is H benzyl, indolyl, phenyl, 2-nethylpropyl, 2- nethyl benzyl,

3- et hyl benzyl, 4-nethyl benzyl, a-phenyl benzyl, phenethyl, I-
napht hyl met hyl , 2- napht hyl net hyl , 4-phenyl benzyl, 4-ethoxybenzyl,

i sopropyl, cycl ohexyl nmethyl, 2-nmethoxyphenyl, 3-nethoxyphenyl, or

4- met hoxyphenyl . A specific value for nis 1. A specific value for nis 2.
5A specific value for mis I. A specific value formis 2. A specific val ue
for X. is NY-114. A specific value for Y is a direct bond, -CH2-, -C(=D)-,
or A specific value for R4 is H (Cl-C6)al kyl, (C-C6)alkoxy,

(Cl-Co6)al kanoyl, 10 hydroxy(C2-C6)allcyl, | CCal koxycar bonyl, carboxy,
aryl, aryl(C-C6)allcyl, het, .

wherein
R; is (Cy-Cs)aikyl, or halo(Cy-Cg)alkyl; and
5 Rj is (C)-Cglalkyl, halo(C,-Cg)alkyl, (Cs-Cg)cycloalkyl, or (Cs-
Cs)eycloalkyl(C,-Cglalkyl.
A specific value for R; is methyl and Rs is cyclopropyl.
A specific group of compounds of formula I are compounds wherein Z is
selected from a structure of formula IIT, IV, and V:
10
|

Ahn wan
4
W O ! SSS\ ©
In v v

that is optionally substituted with one or more substituents selected from (C;-
Celalkyl, halo(C;-Cslalkyl, (Cs-Cs)eycloalkyl, (C3-Cs)eycloalkyl(Ci~Celalkyl, (C;-
15  Ce)alkoxy, halo(Cr-Cg)alkoxy, (Cs-Cs)eycloalkyloxy, and {(C3-Cg)eycloalkyl(Cy-
Cs)alkoxy; whereinpis 1,2, 3,4, 5, or6.
A specific group of compounds of formula I are compounds wherein Z is
selected from a structure of formula VI, VII, and VIII;

10



Ni t aRe" -C(=0)NR6116, or het(Cl-C6)alkyl. A specific value for Y-R4 is H,
tert-but oxycarbonyl, fornylnethyl, pyridylnmethyl, nethyl,

et hyl am nocar bonyl, ethyl sul fonyl, benzyl sul fonyl, benzyl, acetyl,

met hoxycar bonyl met hyl , net hyl sul fonyl, ethyl, carboxynethyl, propyl, 2- 15
hydr oxyet hyl , nmet hoxyam nocar bonyl net hyl , benzyl oxyam nocar bonyl net hyl ,

pr op2- eneyl oxyam nocar bonyhnet hyl , hydr oxyam nocar bonyl net hyl ,

hydr oxyacetyl, 2- rnethyl hydrazocarbonyl net hyl, hydrazocar bonyl net hyl ,

2, 2-di net hyl hydr azocar bonyl net hyl , or ethoxycarbonyl. A specific value for
Zis a phenyl ring substituted wwth one or nore 20 substituents

i ndependently sel ected from (Cl- C6) al koxy, hal o(Cl-C6)al koxy, (C3-
CCcycl oal koxy, and (C3-Qacycl oal | cyl (Cl - C6) al koxy. A specific val ue
for Zis a phenyl ring that is fused to a saturated, partially unsaturated,
or aromatic, nono- or bicyclig ring systenuconprlsﬁmg fron1about 3to about
8 atons selected fronlcarbond“gxygen and *4-, wher; 8¢ Nono- or
bicyclic 25 ring sysRe z st it one or nore
126, and wherein the pheRyl ! e nono- or
bicyclic ring systemg | O Iy ed wi thfone or
substituents |ndependently sellected from (@&, - C6) cyl, hal o(Cl-C6)al kyl,
(C3-Cs)cycloal lcyl, (C3- Gﬁpycﬁballcyl(&ﬁ CB)aIIcyI (G vIb) al koxy,

hal o( C2- C6) al koxy, (C3-C3)cycl oal kyl oxy, and
(C3-C6)cycloal l cyl (Cl -C6) al koxy. 30A specific group of conmpounds of fornula
| are conpoungg..iperein Z has the follow ng fornula:

R;, Rx, R, Ry, and R;, are each independently selected fromi H, (Cy-Cg)alkyl,

5 halo(C,-Cg)alkyl, (Cs-Cg)cycloalkyl, (Cs-Cg)eycloalkyl(Ci-Cglalkyl, (Ci-Cg)alkoxy,
halo(C2-Ce)alkoxy, (C3-Cg)cycloalkyloxy, and (Cs-Cg)cycloalkyl(C-Cglalkoxy; and p
is1,2,3,4,5,0r6.

A specific group of compounds of formula I are compounds wherein R; and
R are independently selected from H and methyl; R, is methoxy; R, is cyclopentyl;
10 Ryisethyl;andpis 3.
A specific group of compounds of formula I are compounds 6f formula IX:

R4 X W
Ry N Rz
R /1T \URy
n Z m
15  wherein Ry, X, W, Z, n and m have any of the values or specific values defined herein

and wherein Ry, Ry, Ry, and R, are each independently H, halo, or (C;-Cs)alkyl.
A specific group of compounds of formula I are compounds of formula X:

(B

11

X

N—2Z

20



wherein R2 is (Cl-C6)allcyl, or halo(C -C6)al kyl; and 5R3 is
(Ci-Co)allcyl, halo(Cl-C6)allcyl, (C3-Cracycloal kyl, or (Cs-
Cs)cycloallcyl (@ Co6)allcyl. A specific value for R2 is nethyl and Rs is

cycl opropyl . A specific group of conpounds of formula I are
conpounds wherein Z is selected froma structure of formula I, IV, and V:
10 I11IW that is optionally substituted with one or nore substituents

selected from (Cl- C6)allcyl, halo(Cl-CQal kyl, (C3-Cs)cycloal kyl,

(C3-C8) cycl oal kyl (C1-C6) al I cyl, 15 C6)al koxy, hal o( C2-C6) al koxy,

(C3-05) cycl oal kyl oxy, and (C3-Cs)cycl oal kyl (C C6) al koxy; wherein pis 1, 2,
3, 4, 5, or 6. A specific group of conmpounds of formula |I are :
conpounds wherein Z is selected froma structure of formula VI, W, and

VI1l: wherein:
wherein R;, X, W, Z, n and m have any of the values or specific values defined

herein.

Specific compounds of formula I are presented in the Examples below (e.g.
compounds 49-120).

5. Processes for preparing compounds of formula I are provided as further
embodiments of the invention and are illustrated by the following procedures in
which the meanings of the generic radicals are as given above unless otherwise
qualified. '

In one embodiment the invention provides a method for preparing a

10  compound of formula I or a salt thereof as described herein comprising:
a) deprotecting a corresponding compound that comprises one or more protecting
groups to provide the compound of formula I; ’
b) forming a pharmaceutically acceptable salt from a compound of formula I; or
c) converting a compound of formula I wherein X is N-Y-R; and Y-R,4 taken
15  together is H to a corresponding compound of formula I wherein Y-R; is other
than H.

In cases where compounds are sufficiently basic or acidic to form stable
nontoxic acid or base salts, administration of the compounds as salts may be
appropriate, Examples of pharmaceutically acceptable salts are organic acid addition

20  salts formed with acids which form a physiological acceptable anion, for example,
tosylate, methanesulfonaie, acetate, citrate, malonafe, tartarate, succinate, benzoate,
ascorbate, a-ketoglutarate, and a-glycerophosphate. Suitable inorganic salts may also
be formed, including hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be obtained using standard procedures

- 25  well known in the art, for example by reacting a sufficiently basic compound such as’
an amine with a suitable acid affording a physiologically aceeptable anion. Alkali
metal (for example, sodium, potassium or lithium) or alkaline earth metal (for
example calcium) salts of carboxylic acids can also be made.

The compounds of formula I can be formulated as pharmaceutical

30 compositions and administered to a mammalian host, such as a human patient in a

12



R, RRc, R, R and ; are each independently selected fromH,
(C1-Co)allcyl, 5 halo(C-C6)al kyl, (C3-C8)cycloallcyl,

(C3-C8) cycl oal kyl (CI -C6) al kyl, (C -C6)al koxy, hal o(C2-C6) al koxy,
(C3-Ds) cycl oal kyl oxy, and (C3-00cycl oal kyl (Cl -C6) al koxy; and p is 1, 2, 3,

4, 5, or 6. A specific group of conpounds of formula I are
conmpounds wherein; and Rk are independently selected fromH and nethyl; R
is methoxy; ; is cyclopentyl; 10 Rp is ethyl; and p is 3. A specific group

of conpounds of formula I are conpounds of formula DC n(R xRY 15 wherein
R, X, W Z ri and mhave any of the values or specific val ues defined
herein and wherein IL, R2, Ry, and R2 are each i ndependently H, halo, or
(C1-05)allc34. A specific group of corrpounds of formula | are conpounds of
formula X2 20PC) wherein R W Z, n and in have any of the val ues or

speci fic val u¥aricipf fosws aaptedio e ‘chosen spieefadministmsionrics oofllyfasr mul a | ar e
presented in phenEwAFIIySERRhEN, {rﬁaﬁuscﬁwng;s{ %rﬁtﬁm&ﬁ{i’e)ousﬁﬂisﬁcesses for
ro

preparing conpound %’h of tge%rergglkt%ompg&n%s \f)e system:callyuardgmgagtered e.g., orally,
in combination with a pharmaceutically acceptable vehicle such as an inert diluent or
5  anassimilable edible carrier. They may be enclosed in hard or soft sheil gelatin
capsules, may be compressed into tableis, or may be incorporated directly with the
food of the patient's diet. For oral therapeutic administration, the active compound
may be combined with one or more excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the

10 like. Such compositions and preparations should contzin at least 0.1% of active
compound. The percentage of the compositions and preparations may, of course, be
varied and may conveniently be between about 2 to about 60% of the weight of a
given unit dosage form, The amount of active compound in such therapeutically
useful compositions is such that an effective dosage level will be obtained.

15 The tablets, troches, pills, capsules, and the like may also contain the
following: binders such as gum tragacanth, acacia, corn starch or gelatin; excipients
such as dicalcium phosphate; a disintegrating agent such as corn starch, potato starch,
alginic acid and the like; a lubricant such as magnesium stearate; and a sweetening
agent such as sucrose, fructose, lactose or aspartame or a flavoring agent such as

20  peppermint, oil of wintergreen, or cherry flavoring may be added, When the unit
dosage form is a capsule, it may contain, in addition to materials of the above type, a
liquid carrier, such as a vegetable oil or a polyethylene glycol. Various other
materials may be present as coatings or to otherwise modify the physical form of the
solid unit dosage form. For instance, tablets, pills, or capsules may be coated with

25  gelatin, wax, shellac or sugar and the like. A syrup or elixir may contain the active
compound, sucrose or fructose as a sweetening agent, methyl and propylparabens as
preservatives, a dye and flavoring such as cherry or orange flavor. Of course, any
material used in preparing any unit dosage form should be pharmaceutically
acceptable and substantially non-toxic in the amounts employed. In addition, the

30  active compound may be incorporated into sustained-release preparations and
devices.

13



enbodi nents of the invention and are illustrated by the foll ow ng
procedures in which the neanings of the generic radicals are as given above
unl ess ot herw se qualified. I n one enbodi nent the invention

provi des a nmethod for preparing a 10 conpound of fornmula I or a salt

t hereof as described herein conprising: a) deprotecting a correspondi ng
conpound that conprises one or nore protecting groups to provide the
conmpound of formula I; b) form ng a pharmaceutically acceptable salt from
a conpound of formula I; or c) converting a conpound of formula I
wherein Xis NY-R4 and Y-124 taken 15 together is Hto a correspondi ng
conpound of fornmula | wherein Y-R4 is other than H I n cases where
conmpounds are sufficiently basic or acidic to form stable nontoxic acid or
base salts, adm nistration of the conpounds as salts nay be appropriate.
Exanpl es of phar mate attiveabinpoaciospt Al ke dalitigerad énargenslg caci d addi tion 20

salts Tormed wil gl Whhehol ar MRl el AlAshFal 1856 eRkaRa 2k on. for

exanpl e, tosyla onate,” ace . onate, tartarate,
succi nat e, bealtownde prapersd mweater, gptiaally minedrvwither namtngiesugiagiensr ophosphat e.

Sui tabl e | norgaglGomahh &sﬁ&p@bﬁ@d D1 RETBmid piHleiiad gk Anleph] de,

sulfate, nitrate, bicarbonate, and carbonate salts. Pharmaceuti cal l

|y
accept abl & szA0f gnixtes gherests and weuts Yndgs osdinany sondiitsng ebsterreranddsewthese known i n
the art, for ;ﬂeaﬁmioas&hﬁ@@ﬁ&s@@aﬁewﬁvﬁt&etg&wﬁaﬁm&m d such as an

am ne mﬁth a suitable, acid aff rd|n o) ogi cal | tabI ni on.

Alkali metal (for 10%Bhamasede aweggm&ﬁlﬁ%?%wm%ﬁ R eananpfe ear t h
metal (for exeerin m;ueajs(snmrt)msaﬁldisse:@ifons:a:rslmﬁwdvmemmd@nsmgﬂmlasﬁ)vdoe made. The
conpounds_of .utto nt%vlnchc ea(%%? %g&glﬁ%tﬁgne&?s}r%ﬁ E]IO% nl%%g%%g sitions

and adni ni st er 0 a nanma rent “rn a variety
of forns lé)dawmfuaibletsﬁen@rh@séaapmsmaaopﬁonamnwmuhwu@hposnmes Ingllal |y or

parenteral | y,caldy m&h&:@;&%&&e fb&ﬁé}ﬁﬂ]&%‘é’t@%ﬁe ﬂ&ﬁ%ﬁ@!abﬁ%n&éi%ﬂoﬁﬁﬁ%bs hut es.
Thus, the present conpounds may systemcally admnistered, e.g., orally,

in conbi nat i oﬁWvﬁcwwaﬁmuifh%mwcaﬁwswawé cgrnbh afalveatomliand an i nert

di luent or dispersion medium comprising, for example, water, ethanol, 2 polyol (for example,
glycerol, propylene glycol, liquid polyethylene glycols, and the like), vegetable oils,

15  nontoxic glyceryl esters, and suitable mixtures thereof. The proper fluidity can be
maintained, for example, by the formation of liposomes, by the maintenance of the
required particle size in the case of dispersions or by the use of surfactants. The
prevention of the action of microbrganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,

20  sorbic acid, thimerosal, and the like. In many cases, it will be preferable o include
isotonic agents, for example, sugars, buffers or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example, aluminum monostearate
and gelatin.

- 25 Sterile injectable solutions are typically prepared by incorporating the active -
compound in the required amount in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by filter sterilization. In the case
of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum drying and the freeze drying techniques, which

30  yield a powder of the active ingredient plus any additional desired ingredient present
in the previously sterile-filtered solutions.
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5 an assimlable edible carrier. They may be enclosed in hard or soft shel
gel atin capsules, may be conpressed into tablets, or nmay be incorporated
directly with the food of the patient's diet For oral therapeutic

adm ni stration, the active conmpound nmay be conbined with one or nore
excipients and used in the formof ingestible tablets, buccal tablets,
troches, capsules, elixirs, suspensions, syrups, wafers, and the 10 |ike.
Such conpositions and preparations should contain at |east 0.1% of active
conpound. The percentage of the conpositions and preparations nmay, of
course, be varied and may conveniently be between about 2 to about 60% of
the weight of a given unit dosage form The anount of active conpound in
such therapeutically useful conpositions is such that an effective dosage
|l evel will be obtained. 15The tablets, troches, pills, capsules, and the
like may al so cont EPifopiel afpinisitation, thewresret epmnohdsamayerapphetiacare h,

ScaCI? corn Fora, G, ﬁhe@ﬁbﬁ&ﬂe'ﬁqmﬂ%cl-l%@ﬁ}ﬁtﬁ nBanfbeasfhyigPhosphat e; a
IS n egra N

8 %é'; E"n‘gs gorn starch, 0 starc al ginic _acid and
the |ike; i é‘ﬂ’t ?%?@&0%%%%5?@%@“0%@ gora AVt agent
such as sucr oﬂmnawegicmapcdpabme@rwlﬂapﬁéjBé@sd)rduaaf]iqﬁMQrl ng agent such

as 20 peppgrm nt nt.er gr flav rin be added.

When t he uﬁlt dosaglg Igsrolﬁx\l:c%mgmg" S%c@lﬁé’ {yﬁﬁwﬁﬁ{%&‘g‘?ﬁ"ﬁ ﬁsmﬂh"lﬁédl tion to |
mat eri al s of vhaoapyalline gellwlose silicgualaninapnd e hkqukeﬂaslqaldmg&tﬁhblad@i | or a
pol yet hy! ene. gk Qheon 8ot OSIObGHel Bl S0l Mol Gy BEER BlordincOal 1 NS o

to otherw se nodi'f dgﬁs; cal formo | s age form For
i nstance, t abF‘é’f‘B"‘-‘nB? 1"1”5"3 olyeghar digpsrspghgt 9@%0@@61@% obtianalhpwih khetaidof wax,
shel | ac or Suﬁﬁ’f-to&i&ui'fbﬁaﬂté K& djudhnty/fublP afragRhric¥d z[nd%&tiﬁﬁ?aﬂtaﬁﬁrﬂxc{' gractive

d, t t t
o obyl par Won il B bt HHGHER Guliaug pevmies irasorem e CTrar R anid, or

orange fl avor cotfifositions sam,bealpyhdam-cﬁﬁ abdort¢fieshds, is€d 1ORMPieBGate BIhdugYs tnglOSagE

e e o

i ncor por at ed mm@f%ustal ned- reI ease preparations and devices. The

acti ve compound. Mayhalehs 5okl oot o IRUBHY 1 b BUEARGHLL OnEl | ¥

by i nfusion or |n{cect| on. _Sol ut e ac ive €0 “%alts can
be prepar bl hifyatcehols.spdi *éﬁ‘?dﬁh&b?ﬁsﬁéalodﬁﬁpﬁﬁanﬁdmma@@maisabt:ant

Di sper si ons C@ﬂpléﬂ/ﬁﬁmlﬂﬁhcﬁﬁ@&ﬁ*ﬁ&g td fordl |sf{1€§'tfagiespa§tbé3 gblg et b gndﬂ l'ycol s,

triacetin, @91( tures th [ eof ar(lje Qi | er  ordinary ‘conditions of
storage and u%gike ‘érsaé’p ﬁ?‘iﬂé'ﬁ% (§H{“élfﬂ’°d"sﬁ‘i'eservat| ve to prevent the
growt h of nicroor gmmmsag&uﬁ'thﬂwmmﬁ&ktdf@@ﬁnmaeh%mnm abl e for

i njection or wﬁﬁhgﬁaeﬁéﬁvmﬂ%' ‘?‘h@ cf]’l . e q¢1§ us s a\ll,\m@ ﬁns o% 8% persi ons
or sterile powders Zonpri i hg G as YR animal modsls Methg ed for
the ext erffor #heeumpplatpmetaffeiiveiosages ini inize] andedtitcabhiealtodumiané atsi bl e

sol utions or Hjcomes #le@s, optionally encapsulated in liposonmes. In all

cases, the ultimte dosage formshould be sterile, fluid and stabl e under
the conditions of YRERMCHELqHthe compounds opgbactivp sali orlgtivetiva theress, requll&i-‘éhl cle

\(I:\ZtnePe 2t ?‘ g Inweﬂhsean uatglluhﬂwﬂlv&@a{o% (2,23 vﬁ&dh%lgdrxglaﬂa%% gélélébé%cfe K aﬁ%o | qui d
A y y | ui
pol yet hyI e nec%? 90850% %‘Hﬂ%&“ﬁ?@%} %@Pﬁ‘?ﬂ‘%"%‘?ﬂ‘%ﬁ tréated and %e age and

condition of the patient and will be ulnmately at the discretion of the attendant
physician or clinician.

In general, however, a suitable dose will be in the range of from about 0.1 to
about 100 mg/kg, e.g., from about 10 to about 75 mg/kg of body weight per day, such
as 3 to about 50 mg per kilogram body weight of the recipient per day, preferably in

30  therange of 0.5 to 90 mg/kg/day, most preferably in the range of 1 to 60

mg/kg/dayThe compound is conveniently administered in unit dosage form; for
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15 nontoxic glyceryl esters, and suitable m xtures thereof. The proper
fluidity can be maintained, for exanple, by the formation of |iposones, by
t he mai ntenance of the required particle size in the case of dispersions or
by the use of surfactants. The prevention of the action of mcroorgani sns
can be brought about by various antibacterial and antifingal agents, for
exanpl e, parabens, chlorobutanol, phenol, 20 sorbic acid, thinmerosal, and
the like. In many cases, it will be preferable to include isotonic agents,
for exanple, sugars, buffers or sodiumchloride. Prolonged absorption of
the injectable conpositions can be brought about by the use in the

conposi tions of agents del ayi ng absorption, for exanple, alum num

nonost earate and gelatin. 25Sterile injectable solutions are typically
prepared by incorporating the active conpound in_the reQU|red.anDunt in
t he appropri ate¥eER)psontaing hto 00D ss conveni¢rtlydOHe 759 mgr et cppvenientindPat ed
above, as requp smﬁmgfoph&ma»wcgrmenft bértl.ﬁ{t d84aBé fdrinz 28daflP, thé M&zb hgfeifent Of
sterile powder g ar at.i.on ter| ecta e solutions, the
o1 of er rea- ot MBS b A4TBIARD SRS e A ST G B b0 ze o vi g
t echni ques, wkbmpodd q,ftﬁehﬁhbauﬂm\wbomﬁstm aefeiably, abmgf Bl smlMp:hoa any

addi ti onal deS| re # |n th prevl flltered
sol uti ons. etdbl rﬂ) pit%atbf)'ﬂ 3§rﬁ ﬂ'on hfl eag‘rs)reés/xe o’F’rpounds may be
applied in punmrafvgmuﬁ lmecéwn ofiin@.A5 ttch‘i% selmonl quhn abtive fgvadient, optionally i

eneral ly be | I ons or

g y be dgle!l arﬁrglmnﬁakmefeu%& %%ﬁégs‘dmm O@O%?g,gﬁ U160 g@e&mﬁw

formul ati ons, 1 n conbl nati on pt abl e canier,
whi ch may be dngsediend Desigbl qb&?ﬂddevwwhﬂm%wnad bhﬁ?qt’@P%“SM@FIBUE’ finely

di vi ded sol i dpr&itieiubast d@ﬂ-so n@mrmyimainﬂsi&se&{t&ﬂingasoutsuusca

lumna and the lik efu 1d_carriers include
atu '18 mgikg ofe the actlve mgredle%t(s) ’I%e desired dose may convemenﬂy be presented in

a single dose or as divided doses administered at appropriate intervals, for example,
as two, three, four or more sub-doses per day. The sub-dose itself may be further
divided, e.g., into a2 number of discrete loosely spaced administrations.
The compounds of the invention can also optionally be administered in
15 combination with one or more other therapeutic agents that are effective to improve
cognition or treat a psychiatric disorder and/or one or more therapeutic agents that are
effective to treat age-associated memory impairment (AAMI); mild cognitive
impairment (MCI), delirium (acute confusional state); dementia (sometimes further
classified as Alzheimer’s or non-Alzheimer’s type dementia); Alzheimer’s disease;
20  Parkinson’s disease; Pick’s Disease, multiple sclerosis, Huntington’s disease
(chorea); mental retardation; (e.g., Rubenstein-Taybi, Fragile X, Angelman
Syndrome, Coffin-Lowry Syndrome and Downs Syndrome); Wilson’s Disease,
Creutzfeldt-Jacob Disease, Neurofibromatosis type 1, Wernicke-Korsakoff
Syndrome, cerebrovascular disease (e.g., vascular dementia, post-cardiac surgery);
25  affective disorders; psychotic disorders; antism (Kanner’s Syndrome); neurotic
disorders; attention deficit disorder (ADD); subdural hematoma; normal-pressare
hydrocephalus; brain tumor; head trauma (postconcussional disorder) and brain
trauma (see DSM-1V, APA 1994).
The ability of a compound to inhibit PDE 4 activity can be determined using
30  assays that are known, or it can be determined using the following assay.
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wat er, al cohols or glycols or water-al cohol/glycol blends, in which the
present conpounds can be dissolved or dispersed at effective |evels,
optionally with the aid of non-toxic surfactants. Adjuvants such as
fragrances and additional antimcrobial 10 agents can be added to optim ze
the properties for a given use. The resultant |iquid conpositions can be
applied from absorbent pads, used to inpregnate bandages and ot her
dressings, or sprayed onto the affected area using punp-type or aerosol
sprayers. Thickeners such as synthetic polyners, fatty acids, fatty acid
salts and esters, 15 fatty al cohols, nodified cellul oses or nodified

m neral materials can also be enployed with liquid carriers to form
spreadabl e pastes, gels, ointnents, soaps, and the |like, for application
directly to tpﬁ gsig_qf the user. Useful dosages of the conpounds of
formula | can by conparing their in vitro activity, and
in vivo activity iPDBGoR hufiad@-937 it Rasissell (dee 30, T%hﬁ&éﬁ%' ation of ]

ef fective dos es, | umans, are known to the
art. T‘ﬁ E}‘tpog'h%r relg%%?g ﬂlh%ni%&‘ S'ﬂesg‘&‘l’? 3‘]‘?‘“8‘?5 derivative
thereof, r eq ucqneehhfanbn augori viehicleards nieincutiatdd vt/ pginil eﬂsrkne irtib-Hdie

parti cul ar t se d ) the route of admnistration, the
nature of 1 c%eﬁ *{?f ﬁort;gfrﬂ&ufsraggtg\éé%hgﬁtfe?cﬁgné‘?ﬁ%%@Sﬁ'ﬁpl"féﬁ%f t he
patient and vaMPtaadoJm.mﬁmy;mfdaen&haczoexhnﬁteg?ﬁb%ﬁmpaﬁéﬁiﬁant phyﬁlman
or clinician Y. sui tabl e W e in the
range of fron‘a i Bﬁloge(ge’ggoﬁumi‘% ﬁ{;f‘kﬁ:‘ e cgmverfefié?rf’glg&g?noi@e b¥ about 75
ng/ kg of bodyaddgioghaf spke veleom nelitidass a8d sepambed(tly ABL-XD rpi. knhmgroam body
wei ght of the, ¢ ]§q1¥ ol 0 90
ny, / kg/ da nn%?gggg dgg&lln fﬁg%gggge 0 uknfingﬂﬁm%?gla g “Totmpound

i S conven?loent‘l"‘ﬁfeaﬂﬁﬁeﬁ%f"d?e&?nﬁ ighiition L%géﬂtﬁmmdqsm)qeﬂa&nmﬁ)B%ﬁﬁt ai ni ng

1 to 1000 ny, BeaRyesdiedns Lid 02 becakbOniry SuF‘P}SRes%%I{PEH{eGﬁildfordlsguﬁ 500 ng of

active ingre nit dosage form ldeally, the active ingrédient
shoul d be ad%ﬁ?ggge{g&yto achi eve peak plasma concentrations of the active

Representative compounds of the invention were tested and found to have
significant PDE4 inhibition in this assay.

15 The ability of a compound to activate CREB can be determined using the
following assay.

CREB Activiation Assay
The following CRE-Luci assay is 2 high throughput, well-based method for
20  identifying compounds that enhance cognition by increasing CREB pathway function.
The assay enables the ideatification of cognitive enhancers that do not affect CREB
pathway function alone, but act to increase (enhance) CREB pathway function in
combination with a CREB function stimulating agent.
The assay is carried out by (a) contacting host cells (particularly cells of
25 - meural origin (e.g. . human neuroblastoma SK-N-MC cells) having a luciferase gene
operably linked to a CRE promoter with a test compound and a suboptimal dose of a
CREB function stimulating agent (e.g., forskolin); (b) determining luciferase activity
in the host cells which have been contacted with the test compound and with the
CREB function stimulating agent; and (c¢) comparing the luciferase activity
30  determined in step (b) with the luciferase activity in control cells which have been
contacted with the CREB function stimulating agent and which have not been
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conpound of from about 0.5 to about 75 pM preferably, about 1 to 50 pM
nost 5 preferably, about 2 to about 30 pM This nmay be achi eved, for
exanple, by the intravenous injection of a 0.05 to 5% solution of the
active ingredient, optionally in saline, or orally adm nistered as a bol us
cont ai ni ng about 1-100 ng of the active ingredient. Desirable blood |evels
may be mai ntained by continuous infusion to provide about 0.01-5.0 ng/kg/ hr
or by intermttent infusions containing about 0.4-15 10 ng/ kg of the active
i ngredient(s). The desired dose may conveniently be presented in a single
dose or as divided doses adm nistered at appropriate intervals, for
exanple, as two, three, four or nore sub-doses per day. The sub-dose itself
may be further divided, e.g., into a nunber of discrete |oosely spaced

adm ni strati ons. The conpounds of the invention can also optionally be

adm ni st er ed comxadted eithithertadticanpmint ii.corventsl celly whioh have telrecompetetdivdthagent s
that are eff j I s R r treat a psychiatric disorder
and/ or one o?ﬁigggBFﬁ%?ggéﬁﬁ@%&ﬁgg%%§ﬂ#ﬁgt are effective to treat

age- associ at ed nedipsicellprpariprising lu¢ifords genermipb@blydiphed ioacCRppramatensan ( MCl ) |
del i 11 um ( 3k GndQAbHAIR bRl lnto EANSIONA LRQHIEL dliRishib Sl a5S1 11 ed

as Al zheinmer's or non-A el mer' yp enenti-a); zhei nmeér's_di sease; 20

Par ki nsons d@raeeregablpligked fo HLREpsemotpy; | PINA cansipeis cyshesintrefised i on' s

dAi se?se (ghogwaccagfgg?bnreﬁioamﬁtmﬂs' dthe(eet.(g.gau&mmm geﬁ,;mﬁwﬂp'taksﬂ agile X
ngel man Syndrone I n-Lawr y. Syndrone_an rome); Wlson's

D Sense. O o RSB RHOSBIR SBpiain R R a P O SP Py e bsing

Veér ni cke- Kor dipkginiesSySuith orathods ercalescobabinurhae detald, dasexamplegin, Savbsakt at

denenti a, post- ' ?{iﬁ tohd/ 6.6l L i C

di sorders; aﬁ‘[ﬁ Ig%{e?ﬁ%ﬁ%é#iﬁg yn%rf’l %’%@?ﬂaﬂ’ﬁ%&? oet%iltg:i‘:'n | é‘f‘%refd%]rc’séﬁ)aégﬁlg% i on

deficit di0sorfaborUnbBysitydRrend) 41489)handatusibel, b ok iRuirrept Rrotogels imdlegalaphal us;

brain tunor; disa SR FastWaRCY Seh8fdogdli sorder) and brain trauma (see
DSM |V, APA 1994 m Théey:abi ﬁag o? a conpound to inhibit PDE 4

activity can beSHa-Mrelisgtablytrgsfogediyith (RErIng songiruct preggpded &t 9¢-wellan be
det er mi ned USiH@ abda@ plads|(PMRABIAG P2 Y% conddEsionUT201000 S8)IsARHAY 100 pL

MEM complete media. These cells are incubated in a CO; incubator under standard
15  cell culture condition. After 18 to 24 hours of incubation, cells are treated with either
a vehicle control (DMSO, Sigma), the test compounds (5 pM final concentration), or
a positive control (HT-0712, 5 pM final concentration) (16 wells for each treatinent)
for 2 hours. Forskolin (5 pM final concentration, Sigma) is then added to 8 wells of
each freatment group and an equivalent amount of DMSQO is added to the other 8
20  wells. Six hours after forskolin addition, luciferase activity is measured b& adding 25
pL of assay reagent (BriteLite kit, PerkinElmer) to each well. After incubation at
room temperature for 3 minutes, luminescence is detected using a Wallac Victor5
plate reader (PerkinElmer). The transcription induction ratio is derived by
normalizing the luciferase activity of the compound or positive control in the
25  presence of forskolin over forskolin treatment alone, The compound treatment alone
serves as control to determine whether compound can active CRE promoter by itself.
Representative compounds of the invention were found to increase CREB
pathway function using this assay.
The ability of 2 compound to modulate cognitive behavior can be evaluated

30 using the following Contextual Memory Assay.
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PDE4 front human U937 cells was used (see T.J. Tcaphy, et al., J.

Phar macol . Exp. Ther., 1992, 263, 1195-1205). Test conpound at vari ous
concentration and/ or vehicle was preincubated with 2 genii enzyne in
Tris-HCl 5 buffer pH 7.5 for 15 mnutes at 25C. The reaction was initiated
by addition of 1 uMcAMP and 0.01 uM[31-11-cAMP for another 20 m nute

I ncubation period and term nated at 100C. The resulting [3111- AMP was
converted to rig-adenosi ne by addition of snake venom nucl eoti dase and
separated by AG 1-X2 resin. An aliquot was renoved and counted to determ ne
t he amount of [3H]-adenosine fornmed. Results 10 were converted to percent

I nhibition and | C50 determ ned using XLfit froml11)138 (1D Business
Solutions Ltd., 2 OGccam Court, Surrey Research Park, Guildford, Surrey, GJ2
78 UK). Representatlve conpounds of the invention were tested and
found to haveSSigHpalMemory Aspay: FearGonditigning  { hj s assay. 15The ability of a

Zo;rpoun;:l to acti vat]em@REBf I fiditor & Qﬁhﬁrmmﬂwh@feaﬂcdnﬁﬁmﬁﬁ};h@%ﬁﬂ a@xﬁﬁ@t y. CREB
ctiviation Ql | owi n ci_assa hpu

wel | - based mﬁ’%“% l?glﬁcefdnto&é’r?f’&f% gﬁ?‘r‘b’%‘?) é E‘Whgcd‘@?ﬂ%éﬂ #PBi on by

i ncreasi ng CREH tpdiitovey. Afiacieveral mibbtes aﬁmymeﬁtabﬂﬁ&nddaerdcaeeﬁa biiiegat i on of
cognitive £n at hwa netion al one, but act
to mcreasSZ ?‘Z‘ﬁ g%ceggﬁﬁgg&tyﬁhtm rgﬁﬁléﬁgﬁvgﬁxpgg ﬁf‘nt F IS a crEB
function sti nismgmpbegfonmenths tmh@amwenlsdmmed%thyed(tm):kmmcti ng host

Sk NN cel | Ej:‘ﬁ%ﬁ’éf?ﬁ e S (oot e DY TR RS DT,

with a test c - affHng stone st f‘-\‘?ﬁ‘?anllé%"@n‘?ﬁ T@%REB“PHHCW@%F‘!&MFWI ating

agent (e.g., ﬁmkadhbmt)ley (eiiﬂenéﬁeet&ﬁl 'Ihélﬁerl:é!ﬁbfﬁhéaﬁ’m?g%ﬂ aﬂswaﬁdaﬂehsd host

cells V\:hl ncont wth the test conpound and with_the CREB
function stl g’%{ﬁ? gsﬁée‘?ﬁ ﬁgﬁ%’ TS B AR mngﬂﬂureﬂ?*@?'ae@ca@? plits; y

memory of the context,

Contextual conditioning has been extensively used to investigate the neural
substrates mediating fear-motivated leaming (Phillips, LeDoux, Behav Neurosci,
1992, 106, 274-285; Kim, et. al., Behav Neurosci, 1993, 107, 1093-1098;

15 Bourtchouladze, ef .al., Learn Mem, 1998, 5, 365-374; and Bourtchouladze e? .al,,
Cell, 1994, 79, 59-68). Contextual conditioning has been also used to study the
impact of various mutations on hippocampus-dependent memory (Bourtchouladze, et
.al., Learn Mem, 1998, 5, 365-374; Bourichouladze, et. al,, Cell, 1994, 79, 59-68.;
Silva, et. al., Curr Biol, 1996, 6, 1509-1518; Kogan, et al., Curr Biol, 1997, 7, 1-11;

20  Abel, et. al., Cell, 1997, 88, 615-626; and Giese, et al,, Science, 1998, 279, 8;70-873);

 and strain and genetic background differences in mice (Logue, et. al., Behay

Neurosci, 1997, 111, 104-113; and Nguyen, et. al., Learn Mem, 2000, 7, 170-179).
Because robust memory can be friggered with a few minutes training session,
contextual conditioning has been especially useful to study biology of temporally

25  distinct processes of short- and long-term memory (Kim, et. al., Behav Neurosci,
1993, 107, 1093-1098; Bourtchouladze, e, al.,, Learn Mem, 1998, 5, 365-374;
Bourtchouladze, et. al., Cell, 1994, 79, 59-68; and Abel, e. al., Cell, 1997, 88, 615-
626). As such, contextual conditioning is an excellent model to evaluate the role of

various novel drug-compounds in hippacampus-dependent memory.
30 ‘Young-adult (10-12 weeks old) C57BL/6 male mice and Sprague Dawley
male rats of 250-300 g (Taconic, NY) were used. Mice were group-housed (5 mice)
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30 determned in step (b) with the luciferase activity in control cells

whi ch have been contacted with the CREB function stinulating agent and

whi ch have not been contacted with the test conpound (i.e., control cells
whi ch have been contacted with the CREB function stinulating agent al one).
Host cell s conprising |luciferase gene operably linked to a CRE-pronoter can
be manufactured by introducing into cells a DNA construct conprising a

| uci ferase 5 gene operably linked to a CRE pronoter. DNA constructs can be
i ntroduced into cells according to nethods known in the art (e.g.,
transformation, direct uptake, cal cium phosphate precipitation,

el ectroporation, projectile bonbardnent, using |liposones). Such nethods are
described in nore detail, for exanple, in Sanbrooke et al., Mol ecular
cloning: A laboratory Minual, 2nd edition (New York: Cold Spring 10 Harbor
Uni versity Pr&s¥$3n oratopy e rhileapts were hgused icprirseand nRingainedbdsa i n

Mol ecul ar  Bi ohgy ﬁgﬁ{edaﬂzf%gfe: TRO BibeMine MY wire¥MD)s condidfel durin ﬁ%‘ﬁ%‘hivc cell's
stably transfected th E-luc construct are seeded hi 96g-we| , White
assay pl ates PR¥f RFWEPH@F-) With the exepption of teptingfirggs. the nejerphadend|/ageass to n 100
AL NEM gorrpl efﬁa nmd :mter.mgﬁahdn& wrfcdﬂaﬁab@h@drmhﬁm A%ﬂikﬁﬂh&%l@d’re under
standard 15 ce cu ndi.ti.on. After. 18 tq 24 urs af _incubation,
cells are Treited %#%Pfccﬂearndgm{%ﬁi%ﬁr%maw gim (‘%R/E%‘W‘S‘h'&f anmb t est
conpounds (5 pdlfzieékét apd Repartment o0iYalthand Humes Sexivices gwidd.r ol (HT-0712, 5 pM
final concentration) (16 wells for each treatnment) for 2 hours. Forskolin
(5 pM final concenT? aspsFontsrypanernory.tayaedifethontextmabfeopdonditiohing task
treatment grobfgiadify @ReBHst oAkt mEY PVREB G 0AMER thitOwhd\Redt her 8 20

wells. Six hotgs ter forskolin addition, luciferase activity 1s nmeasured
by adding 25 9 °‘§’§’§&f"r”éaﬁélﬁtl9?‘hr7?t@t$8t)e Qa the trpiging; dayy the rpugegvasach
wel | . Afted i placdddhioahe ednditioning chamtey @iled Rsdobiated, IAE. VAR for 2l mifi@escence s

detected usin | ac ctorh. plate re (Perki pEl ner).. . The
transcripti ongﬁtﬁrg\ﬁ% PER" %ﬁa F%nd?'sog%‘g?t%"éﬁa(gjss’r?o{% ngﬁﬁ ?‘%*éh?ﬁ?fc iM8r ase
activity of tHEvosmnsated tee tipeswith ¥ ¢ noo htergtiali imetvhkbbcdBegnrsh ek Chraining

forskolin oveg,d 13&‘651 Ldtﬁétm&ag%ar%g@ﬁg%%%@% ﬁa&?@%géﬁﬁer%é’”e

serves as control _to det'erm ne € can activé pronot er by
itsel f. last training trial, the mice were left in the conditioning chamber for another 30 sec

15  and were then placed back in their home cages. 24 hours afier training, the mouse
was placed into the same training chamber and contextual memory was assessed by
scoring freezing behavior (*freezing’ serves as memory score). Freezing was defined
as the complete lack of movement in intervals of 5 seconds (Kim, et. al, Behav
Neurosci, 1993, 107, 1093-1098; Phillips, LeDoux, Behav Neurosci, 1992, 106, 274-

20  285; Bourichouladze, et. al., Learn Mem, 1998, 5, 365-374; and Bourtchouladze, ef.
al., Cell, 1994, 79, 59-68; Abel, et. al., Cell, 1997, 88, 615-626). Total testing time
lasted 3 minutes. After each experimental subject, the experimental apparatus was
thoroughly cleaned with 75% ethanol, water, dried, and ventilated for a few minutes,

All experiments were designed and performed in a balanced fashion, meaning
25  that (i) for each experimental condition (e.g. a specific dose-effect) an equal number
of experimental and control mice was used; (ii) each experimental condition was
replicated 2-3 independent times, and replicate days were added to generate final
number of subjects. The proceeding of each experiment was filmed. In each
experiment, the experimenter was unaware (blind) to the treatment of the subjecis

30  during training and testing. Data were analyzed by Student’s unpaired ¢ test using a
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Represent ati ve conpounds of the invention were found to increase CREB

pat hway function using this assay. The ability of a conpound to
nodul at e cognitive behavior can be evaluated 30 using the foll ow ng

Cont extual Menory Assay. Contextual Menory Assay: Fear Conditioning
Contextual nenory is a form of Pavlovian fear conditioning in which a nave
nouse i s placed into a novel chanber (context) containing distinct visual,
ol factory and tactile cues. After several mnutes of acclinmation, the nouse
receives a brief; 5 mld electric shock to its feet. Fromthis negative
experience, the nmouse will renenber for nonths that that chanber is
dangerous. \Wen pl aced back into the sanme context at sonme later tinme after
training, the nouse's natural response to danger is to "freeze," sitting
stone still for many seconds. This is simlar to what happens to humans
when they expeftiverepecKaga(Statvies H&ALHRR Ingfitutel Ing).d4ll ivalyesin thdtsetrandt i on peri od
10 that the MEASE 2 ggghagggglmgﬁﬁ@sents a quantitative neasure (nmenory
score) of |ts nmenory the contéext. Contextual conditioning has been

fext ensively uzeld t%rﬂﬂ&uﬁﬁtw&@fli@sdlm lmwmswﬁrfmmwmfeatl '9 gg

. ear-rmtlvate earnin ena ur QscCi 6,
274-285; Ki mingperitopiall 9&2&2 N@%@‘FB%E%E mﬁ@é‘% ¥e GRInipg 20 g

Bour t choulsad z@ima#4 recéived tebidlanldie(] %I98R 0/PF3 S)3 Eor &Zﬂadnﬁﬁiétrﬂtmrthe: houl adze et
2l Ol 90l 208l SO S GO0 B OB R0, Bgy o0 Used to

study t he |rrpamtp various nutations on hi ppocarrpus menory
( Bour t choul adménaigteceingd 30"/&@&430%5( Chh Bor &ich Baidingand dBta:ﬂmeengI adze, et.

at, Cell, 199occfic, HBbimel it wbGho, 1996, 6 1509- 1515,
Kogan, et at% e XP 19 v we%tmufaémm Abel . at, Cell, 1997, 88,

615-626; and G es 8‘0 eé‘ﬁ““&‘? theScffeé'ﬁé’éCO‘I‘S%d 5§10y comm@mmowawﬁmﬁ n and
genetic hackgs &Mﬁoﬂ‘fp@ﬁ@@ﬂ évﬂ\reHicFeQO(rﬁaﬁﬁh‘é@bei@k trafling BRAMmIHMASC |

1997, 111, 104-113; lLearn 70 179
Bocause T obusdt M@M et figp Brgted it ea@%wmggbgmfﬁé éess.on
cont ext ual cqRigutd 9Nl Mp/keCohpamdagnietied iny:elfﬁﬂé smgnmaﬁwﬁkyre ltha(ﬁl ogy of

tenporally 25 t.iNCt . PLO f m et.
at, Behav Neurgkglcs?lmjeit%%me%gi,gq-l 3y i%gf?ﬂ ofjrt ?r?or ngllékearn

I\/an, 1998, 5 aneeamm:esmﬂamm el Studendts unawed@ed:st), S!mi)aﬂy, mmgSQ 68; and
Abel , et .ysat,cdgy d%@%ﬁect&f‘rmc@éﬁaweﬁ%@chéﬁu PHER m&Ry %%iucféguagdt&d oni ng

I's an excel |l ent nD eval uat e var i ous” novel conpounds
i n hi ppo canpuise G8FehHe 32-3deeh ¢=22 and n=20, for Compound 50 and controls,

respectively; p<0.005, Student’s unpaired ¢ test), while 0.1 mg/kg Compound 50 had
no significant effect on contextual memory.

The ability of a compound to modulate cognitive behavior can also be
20  evaluated using the following Object Recognition Assay.

Object Recognition Assay
Object recognition is an ethologically relevant task for rodents, which does

not result from negative reinforcement (foof shock). This task relies on the natural
curiosity of rodents to explore novel objects in their environments more than familjar

25  ones, Obviously, for an object to be “familiar,” the animal must have attended to it
before and remembered that experience. Hence, animals with betier memory will
attend and explore a rew object more than an object familiar to them. During testing,
the animal is presented with the fraining object and a second, novel one. Memory of
the training object renders it familiar to the animal, and it then spends more time

30  exploring the new novel object rather than the familiar one {(Bourtchouladze, ez, al.,
Proc Natl Acad Sci USA, 2003, 100, 10518-10522). Recent neuroimaging studies in
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30Young-adult (10-12 weeks old) C57BL16 nal e m ce and Sprague Dawl ey nal e
rats of 250-300 g (Taconic, NY) were used. Mce were group-housed (5 mce)
in standard | aboratory cages while rats were housed in pairs and mai ntai ned
on a 12:12 light-dark cycle. The experinments were always conducted during
the Iight phase of the cycle. Wth the exception of testing tines, the mce
had ad |ib access to food and water. The experinents were conducted
according with the Animal Welfare 5 assurance #A3280-0 | and ani mal s were
mai nt ai ned in accordance with the aninmal Wl fare Act and Departnent of
Heal t h and Human Servi ces gui de. To assess contextual nenory, a
nodi fi ed contextual fear conditioning task originally devel oped for

eval uation of nenory in CREB knock-out mce was used (Bourtchoul adze, et.
at, Cell, 1994, 79, 59-68). On the training day, the nouse was 10 pl aced
into the condhmmmsidngondmmehat tidebrymabipcakasgpitioncepend®n prefroRalndontex es
before the on%tc’g 0 ec foot
shock. The US %mu g)l ?Bﬁ%%@t’; %314(#@”73 C‘i}?égﬁ [%t‘ﬂhtg?s?iterval

bet ween shoc kﬁﬂdHIESamﬁﬁ \Mljh ﬂoa@Fﬁelcs'mnsrsh(w byoraerignmmeniosofbandhey ggackage (Med
Associ at es, fsﬁméé%dméﬁ;naatetﬂaavéea%mmlaanaIneqeltoajeetg (Mhbn%ngmsco\ﬁ@,r e left in

t he condltlonln chanmber anot her sec wer e | aced back in

their hone caﬁ%”é"’ @"I?Gﬁr@%tf% el07r 13- nfl)ﬂ'ﬁf S“E‘H%s m%emdﬁp%s@wugsﬁ% t he
sane traini ngmahaah@po@&@ummxﬁmrormavem&ogﬁlﬁ&smg,tu ACPring

freezing beha | or e S r was defined
as the conpl e %” T’ffé“l?"@‘? 2?%%3932;?& éﬂ;‘%&:’ﬁg ?é’c o@?fk{' Set. al .,
Behav Neur osceéhject %Bgmﬁéﬂproﬂjﬁas?arﬂﬁeﬂlen%hhmpsmom mluaﬁehﬁycd‘s’mnuﬁa ci,
1992, 106, 27 n 5,

365-374; and oﬁr%% 6 ﬁcggllnhdg gs&%%pw&fuﬁ&m Z“p ps%m@ggé% at,
Cel |, 199%0 88, 615‘2r5126)lmtm§plapf mmng,mgamalmerbaw@@i far PriSrminetss fOAﬁtdeYs each
experiment al BubifCind teéﬁﬁ% emﬁﬁ@dqhmﬁemrﬁ; ﬂﬁ:e‘ﬁﬁ&r&tmﬁﬁ)b&g&dp&l eaned

with 75% et hanol , ‘wat er ,.and ventilated for f ew m nut es.

experi ment s \/\@‘@“ﬂ%&?@ﬁ@ﬂ‘séﬁﬂe‘ﬁw Germise; nPlgxiglas B%@dﬁ"ﬁﬂ:&ﬁ‘:”gr%m ng 25
t hat | (i) n{) or aﬁﬂ(ﬂbﬁﬂ@ﬁ%ﬂf&ﬁﬁfaﬁi’lsﬁ@ﬁdb@ﬂ SLA70 offx; %@Qﬁﬂ%ﬁdﬂ—%@ ghtect) an
equal nunber experi.nent a ngr mce was use
experi nent al ‘ga r]i’ﬁﬁg? %ﬂ“‘ﬁ&sa"r‘% V%Bé‘t agwgs?lﬁﬁéldﬂ‘i‘f&é'fﬂmﬁ é@g‘za“’é?hc?%l i cate
days wer elfaddisc dirnlyjémenm b dllavet t«mubttearte ﬁlftthlszlﬁﬁﬁlﬁnt f3NES pinoke ediong of
each experi d t e ter was
unawar e (bl i n%%Pﬁ@%%b&Wé%Jﬁ%ﬁi%@? 'f ec B°‘§§h‘a‘3&5‘fez apa?ﬁl ng and
testing. Dat aVeibdeedaSshlAy4.90B.y/ 08 10Fd il D&%nmmwwas in’EistedGéh hepraafer
habituation. An animal was placed back into the training box, which contained two

identical objects (e.g. a small conus-shape object), and was allowed to explore these

20  objects. The objects were placed into the central area of the box and the spatial
position of objects (left-right sides) was counterbalanced between subjects. Animals
were trained for 15 minutes. To test for memory retention, animals were observed for
10 minutes 24 hours afier training. A rodent was presented with two objects, one of
which was used during training, and thus was ‘familiar® and the other of which was

25 . novel (e.g. a small pyramid-shape object). To insure that the discrimination targets
do not differ in smell, after each experimental subject, the apparatus and the objects
were thoroughly cleaned with 90 % ethanol, dried and ventilated for a few minutes,

The experiments were videotaped via an overhead video camera system.

Types were then reviewed by a blinded observer and the following behavioral

30  parameters were determined: time of exploration of an each object; the total time of
exploration of the objects; number of approaches to the objects; and time (latency) to
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sof tware package (Statview 5.0.1; SAS Institute, Inc). Al values in the
text and figures are expressed as nean + SEM Conpounds were dissolved in
1% DVSQ PBS and adm ni stered intraperitonially (1.P.) in a volune of 8

m./ kg 20 m n before training. Control 5 aninmals received vehicle alone (1%
DMSQ PBS). For oral admi nistration the conmpounds were dissolved in 30%
DMVBO/ 1. 4% CMC. Consequently, control animals received 30% DVBO11l. 4% CMC.
For each training and drug-injecting procedure, an experimentally naive
group of animals were used. To evaluate the effects of Conpound 50 on
contextual menory, mce were 10 injected with Conpound 50 or vehicle 20

m nutes before training and trained with 2 training trials (US). Mce were
than tested in the sane context 24 hours after training (Figure 1). 1 ng/kg
Compound 50-injected mce froze significantly nore than vehicle injected
mce (32.5 +ﬁ35t3%rﬂ&ht33n35j36t2'%ediscﬁiﬁuﬁa’tiﬂmﬁmﬁﬂ-fmﬁmtﬁplsmundaém and

trol t 5.5t ly, 10
o O e BRSau e By PR RS ol B8 187 3
vehi cl e i nj edBbd93%iané BpsaciRidades, eQQIJ%@cMAan&Iw 2\0-02010& é951(§orrpound 50
and cont r ol S.1qLPAPREL INE) Yas %Ca  SUSHIES Uil PRA 5 dsoGisio . WA € 0.1

ng/ kg Conpound no si fect on contextual nenory

The abilify @ad@g%@ﬁiwmw s S dnstituge, é@f@nﬂhwebﬂﬂwf&?”@eﬁﬂuﬁséﬁa be 20
eval uat ed USiRGrelsB®ad MbdroMERRH, Obj ect Recogni tion Assay. Object Recognition
Assay bj ect recognition is an ethologically relevant task for
rodents, whi ch do&he ivkntiodstillnoii@ilwagat by ther follov-ing aenrtintitirgf c@tmpihock) .
This task relies on the natural curiosity of rodents to explore novel
objects in their environments nore than famliar 25 ones. Obviously, for an
obj ect to beLCIWiSiHrotacol" the ani mal nmust have attendectto it before and
renenber d@ that experience. Hence, animals with better nmenory will attend
and expl ore Eaqwimmesj e Watersr 3695 Sepamiionn; Wit 2487 Pralr Abserbangtn DeserteTng

testing, theme}dmgszgfﬁ@gsﬁmtmmgeh the training object and a second,
novel one. Menor
Sampile Preparatmn- Materials dissolved in acetonitrile and diluted with equal
volume water.
15 LC Protocol: Observed, 254 nm. Solvent system, acetonitrile (0.1 % formic acid)
and water (0.1 % formic acid). Column, XTerra MS C-18 3.5 uM (2.1 x 50 mm)}, 30

C oven temperature. Run time, 10 min. Flow rate 0.3 ml/min.

Inlet Method: :
Time % acetonitrile (0.1 % formic % water (0.1 % formic acid)
{min) acid)
0 10 o0
5 1] 10
7 90 10
7.5 10 20
20
NMR. Protocol

Analysis was carried out on a VarianMercury 300 MHz NMR. Samples were
analyzed in either chloroform-D or dimethyl sulfoxide- Dg. For chloroform-D
samples, tetramethylsilane (TMS) was used as an internal standard with the TMS

25  resonance set to a chemical shift of 0.00 ppm for "H NMR spectra. The *C NMR
spectra were set to the internal residual chloroform resonance at 77.23 ppm. For
dimethyl sulfoxide-Ds, the residual central resonance peak at 2,54 ppm for YH and
39.51 for °C was used as reference for chemical shift assignment. DEPT
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the training object renders it famliar to the animal, and it then spends
nore time 30 exploring the new novel object rather than the famliar one
(Bourtchoul adze, et. al., Proc Nall Aced Sc! USA, 2003, 100, 10518-10522).
Recent neuroi magi ng studies in humans denonstrated that nmenory in object
recognition depends on prefrontal cortex (PFC) (Del bert, et. aL. Neurol ogy,
1999, 52, 1413-1417). Consistent with these findings, rats with the PFC

| esi ons show poor working nenory when they are required to discrimnate
between fam liar and novel objects (Mtchell, Laiacona, 5 Behav Brain Res,
1998, 97, 107-113). O her studies on nonkeys and rodents suggest that the
hi ppocanpus is inportant for novel object recognition (Teng, a. at, J.

Neur osci, 2000, 20,3853-3863; Munmby, Brain Res, 2001, 127, 159-181). Hence,
obj ect recognition provides an excell ent behaw oral nodel to evaluate

dr ug- conpounckxpéteaitsare exgregat ini e >*CaRMRABENS bamettivh dhthéir Rispéction Of

hi ppocanpus e opr o initiation of training, aninials were
handl ed for gﬂ%ﬁﬁrl? tgrél agﬁg}{; Trai ning and testing were perforned
identically for mce and rats ‘with an exception of training apparatus

di mensions (for mce: a Plexigl ﬁeﬁ%w@hxé:ﬂﬂ@sfﬁb W38 cm and H=20 cm for
rats: a Pl eX| gl as box of L=70 cm cm an 5cm. The day before
traini ng, San IPgERAiRieBitroge sPRIainpg heseragictic fienes were preppried s Blypietet us | ocat ed
15 in a di m ypeldwt. room and allowed to habituate to the environnment for 15
m nutes (also see Pittenger, et. at, Neuron, 2002, 34, 447-462; and
Bourtchoul adze, et. at, Proc Nat! Acad Sci USA, 2003 100, 10518- 10522).

Trai ni ng was # B ted 24h g% s;qr&g%esl‘rum&pmluatl aRi r%I ed
back into the kisdni ngHox= ooarmomed two | erjfl cal Jo ects (eJg. a
smal | conus-shapg object),_ .and Wa'?—a'l—l—owed—t—o*exﬁ d're trf’es 20 obpetis. The
obj ects were placed into the central area of the bdk and The spat | aI
position of objects (left-right sides) was countehBdl ancedzhet weerfi:
subjects. Aninmals were trained for 15 mnutes. To test for nenory
retentiong animals were observed for 10 minutes 24 hours after training. A
rodent was presented with two objects, one of which was used during

trai ni ng, andrepseativadisamplgh Ui Benzyl 368~ (2 heeyhenzybpipatizine -3dsliag novel (e.g
a smal |l pyrarg Qslﬁt'ftﬁﬂﬁmzeﬁ&ﬂmyl-uahén%%ﬁwt(b% Sgt hﬁmﬂfoﬁ% UNIF‘@IS':H!D) W& get s dO
ub

not differ in snell, after ,each experinental apparatus and the

obj ects wer e TeRGH StAPAIEAIY RHQB{203 296> gHmad, DA (4E$F’éej2%1ﬁ’&"q})ehlrl | ated for
a few m nut esbenzylglycmeTémylextpﬁazwmmm&enw::demwescb %asazﬂnayembead vi deo

canmera system re t server and the

fol | ow ny%beﬁ%f\'i’*t afPlu B“B&*‘rgﬁé‘{e&? tﬁﬁ%&ﬁ%?ﬁ?ﬁﬁ’m ISREYA orati on of
an each obj egoured hetommrt ofENGICld &P b)) and B0 A0f(50 hﬂ..)oﬂ’heo:tgamc pomiber of
approaches t Qs Q%apﬂéd%td%hrﬂ%? gxtl'dc{:gﬁ \nﬁlihaat s%.mgd if&ICOz solution (50 mL) follow

by brine (50 mL). The organic phase was dried over MgSQy, filtered and evaporated

to an oil, which was purified by silica gel flash chromatography with 20% then 30%
20  EtOAc/hexanes as eluant to afford product as a solid (4.31 g, 95%). LC/MS 7.43 min,
[M+1]" 455.

The coupled product was dissolved in 4N solution of hydrogen chloride in 1,4-
dioxane and stirred for 3 hr at room temperature then evaporated to dryness and

25  placed on a2 vacuum pump for 24 hr. The crude deprotected material was then
dissolved in MeOH (10 mL) and treated with a saturated aqueous solution of
NaHCOQOj; (~10 mL). The solution rapidly solidified and the resulting paste filtered
with the aid of water and air dried to provide solid product (2.83 g, 97%). 'HNMR
(DMSO-4) 2.28 (5, 3 H), 2.53-2.55(m, | H), 2.83 (d,J=17.1,1 H), 3.05(dd, J =
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first approach to an object. The discrimnation index - nenory score - was
determ ned as described previously (Ennaceur, Aggleton, Behav Brain Res,
1997, 88, 181-193; and Bourtchoul adze, et. al, Proc Nall Acad Sci USA,
2003, 100, 10518- 10522). This Data was anal yzed by Student's unpaired |
test using a software 5 package (Statview 5.0.1; SAS Institute, Inc). All
values in the text and figures are expressed as nean + SEM The
invention will now be illustrated by the following non-linmting exanples.
LC/ M5 Protocol 10 Equi prnent: Waters 2695 Separations Unit, 2487 Dual
Absor bance Detector, Mcromass ZQ fitted with ES!' Probe. Sanple
Preparation: Materials dissolved in acetonitrile and diluted with equal
vol une water. 15 LC Protocol: Observed, 254 nm Sol vent system

0, 0 . .
rer a MG G 16 55 (208 (G- 5 (gL BESGANE T Lhbed BE A8k o o 10
mn. Flow ratg), Q.39 @] y=145, 1 A),al4oN@ot4.5,Ti HES 83:6:9)3 (fh REDI 1O (X F=6.3,0. 1 %
formc acid) panafer, (9, (VT{S V5 F2PE) Dy, 7.33-7.41 (m, 3 H), 8.35 (br d, T=2.6, 1
H). BCNMR 19.3 (CHs), 36.2 (CH), 48.3 (CHa), 48.5 (CHy), 55.7 (CH), 125.5
5 (CH), 126.8 (CH), 127.5 (CH), 128.2 (CH), 128.5 (CH), 130.2 (CH), 130.5 (CH),
134.1, 135.8, 136.9, 164.9, 166.0, LC/MS 3.78 min, [M-+1T* 309.

Preparative Example 2: I-Benzyl-3(R)-(benzyl)-piperazine -2,5-dione
Colorless solid (88%); 'H NMR (DMSO-4) 2.69 (d, ] = 17.1, 1 H), 2.93 (dd,J =

10 13.6,4.8,1H),3.20(dd, J=13.6,4.2,1 H),3.49(d,J=17.1, 1 H),4.22 (d, J = 14.5,
1 H), 431 (m, 1 H), 4.63 (d,J = 14.5, 1 H), 7.11-7.25 (m, 7 H), 7.32-7.38 (m, 3 H),
8.379 (s, 1 H). LC/MS 4.98 min, [M+1]" 295

Preparative Example 3: /-Benzyl-3(S)-(3 -methylbenzyl)-piperazine -2,5-dione
15  Colorless solid (100%); "H NMR (DMSO-4) 2.23 (s, 1 H), 2.53-2.55 (m, 1 H), 2.78
(d,J=17.1,1H),2.91 (dd,T=13.4,4.8, 1 H), 3.15 (dd, J=134,4.0, 1 H),3.50(d,J
=17.4, 1 H), 4.24-4.29 (m, 2 H), 4.59 (d, J = 14.5, 1 H) 6.89-6.92 (m, 1 H), 7.01 (br
s, 1 H), 7.05-7.06 (m, 2 H), 7.12-7.16 (m, 2 H), 7.30-7.37 (m, 3 H), 8.35 (brs, 1 H).
3C NMR 20.9, 48.3, 55.5, 127.0, 127.3, 127.4, 127.9, 128.0, 128.5, 130.7, 135.5,
20 135.7, 137.0, 164.9, 165.4, LC/MS 4.53 min, [M+1]" 309.

Preparative Example 4: [-Benzyl-3(S)-(4 -methylbenzyl)-piperazine -2,5-dione
Colotless solid (94%); 'H NMR (DMSO-4) 2.25 (s, 3 H), 2.53-2.55 (m, 1 H), .2.69
(d,J=174,1H),2.89(dd,J=134,4.6,1 H),3.15(dd, Y= 13.4,4.0,1 H), 3.49(d,J

25 =17.1,1H),4.20(d,J=14.3, 1 H),428 (brt,J=4.0, 1 H), 4.64 (d, = 14.5, 1 H),
6.97 (m, 4 H), 7.14-7.17 (m, 2 H), 7.33-7.36 (m, 3 H), 8.35 (brs, 1 H). "C NMR
20.6, 38.8, 48.2, 48.3, 55.6, 127.4, 128.3, 128.4, 128.6, 129.9, 1323 135.7, 135.7,
164.9, 165.4. LC/MS 4.01 min, [M+1]" 309,

30 Preparative Example 5: 1-Benzyl-3(S)-(2 -methoxylbenzyl)-piperazine -2,5-dione
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Colorless solid (78%); 'H NMR (DMSO-4) 2.99 (dd, J=13.4, 5.9, 1 H), 3.14 (obs
dd,J=134,53,1H),3.19 (obs d, = 17.1, 1 H), 3.51 (d, J=17.1, 1 H), 3.78 (s, 3
H), 4.15-4.20 (m, 1 H), 447 (s,2H) 6.75 (t, = 7.5, 1 H), 6.97 (d, J = 8.1, 1 H), 7.03
(dd, I =7.3, 1.5, 1 H), 7.22-7.28 (m, 3 H), 7.33-7.42 (m, 3 H), 8.12(d, F=2.2, L H).
LC/MS 5.02 rain, [M+1]* 325.

Preparative Example 6: 7-Benzyl-3(S)-(3 ~methoxylbenzyl)-piperazine -2,5-dione
Colorless solid (60%); "H NMR (DMSO-4) 2.86 (d, ¥ = 17.6, 1 H), 2.92 (obs dd, J =
134,4.6,1H),3.17(dd, J=13.4,42,1H),3.52(d,J=174,1H),3.72 (s, 3H),
427(d,J=147,1 H), 432 (m, 1 H),4.60(d, J=14.5,1 H),6.69(d,J=7.5,1 H),
6.75 (m, 1 H),6.83 (dd, 7=8.1,24,1H),7.07(d, J=7.9, 1 H), 7.11-7.14 (m, 3 H),
7.30-7.36 (m, 3 H), 8.39 (s, 1 H). LC/MS 4.95 min, [M+1]" 325.

Preparative Example 7: J-Benzyl-3(S)-(4 '-methoxylbenzyl)-piperazine -2,5-dione
Colorless solid (83%): "H NMR (DMSO-z) 2.64 (d, J=17.4, 1 H), 2.84 (dd, J =
13.6,4.6,1H),3.13(dd, J=13.6,3.7,1H),349(d,TJ =174, 1 H), 3.71 (s, 3 H),
4,15(d,J=14.5,1 H),4.25(m, 1 H), 4.69(d4, J=14.5, 1 H), 6.67 (4, J=8.8,2 H),
6.97 (d, J=8.8,2 H), 7.16-7.19 (m, 2 H}, 7.35-7.37 (m, 3 H}), 8.34 (d, J =2.3, 1 H).
LC/MS 4.93 min, [M+17" 325.

Preparative Example 8: [/-Benzyl-3(S)-(4 -ethoxylbenzyl)-piperazine -2,5-dione
Colorless solid (90%); 'H NMR (DMSO-4) 1.33(t, J=7.0,1H),2.64(4,7=174,
1 H),2.84 (dd,J=13.6,4.8,1 H),3.12(dd, J=13.6,3.7, | H), 348 (4, J=17.1, 1
H), 3.91-3.99 (m, 2 H), 4.17 (4, J=14.5, 1 H), 4.24 (brs, 1 H),4.67 (4,1 =145, 1
H), 6.66 (d, Y=8.6, 2 H), 6.96 (d, Y = 8.8, 2 H), 7.16-7.19 (m, 2 H), 7.34-7.37 (m, 3
H), 8.35 (brs, 1 H). LC/MS 4.33 min, {M+1]" 339.

Preparative Example 9: I-Benzyl-3(S)-(2-phencthyl)-piperazine -2, 5-dione

Colorless solid (92%); "H NMR (DMSO-4) 2.02-2.11 (mn, 2 H), 2.64-2.71 (m, 2 H),
3.83(d,¥=17.1,1H),3.95(4,1=17.4,1 H), 4.00-4.0L {m, 1 H),452(d,J=14.7,1
H), 4.63 (d, J = 14.7, 1 H), 7.19-7.42 (m, 10 H), 8.55 (brd, J= 1.8, 1 H). "CNMR
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NMVR Pr ot ocol Anal ysis was carried out on a VarianMercury 300 Mz
NVR. Sanpl es were anal yzed in either chloroformD or dinethyl

sul f oxi de-138. For chloroform|) sanples, tetranethylsilane (TM5) was used
as an internal standard with the TM5 25 resonance set to a chem cal shift
of 0.00 ppmfor Il NWVR spectra. The 13C NVR spectra were set to the

I nternal residual chloroformresonance at 77.23 ppm For dinethyl

sul f oxi de-D8, the residual central resonance peak at 2.54 ppmfor 111 and
39.51 for 13C was used as reference for chem cal shift assignment. DEPT
experinments are expressed in the 13C NVR |istings by notation of their
respective multiplicity: CH CH2, and CH3. PAwarative Exanples 1-20 5

I nt er medi at e nitrogen containing heterocyclic di ones were prepared as
|IIustrated bel o par ative_ Exa

|t hyt benzy A0 Pefdi 4% S0 b R8T 3 100t 48 TaRe, 1364, 14T, 16335

Boc- 2- met hyl - igsphanyived 472 fgn, (14+19 399. 10 nmmol ) in DMF (25 NIL) was treated
sequentially with HOBt (2.03 g, 15 muol), DI EA (4.35 nL, 25 nunol),

Nbenzyl gl yci ne ethyl ester (2.03 ni, 11 nunol), and HBTU (5.69 g, 15 mmol).
The Preparative Example 10: 7-Benzyl-3(R)-(2-phenethyl)-piperazine -2,5-dione

5  Colorless solid (92%). LC/MS 5.32 min, [M+1]" 309.

Preparative Example 11: [-Benzyl-3(S)-(3-phenyipropyl)-piperazine -2, 5-dione
Colorless solid (91%); "H NMR (DMSO-4) 1.60-1.68 (m, 2 H), 1.75-1.84 (m, 2 H),
2.61 (t,J=7.6),3.77(d,J=173,1H),3.87(d,J=173,1H),447(d,1=149,1H),

10 4.62(d, J=14.6, 1 H), 7.20-7.23 (m, 3 H), 7.27-7.41 (m, 7TH), 8.42 (d,J=2.3, 1 H).
LC/MS 5.59 min, [M+17" 323,

Preparative Example 12: I-Benzyl-3(5)-(1 -naphthylmethyl)-piperazine -2,5-dione
Colorless solid (89%); "H NMR (DMSO-4) 2.96 (d, J = 17.1, 1 H), 3.41 (d, T=17.1,

15 1 H),3.50-3.64 (m, 2 H), 4.35 (m, 3 H), 7.06-7.09 {m, 2 H), 7.29-7.38 (m, 5 H), 7.53-
7.63 (m, 2 H), 7.84-7.87 (m, 1 H), 7.97 (dd, J= 7.3, 2.4, 1 H), 8.18 (d, I = 7.5,  H),
8.37(d, J=2.9,1H)). "CNMR 36.0, 48.3,48.4, 55.8, 124.0, 125.2, 125.6, 126.1,
127.4, 127.9, 128.5, 131.9, 132.2, 133.4, 135.8, 164.9, 165.9. LC/MS 4.72 min,
[M+17" 345,

20
Preparative Example 13: I-Benzyl-3(S)-(2 -naphthylmethyl)-piperazine -2,5-dione
Colorless solid (92%); "H NMR (DMSO-4) 2.8t (d, J=17.1, 1 H), 3.14 (dd, J =
13.6,4.8, 1 H), 3.39 (dd, T =134, 4.4, 1 H),3.52(d, =174, 1 H),4.19(d, J = 147,
1 H), 4.68 (d, J= 14.5, H), 7.01-7.03 (m, 2 H), 7.13-7.17 (m, 2 H), 7.23 (d, 1= 7.3, |

25 H),7.31(dd,J=8.6,1.5,1H),7.51-7.56 (m, 2 H), 7.70 (s, L H), 7.74 (d, T =84, 1
H), 7.82-7.84 (m, 1 H), 7.88-7.91 (m, 1 H), 8.50 (s, 1 H) ). *CNMR 39.2,48.3,
48.3, 55.6, 125.7, 126.0, 127.3, 127.5, 127.5, 127.5, 127.9, 128.2, 128.3, 128.7, 131.9,
132.8, 133.5, 135.6, 164.7, 165.3. LC/MS 4.72 min, [M+17" 345.

30 Preparative Example 14: I-Benzyl-3(S)-(4 -biphenylmethyl)-piperazine -2,5-dione
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15 resulting solution was allowed to stir for 16 hr after which tine the

m xture was poured onto a mxture of 1 N HCL (50 nm.) and EtOAc (50 nmL). The
organi c portion was separated and further extracted with a saturated NaHCGO3
solution (50 nL) follow by brine (50 nmL). The organi c phase was dried over
MySH4, filtered and evaporated to an oil, which was purifi-ed by silica gel
flash chromat ography with 20% t hen 30% 20 Et OAc/ hexanes as eluant to afford
product as a solid (4.31 g, 959%9. LC/ M5 7.43 mn, [M1l]+ 455. The coupl ed
product was di ssolved in 4N solution of hydrogen chloride in 1,4- dioxane
and stirred for 3 hr at roomtenperature then evaporated to dryness and 25
pl aced on a vacuum punp for 24 hr. The crude deprotected material was then
di ssolved in MeOH (10 xnL) and treated with a saturated aqueous sol ution of
NaHCO3 (-10 nL). The solution rapidly solidified and the resulting paste
filtered w t hColodesaisalich{o9%es &W@Mﬁ&ﬂk]fém(daJprIG\fﬁ,déI)sbﬂ(ddeEduct (2.83

, 97% . 111 3 d J
9 17_1/? . {‘M{zﬁsp:fgg 823 (&1, 141@ %3 ﬁhl %ﬁ%ﬁ? didﬁ),zt]is'@gf 8?4 ( :
3.46 (d, 1 L FDMA-T3( = 1&2211!)1 1957.20m, # 1)) 732783 (pai2 ), Z3%2.58 (m;L4H) 4 49
(d, J = 14. S5, Hﬂ-m'ﬁéﬁén,@ﬁ)gﬂ!lm s,lﬂj) lstﬂﬂk @gﬂ AOS'nZetlé’leﬂer@onaﬂcell 7. 14
(m 2 H), -2 é 0. ngbl 1? %1(11 = 2 6, 1
H. 13C N spiveng, /i ?tﬂ%‘?PTE@egme@«l 8.3, 484555511262, 19647 ,
125.5 5 (CH), 121;25 187.6Q28)4, 1424,.1530.6134,8, 1287 aseqmgs 1839516(5@4)ch£4(90 (CH,
130.5 (CH), 134, hgli]ﬁ 369 164.9, 166.0. LG/ M5 3.78 mn, DA+ 1 r 309.
Preparative rrgﬁxi enzyl- 3(R) - (benzyo- pi perazi ne -2, 5- d| one
Colorless solid (88%; 111 NWR (DVMSO-d6) 2.69 (d, | = 17.1, 1 , 2.93 (dd,

R ey Y YD AU
7.11-7. zsﬂin quorlssssqlaw?/oéasr( OMPO- RN E= 17.11) H),L3€51|\(f8¢47=98 mn,
[ Mkl T 295 Pr epred,als, Y enEx a0, ¢=3145| 11:136‘4160'& B4 4ia, 1= 4.6, 11-%480-483

L D60 0 0 G i b

H)d 1= 13. 4,124.812715,HP8.23128, (1d8l9, 12932, 1793%13?:61913636 Irao4314£(50 MBOHS: 17. 4 o
4. 244 29 59 14.5, 1 H 6.89-6.92 (m 1 H), 7.01
(br s, | %&&’%iﬁ%m “"1]%3 Y 7.16 (m 2 H, 7.30-7.37 (m 3 H),
8.35 (br ﬁ "1 H). 13C NMR 20.9, 48.3, 55.5, 127.0, 127.3, 127.4, 127.9,

128

-0, 128. 5, prd3fative ExARMpR16: 1-Benzyl-3¢5)-(cyclohexyimethyl)-piperazine -2,5-dione
Colorless solid (93%); "H NMR (DMSO-g5) 0.84-0.99 (m, 2 H), 1.12-1.24 (m, 3 H),
1.46-1.80 (m, 8 H), 3.75 (d, J=17.1, 1 H), 3.93 (obs m, 1 H), 3.94 (d,J=17.1, 1 H),
4.49(d,7=14.7, 1 H), 4,60 (d, ] = 14.7, 1 H), 7.27-7.42 (m, 5 H), 8.46 (s, 1 H). 1°C
20 NMR 25.6,25.8,26.0, 31.9, 32.8, 33.2, 40.9, 48.4, 49.0, 52.5, 127.4, 127.8, 128.6,
136.4, 165.4, 167.0. LC/MS 4.84 min, [M+1]* 301.

Preparative Example 17: Tetrahydro-1, 3-bis(phenylmethyl)-(3S)-1H-1,4-Diazepine-
2,5-dione, CAS [612844-06-1]; Colorless solid (64%); "H NMR (DMSO-4) 2.15-
25 2.27(m, 1 H), 2.43-2.51 (m, 1 H), 2.84 (dd, J = 14.3, 7.7, 1 H), 3.11-3.21 (m, 2 H),
4.00-4.10 (m, 1 H), 4.50 (d, J= 14.9, 1 H), 4.58 (d, ] = 14.7, 1 H), 4.77-4.82 (m, 1 H),
7.16-7.53 (m, 10 H). PCNMR 34.8, 35.3,42.1,49.4, 52.8, 126.2, 127.2, 127.7,
128.1, 128.5, 129.4, 137.9, 138.2, 170.7, 170.9. LC/MS 5.30 min, [M+1]* 309.

30  Preparative Example 18: Tetrahydro-1, 3-bis(phenylmethyl)-(3R)-1H-1,4-Diazepine-
2,5-dione. Colorless solid (57%). LC/MS 5.30 min, [M+1} 309.
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20 135.7, 137.0, 164.9, 165.4. LC/ M5 4.53 mn, [Mtlr 309. Preparative
Exanpl e 4: 1-Benzyl-3(S)-(41-nethyl benzyl)-pi perazine -2,5-dione Col orl ess
solid (94% ; NVR (DVSO-d6) 2.25 (s, 3 H), 2.53-2.55(m 1 H), .2.69 (d, J =
17.4, 1 H, 2.89 (dd, J = 13.4, 4.6, 1 H, 3.15 (dd, J = 13.4, 4.0, 1 H),
3.49 (d, J 25 =17.1, | H, 4.20 (d, J =14.3, 1 H,4.28 (br t, 1=4.0, 1
H,4.64 (d, J=14.5, 1 H, 6.97 (m 4 H), 7.14-7.17 (m 2 H), 7.33-7.36 (n,
3 H, 835 (hr s, 1 H. 13C NWR 20.6, 38.8, 48.2, 48.3, 55.6, 127.4, 128.3,
128.4, 128.6, 129.9, 132.3, 135.7, 135.7, 164.9, 165.4. LC/ M5 4.01 mn,

[ Mt r 309. 30 Preparative Exanple 5: 1-Benzyl-3(S)-

" - met hoxyl benzyO- pi perazine -2,5-dione Colorless solid (78% ; NMR ( DVSO da)
2.99 (dd, J = 13.4, 5.9, 1 H, 3.14 (obs dd, = 13.4, 5.3, 1 H), 3.19 (obs
d J=17.1, 1 H, 3.51 (d, J 17.1, 1 H, 3.78 (s, 3 H, 4.15-4.20 (m 1
H),447(s 2 11) 6.75 (t, J 7.5, 1 H, 6.97 (d, J =8.1, | H, 7.03

(dd, J = 7. 3Pre&ar§ncyc]ﬁmzple7 1922Te}ag_§ir£zm 5-BistDhen m%yﬁ-{.‘f@ JH-D4-DiakdpineS. 12 (d,

. Exampl.e. 6:
1- Benzy1- 3( S7dionemEioksiess %ﬁi%bl H]éﬂw%@@dsé'eg ?%hé?éﬁrg ’é’g % solid
(609 ; NIVR ( Dtvﬁ,OJdQ); 224.86) 14 31713.19 Gh, 1 ), KI0B (s, 2 1924691 241, 7.279403mgd, 4.6, 1

A (éddl ﬂﬁ"}s@élhy%zzﬂé %Wﬂ‘fzsés?al;ﬁﬁ 712'3_{)2?%6(29 ?4H)1_

7.5, 1 H), 617%2,(12p.11124)2, 160.8313(7cdd 138]13,-168.811712. 4.C/MIH. 14ﬁumIM(*ﬂ] .9, 1
, 7.11-7. 1?)? rn 3 H, 7.30-7.36 (m 3 H, 839 (s, 1 H). LC/MS495rain,
[ MF1] * 325. éparative Exanple 7:
1- Benzyl- 3(3)-(4'-tnethoxyl benzyl) - pi perazi ne -2, 5-di one
Preparative Example 20: Tetrahydro-1, 5-bis(phenylmethyl)-(SR)-1H-1,4-Diazepine -

10  3,7-dione. Colorless solid (32%). LC/MS 5.14 min, [M+1]" 309,

<

Preparative Examples 21-42
As illustrated below, the dione heterocycles were reduced to provide the nitrogen

containing heterocycles.
15
boc boc R boc
R HIO Zzln o R HTO 1b %C;HSTEA. DoM R\[':I:L Rz/li) (N)
OIN r © Nj g—u. 2. 10% Pd/C, Hy, ED-GDpsl R ” N
bn b o  bn MaOH H

Preparative Example 21: 2(S)-NI BOC-2-(2 -methylbenzyl)piperazine.

20  1-Benzyl-3(S)-(2-methylbenzyl)-piperazine -2,5-dione (617 mg, 2 mmol) in THF (10
mL) was treated with a 1N THEF solution of LAH and heated at reflux for 6 h. The
reaction was then cooled to room temperature and quenched dropwise with a 15%
aqueous NaOH solution (0.5 mL) followed by water {1 mL). The resulting mixture
was treated with a smali amount of MgSQ., and filtered through a pad of Celite® with

25  the aid of EtOAc. The organic filtrate was then evaporated to an oil, dissolved in
CH,Cl; (5 mL), and treated with TEA (560 uL, 4 mmeol) and BOC anhydride (640
mg, 3 mmol). The reaction was stirred for 3 h after which time and additional portion
of CHzC); (10 mL) was added and the solution washed with a saturated aqueous
solution of NH4C1 (15 mL) followed by brine {2 x 10 mL). The organic portion was

30  dried over MgSQ, filtered and evaporated to an oil which was purified by silica gel
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15 Colorless solid (83%; NVR (DMSO-46) 2.64 (d, | = 17.4, 1 H, 2.84 (dd,

| =13.6, 4.6, 1 H), 3.13 (dd, 1=13.6, 3.7, 1 H), 3.49 (d, | =17.4, 1 H,
3.7 (s, 3 H, 415 (d, J =14.5, 1 H, 425 (m 1 H, 4.69 (d, J =14.5, 1
H, 6.67 (d, J =8.8, 2 H, 6.97 (d, J =8.8, 2 H, 7.16-7.19 (m 2 H),
7.35-7.37 (n, 3 H, 834 (d, J =2.3, IN. LM 4.93 mn, Dmif 325. 20
Preparative Exanple 8: | -Benzyl-3(S)-(4 tethoxyl benzyl)-pi perazine
-2,5-dione Colorless solid (90%; NVR (DVS0-46) 1.33 (t, J =7.0, 1 H, 2.64
(d, I =17.4, 1 H, 2.84 (dd, J =13.6, 4.8, 1 H, 3.12 (dd, I = 13.6, 3.7,

1 H), 3.48 (d, .1=17.1, 1 H), 3.91-3.99 (m 2 I1), 4.17 (d, J = 14.5, 1
H, 4.24 (br s, 1 H, 4.67 (d, J = 14.5, 1 25H), 6.66 (d, J-= 8.6, 2 H,
6.96 (4,1 =8.8, 2 H, 7.16-7.19 (m 2 H, 7.34-7.37 (in, 3 H), 8.35 (bra,
1 H. LM 4.33 min, [M1]+ 339. Preparative Exanple 9:

1- Benzy1-3( ) ﬂésﬂnmwgmﬂh § wWRihNBHARIONR /edares B4 ket (Pdffrd pan&i@bhd (9299 ; NMR

I T SRR
-= in, : r = :
(SR, 30l ol b B 4T b ot 175,
Exanple 1G 1@}3«@4&!@@3&1&( wtrpgeayfort hipin) fO}iO\p@lﬂazaddmon@f SO'H»lmﬂaﬂlﬁn@ui- orl ess

solid (92%. &Y na%g],%ea d at ~50-
1- Benzyl- 3(9) eny 6%11‘881?8&'\/3“076)]11:  PRokAl, | one Ior ggréaste sact)l isd (91%;

NMVR_( DVO- d6) ﬁfhpssgydfow for ¢fi P{Eﬂc P%qmm ijas filterpd thyoyph aad of = 7 6) |
3.77 (d, J = édige®lTH m‘g&ug ﬁltf&la was evaporﬂtZd gad dissbived ﬂnﬁloﬁ(iw 31L§ addt. 9, 1 H),
filtered through a nylon syringe filter (0.45 micron, 13 mm) to remove traces of
10  paliadium-on-carbon. The organic filtrate was again evaporated to afford a clear
colorless oil (875 mg, 96%);. 'H NMR (CDCls) 1.33 (s, 9 H), 2.39 (s, 3 H), 2.67-2.91
(m, 4 H), 2.93-3.22 (m, 3 H), 3.95 (brd, J=12.5, 1 H), 421 (br t, 1 H), 7.09-7.16 (m,
4H). PCNMR 19.7 (CHs), 28.5 (CHs), 32.7 (CH,), 33.2 (CH,), 46.3 (CHy), 47.6
{CHy), 51.5 (CH), 79.7, 126.1 (CH), 126.6 (CH), 126.9, 130.4 (CH), 130.5 (CH),
15 1369, 137.5. LC/MS 4.09 min, [M+1]" 291,

Preparative Example 22: 2(R)-N! BOC-2-(benzyl)-piperazine
Colorless waxy solid (89%, 96%); LC/MS 3.90 min, [M+1]" 277.

20  Preparative Example 23: 2(5)-NI! BOC-2-(3 -methylbenzyl)-piperazine
Colorless oil (84%, 92%); LC/MS 4.14 min, [M+17" 291,

Preparative Example 24: 2(S)-NI BOC-2-(4 -methyibenzyl)-piperazine

Colorless oil (86%, 94%); LC/MS 4.10 min, [M-+1]" 291.

25 '
Preparative Example 25: 2(S5)-N1 BOC-2-(2 -methoxylbenzyl)-piperazine
Colorless 0il (83%, 94%); LC/MS 3.92 min, [M+1]" 307.

Preparative Example 26: 2(S}-NI! BOC-2-(3 -methoxylbenzyl)-piperazine
30 Colorless oil (47%, 83%); LC/MS 3.84 min, [M+17" 307.
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10 4.62 (d, J

1-Ben2yl1-3(S)-(1 ' -
(89%: 111 NMR (

H, 3.50-3.64 (m

H, 7.53- 7.63 (n, 2
8.18 (d, | = 7.5, 1
55.8, 124.0, 125.2,
135.8, 164.9, 165.09.

1 H, 3.39 (dd, J =
14.7, 1 H), Pr&Srdtive

H, 7.20-7.23 (m 3 H), 7.27-7.41 (m 7 H),

pl a
do)

= 14.6, 1 8.
(d, J= 2.3, 1 H) LC/I\/IS 5.59 min, [MH]4 323. Preparative Exanple 12:
na I
O

42

tyl met hyl ) - pi perazi ne -2,5-dione Colorless solid
2.96 (d, J =17.1, 1 H), 3.41 (d, J = 17.1, 151

2 H), 4.35 (in, 3 H), 7.06-7.09 (m 2 H), 7.29-7.38 (n, 5
H, 7.84-7.87 (n, 1 H, 7.97 (dd, .1= 7.3, 2.4, 1 H),
H, 837 (d, J =2.9, 1 H ). 13C NVR 36.0, 483, 48.4,

125.6, 126.1, 127.4, 127.9, 128.5, 131.9, 132.2,

133. 4,

LCOMS 4.72 min, [Ml r 345. 20 Preparative Exanple 13:
1-Benzyl-3(S)-(2 '-naphthyl nethyl)-pi perazine -2,5-dione Colorless solid

(929%; IHNIVIR (DMSO-d6) 2.81 (d, J =17.1, 1 H), 3.14 (dd, J = 13.6, 4.8,
13.4, 4.4, 1 H, 3.52 (d, | =17.4, 1 H, 4.19 (d, J =

Example275 2(9WN! BOC-D-(7 -0@thosylb@ni)-piperak®e 7. 17 (i n,

2 H,

7.23'(d, 1 = - 1 N ,751756 2 H).
7.70 Es, 1 H)?"'g"."i?élm?@ﬁ)”f 88: Eﬁ&isi 74'“’§7ﬁ'§+1]]7§%4 (m 1H, 7. 88- (7m91 (.H%,

1 H, 850 (s, 1 H ). 13C NVR 39. 2, 483 48.3, 55. 6, 125 7, 126.0, 127.3,

127.5, 127. 5, prdaars
135. 6 164.7. To5 3.

1- Benzy1- §( S)Cc(lgl‘?sbﬁlb 2791 SFEON - OMp |4r5‘é g EFL 23%1- di one

(99% THNMVR ( DVBO- a
. 3.23 (dd, 3,
T)Hl 4. 73((d Pr?"mjf‘fﬁ

7.39-7.53 (i r;olerldss oil 8362 98%35LCAVIS 2. IBmingMIT(291.1 H) .

(et hyl ene resonance

10  Preparative

B%Z%R/B,zs@?)awﬁ@@ﬁ@ }%?Zben%»?&l%ﬁem}z%@ 8, 133.5,

usm1

reparative Exanple 14:
Col orless solid

) 2.78 (d, J = 17.4, 1 11), 2.97 (dd, J = 13.4, 4.8, 1

R e N LN

Example 30: 2(R)-NI BOC-2-(2-phenethyl)-piperazine

Colorless oil (85%, 96%); LC/MS 4.14 min, [M+17]" 291.

Preparative

Example 31: 2(S)-N1 BOC-2-(3-phenylpropyl)-piperazine

Colorless oil (97%, 89%); LC/MS 4.32 min, [M+1]" 305.

15
Preparative

Example 32: 2(8)-N1 BOC-2-(1 -naphthylmethyl)-piperazine

Colorless waxy solid (84%, 90%); LC/MS 4.35 min, [M+1]" 327,

Preparative

Example 33: 2(§)-N1 BOC-2-(2'-naphthylmethyl)-piperazine

20  Colorless oil (73%, 98%); LC/MS 4.39 min, [M+1]" 327,

Preparative

Example 34: 2(S)-N1 BOC-2-(4’-biphenylmethyl)-piperazine

Colorless waxy solid (66%, 99%); LC/MS 4.68 min, [M+1]" 353,

25  Preparative

Example 35: 2(5)-NI BOC-2-(diphenylmethyl)-piperazine

Colorless oil (35%, 92%); LC/MS 4.40 min, [M+1]" 353.

Preparative

Example 36: 2(5)-N1 BOC-2-(cyclohexylmethyl)-piperazine

Colorless oil (87%, 89%); LC/MS 4.43 min, [M-+1]" 283.

30

31

14. 5,

13C NWR 38 7, 40.3



5 obscured by solvent, visible in DEPT experinent), 48.3, 48.4, 55.5,
126.2, 126.4, 127.3, 127.5, 128.4, 128.4, 130.6, 134.8, 135.7, 138.4,
139.6, 164.9, 165.4. LC M5 5.39 mn, [MI-1r 371. Preparative Exanple 15:
| - Benzy1- 3(S)- (di phenyl met hyl ) - pi perazi ne -2,5-dione 10 Col orless solid
(999 ; 1HNMR (DMSO-a) 3.02 (d, | =17.1, 1 H, 3.51 (dd, J = 17.4, 4.8, 1
H, 4.20 (d, | =14.5, | H, 4.60 (s, 1 H, 4.61 (d, J =4.6, 1 H,
4.80-4.83 (m 1 H, 7.12-7.16 (n, 3 H), 7.22-7.38 (in, 12 H. 33C NWR 49. 3,
49. 4, 55.4, 59.0, 1273, 127.5, 128.2, 128.9, 128.9, 129.2, 129.3, 130.1,
136.6, 140.4, 141.1, 166.0, 166.6. LC/M5 5.28 mn, [ME1} 371. 15
Preparative Exanple 16: 1-Benzyl-3(S)-(cycl ohezylnethyl)-piperazine

, 5-dione Colorless solid (93%; NVR (DVSO-a) 0.84-0.99 (n, 2 H, 1.12-1.24
(n, 3 H, 1.46-1.80 (m 8 H, 3.75 (d, J =17.1, 1 H), 3.93 (obs in, 1 H),
3.94 (d J= 1Preparagiva-|)3?cam;a1497( d (Sh-2-Bertzdl-[ll, 4] dickbpand 1 GOrHotiyliclacid tdt-Bytyll H) ,
7.27-7.42 (meﬂen—{) 8.46 (s, 1 H). 13C 20NWR 25.6, 25.8, 26.0, 31.9, 32.8,
33. 2, 40 9, 4Golorlesppil(75%p93%); I/MF 3.99mirg [ME2E 28]. 136. 4, 165.4, 167.0.
LC/I\/S 4.84 mn, [I\/Hl 301. Preparative Exanple 17: Tetrahydro-1,

3-bithenyl Pé’ %ﬂg§ H-l 4 Di azepl ne2, 5-di one, CAS [612844- 06- 1] ;
Col or | ess P %23’12[1 i diazegane- bparbezylic apid terp-buyl 2 51 (m
1H),284(ddsterJ:143 77 1 ,311321(m 2H),400410(|n 1

" 4.50 (d, . ' 77-4.82 1H,
|7_|)16 7, 53((| né"‘ffli"”ﬁﬁ)""(%%%b?\ivfé ﬁ:/&fé%gs@m 2‘2’*1] Zﬁb 4, 52 8, 126(|2n 127.H)2,

127.7, 128.1, 128.5, 129.4, 137.9, 138.2, 170.7, 170.9. L MB 5. 30 m n,

[ Ml r 309. 30PRpapfveItav1d% 78)-2- Byl gwas!a E-1lcarboxylic acid tert-b
3-bi sVi enx& rreth I) (3R) - 1H1, rmJD az%gl glre cfg’?)‘ne e ox)éﬁcaecsste’s'tolum (57% .

LG/ M8 5.3 ”[Ml 1]t 3009.
Colorless oil (73%, 88%); LC/MS 4.57 min, [M+17" 291.

Preparative Example 40: (R)-7-Benzyl-[1,4]diazepane-1-carboxylic acid tert-butyl
ester

15  Colorless oil (71%, 88%); LC/MS 4.57 min, [M+17"291.

Preparative Example 41: (25,55)-2-Benzyl-5-methyl-piperazine-I-carboxylic acid

teri-butyl ester

Prepared from (38, 65)-6-methyl-, 1,3-bis(phenylmethy!)-2,5-piperazinedione (CAS
20  [561303-33-1]) Colorless oil (66%, 92%); LC/MS 4.26 min, [M+1]* 291.

Preparative Example 42: (25‘,5R)-Z-Benzyl-5-metkyl-ptperazine-l -carboxylic acid

tert-butyl ester

Prepared from (38, 6R)-6-methyl-, 1,3-bis(phenylmethyl)-2,5-piperazinedione (CAS
25  [850036-85-0]) Colorless oil (84%, 89%); LC/MS 4.46 min, [M+1]* 291.

Preparative Examples 43-48
Preparative Example 43: (R)-2-benzylmorpholine.

0 "n?

HN
30
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Preparative Exanple 19: Tetrahydro-1,

5-bi s(phenyl net hyl )-(5S)-1H 1, 4-Di azepine - 3,7-dione. Colorless solid
(31%; 111NWR (DVBO-d6) 2.64-2.81 (m 3 H, 2.94 (dd, J = 13.2, 4.4, 1 H,
3.71-3.78 (in, 1 H, 4.06 (s, 2 H, 4.59 (s, 2 H, 7.27-7.40 (m 5 10 H),

728 (d, | = 2.2, | H. 13C NWR 37.4, 42.7, 50.9, 52.7, 53.3, 127.2, 127.9,
128.2, 129.1, 129.2, 130.3, 137.9, 138.3, 168.8, 171.2. L M5 5.14 mn,
[ Mt r 3009. Preparative Exanple 20: Tetrahydro-1,

5- bi s(phenyl net hyl )-(51)-1H 1, 4- Di azepine - 10 3,7-dione. Colorless solid
(32%9. LC/MS 5.14 mn, [M1l+ 309. Preparative Exanples 21-42 As
i1lustrated bel ow, the dione heterocycles were reduced to provide the
nitrogen containing heterocycles. 15 Ryn Ol a. LAH THF, refluxR |b.
(BOC) 20, TEA, DCVMR N 1 r) z10% P& H2 . 50-00 Pe}" O bnMeOH

The title compound was prepared from (S)~(2,3-epoxypropyDbenzene by the method
of D'Arrigo, Lattanzio, Fantoni and Servi in Tetrahedron: Asymmetry, 1998, 9, 4021~
4026.

Preparative Example 44: 6R and 6S-(phenylmethyl)piperazinone.

y
HN  NH HN  NH

= ¢

(o] O

10  The title compound (6R)-isomer was prepared from N-Cbz-D-phenylalinal by the
method of DeLucca in US2003/0144277 Al describing the preparation of 6S-
(phenylmethyl) piperazinone (CAS [503186-95-6]) from N-Cbz-L-phenylalanal.
LC/MS 5.40 and 5.34 min, [M+1]" 191 and 191.

15  Preparative Example 45: 4-bromo-7-methoxy-spirofbenzofiuran-2(3H},1 -
cyclopentane] (CAS [185244-55-7])

The title compound was prepared from 5-bromo-i!—methoxybenzaldchyde by the
20 method of Van der Mey, Margaretha; et. al., Jowrnal of Medicinal Chemistry 2001,
44, 2523-2535,

Preparative Example 46: 6-Bromo-1-cyclopentyl-3methyl-1H-indazole.
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Preparative Example 21: 2(S)-Nl1 BOC 2-(2=net hyl benzyl ) pi perazi ne. 20
1-Benzyl- 3(S)-(2-nethyl benzyl)-pi perazine -2,5-dione (617 ng, 2 nunol) in
THF (10 inL) was treated with a IN THF solution of LAH and heated at refl ux
for 6 h. The reaction was then cooled to roomtenperature and quenched
dropwi se with a 15% aqueous NaOH solution (0.5 nL) followed by water (1
m.). The resulting mxture was treated with a snmall anmount of My804 and,
filtered through a pad of Celite(r) with 25 the aid of Et0OAc. The organic
filtrate was then evaporated to an oil, dissolved in CH2A 2 (5 nlL), and
treated with TEA (560 uL, 4 mol) and BOC anhydride (640 ng, 3 mmol ). The
reaction was stirred for 3 h after which tinme and additional portion of
CH2A 2 (10 nmL) was added and the solution washed with a saturated aqueous
solution of NRICL (15 nL) followed by brine (2 x 10 m.). The organic
portion was 30 dried over MgSH, filterqd and evaporated to an oil which
was purified by silica gel flash chrynmgtography with 15% Et 0Ac/ hexanes as
eluant to afford product as a colorless waxy solid (615 ng, 81% . LC/ NMS
5.44 mn, [Ml 381. The N -BOC N- 4- g ated solid (1.2 g, 3.15 mmol) was
di ssolved in MeOH (60 5 nL) and pur ged h-gpi trogen for 3 mn foll owed by
addition of 10% pal | adi um oncar bon (50%=ater content, 500 ny). The
reaction m xture was hydrogenated at -50- 60 psi hydrogen for 6h after
which time the mxture was filtered through a pad of CE|Ite§ 3. The organic
filtrate was Aesphysionaf éramu2 dugeoNvesthaxy-NaGHyl-henzamide (€A [B01308:38d t hr ough
a nylon syri Bgqidi kisifo. &%oﬁﬁnmﬁf@@maétm&& theafoR ot d PR IRon b9

pal | adi um on-¢ar bon. rgani.c filtrate was ag I n evaporated to afford a
cl ear col drl ese@ybwzr(esw lf-rgm'dgen/&wthﬂ Hthaok! ¢ ke S?niﬂ%hanesa logedfo 2 39 (s, 3
H), 2.67-2. Qatiwith stidringdo 08 342a LM h prribl), afidr @hich kfifnedhe actiod duikturd H), 4. 21

(hr t, 1 H, 7096nz GEY sal{%z}%ac NN@ougnf(%%l(%@bmﬁ%%%b 32.7
(o). 33,2 PR Thh gt SoLRqn g o)
126.6 ( CH) . (ZO.16L). TBO mixtiuHyss stB0atsd 4@ orgfid GorBponk By wished @imme 09 m n,
[Mr11+ 291. (2 x 50 mL), dried over MgSQ,, filtered, and evaporated to an oil which was purified
10 - by silica gel flash chromatography with 5% EtOAc/hexanes as elnant to afford 1-(4-
bromo-2-fluorophenyl)-ethanone as a liquid {(9.25 g, 85%). The ethanone (2.17 g, 10
mmol) was then dissolved in ethanoi (25mL), freated with hydrazine hydrate (535 ul
, 11 mmol), and heated at reflux for 8 h. The reaction mixtuare was then evaporated
and purified by silica gel flash chromatography with 30% then 60% EtOAc/hexanes
15  as eluant to afford the hydrazone as a solid (2.29 g, 99%). The hydrazone (3.69 g, 16
mmol) was then treated with ethylene glycol (25 mL) and heated at 165°C for6 h
afier which time the cooled reaction mixfure was poured onto water (100 mL). The

aqueous mixture was neutralized, with rapid stirring, using a small amount of an
aqueous saturated solution of NaHCOs to afford a pale yellow precipitate. The solids

20  were filtered, washed with water, and air dried to afford cyclized indazole product
(2.62g, 78%). The indazole (2.32 g, 11 mmol) was then dissolved in anhydrous DMF
(50 mL) and treated with a 60% dispersion of sodivm hydride in mineral oil (420 mg,
10.5 mmol}. Afier 30 min of stirring, cyclopentyl bromide (1.53 mL, 14.3 mmol) was
added and the reaction stirred for 24 h. The reaction mixture was quenched by

25  pouring onfo water (500 mL) which was neutralized with a small portion ofa 1 N
aqueovls HCI solution and extracted with EtOAc (2 x 200 mL, then 100 mL). The
combined organic extracts were dried over MgSQO,, filtered, and evaporated io an oil,
which was purified by silica gel flash chromatography with 25% then 80%
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Preparative Example 22: 2(R)-N BOC 2-(benzyl) - pi perazi ne Col orl ess waxy
solid (89% 96%; LC/MS 3.90 min, [mFir 277. 20 Preparative Exanple 23:
2(S)-NI BOC-2- (3" -net hyl benzyl) - pi perazine Colorless oil (84% 92%; LC/ M
4.14 min, pn-Fir 291. Preparative Exanple 24: 2(S)-N

BOC- 2- (e- net hyl benzyl ) - pi perazine Colorless oil (86% 94%; LC/ M5 4.10 m n,
M+ |] 291. 25 Preparative Exanple 25: 2(S)-N

BOC- 2- (2t net hoxyl benzyl) - pi perazi ne Col orl ess 011 (83% 94%; LC/ M5 3.92
mn, [mFir 307. Preparative Exanple 26: 2(S)-N

BOC- 2- (31- met hoxyl benzy1l) - pi perazine 30 Colorless oil (47% 83%; LC/ M
3.84 mn, [M1l] 307. Preparative Exanple 27: 2(S)-N

BOC- 2- (4' - met hoxyl benzy1l) - pi perazine Colorless oil (85% 88%; LC/ M 3.74

mn, [mpir 307. Preparative Exanple 28: 2(S)-N
BOC. 2- ( 41- et hBQAWaexayesyas plugetita ziferd peodasi 26 eickess yellow tigabeil §6e, SEBINS 4. 41

mn, pbEir 324 NiieEnek) 1/68-@7@@% EH?Q 932ﬁ§i(x{'}"2ﬂ 2.08-2. 161%4@ 254§s

BOC- 2- (2- phen razine ess oil
ocr o AR Bl B 6758 1. 752 G T .07, U1, 7.5
BOC- 2- ( 2- phengd hsl)s, pl}ger"'ammm 01 @HH,8. OICH,, 32 % (C6Y/50.5EAVE 14214 min,

[ngrcl 2] (32ﬁen@f}§ ﬁgsgéﬁi‘?‘?ﬁé?’%&r sy ol (144875 CEG A7 gy REY 32 i n,

[ml-l] 305. 24. Preparatlve Exanpl e 32: 2(S)-N1 BG:—Z 0
- napht hyl met hyo- pi perazi ne Col orl ess waxy solid (84% 90%; LC/ M5 4.35

mn, [M1l]4 327.
Preparative Example 47: 6-Bromo-I-cyclopentyl-3-ethyl-1H-indazole, CAS [199172-

02-6]

Br
10

The title compound was prepared by the method outlined for Preparative Example 46

using a 25% wt THF solution of ethyl magnesium bromide and stirring the resulting

solution for 24 h at 0 C in lieu of methyl magnesium bromide and a 2-3 h period at
15 0°C. LC/MS 8.14 min, [M+17" 295.

Preparative Example 48: 2(5)-N1 BOC-2-(benzyl)-piperazine CAS [169447-86-3],
2(R)-N1 BOC-2-(phenyl)-piperazine CAS [859518-32-4], 2(S)-N1 BOC-2-(isobutyl)-
piperazine, 2(R)-N1 BOC-2-(isopropyl)-piperazine, and 2(R)-N1 BOC-2-(3-
20  indolylmethyl)-piperazine were purchased from CNH Technologies, Inc (Woburn,
MA, USA).
Examples 1-73
The following compounds of the invention were prepared as illusirated below.
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Preparative Example 33: 2(S)-N1 BOC 2-(2'-napht hyl met hyl ) - pi perazi ne 20
Colorless oil (73% 98%; LC/MsS 4.39 m., fmr 327. Preparative Exanple 34:
2(S)-NI BOC-2-(4'-bi phenyl met hyl ) - pi perazi ne Col orl ess waxy solid (66%
99% ; LC/ M5 4.68 min, [MI-1]+ 353. 25 Preparative Exanple 35: 2(S)-N

BOC- 2- (di phenyl net hyl ) - pi perazine Colorless oil (35% 92%-; LC/ M5 4.40 m n,
[ MF1) 353. Preparative Exanple 36: 2(S)-N

BOC- 2- (cycl ohexyl met hyl kpi perazine Colorless oil (87% 89%; LC M5 4.43
mn, gsn-f-ir 283. 30 Preparative Exanple 37:

(S)-2-Benzyl- 11, 41di azepane-1-carboxylic acid tert-butyl ester Colorless
oil (75% 93%; LC M 3.98 mn, [Mlr- 291. 5 Preparative Exanple 38:

(R) -2-Benzyl- 11, 41di azepane-1-carboxylic acid tert-butyl ester Colorless
oil (65% 92%; LC/ MS 3.95 mn, [I\/H]+ 291. Preparative Exanple 39:
(S)-7-Benzyl-17, 4Jdi azepane- 1- car iC acmd tert-butyl 10 ester Colorless
011 (73% 88%; LC M5 4.57 mn, a/g, Prepar ati ve Exanpl e 40:
(R)-7-Benzyl -1l ,41cliazepane-1 -cafb Iwﬁdd tert-butyl ester 15

Col orl ess oil (71% 88%; LC/MS 4.57 min, [IVI+11+ 291.

[¢]
A

Dpme Oy e o
b RNc(o:/ \Er’\“’
‘DN\.J"\F{:
N /
IO—O_ij NR — /’_Q ", “\r‘o

R"

R

R'=0OR"

O‘—O R
—~
et
OH

Example 1: Preparation of Compound 49, (5)-1-(3-Cyclopentyloxy-4-methoxy-

(e ’b
o~

A solution of 2(8)-N1 BOC-2-(2’-methylbenzyl)piperazine (290 mg, 1.0 mmol) in
anhydrous toluene (2 ml) was treated with 3-(cyclopentoxy)-4-methoxy-

phenyl)-3-(2-methyl-benzyl)-piperazine

bromabenzene (271 mg, 1.0 mmol), sodium fert-butoxide (96 mg, 1.0 mmol), 2~
10  dicyclohexylphosphino-2°-(N,N-dimethylamino)biphenyl (56 mg, 0.06 mmol), and
tris(dibenzylideneacetone) dipalladium (14 mg, 0.015 moi). The resulting mixture
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Preparative Exanple 41: (2S,55)-2-Benzyl-5-nethyl -pi perazi ne-1-carboxylic
acid tert-butyl ester Prepared from (3S, 6S)-6-nethyl-,

1, 3- bi s(phenyl t net hyl ) - 2, 5- pi perazi nedi one (CAS 20 [561303-33-1]) Col orl ess
oil (66% 92%; LC/ MS 4.26 mn, [Ml]+ 291. Preparative Exanple 42:

(28, 5R) - 2- Benzy1- 5- net hyl - pi perazi ne-1-carboxylic acid tert-butyl ester
Prepared from (3S, 6R)-6-nethyl-,

1, 3- bi s(phenyl i net hyl ) -2, 5- pi perazi nedi one (CAS 25 [850036-85-0D Col orl ess
oil (84% 89%; LC/MS 4.46 min, [METr 291. Preparative Exanples 43-48
Preparative Exanple 43: (R)-2-benzyl noi pholine. 30 The title conpound was
prepared from (S)- (2, 3-epoxypropyl)benzene by the nethod of D Arri go,
Lattanzi, Fantoni and Servi in Tetrahedron: Asymetry, 1998, 9, 4021- 4026.

5 Preparative Exanple 44: 6R and 6S-d henyl net hyDpi per azi none.  HNr-cNH
was heated under nitrogen atmosphere at 100-105°C for 5 h. The crude reaction

mixture was then diluted with EtOAc (10 mL), washed with water (10 mL) foliowed
by a saturated aqueous NaHCO; solution (10 mL), and brine (10 mL). The organic
portion was then dried over MgSOsx, filtered and evaporated to an oil, which was

5  purified by silica gel flash chromatography with 15% EtOAc/hexanes as eluant to
afford product as an oil (215 mg, 45%). LC/MS 8.63 min, (M+1]" 481.

The purified coupled product (215 mg, 0.447 mmol) was then freated witha 4 N
solution of hydrogen chloride in 1,4-dioxane and stirred for 2 h. The reaction was

10 then evaporated to a colorless solid, suspended in EtOAc {10 mL), and washed with a
saturated aqueous K;CO; solution (3 mL) followed by brine (3 mL). The organic
portion was then dried over MgSQy, filtered, and evaporated to a burgundy colored
oil (127 mg, 75%). "H NMR (CDCls) 1.57-1.61 (m, 2 H), 1.79-1.92 (m, 6 H), 2.36 (s,
3 H),2.49-2.56 (m, 1 H), 2.70-2.87 (m, 2 H), 2.96 (td, F=11.2, 2.9, 1 H}, 3.08-3.16

15 (m,2H),3.35-3.39 (m, 2 H), 3.78 (5, 3 H), 4.71-4.74 (m, 1 H), 6.43 (dd, 8.7, 2.6, 1
H), 6.53 (d, 7=2.9, 1 H) 6.78 (d, J = 8.8, 1 H), 7.11-7.26 (m, 4 H). *C NMR 19.8
(CHs), 24.2 (CHy), 32.97 (CH_y), 37.9 (CH,), 46.0 (CH3), 51.3 {CH_), 55.3 (CH), 56.8
(CHas), 56.8 (CHy), 0.6, (CH), 106.8 (CH), 108.6 (CH), 113.3 (CH), 126.1 (CH),
126.8 (CH), 130.2 (CH), 130.7 (CH), 136.4, 136.7, 144.8, 146.5, 148.4. LC/MS 5.03

20 min, (M+17" 381.

Example 2: Preparation of Compound 580, (iS)-3-Benzyl-1-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazine ’

D=~
\

25 / \—

The title compound was prepared by the method outlined for Example 1 using 2(S)-

N1 BOC-2-(benzyl)-piperazine CAS [169447-86-3] as amine component. Qils (68

and 90 %). LC/MS 8.46 and 5.05 min, [M+1]" 467 and 367.
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HN\ 44H 00 10 The title conpound (6R)-isomer was prepared from

N- Cbz- D- phenyl al i nal by the nmethod of DelLucca in US2003/ 0144277 Al
describing the preparation of 65- (phenyl nethyl) piperazinone (CAS

[ 503186-95-6]) from N Cbz-L-phenylalanal. LC/MS 5.40 and 5.34 mn, [MHr
191 and 191. 15 Preparative Exanpl e 45:

4- br onp- 7- met hoxy-spi ro[ benzof uran-2(3H), | '- cycl opentane] (CAS

[ 185244- 55-73) The title conpound was prepared from

5- br onp- 2- net hoxybenzal dehyde by the 20 met hod of Van der May, Margaretha,;
et. aL, Journal of Medicinal Chem stry 2001, 44, 2523-2535. Preparative
Exanpl e 46: 6-Brono- 1-cycl openry4-3nethy/-/Hindazo/e. A sol ution of

4- br ono- 2- f | uor o- N- net hoxy- N- met hyl - benzam de (CAS [801303-33- 3)) (13.1 g,
50.0 mmol) in THF (50 nm.) at -78 C was treated with a 3 Msolution of 5
met hyl magnesi um brom de in diethyl ether (16.7 nL, 50 nunol) and al | owed

to wenn with stlrrln t he
reaction m xEHPEPIRAS ?P@Ff‘%ﬂgape\%ﬁ”f'%oungﬁ @32‘? urgffzgﬁ qu?’ez@eg@ %‘:‘I’tl on of
NH4ACL (100 rrbaet}quﬂpwm-mé’tﬁﬂnme)‘azz%e m xture was separated and the
organi ¢ conponent, washed with brine (2 x 50 L, dried over MgSHA,

filtered, and evaporatedtoa o ch wag ied 10 by silica gel
flash chronmat ography with 5% Ac anes— dant to afford 144-

br ono- 2-f | uor ophenyl) - et hanone a N %25 g, 85% . The et hanone
(2.17 g, 10 mmol) was then dlssolve 'n gthanol (25nl), treated with

hydr azi ne hydrate (535 uL , 11 mol), and heated at reflux for 8 h. The
reaction Bi X{Pwpareddsy mdmethed/anmdtfetﬁ:amqble;mumﬁg @8,58)-2Reniylb-methy¥-| ash

chr ormat ogr ap %}’ Wraleng- §CO B oxyﬁc ac?&) ?&%%A%tpreé %Eb%?azme component. Foam and oil
(33 and 96 %). LC/MS 8.48 and 5.06 min, [M+1]" 481 and 381,

Example 4: Preparation of Compound 52, (2R, 559-5-Benzyl- -(3-cyclopentyloxy-4-
10  methoxy-phenyl)-2-methyl-piperazine

%}5“‘;
/0 NH

Prepared by the method outlined for Example 1 using (28,5R)-2-Benzyi-5-methyl-
15 piperazine-1-carboxylic acid tert-butyl ester as piperazine component. Foam and oil
(61 and 86 %). LC/MS 8.57 and 5.03 min, [M+1]" 481 and 381.

o 1
)

Example 5: Preparation of Compound 53, (R)-6-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazin-2-one -

[
R

o
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15 as eluant to afford the hydrazone as a solid (2.29 g, 99% . The
hydrazone (3.69 g, 16 nunol) was then treated with ethylene glycol (25 nlL)
and heated at 165C for 6 h after which tine the cool ed reaction m xture was
poured onto water (100 inL). The aqueous m xture was neutralized, with
rapid stirring, using a small anmount of an aqueous saturated sol ution of
NaHCO3 to afford a pale yellow precipitate. The solids 20 were filtered,
washed with water, and air dried to afford cyclized indazol e product
(2.62g9, 78% . The indazole (2.32 g, 11 nmml) was then dissolved in
anhydrous DVF (50 nlL) and treated with a 60% di spersion of sodi um hydride
in mneral oil (420 ng, 10.5 nunol). After 30 mn of stirring, cyclopentyl
bromde (1.53 inL,, 14.3 mol) was added and the reaction stirred for 24 h.
The reaction m xture was quenched by 25 pouring onto water (500 ni) which
was neutr al | Rreparedty the smlihgpmtlm'douﬂioéd far Exddnple U @sing 6RGpalylthetbyi) and

t t ed t i .
xtract s wer S LA oéé?ﬁwi%%b% b 0 lptlh Bloandi IS GORRERSARELO" )
was purified %y "H NMB(GRII) 1595 h62 i), dgﬁalpﬂ»g/(muetfm,za%md;éﬁ 1901,

Et OAc/ hexanes ty 4,08 tra ' ti 4 oil
(1.65 g, 54% ﬂ?zejs%&&‘.l 3@63@1@1)?3’9?'&91 323 ﬁbeﬁﬁ?é%(a&h Me

S 0 6 30705 7y Ty 3 g B30 (o 0D, 40k T L Y 603 o LB 6= b 4.
1.5, 1 H, 7. aéstsid,s h 1, B4 (d, 9=1.6,1 D) 6.830 (T (88, 111{)—73;05,.381@44)5 F)L13C NWR

12.1 (CH3 CH2), 59.5 112.2°5(A1), 120.5, 121.8
(CI!),( 12)2 5, %@B+§%éi(l )141 4. L(C/GI\-/DB7 71 mn( [|v|)+1]+ 281.

Preparative Exanple 47: 6-Brono-|-cyclopentyl-3-ethyl-1Hindazole, CAS [1

99172- 02-6] g outlined
for Preparati vemE;(e é]egrébk%ﬁ'&gb?;&%g%\ﬁmfgﬁ-ﬁg@%u%j }E’g?’;@% ? magnesi um
br onmi de dfd srvqﬂmxmgevWavamyam?rqmg solution for 24 h at 0 Cin lieu of

met hyl magnesi um brom de and a 2-3 h period at

/0 N\—<:H

Prepared by the coupling method outlined in Example 1, using 6S-(phenylmethyl)
15  piperazinone (CAS [503186-95-6]) as the amine component, Colorless solid (11 %).
LC/MS 6.39, [M+1]" 381,

Bxample 7: Preparation of Compound 55, (R)-3-Benzyl-1-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazine

AL

(R)-6-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-2-one (Compound

53) (365 mg, 0.959 mmol) was dissolved in THF (10 mL,), cooled to 0°C, and treated
25  with solid lithium aluminum hydride (73 mg, 1.92 mmol). The reaction mixture was

heated at 60°C for 3 hr then cooled to 0°C and guenched with EtOAc(2mL) anda 1

20
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15 0C. LG/ MS 8.14 min, EmFir 295. Preparative Exanple 48: 2(S)-Nl

BOG- 2- (benzyl) - pi perazi ne CAS [169447-86-3], 2(R)-NL

BOC- 2- (phenyl ) - pi perazi ne CAS [ 859518-32-4], 2(S)-N1 BOC-2-(isobutyl)-

pi perazine, 2(R)-Nl1 BOC 2-(isopropyl)-piperazine, and 2(R)-N1 BOC 2-(3- 20
I ndol yl met hyl ) - pi perazi ne were purchased from CNH Technol ogi es, Inc '
(Woburn, MA, USA). Exanples 1-73 The follow ng conpounds of the invention
were prepared as illustrated below N RNC(0)/ 0 \JIM OH Exanple 1:
Preparati on of Conmpound 49,

(S)-1-(3-Cycl opentyl oxy-4-met hoxyphenyl) - 3- (2- net hyl - benzyO- pi perazine 5

N aqueous solution of NaOH (2 mL). The reaction was filtered with the aid of
BtOAc, dried over MgSO,, filtered, and evaporated to an oil, which was purified by
silica gel flash chromatography with 5% MeOH/CH;Cl; as eluant to afford product as
a brown colored oil (228 mg, 65%). LC/MS 5.12 min, [M+1]" 367.

S
Example 8: Preparation of Compound 56, (S)-I-(3-Cyclopentyloxy-4-methoxy-
phenyl)-3-(3-methyl-benzyl)-piperazine
(Do —d
e
/ NS
10

Prepared by the method outlined for Example 1 using 2(S)-N1 BOC-2-
(3’ methylbenzyl)-piperazine as piperazine component. Oils (38 and 92 %). LC/MS
8.67 and 5.18 min, [M+17" 481 and 381.

15 Example 9: Preparation of Compound 57, (§)-/-(3-Cyclopentyloxy-4-methoxy-
phenyl)-3-(4-methyl-benzyl)-piperazine

O )
/O‘GNCNH

20 Prepared by the method outlined for Example 1 using 2(8)-N1 BOC-2-(4’-
methylbenzyl)-piperazine as piperazine component. Oils (34 and 88 %). LC/MS
8.68 and 5.07 min, [M+1]" 481 and 381.

Example 10: Preparation of Compound 58, (S)-/-(3-Cyclopentyloxy-4-methaxy-
25  phenyl)-3-(2-methoxy-benzyl)-piperazine
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A solution of 2(S)-N1 BOC-2-(2'-nethyl benzyl) pi perazine (290 ng, 1.0 mmol)
i n anhydrous toluene (2 tnL) was treated with

34ycl opent oxy) - 4- met hoxybr onobenzene (271 ng, 1.0 mmol), sodium
tert-butoxide (96 ng, 1.0 nunol), 2- 10

di cycl ohexyl phosphi no-21- (N, N-di net hyl am no) bi phenyl (56 ng, 0.06 tnnol),
and tris(di benzylideneacetone) dipalladium (14 ng, 0.015 nol). The
resulting m xture was heated under nitrogen atnosphere at 100-105C for 5
h. The crude reaction m xture was then diluted with. Et0Ac (10 nlL), washed
with water (10 nL) followed by a saturated aqueous NaHCO3 solution (10 ni),
and brine (10 nL). The organic portion was then dried over MgSH, filtered
and evaporated to an oil, which was 5 purified by silica gel flash

chromat ography wi th 15% Et OAc/ hexanes as eluant to afford product as an oil
(215 nmy, 45% . LC/ M5 8.63 min, [M1]+ 481. Th@ purified coupl ed product
(215 ng, 0.447 mmol) was then ated with aoI ution of hydrogen
chloride in 1, 4-di oxane and st ef\for 2 h‘ eaction was 10 then
evaporated to a colorless solid, qs @, 4, EtOAc (10 nt..), and washed
Wi th a saturated aqueous K2CO3 sb =6) \8_.an) fol |l oned by br| ne (3 nmb).
The organic portion was then dried over MJSO4, filtered, and evaporated to
a burgundy colored oil (127 nmg, 75%. 111 NWMR (CDCI3) 1.57-1.61 (m 2 H),
1.79-1. 92 ( MPrépatdli by Zhefiethed owtlildd foPExtidple DOsi{R(S)-NY)BOC-2/@:2. 87 (m 2 H),

2.96 (td, J 2
378 (s, 3 WP ey o piocads Sty Pilksqaiay b obs ° 7
1=2.9, 1 B) B.298m{d,035nis, BI+1]" 497 an397-7. 26 (m 4 H). 13C NVR 19.8 (CH3),
24.2 (0R), 32.97 (GR), 37.9 (O2), 46.0 (CHZ) 51.3 (CH2), 55.3 (CH),

56.8 (CH3), 56.8 (CH2), 80.6, (CH), 108. 6 ( 113.3 (CH),
126.1 (CH), ZExample( eparsagowé 0@969,7(-?)( @qlwlogs%mwhOM4 8, 146.5,

148. 4. LC/ NoPBeyd->G-meshontharni)mipersge Exanpl e 2: Preparation of Compound
50, (S)-3-Benzyl-1-(3-cyclopentyl oxy-4- nethoxy-phenyl)-pi perazi ne 25
0.—

O_OE f_,\_@
/D N\_JNH

Prepared by the method outlined for Example 1 using (S)-Ni BOC-2-(3°-
methoxybenzyl)-piperazine as piperazine component. Oils (42 and 92 %). LC/MS
8.19 and 4.83 min, {M+17" 497 and 397.

10

15

Example 12: Preparation of Compound 60, (S)-1-(3-Cyclopentyloxy-4-methoxy-
phenyl)-3-(4d-methoxy-benzyl)-piperazine

|:>_° § A
O N NH
/ 33 \__/

Prepared by the method outlined for Example 1 using (S)-N1 BOC-2-{4’-
methoxybenzyl)-piperazine as piperazine component. Oils (64 and 85 %). LC/MS
8.15 and 4.81 min, [M+1]" 497 and 397.

20
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The title conmpound was prepared by the nethod outlined for Exanple 1 using
2(S)- NI BOC- 2-(benzyl)-pi perazi ne CAS [169447-86-3] as am ne conponent.
Ols (68 and 90 %9. LC/Ms 8.46 and 5.05 min, [MFi] 467 and 367. Exanple
3: Preparation of Conpound 51, (28, 58)-5-Benzyl-1-(3-cycl opentyl oxy-4-

met hoxy- phenyl) - 2- net hyl - pi perazine 5 Prepared by the nethod outlined for
Exanpl e 1 using (2S,5S)-2-Benzyl-5-nethyl pi perazine- 1 -carboxylic acid
tert-butyl ester as piperazi ne conponent. Foam and oil (33 and 96% . LC/ M5

8.48 and 5.06 mn, (WH 481 and 381. Exanpl e 4: Preparation of
Compound 52, (2R, 55)-5-Benzyl4-(3-cycl openVl oxy-4- 10
nmet hoxy- phenyl ) - 2- net hyl - pi per azi ne Prepared by the nethod outlined for

Exanple 1 using (2S,5R)-2-Benzyl-5-nethyl 15 pi perazi ne-1-carboxylic acid

tert-butyl ester as piperazine conponent. Foamand oil (61 and 86% . LC/ M5
8. 57 and 5. O3Exdniple L. Preparitich®T Contpottiflel, yampl @y chipediypayatetiony-of Conmpound
53, (R)-6- Ben};%[‘zj’vél_yg(g:e%%_ggn%)nb_}%’%a\gng- nmet hoxy- phenyl ) - pi perazi n-2-one 20

oG

Prepared by the method outlined for Example 1 using (S)-N1 BOC-2-(4°-
ethoxybenzyl)-piperazine as piﬁerazine component. Oils {67 and 75 %). LC/MS
8.44 and 4.96 min, [M+1]" 511 and 411.

10  Example 14: Preparation of Compound 62, (5)-1-(3-Cyclopentyloxy-4-methoxy-
phenyl)-3-phenethyl-piperazine

0 N NH
/ N

15  Prepared by the method outlined for Example 1 using.2(8)-N1 BOC-2-(2-phenethyl)-
piperazine as piperazine component. Qils (44 and 91 %). LC/MS 8.49 and 4.91 min,
[M+1]" 481 and 381.

Example 15: Preparation of Compound 63, (R)-1-(3-Cyclopentyloxy-4-methoxy-
20  phenyl)-3-phenethyl-piperazine

paave
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Prepared by the coupling nethod outlined for Exanple 1 using

6R- (phenyl i net hyl ) piperazi none as am ne conponent to afford coupl ed
product as a colorless solid (10 9%9. IHNVWVR (CDC13) 1.59-1.62 (m 2 H),
1.77-1.90 (m 6 H), 2.82 (dd, J = 13.4, 8.1, 1 FL), 2.98 (dd, J = 13.6,
6.4, | H, 3.07 (dd, J = 12.5, 7.0, 1 H), 3.44 (dd, J = 12.5, 53.7, 1 H),
3.77 (obs dd, 1 H, 3.80 (s, 3 H, 4.70-4.74 (m 1 H, 6.25 (br s, 1 H),
639 (dd, 8.6, 2.6, 1 H, 6.48 (d, J =2.6, 1 H, 6.80 (d, J =8.8, 1 H,
7.20-738 (m 5 H. LC M 626, M+ |]4 381. Exanpl e 6: Preparation of
Compound 54, (S)-6-Benzyl-4-(3-cyclopentyloxy-4- 10

nmet hoxy- phenyl ) - pi perazi n-2-one Prepared by the coupling nethod outlined
in Exanple 1, using 6S-(phenyl methyl) 15 piperazi none (CAS [503186-95-6])
as the am ne conponent. Colorless solid (I I %9. LCM 6.39, [M1l+ 381.
Exanpl e 7: Priegaredttydhe orthod npinedifos Bxanily 1 3sipe AGYINNBOS-2(2plgpethy i oxy- 4-
met hoxy- phenydderDidesk Eefh%m%gomponent Oxls (51 and 86 9’6 LC/MS 8.49 and 4.96 mi

(R) - 6-Benzyl- 4& % entyl oxy- 4- met hoxy- pheny p| per azi n-2-one l(Corrpound
53) (365 ny, IHdbdt 11$ 8lvas dissolved in THE (10 nml.), cooled to OC, and
treated 25 with solid lithiumalum numhydride (73 ng, 1.92 nurtol). The

reaction s heat ed at_ 60C for then cooled to 0OC and quenched
with Et OAg1 L’fy ple dplﬁp?a % of frmpound 6 ¢ UE)"{) cloperfulay 4 g0 The react i on

was filter edpheﬁyb-j-hbpkunﬂmpﬁjﬁaﬁemzﬁél ed over MpSH, filtered, and
evaporated to an oil, which was purified by silica gel flash chromatography

wth 5% MeOH CH2C12 as eluant to afford product a brown colored oil (228
my, 65% . LC/MS 5.12 mm [M+1lt 367. _/_® |

G F
£ -\
/O-O_N\ NH

10  Prepared by the method outlined for Example 1 using 2(8)-Nt BOC-2-(3-
phenylpropyl)-piperazine as piperazine component. Qils (38 and 91 %). LC/MS 8.71
and 5.22 min, [M+1]* 495 and 395,

Example 17: Preparation of Compound 65, (5)-7-(3-Cyclopentyloxy-4-methoxy-
15 phenyl)-3-naphthalen-1-ylmethyl-piperazine

Q‘O
area”

Prepared by the method outlined for Example 1 using 2(S)-Ni BOC-2-(1’-
20  naphthylmethyl)-piperazine as piperazine component. Qils {42 and 96 %). LC/MS
8.81 and 5.30 min, [M+1]* 517 and 417.

Example 18: Preparation of Compound 66, (:S)-/-(3-Cyclopentyloxy-4-methoxy-
phenyl)-3-naphthalen-2-ylmethyl-piperazine
25
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Exanpl e 8: Preparation of Conpound 56, '

(S)-1-(3-Cycl opentyl oxy-4-nmet hoxyphenyl) - 3- 0- et hyl - benzyl) - pi per azi ne
Prepared by the nmethod outlined for Exanple 1 using 2(S)-Nl1 BOC- 2-

(3' net hyl benzyl) - pi perazi ne as pi penei ne conponent. Ols (38 and 92 %.
LG Ms 8.67 and 5.18 mn, [M-11l- 481 and 381. 15 Exanple 9: Preparation of
Conmpound 57,

(S)-1-(3-Cycl opentyl oxy-4-met hoxyphenyl) - 3- (4- net hyl - berszyl ) - pi per azi ne
20 Prepared by the method outlined for Exanple 1 using 2(S)-Nl BOC-2-(4'-
met hyl benzyl) - pi perazi ne as pi perazine conponent. Ols (34 and 88 % . LC/ M5
8.68 and 5.07 mn, [M1-111- 481 and 381. Exanpl e 10: Preparation of
Conmpound 58, (S)-1-(5-Cycropentyl oxy-4-methoxy25

phenyl) - 3- (2- met hoxy- benzyO- pi perazine -0 Prepared by the nethod

outlined for Exanple 1 using 2(S)-Nl1 BOC-2-(2'- t hoxybenzy1l) - pi per azi ne
as pi perazi ne conponent. Ql 56 and 80 9. 5 8.29 and 5.03 mn,

[ MF1]1 4 497 and 397. Exanpl e @—Wepar ati @ mmpound 59,

(S)-1-(3-Cycl opent yl oxy- 4- met hoxy

yl\NijQ[B- met hoxy- benzyl ) - pi perazi ne 10

Prepared by the method outlined for Example 1 using 2(S)-N1 BOC-2-(2°-
naphthylmethyl)-piperazine as piperazine component. Oils (43 and 89 %). LC/MS
5  8.78 and 5.29 min, [M+1]* 517 and 417.

Example 19: Preparation of Compound 67, (S)-3-Biphenyl-4-yimethyi-1-(3-
cyclopentyloxy-4-methoxy-phenyl)-piperazine

O
/O‘D*NCNH

10
Prepared by the method outlined for Example 1 using 2(S)-N1 BOC-2-(4’-
biphenylmethyl)-piperazine as piperazine component. Oils (59 and 94 %). L.CcMS
9,03 and 5.52 min, [M+1]" 543 and 443.
15
Example 20: Preparation of Compound 68, (5}-3-Benzhydryl-1-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazine
O
—are”
/
20

Prepared by the method outlined for Example 1 using 2(S)-N1 BOC-2-
(diphenylmethyl)-piperazine as piperazine component. Oils (28 and 100 %). LC/MS
8.58 and 5.39 min, [M+1]" 543 and 443.



15 Prepared by the nethod outlined for Exanple 1 using (8)-Nl BOC 2-(3
nmet hoxybenzyO- pi perazi ne as pi perazi ne conponent. Ols (42 and 92 %. LC/ M5
8.19 and 4.83 min, Rski-1 r- 497 and 397. Exanple 12: Preparation of
Compound 60,

(S)-1-(3-Cycl opentyl oxy-4-met hoxyphenyl) - 3- (4- met hoxy- benzyl ) - pi per azi ne

20 Prepared by the nethod outlined for Exanple 1 using (S)-Nl BOC-2-(4'-
met hoxybenzy1l) - pi perazi ne as pi perazi ne conponent. Gls (64 and 85 9.

LG M5 8.15 and 4.81 min, [M1l]+ 497 and 397. Exanple 13: Preparation of
Conmpound 61,

(S)-1-(3-Cycl opentyl oxy- 4- met hoxyphenyO- 3- (4- et hoxy- benzyO0- pi perazine S
Prepared by the nethod outlined for Exanple 1 using (S)-Nl BOC 2-(4'-

et hoxybenzyl) - pi perazi ne as pi perazi ne conponent. Ols (67 and 75 % . LC M5

8. 44 and 4. 9&xdinple A1VWPleplritlordd¥Cohipbund 69, (R)-1-(3-Cyclopentyloxy-4-methoxy-
phenyl)-3-phenyl-piperazine

Prepared by the method outlined for Example 1 using 2(R)-N1 BOC-2-(phenyl)-
piperazine as piperazine component. Foam and oil (66 and 86 %). LC/MS 8.09 and
4.78 min, [M+1]" 453 and 353.

10 Example 22: Preparation of Compound 70, (S)-I1-(3-Cyclopentyloxy-4-methoxy-
phenyl)-3-isopropyl-piperazine

Do >

15 Prepared by the method outlined for Example 1 using 2(R)-N1 BOC-2-(isopropyl)-
piperazine as piperazine component. Oils (54 and 71 %). LC/MS 8.32 and 4.62 min,
[M+1]7 419 and 319. :

Example 23: Preparation of Compound 71, (S}-1-(3-Cyclopeniyloxy-4-methoxy-
20  phenyl)-3-isobutyl-piperazine

O <
/O‘QNCNH

Prepared by the method outiined for Example 1 using 2(R)-N1 BOC-2-(isobutyl)-
25  piperazine as piperazine component. Qils (63 and 94 %). LC/MS 8.41 and 4.58 min,
[M+11" 433 and 333.
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10 Exanpl e 14: Preparation of Conmpound 62, -
(S)-1-(3-Cycl opentyl oxy-4-nmet hoxyphenyl) - 3- phenet hyl - pi perazi ne 15
Prepared by the nethod outlined for Exanple 1 using.2(S)-NL

BOC- 2- ( 2- phenet hyppi perazi ne as pi perazine conponent Gls (44 and 91 9.

LG MS 8.49 and 4.91 mn, [M1l)+ 481 and 381. Exanpl e 15: Preparation
of Conpound 63, (R)-I-(3-Cycl opentyl oxy-4-mnmet hoxy20

phenyl ) - 3- phenet hyl - pi per azi ne Prepared by the nethod outlined for

Exanmpl e 1 using 2(R)-Nl BOC-2- (2- phenet hyl)- piperazine as piperazine
conponent. Ols (51 and 86 % . LC/MS 8.49 and 4.96 min, [mEr 481 and 381.
5 Exanple 16: Preparation of Conpound 64,

(S)-1-(3-Cycl opentyl oxy-4-met hoxyphenyl) - 3- ( 3- phenyl - propyl) - pi perazine 10
Prepared by the nethod outlined for Exanple 1 using 2(S)-N BOC- 2-( 3-
phenyl pr opyl)Exmn 23zp ﬁm&%ﬂfMihﬁtﬁ @s:)mowz&he;g@nlem kB@-and 91 % . LC M
8.71 and 5. mgﬁzah/rfeﬂr 495 an 3952; Exanpl e 1; Igsrepar ation of
Conpound 65, C(@PQPW%WM?‘B?J@WJ’ K/PAPHEE hoxy 15

phenyl) - 3- napht hal en- I -yl net hyl - pi perazine Pr epar ed by the nethod outlined

for Exanple | using 2(S)-NL Bd‘*(l - 20 naph met hyl ) - pi perazi ne as

pi perazi ne conponent. Qs (42 6 %) . L WS 8/81 and 5.30 mn, [mFi]t
517 and 417. H '
\__._/
5

Prepared by the method outlined for Example 1 using 2(S)-N1 BOC-2-
(cyclohexylmethyl)-piperazine as piperazine component. Oils (49 and 88 %).
LC/MS 9.36 and 5.30 min, [M+11" 473 and 373.

10  Example 25: Preparation of Compound 73, 3-/(S)-4-(3- Cyclopemyloxy—f!-metkoxy-o

phenyl)-piperazin-2-ylmethylj-1H-indole
2\ ;NH
S0

15  Prepared by the method outlined for Example 1 using 2(R)-N1 BOC-2-(3-
indolylmethyl)-piperazine as piperazine component. The BOC protected intermediate
was chromatographically purified with a 2.5 % then 7.5 % MeOHB/CHCl, solvent
system. Oils (25 and 92 %). LC/MS 5.72 and 455 min, [M+1]" 506 and 406,

20 Example 26: Preparation of Preparation of Compound 74, (5)-3-Benzyl-1-(3~
cyclopeniyloxy-4-methoxy-phenyl)-[ 1 4] diazepane

SN aY,
-

25  Prepared by the method outlined for Example 1 using (S)-2-Benzyl-{1,4])diazepane-1-
carboxylic acid tert-butyl ester as piperazine component. Oils (42 and 92 %).
LC/MS 7.99 and 5.07 min, [M+1]" 481 and 381.

46



Exanpl e 18: Preparati on of Conpound 66,

(S)-1-(3-Cycl opentyl oxy-4-net hat ypheny1l) - 3- napht hal en- 2-yl net hyl - pi perazhze
25 Prepared by the nethod outlined for Exanple 1 using 2(S)-NL

BOC- 2- (2' - napht hyl net hyl ) - pi perazi ne as pi perazi ne conponent. Gls (43 and
89 %9. LCMS 5 8.78 and 5.29 mn, [Mlr 517 and 417. Exanple 19:

Preparati on of Conpound 67, (S)-3-Biphenyl-4-ylnethyl-1-(3-

cycl opent yl oxy- 4- phenyl ) - phenyl) - pi perazi ne 10 15 Prepared by the nethod
outlined for Exanple 1 using 2(S)-Nl BCC-2-(4'- biphenyl nethyl)-pi perazi ne
as pi perazine conponent. QGls (59 and 94 %9 . LC/ M5 9.03 and 5.52 mn,
[MI-114 543 and 443. Exanple 20: Preparation of Conpound 68,

(S)-3-Bent hyt hyl-1-(3-cycl opentyloxy-4- nethoxy-phenyl)-pi perazi ne

Example 27: Preparation of Compound 75, (R)-3-Benzyl-1-(3-cyclopentyloxy-4-
methoxy-phenyl)-{1 4]diazepane

-9 (_< )
PO

Prepared by the method outlined for Example 1 using (R)-2-Benzyl-[1,4}diazepane-1-
carboxylic acid, tert-butyl ester as piperazine component. Qils (29 and 93 %).
LC/MS 7.96 and 5.03 min, [M+1]" 481 and 381.

10
Example 28: Preparation of Preparation of Compound 76, (5)-5-Benzyl-I-(3-

cyclopentyloxy-4-methoxy-phenyl)-[1,4]diazepane

15
Prepared by the method outlined for Exampie 1 using (S)-7-Benzyl-[1,4]diazepane-1-
carboxylic acid, tert-butyl ester as piperazine component. Qils (23 and 99 %).

LC/MS 7.42 and 4.91min, [M+17" 481 and 381.

20 Example 29: Preparation of Compound 77, (R)-5-Benzyi-I-(3-cyclopentyloxy-4-
methoxy-phenyl)-f1,4]diazepane

O
/O_Q—NL/NH
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20 Prepared by the nmethod outlined for Exanple 1 using 2(S)-Nl BOC- 2-

(di phenyl et hyl ) - pi perazi ne as pi perazine conponent. Gls (28 and 100 % .
LC M5 838 and 5.39 min, [ M13+ 543 and 443. Exanple 21: Preparation of
Conpound 69, (R)-1-(3-Cyclopentyl oxy-4-net hoxyphenyl) - 3-phenyl - pi perazi ne
5 Prepared by the nethod outlined for Exanple 1 using 2(R)-Nl BOC-24henyl) -
pi perazi ne as pi perazi ne conponent. Foamand oil (66 and 86 %, LC/ M5 8.09
and 4.78 mm [M+ | 3+ 453 and 353. 10 Exanple 22: Preparation of Conpound
70, (S)-1-(3-Cycl opentyl oxy-4-net hoxyphenyO- 3-i sopropyl-pi perazine 15
Prepared by the nethod outlined for Exanple 1 using 2(R)-Nl

BOC- 2- (1 sopropyl) - piperazine as piperazine conponent Gls (54 and 71 %.
LC M5 8.32 and 4.62 min, [M 1] 419 and 319. Exanpl e 23: Preparation of
Compound 71, (S)-1-(3-Cycl opentyl oxy-4-met hoxy20

phenyl) - 3- i s el b Imaawmﬁmd—ttmaﬂiwﬁﬁﬁﬁg M-ihaawag1hqd1a@e¢hils-ned for

Exanple 1 u5| n - N1 B - 2= (| sobut era2|
conponent . °’(3é‘§ 1 eftey I@Spé’%f °8§“ ﬁels a(iﬁrffgsﬁl and
333. LC/MS743 and489mm, [M+17" 481 and381.

5 Example 30: Preparation of Compound 78, 7-(3-Cyclopentyloxy-4-methoxy-phenyl)-

piperazine
O
(O
/ :

10 Prepared by the method ouflined for Example 1 using N-BOC-piperazine as
piperazine component. Qils (65 % for two steps ). LC/MS 4.11 min, M+1T 277

Example 31: Preparation of Compound 79, ($)-2-Benzyl-4-(3-cyclopentyioxy-4-
methoxy-phenyl)-morpholine

O O
2650
!
Prepared by the coupling' method outlined for Example 1 using 2(S)-2-(benzyl)-

morpholine as the amine component. Oil (29 %). LC/MS 7.27 min, [M+1]" 368.

20
Example 32: Preparation of Compound 80, 4-/1S)-3-benzyl-1-piperzinyl]-7-methoxy-

15

spirofbenzofuran-2(3H), I’ -cyclopentane]

% ~O
O N NH

/ NS

25

Prepared by the method outlined for Example 1 using 4-bromo-7-methoxy-
spirofbenzofuran-2(3H),1’-cyclopentane] (CAS [185244-55-7]) as the aryl halide and
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Exanpl e 24: Preparation of Conpound 72, (S)-3-Cyclohexyl nethyl-1-(3-

cycl openi yl oxy- 4-rnet hoxy- phenyl) - pi perazi ne 5 Prepared by the nethod
outlined for Exanple 1 using 2(S)-Nl1 BOC-2- (cycl ohexyl nmet hyl) - pi perazi ne
as pi perazine conponent. QG ls (49 and 88 %. LC/ M5 9.36 and 5.30 m n,

[ MF11+ 473 and 373. 10 Exanpl e 25: Preparation of Conmpound 73,
31(S)-4-(3-Cycl opent yl oxy-4- net hoxyphenyl) - pi perazi n-2-yl nmet hyl k1H i ndol e
15 Prepared by the nmethod outlined for Exanple 1 using 2(R)-Nl BOC 2-( 3-

i ndol yl met hyl ) - pi perazi ne as pi perazi ne conponent. The BOC protected
internedi ate was chromatographically purified with a 2.5%then 7.5%

MeOH CH2C12 sol vent system Gls (25 and 92% . LC/ M5 5.72 and 455 mn,
(M+1] + 506 and 406. 20 Exanpl e 26: Prepar ation of Preparation of Conpound
74, (S)-3-Benzyl-1-(3- cycl opentyl oxy-4-rnethoxy-phenyO-[1, 4] dicaepane 25
Prepared by !ztsa mesbcdz-wéhéymﬁﬂerwﬁe dotadhide tomporegt. Oil (79 % for two

(S)-2- Benzy14 ne- 1- yllc acid tert-butyl ester as
pi per azi ne cf ﬁ{ﬁégﬁg ’k%"’ﬁfj?&é

Example 33: Preparation of Compound 81, 6-((S}-3-Benzyl-piperazin-I-yl)-1-
5  cyclopentyl-3-methyl-1H-indazole

Prepared by the method ouilined for Example 1 using 6-bromo-1-cyclopentyl-3-
10  methyl-1H-indazole as the aryl halide and 2(S)-N1 BOC-2-(benzyl)-piperazine as the
amine component. Oils (81 and 76 %). LC/MS 5.13 min, [M-+17" 375.

Example 34: Preparation of Compound 82, I-Cyclopentyl-3-ethyl-6-piperazin-1
-yi-1H-indazole
15

Prepared by the methoed outlined for Example 1 using 6-bromo-1-cyclopentyl-3-ethyl-
1H-indazole (CAS [199172-02-6]) as the ary! halide and N BOC-piperazine as the
20  amine component. Oil and gum (88 % for two steps). LC/MS 4.56 min, [M+1]" 299,

Example 35: Preparation of Compound 83, 6-((S)-3-Benzyl-piperazin-1-yl)-1-
cyclopentyl-3-ethyl-1 H-indazole
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L M5 7.99 and 5.07 mn, [MHr 481 and 381. Exanple 27: Preparation of
Compound 75, (R)-3-Benzyl-1-(3-cyclopentyl oxy-4- nethoxy-phenyl) 5

Prepared by the nethod outlined for Exanple 1 using

(R) - 2-Benzyl141, 41di azepane-1- carboxylic acid, tert-butyl ester as

pi perazi ne conponent. QOls (29 and 93 %9. LC/MS 7.96 and 5.03 min, [M1-1]+
481 and 381. Exanple 28: Preparation of Preparation of Conpound 76,
(S)-5-Benzyl-113- cycl openvl oxy-4- net hoxy- pheny011, 41di azepane Prepared by
the nethod outlined for Exanple 1 using (S)-7-Benzyl-[1,4jdi azepane-1-
carboxylic acid, tert-butyl ester as piperazine conponent. Ols (23 and 99
%. LOM 7.42 and 4.91min, [MFir 481 and 381. 20 Exanple 29: Preparation
of Conmpound 77, (R)-5-Benzyl-1-(3-cyclopenryloxy-4-

met hoxy- phenyl) - (1, 41di azepane Prepared by the nethod outlined for
Example 1 using (R)-7-Benzyl-11,4 | azepane-1- carboxylic acid, tert-butyl
ester as piperazine conponent. Q @(16 and 91 %9. LCMsS 7.43 and 4.89 mn,

[wit 481 and 381. ) __@
A

OO

Prepared by the method outlined for Example I using 6-bromo-1-cyclopentyl-3-cthyl-
1H-indazole (CAS [199172-02-6]) as the aryl halide and 2(S)-N1 BOC-2-(benzyl)-

5 piperazine as the amine component. Oil (86 and 90 %). LC/MS 5,28 min, M+1T"
389.

Example 36: Preparation of Compound 84, (5)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-1-methyl-piperazine
10

/O N\“JN—

A solution of (S)-3-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine
(Example 2) (73 mg, 0.2 mmol) in CH;Cl; (5 mL) was freated with a 37% aqueous

15 formaldehyde solution (16.4 uL, 0.22 mmol) and stirred for 5 min after which time
solid sodium triacetoxyborohydride (64 mg, 0.3 mmol) was added. The suspension
was then stirred for 3 br then quenched with a saturated aqueous NaHCO; solution (2
mL.). The organic component was separated, dried over MgSQ,, filtered, and
evaporated to an oil which was purified by silica gel flash chromatography with 5%

20 MeOH/CHCl as eluant to afford product as a burgundy oil (69 mg, 91%). 'H NMR
(CDCl) 1.54-1.61 (m, 2 H), 1.77-1.85 (m, 6 H), 2.57 (s, 3 H), 2.60-2.67 (m, 3 H),
3.02-3.13 (m, 3 H), 3.22-3.32 (m, 2 H), 3.76 (s, 3 H), 4.59-4.62 (m, 1 H),3.76 (5, 3
H), 4.59-4.62 (m, 1 H), 6.30 (dd, = 8.6, 2.9, 1 H), 6.35 (d, T=8.6, 1 H), 7.20-7.33
(m, 5 H). *C NMR 24.2 (CHa), 33.0 (CHy), 36.3 (CH,), 42.9(CH3), 50.2 (CH,), 55.0

25 (CHy), 55.1 (CHyp), 56.8 (CHa), 63.7 (CH), 80.4 (CH), 106.2 (CH}, 107.8(CH),
113.2(CH), 126.4 (CH) 128.6, 129.5 (CH), 139.0 (CH), 144.5, 146.1, 148.4. LC/MS
5.10 min, [M+1]" 381.
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5 Exanpl e 30: Preparation of Conmpound 78,

1- (3- Cycl openodoxy- 4- net hoxy- phenyl) - pi perazi ne 10 Prepared by the

met hod outlined for Exanple 1 using N BOC-pi perazine as piperazine

conponent. Ols (65 %for two steps ). LCOMS 4.11 min, [MH r 277. Exanple

31: Preparation of Conpound 79, (S)-2-Benzyl-4-(3-cyclopentyl oxy-4-

nmet hor yphenyl) - nor phol ine Prepared by the coupling nethod outlined for

Exanple 1 using 2(S)-2-(benzyl)- norpholine as the am ne conponent. QI (29

%. LOM 7.27 min, [mbir 368. Exanple 32: Preparation of Conpound 80,

4-1(S)-3-benzyl-1-piperzinyli-7-rnethoxyspiroThenzofiran-2(3H), |

3-cycl opentanej Prepared by the nethod outlined for Exanple 1 using

4- br ono- 7- net hoxyspi r o[ benzof uran- 2( 3H), P-cycl opent ane] (CAS [ 185244-55-7])

as the aryl halide and 2(S)-N1 BOC- 2-(benzyl)-pi perazine as the am ne

conponent . OExafile 37 Preparation of Sogpoiind 83/ 5-Bergi-fiSrcycjamnttipx39.
methoxy-phenyl)-I-ethyl-piperazine

O—o '< >
/O—Q_NCN_\

Prepared by the method outlined for Example 36 using acetaldehyde as the aldehyde
component. Oil (84 %). LC/MS 4.73 min, [M+1]" 395.

Example 38: Preparation of Compound 86, (S)-2-Benzyl-4-(3-cyclopentyloxy-4-
10  methoxy-phenyl)-1-propyl-piperazine

O O
| /O@_CN_\__

Prepared by the method outlined for Example 36 using propionaldehyde as the
15  aldehyde component. Qil (95 %). LC/MS 4.80 min, [M+1]" 409.

Example 39: Preparation of Compound 87, (5)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-1-benzyl-piperazine

Oo E

o N N
Bl
20

Prepared by the method outlined for Example 36 using benzaldehyde as the aldehyde
component. Oil (50 %). LC/MS 5.43 min, [M+1]" 457.

25  Example 40: Preparation of Compound 88, (S)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-1-pyridin-2-ylmethyl-piperazine
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Exanpl e 33: Preparation of Conpound 81, 6-0)-3-Benzyl-piperazin-l -yl)-15
cycl open0d- 3- net hyl - 1H-i ndazol e Prepared by the nmethod outlined for

Exanpl e 1 using 6-brono- 1-cyclopentyl-3- 10 nethyl-1H i ndazole as the aryl
hal i de and 2(S)-Nl BOC- 2-(benzyl)-pi perazine as the am ne conponent. QO ls
(81 and 769%9. LC/MS 5.13 mn, [Mrl)1l. 375. Exanple 34: Preparation of
Compound 82, 1-Cycl opernyl-3-ethyl-6-piperazin-1 -yl-1Hindazole 15
Prepared by the nethod outlined for Exanple 1 using

6- brono- 1-cycl opentyl- 3-et hyl 111-i ndazol e (CAS [199172-02-6]) as the aryl
hal i de and NBOCC- pi perazine as the 20 am ne conponent. G| and gum (88 % for
two steps). LCMS 4.56 min, [W f 299. Exanple 35: Preparation of Conpound
83, 6-((S)-3-Benzyl -piperazin-1 -yl)-1- cyclopentyl-3-ethyl-1 Hindazole
Prepared by the nmethod outlined for Exanple | using

6- br ono- 1- cycl opent y1- 3- et hyl dazol e (CAS 172-02-6]) as the aryl
hal i de and 2(S)-Nl1 BOC-2- (ben p| peraz, the am ne conponent. G|
(86 and 90 %9. LC/ M5 5.28 min,

/N

Prepared by the method outlined for Example 36 using 2-pyridinecarboxaldehyde as
the aldehyde component. Oil (44 %). LC/MS 5.38 min, [M+1]" 458.

5 .
Example 41; Preparation of Compound 89, (S)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-1-pyridin-3-yimethyl-piperazine
O —)
O N N
D
/ N
10

Prepared by the method outlined for Example 36 using 3-pyridinecarboxaldehyde as
the aldehyde component. Qil (57 %). LC/MS 5.07 min, [M+1]" 458.

Example 42: Preparation of Compound 99, (:S)-2-Benzyl-4-(3-cyclopentyloxy-4-
15  methoxy-phenyl)-1-pyridin-d-ylmethyl-piperazine

- Y

N N
/ N/
2
=N
Prepared by the method outlined for Example 36 using 4-pyridinecarboxaldehyde as
20 the aldehyde component. Qil (44 %). LC/MS 5.21 min, [M+1]" 458.

Example 43: Preparation of Compound 91, (S)-2-Benzyi-4-(3-cyclopentyloxy-4-
methoxy-phkenyl)-1-(3H-imidazol-4-ylmethyl)-piperazine
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Exanpl e 36: Preparation of Conpound 84, (S)-2-Benzyl-4-(3-cyclopentyl oxy-4-
nmet hoxy- phenyl ) - 1- net hyl - pi perazine 10 A solution of

(S)-3-Benzyl- 1-(3-cycl opentyl oxy- 4- met hoxy- phenyl) - pi perazi ne (Exanple 2)
(73 ng, 0.2 mml) in CH2C12 (5 nmL) was treated with a 37% aqueous 15

f or mal dehyde solution (16.4 uL, 0.22 nunol) and stirred for 5 mn after
which time solid sodiumtriacetoxyborohydride (64 ng, 0.3 mml) was added.
The suspension was then stirred for 3 hr then quenched with a saturated
aqueous NaHCO3 solution (2 nL). The organi c conponent was separated, dried
over MgSHA, filtered, and evaporated to an oil which was purified by silica
gel flash chromat ography with 5% 20 MeOH C112Cl12 as eluant to afford
product as a burgundy oil (69 ng, 9199 . IHNVR (CDC13) 1.54-1.61 (in, 2 H),
1.77-1.85 (m 6 H), 2.57 (s, 3 , 2.60-2.67 (m 3 H) 3.02-3.13 (in, 3 H,

3.22-3.32 (m 2 H), 3.76 (s, 3 , 4.59-4.62 , 3.76 (s, 3 H),
4.59-4.62 (in, 1 H), 630(dd .6, 29.1@ .35 (d, J 8.6, 1 H),
7.20-7.33 (m 5 H). 13C NMVR 24.72 36.3 (CH2), 42.9(0-13),
50.2 (CH2), 55.0 25 (CH2), 55.1 %637(04) 80.4 (CH),

106.2 (CH), 107.8(CH, 113.2(CH), 1264(CH) 129.5 (CH), 139.0 (CH),
144.5, 146.1, 148.4. L M5 5.10 mn, [M11+ 381N Exanpl e 37: Preparation

of Conpound 85, (S)-2-Benzyl-4-0- cycl opent yl oxy- 4-
r net hoxy- pherPy@a.ﬂ_edéJWhl}fbmﬁ@pammormmpﬁmbymmbmﬁw- outlined for

Ex l e 36 W LC M5
473 min, [V aggha kY gRRR, LOgdiefe Ui p RS bz ik PAL

('S) - 2- Beny1.589( Fheticylapertsd @?F“%“ati vag ﬁ%’t“l’fﬁ%ﬁd Brdisspiyiog the insegmedisicner azi ne

(90 mg, 0.1345 mmol) in CH>Cl, (0.5 mL) which was treated with triethylsilane (0.5
mL.) followed by frifiuoroacetic acid (1.0 mL). The reaction mixture was stirred for 2
h then evaporated to a residue which was triturated with a 10% EtOAc/hexane
solution (4 x 1 mL). The residue was then partitioned between EtOAc (1 mL) and a

10  saturated aqueous K2CO; solution (0.5 mL). The organic component was separated,
dried over MgSQ0,, filtered, and evaporated to afford product as a foam (50 mg, 83%).
LC/MS 4.50 min, [M+17]" 447.

Example 44: Preparation of Compound 92, (5)-2-Benzyl-4-(3-cyclopentyloxy-4-
15 methoxy-phenyl)-1-(1 H-imidazol-2-ylmethyl)-piperazine

D= ~O
O N N
/ N 3‘
=N
N
Prepared by the method outlined for Example 43 using 1-tritylimidazole-2-

20 carboxaldehyde as the aldehyde component. Oil and foam (63 and 75%). LC/MS
6.20 and 4.77 min, (M+1]" 689 and 447,

- Example 45: Preparation of Compound Compound 93, (8)-2-Benzyl-4-(3-
cyclopentyloxy-4-methoxy-phenyl)-1-methanesulfonyl-piperazine
25
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Prepared by the nethod outlined for Exanple 36 using propional dehyde as the
15 al dehyde conponent. OH (95 %9. LC/MsS 4.80 min, [MHr 409. Exanple 39:
Preparation of Conmpound 87, (S)-2-Benzyl-4-(3-cyclopenVl oxy-4-

nmet hoxy- phenyO- 1- benzyl - pi perazi ne 20 Prepared by the nethod outlined for
Exanpl e 36 usi ng benzal dehyde as the al dehyde conponent. G| (50 %9. LC M5
5.43 mn, [mtir 457. 25 Exanple 40: Preparation of Conpound 88,
(S)-2-Benzyl- 4-(3-cycl opentyl oxy- 4-

met hoxy- phenyl ) - 1- pyri di n- 2-yl met hyl - pi per azi ne Prepared by the nethod
outlined for Exanple 36 using 2-pyridinecarboxal dehyde as the al dehyde
conponent Ol (44 %9. LC M 5.38 mn, [M1)+ 458. Exanple 41: Preparation
of Conpound 89, (S)-2-Berayl-4-(3- cyclopentyloxy 4-

met hoxy- phenyO- 1- pyri di n- 3-yl net hyl - pi perazi ne Prepared by the nethod
outlined for Exanple 36 using yr|d|necarbox._=ehyde as the al dehyde

conponent. G| (57 %9. LC I\/IS m Fis @ Exanpl e 42:
Preparati on of Conmpound 90, (S) 2- yTl openodoxy-4- 15
met hary- pheny1) - 1- pyri di n- 4- yI

A sofution of the bis-hydrochloride salt of (S)-3-Benzyl-1-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazine (Example 2) (50 mg, 0.114 mmol) in pyridine (1 mL)

5  was treated with methanesulfonyl chloride (26 pL, 0.341 mmol) and stirred at room
temperature for 16 h. The reaction mixfure was evaporated and partitioned between
EtOAc (2 mL) and a saturated aqueous NaHCO; solution (2 mL). The organic
component was separated, dried over MgSOy, filtered, and evaporated to an oil which

_ was purified by silica gel flash chromatography with 30% then 40% EtOAc/hexane as
10  chiant to afford product as an oil (46 mg, 91%). TH NMR. (CDCl;) 1.60-1.62 (M, 2
H), 1.84-1.87 (mn, 4 H), 1.90-2.04 (m, 2 H), 2.55 (s, 3 H), 2.76-2.80 (m, 2 H), 3.19-
3.56 (m, 5 H), 3.77 (m, 1 H), 3.80 (s, 3 H), 4.30 (br t, 1 H), 471 (m, 1 H), 6.42 (br d,
J=81,1H),648 (brs, i H), 6.78 (d, J=8.6, 1 H), 7.23-7.36 (m, 5 H). LC/MS 7.25

min, [M+1]" 445.
15

Example 46: Preparation of Compound Compound 94, (5)-2-Benzyl-4-(3-

cyclopentyloxy-4-methoxy-phenyl)-1-ethanesulfonyl-piperazine

e O
O—ON -80
/ AR

20

Prepared by the method outlined for Example 45 using ethanesulfonyl chloride as the
sulfony! chloride component. Qil (17 %). LC/MS 7.41 min, [M+1] 459,

Example 47: Preparation of Compound 95, (S)-2-Benzyl-4-(3-cyclopentyloxy-4-
25  methoxy-phenyl)-1-benzylsulfonyl-piperazine
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Prepared by the nethod outlined for Exanple 36 using

4- pyri di necar boxal dehyde as 20 the al dehyde conponent G| (44 %. LC/ M5
5.21 min, [Mtl]4 458. Exanple 43: Preparation of Compound 91,
(S)-2-Benzyl-4-(3-cycl opentyl oxy-4-

met hoxy- phenyl ) -1-(3H i m dazol - 4- yl net hyo- pi per azi ne Prepared by the

nmet hod outlined for Exanple 36 using 1-tritylimdazol e-4- carboxal dehyde as
t he al dehyde conponent. G| (69% LC/ Ms 6.25 mn, [Mtl]+ 5 689. The trityl
protected internedi ate was deprotected by dissolving the internediate (90
ng, 0.1345 nunol) in CH2C12 (0.5 nlL) which was treated with triethylsilane
(0.5 inL) followed by Irifluoroacetic acid (1.0 nL). The reaction m xture
was stirred for 2 h then evaporated to a residue which was triturated with
a 10% Et OAc/ hexane solution (4 x 1The residue was then partitioned between
Et0OAc (1 nlL) and a 10 satura gueous KZCIB lution (0.5 nmL). The

organi ¢ conponent was separag—rl ed over , filtered, and evaporated
to afford product as a foam ( S%y'*L 4.50 mn, [NH11+ 447 .
Exanpl e 44: Preparation of Cbnp u '?OB -4- (3 cycl openol | oxy- 4-
15 net hoxy- phenyl)-1-0 Him dazol - 2- ylnethyl) azine Prepared by the
nmet hod outlined for Exanple 43 using 1- tritylinidazole 2- 20 carboxal dehyde

as the al denpgaRam)ONSiEno bufid (PBHAS S6thg 6eyisliEhl Rk a8t 4. 77

En S)n 2[ g;ﬁlz y ?gafqraggchlonde comanent Oil .(6 %)eE%/ﬁg |7083 min, [ﬁ-ﬂﬁpgﬁ] d Corpound 93,

cycl opent gl oxy- 4- net hoxy- phenyl ) - 1- net hanesul f onyl - pi perct zi ne
Example 48: Preparation of Compound 96, 1-/(S)-2-Benzyl-4-(3-cyclopentyloxy-4-

merhoxy-phenyl)-piperazin-1-yij-ethanone

10
Prepared by the method outlined for Example 45 using acetic anhydride as reagent.

Qil (97 %). LC/MS 6.88 min, [M+1]" 409.

Example 49: Preparation of Compound 97, (§)-2-Benzyl-4-(3-cyclopentyloxy-4-
15  methoxy-phenyl)-piperazine-1-carboxylic acid ethylamide

e

9
/OON\_fN_qN_/
H

A solution of (8§)-3-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine
20 (Example 2) (73 mg, 0.2 mmot) in CH2Clz (0.5 mL) at 0°C was treated with ethyl
isocyanate (19 L, 0.24 mmol) and stirred for 1 h, then evaporated and the residue
purified by silica gel flash chromatography with 50% then 75% EtOAc/hexane as
eluant to afford product as a foam (60 mg, 69 %) 'H NMR (CDCL) 1.04 (t,J=7.2,
3 H), 1.59-1.64 (m, 2 H), 1.79-1.90 (m, 3 H), 1.91-1.96 (m, 2 H), 2.67-2.75 (m, 2 H),
25  3.00-3.43 (m, 7 H), 3.79 (s, 3 H), 3.93 (brd, J = 12.5, 1 H), 4.13-4.27 (m, 2 H), 4.70-
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25 N NSO\ 2 A solution of the bis-hydrochloride salt of
(S)-3-Benzyl-1-(3-cycl opentyl oxy-4- methoxy-phenyl)-piperazine (Exanple 2)
(50 nmg, 0.114 mmol) in pyridine (1 n) 5 was treated wth nethanesul f onyl
chloride (26 pL, 0.341 nmol) and stirred at roomtenperature for 16 h. The
reaction m xture was evaporated and partitioned between EtOAc (2 nL) and a
satur ated aqueous NaHCO3 solution (2 nL). The organi ¢ conponent was
separated, dried over MgSO4, filtered, and evaporated to an oil which was
purified by silica gel flash chromatography with 30% t hen 40% Et 0Ac/ hexane
as 10 eluant to afford product as an oil (46 ng, 91%. Ili NWVR (CDC13)
1.60-1.62 (M 2 H), 1.84-1.87 (in, 4 H, 1.90-2.04(m 2 H), 2.55 (s, 3 H,
2.76-2.80 (m 2 H), 3.19- 3.56 (m 5 H), 3.77 (in, 1 H, 3.80 (s, 3 H,
4.30 (bit, 1 H, 471 (m 1 11), 6.42 (hr d, J =8.1, 1 H,6.48 (hr s, 1
H, 6.78 (d, 4.373:5“13,31 €1, dladlbr 4,75 235,71 B 6049 (bobs, 1H), 6.5 W51 =08 17,28 t 445,
r

15 Exanpl e 46: eparation_qf Co npound 94, (S)-2-Benzyl-4-(3-
cycl openryl 02954%§m0§<98ﬂﬁér§glr’}‘ggﬁﬁnlﬁ+a%suI f onyl - pi perazi ne
Example 50: Preparation of Compound 98, (8)-2-Benzyl-4-(3-cyclopentyloxy-4-
S methoxy-phenyl)-piperazine-1-carboxylic acid ethyl ester

O

O N/-—\

/ /o
A solution of (8)-3-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine

10 (Example 2} (73 mg, 0.2 mmol) in THF (0.5 mL) at room temperature was treated
with triethylamine (28 uL, 0.2 mmol) followed by ethyl chloroformate (19 pL, 0.2
mmol). The reaction mixiure was stirred for 2 h then diluted with EtOAc (2 mL)
followed by a saturated aqueous NaHCQOj; solution (1 mL). The organic phase was
isolated and further washed with an additional portion of a saturated aqueous

15 NaHCO; solution (1 mL} followed by a brine solution (1 mL). The organic
component was dried over MgSOs, filtered, and evaporated to an oil which was
purified by silica gel flash chromatography with 10% then 30% EtOAc/hexane as
eluant to afford product as an oil (30 mg, 34%). 'HNMR (CDCh) 1.25(t,1=17.2,3
H), 1.60-1.65 (m, 2 H), 1.79-1.89 (m, 3 H), 1.92-2.00 {m, 2 H), 2.60-2.72 (m, 2 H),

20 2.95(dd,J =129, 4.8, 1 H), 3.20-3.28 (m, 2 H), 3.33-3.42 (m, 2 H), 3.79 (s, 3 H),
4.08-4.13 (m, 3 H), 4.40 (br s, 1 H), 4.69-4.72 (m, 1 H), 6.39 (dd, J=8.6,2.4, 1 H),
6.47 (s, 1 H), 6.77 (4,3 = 8.6, 1 H), 7.22-7.34 (m, 5 H). LC/MS 7.81 min, [M~+1]"
439.

25 Example 51: Preparation of Compound 99, 1-/(S)-2-Benzyl-4-(3-cyclopentyloxy-4-
. methoxy-phenyl)-piperazin-1-yi]-2-hydroxy-ethanone
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20 Prepared by the nethod outlined for Exanple 45 using ethanesul f onyl
chloride as the sulfonyl chloride conponent. G| (17 %9. LC/M5S 7.41 mn
[ mtir 459. Exanpl e 47: Preparation of Conpound 95,
(S)-2-Benzyl-4-(3-cycl opentyl oxy-4- 25

met hoxy- phenyl ) - 1- benzykul f onyl - pi per azi ne Prepared by the nethod
outlined for Exanple 45 using benzyl sul fonyl chloride as the sul fonyl

chl oride conmponent. Ol (6 %9. LCM 7.82 mn, [M1]4 521. Exanple 48:
Preparati on of Conmpound 96, 1-1(S)-2-Benzyl-4-(3-cyclopentyl oxy-4-

t net haxy- phenyl ) - pi perazi n-1 -yl ket hanone Prepared by the nethod outlined
for Exanple 45 using acetic anhydride as reagent. QI (97 %9. LC/ M5 6. 88
mn, [mbir 409. Exanpl e 49: Preparation of Conpound 97,
(S)-2-Benzyl-4-(3-cycl opentyl oxy-4- 15 net hary-phenyl)-pi perazine- 1

-carboxylic acid ethylam de
O A
/TN
/O‘O‘NL_/N_QQH
A solution of (S)-3-Benzyl-1 -(3-cyclopentyloxy-4-methoxy-phenyl)~piperazine
(Example 2) (73 mg, 0.2 mmol) in THF (1.5 mL) at room temperature was treated
5  with triethylamine (42 pL, 0.3 mmol) followed by benzyloxyacetyl chloride (19 pL,
0.2 mmol). The reaction mixture was stirred for 2 h then diluted with EtOAc (2 mL)
and water (2 mL). The organic phase was isolated and further washed with an
additional portion of a water (2 mL) followed by a brine solution (2 mL). The
organic component was dried over MgSQO,, filtered, and evaporated to an oil which
10  was purified by silica gel flash chromatography with 20% then 40% EtOAc/hexane as
eluant to afford coupled product as an oil (69 mg, 67%). LC/MS 7.64 min, [M+1]"
515,The intermediate benzyloxy ether (60 mg,0.117 mmol) was dissolved in MeOH
(20 mL), purged with a stream of nitrogen, treated with 20% Pd/C (140 mg, 50%
water content), and hydrogenated under 40 psi pressure of hydrogen for 4 h. The
15  crude reaction mixture was then. purged with nitrogen, filtered, evaporated, and
purified by silica gel flash chromatography with 40% then 75% EtOAc/hexane as
eluant to afford product as an oil (9 mg, 18%). LC/MS 6.55 min, [M+1]" 425.

Example 52: Preparation of Compound 100, 2-Amino-1-[(S)-2-benzyl-4-(3-
20  cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-ylj-ethanone, hydrochloride salt

A solution of (S)-3-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine

25  (Example 2) (73 mg, 0.2 mmol) and BOC-glycine (35 mg, 0.2 mmo}) in DMF (1.0
mL) at room temperature was treated with diisopropylethylamine (35 pL, 0.2 mmol)
followed by HATU (84 mg, 0.22 mmol). The reaction mixiure was stitred for2 h
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A solution of (S)-3-Benzyl-1-(3-cyclopentyl oxy-4-nmnmethoxy-phenyl)-pi perazine
20 (Exanple 2) (73 ng, 0.2 mol) in CH2C12 (0.5 nL) at OC was treated with
et hyl isoeyanate (19 pL, 0.24 mml) and stirred for 1 h, then evaporated
and the residue purified by silica gel flash chromatography with 50%t hen
75% Et OAc/ hexane as eluant to afford product as a foam (60 ng, 69% 1H NWR
(cbCc13) 1.04 (t, J --- 7.2, 3 H, 1.594.64 (m 211), 1.79-1.90 (m 3 H,
1.91-1.96 (m 2 H), 2.67-2.75 (m 2 H, 253.00-3.43 (m 7 H), 3.79 (s, 3
1), 3.93 (br d, J =12.5, | H, 4.13-4.27 (m 2 H), 4.70- 4.73 (m 1 H),
6.40 (br d, J =7.5, 1 H, 6.49 (br s, 1 H, 6.78 (d, J =8.8, 1 H, 7.22-
7.35 (m 5 H. LCM 6.86 mn, [M111" 438. Exanpl e 50: Preparation of
Compound 98, (S)-2-Benzyl-4-(3-cycl opentyl oxy-4- 5

met hoxy- phenyl ) - pi per azi ne- 1-carboxylic acid ethyl ester A solution of
(S) - 3-Benzyl- tﬁer(p”ﬁrmmb@ba%eﬁ BProACd ORI and/a Sﬂ&&awﬂhqliﬂowﬂaﬂCO%O’l&idnExarrpl e

2) (73 ng, O. THF (0.5 inL treated with
triethylam ne&?gg‘l} %h ﬁﬁ%f‘?onf ﬁ‘f%\ﬂ%"gat%@an?%@ (W é'teéi 19 gL, 0.2
nunol ). The rmebxthémdriad omumsﬂaﬁl‘steldrm&v&matﬁlhanheimlmﬂ wasquokrified by Et OAc (2
m.) followed %tsﬁ e or ganl c

phase was i so at% g ?’% hog%ﬁvxguﬁﬂégay%ﬁ an gﬁ&???@%ﬁlt‘gaﬁﬁiﬁ;@of a

sat ur at ed Jaq lﬁ@@@@@%‘-%ﬁ@%’dﬁ@ﬁlaﬁﬂlﬁéﬂm (8% g B} Yo).oLC AR - 45}*“8; (BHitde529o! ut i on

(1 rnL). The 'ﬁfe%b—?r&é&m%ﬂﬁedfﬁéw% ASRIVRY 81 amuoﬁ'ok‘hf‘dré‘é&n and
evaporated to_an oi was purified by silica gel f]ash chromatography

Wi th 10% t herPhiessie i dipxansand shisred ford 1313’&'(‘ cYaporzteddp @ S‘E)'l“bﬂﬂ’é? wagfilteredi | (30
34% . il |anB|Ws]£e@EXr3EH didthyi%etHek to akford ﬁroauct s dripolorlesd Qolﬂd @5 migh4o % H) ,

ng,
1.79-1.89 (m , 20 2.95 (dd, J
= 119, 4. 8( P2 dw“s“‘éﬁ‘%"”%’é"’%ﬁ%‘w H{Tff‘u};é*% ﬁ‘ﬂzﬁmwz H, 3.79 (s, 3(|)
4.08-4.130(in, 3 H), 4.40 (br s, ,469472(m1|—|),639(dd J =
8.6, 2.4, | kl):gan@kﬁﬁ (Rsepatatilei of Gpﬁlﬁm(nd 103, /={(8)-BBefzyHy-(3-¢vdepeity®by4m 5 H).

LG/ M5 7.81 m J%h ﬁ%ent yﬁ? - -%tit?ﬂamn?&&ggrfoﬁg'iﬂgraeﬁlogggptﬂpnd 99,

14(5) - 2- Benzy
nethoxy-phenyl) pi perazi n-1-yl | - 2- hydr oxy- et hanone

O AT
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/OONuN —<_”/

15 .
Prepared by the method outlined for Example 52 using BOC-sarcosine as the acid

coupling component, Foam and solid (74 and 86 %, based on trihydrochloride salt).
LC/MS 7.46 and 4.72 min, {M+1]* 539 and 438.

20 Example 54: Preparation of Compound 102, 4-/(7-((S)-3-benzyl-4-piperazin-1-y1)-2-
hydroxy-ethanone)]-7-methoxy-spirofbenzofuran-2(3H), 1’-cyclopentane]

0

P NN

25  Prepared by the method outtined for Example 51 using compound 80 (Example 32) as
the amine coupling component. Oils (67 and 37 %). LC/MS 7.60 and 6.68 min,
(M+1]" 527 and 437.
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A solution of (S)-3-Benzyl-1-(3-cyclopentyl oxy-4-nmnmethoxy-phenyl)-pi perazine
(Exanple 2) (73 ng, 0.2 mmol) in THF (1.5 nL) at roomtenperature was
treated 5 with triethylamne (42 pi-, 0.3 nunol) followed by

benzyl oxyacetyl chloride (19 pL, 0.2 nmol). The reaction m xture was
stilled for 2 h then diluted with EtOAc (2 inL) and water (2 nL). The
organi ¢ phase was isolated and further washed with an additional portion of
a water (2 nL) followed by a brine solution (2 nL). The organi c conmponent
was dried over MgSH4, filtered, and evaporated to an oil which 10 was
purified by silica gel flash chromatography with 20% t hen 40% Et OAc/ hexane
as eluant to afford coupled product as an oil (69 ng, 67%. LC/ M5 7.64 mn,
DA-Fir 515. The internedi ate benzyl oxy ether (60 ng,0.117 nmol) was

di ssolved in MeOH (20 nL), purged with a streamof nitrogen, treated with
20% Pd/ C (140 ng, 50% water content), and hydrogenated under 40 psi
pressure of IBxamplypeis: fPacpadation of Cempéundriddlel-f(8h2-Beaayl-#(kicurlepentd-3t hen pur ged

W th nltrogen i y silica gel flash
chr omat ogr aphrhy;] %&?%é%e%ﬁé?ﬁ g’ neféﬁaglgnée)l uant to afford product
as an oil (9 ng, 18%. LC/ M5 6.55 mn, [MEI r 425. Exanple 52: Preparation

of Conpound 100, 2-Am no-1-1(S)-2 nzyl 4- (3 20
cycl opent yl oxy- 4- met hoxy- phenyo-p razin-| - hanone, hydrochl oride salt

A solution of (S)-3-Benzyl-1-(3- c | opent yl 4 met hoxy- phenyl) - pi per azi ne
25 (Exanple 2) (73 ng, 0.2 I)“awocfg-k\ycme (35 my, 0.2 mml) in DV
(1.0 nmL) at roomtenperature wag U di i sopropyl et hyl am ne (35
pia, 0.2 gnol) followed by HATO:(84 2 nuu‘?ﬂ*) The reaction m xture

was stirred for 2 h
Prepared by the method outlined for Examptle 51 using 6-((8)-3-Benzyl-piperazin-1-

yI)-1-cyclopentyl-3-ethyl-1H-indazole (Example 35) as the amine coupling
component. Qils (73 and 49 %). LC/MS 8.03 and 7.12 min, [M+1]+ 537 and 447.

10

Bxample 56: Preparation of Compound 104, 2-/(S)-2-Benzyl-4-(3-cyclopentyloxy-4-

methoxy-phenyl)-piperazin-1-ylJ-acetamide

O O
am
O N N
/ " ynH,
0

15

A solution of the bishydrochloride salt of (S)-3-Benzyl-1-(3-cyclepentyloxy-4-
methoxy-phenyl)-piperazine (Example 2) (110 mg, 0.25 mmol) in THF (2 mL)} at
room temperature was treated with diisopropylethylamine (165 pL, 1.0 mmol)
followed by 2-bromoacetamide (42 mg, 0.3 mmol). The reaction mixture was heated
20  at 50°C for 8 h and an additional amount of bromide (42 mg, 0.3 mmol) then added,
The reaction mixture was then stirred for an additional 16 4 at room temperature and
evaporated. The crude reaction was then partitioned between EtOAc (3mL)and a
saturated aqueous NaHCOs solution (3 mL). The organic phase was isolated and
further washed with an additional portion of a saturated aqueous NaHCO; solution (3
25 mL)and brine (2 x 3 mL). The organic component was dried over MgSQ,, filtered,
and evaporated to an oil which was purified by silica gel flash chromatography with
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then partitioned between Et0Ac (10 inL) and a saturated aqueous NaHCO3
solution (10 nL). The organi c conponent was isol ated and further washed
with brine (10 m..) then dried over MgSO4, filtered, and evaporated to an
oil which was purified by silica gel flash chromatography with 40%

Et 0Ac/ hexane as eluant to afford BOC- 5 contai ning coupled product as a
foam (85 ng, 81%. LC/MS 7.46 mn, [Mr 524. The BOC- protected

i ntermedi ate was dissolved in a 4 N solution of hydrogen chloride in

di oxane and stirred for 2 h then evaporated to a solid which was filtered
and washed with diethyl ether to afford product as a colorless solid (42
ng, 49 % based on trihydrochloride salt). LM 4.66 mn, [M1l]* 424. 10
Exanpl e 53: Preparation of Conpound 101,

14(S) - 2- Benzyl - 4- (3- cycl opend oxy- 4-

met hazy - phenygho, tRbRE/RZind ten)sdd MEOTBEION ATl hianab AEBRAINRoadey s A&l @8 | de sal t
15 Prepared by the method outlined for Exanple 52 using BOC sarcosine as
the acid coupis APekdripdReHPd mimiM+Ahd24o) i d (74 and 86 % based on
trihydrochloride salt). LCMS 7.46 and 4.72 min, [M-if 539 and 438. 20

Exanpl e 54: E&ﬂﬁﬁlﬁiﬂw BreparfatiG 0o Conibudd 205, [(S)-2-Benzyl-4-(3-cyclopentyloxy-4-

4-T(1-((S | - 4- erazi
hygjgoxgl(e% haﬁ'&ﬁ'@ ﬁ@?ﬁ"@ﬁ'"’g?’b&%ﬁ%’s’nﬂﬂ#ﬁf’gﬁeftfﬁl-l) | '-cycl opentane] 25
Prepared by the net hod outlined for Exanple 51 using conpound 80 (Exanple

32) as the am ne coupling co nt. Qls (67 37 %9. LC/ M5 7.60 and
6.68 mn, [Mrlr 527 and 437. e 55: ID_F'eT)@i on of Conpound 103,
11(' - 2- Benzy1-4-(1-cycl openi yl- 30 =N 1 = ndgzol -6-yl)-piperazin- 1
-yl J- 2- hydr oxy- et hanone N/

0

A solution of the bishydrochloride salt of (8)-3-Benzyl-1-(3-cyclopentyloxy-4-

10  methoxy-phenyl)-piperazine (Example 2) (110 mg, 0.25 mmofi) in THF (2 mL) at
room temperature was treated with diisopropylethylamine (165 pL, 1.0 mmol)
foliowed by 2-bromo methylacetate (95 pL, 1.0 mmol). The reaction mixture was
stirred for 16 h at room temperature and evaporated. The crude reaction was then
partitioned between EtOAc (3 mL) and a saturated aqueous NaHCQj solution (1 mL).

15 The organic phase was isolated and further washed with an additional portion of a
saturated aqueous NaHCO; solution (2 x 2 mL) and brine (2 x 2 mL). The organic
component was dried over MgSO,, filtered, and evaporated to an oii, which was
purified by silica gel flash chromatography with 25% EtOAc/hexane as eluant to
afford product as an oil (82 mg, 75%). "H NMR (CDCl3) 1.56-1.58 (m, 2 H), 1.78-

20 2.04 (m, 6 H), 2.66-2.75 (m, 2 H), 2.90-3.14 (m, 6 1), 31.9-3.24 (m, 1 H), 3.58 (5, 2
H), 3.76 (s, 3 H), 3.76 (s, 3 H), 4.62 (m, 1 H), 6.34 (dd, J=8.6,2.6, 1 H),6.73 (d,J =
8.8, 1 H), 7.18-7.32 (m, 5 H), *CNMR 24.2 (CHy), 33.0 (CHy), 35.2 (CH,), 50.2
(CH,), 51.5 (CH3), 51.9 (CHz), 55.0 (CHy), 55.5 (CHy), 56.8 (CHs), 60.5 (CH), 76.8
(CH), 106.4 (CH), 108.0 (CH), 113.3 (CH), 126.5 (CH) 128.7 (CH), 129.5 (CH),

25  139.0, 144.6, 146.2, 148.4, 171.2. LC/MS 5.74 min, [M+1]" 439.

Example 58: Preparation of Compound 106, 2-/(S)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazin-1-ylj-ethanol
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\-1 -Ic NNOH Prepared by the nethod outlined for Exanple 51 using

6- ((S)-3-Benzyl -pi perazin- 1- yl)-1-cycl opentyl-3-ethyl-1Hindazol e
(Exanpl e 35) as the am ne coupling conmponent. QOls (73 and 49 %. LC M5
8.03 and 7.12 min, [Mi. 114 537 and 447. Exanple 56: Preparation of Conpound
104, 2-[(S)-2-Benzyl-4-(3-cycl openvl oxy-4- mnet hoxy-phenyl)-piperazin- 1

-yl kacetam de 15 A solution of the bishydrochloride salt of
(S)-3-Benzyl- 1- (3-cycl opentyl oxy-4- net hoxy-phenyl) - pi perazi ne (Exanpl e 2)
(110 nmg, 0.25 nmmol) in THF (2 nlL) at

O —~
26e
/ /" o

A solution of [(8)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-
acetic acid methy! ester (Example 57) (110 mg, 0.25 mmol) in THF (2 mL) at room
5 temperature was treated with a 1 N THF solution of lithium aluminum hydride (750

uL, 0.75 mmol) and allowed to stir for 12 h. The reaction mixture was quenched with
an aqueous 15% NaOH solution (250 uL) followed by water (250 pL) and THF (2
mL). the reaction mixture was then treated with MgSO,, filtered, and evaporated.
The residue was then dissolved in EtQOAc (3 mL), retreated with MgSOs, filtered, and

10  evaporated to afford product as an oil (75 mg, 73%). 'H NMR (CDCl;) 1.58-1.62
(m, 2 H), 1.67-1.88 (m, 6 H), 2.74-3.22 (m, 12 H), 3.65-3.76 {m, 2 H), 3.78 (s, 3 H},
4.64-4.67 (m, 1 K), 6.34 (dd, J=8.6,2.9,1 H), 640 (d, T =2.6, 1 H)}, 6.75 (d, I = 8.6,
1 H), 7.20-7.33 (m, 5 H). "CNMR 24.2 (CH,), 33.0 (CHy), 33.0 (CHb), 48.4 (CHa),
49.7 (CHa), 53.9 (CHy), 55.5 (CHy), 56.9 (CH3), 58.1 (CHy), 61.6 (CH), 80.5 (CH),

15  106.5 (CH), 108.1 (CH), 113.4 (CH), 126.5 (CH) 128.8 (CH), 129.5 (CH), 139.6,
144.7, 146.5, 148.5. LC/MS 4.81 min, (M+1T" 411.

Example 59: Preparation of Compound 107, [(5)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl}-piperazin-1-yl]-acetic acid

O O

SN

0 N N
! Y-on
O

A solution of [(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-y1}-

20

acetic acid methyl ester (Example 57} (342 mg, 0.78 mmol) in THF (5 mL) at room
25  temperature was treated with an agueous solution (1 mL) containing lithium
hydroxide monohydrate (36 mg, 0.858 mmol). The reaction mixture was allowed to
stir for 2 h and then evaporated to a small volume. The reaction mixture was then
dissolved in water (5 mL) and the pH adjusted to ~ 7 with 1 N HCI to precipitate
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roomtenperature was treated wth diisopropyl ethylam ne (165 pL, 1.0 mmol)
foll owed by 2-bronpacetam de (42 ng, 0.3 nmmol). The reaction m xture was
heated 20 at 50C for 8 la and an additional anmount of bromi de (42 ny, 0.3
mmol ) then added. The reaction m xture was then stirred for an additional
16 h at roomtenperature and evaporated. The crude reaction was then
partitioned between Et 0Ac (3 anL) and a saturated aqueous NaHCO3 sol ution
(3 nL). The organi c phase was isolated and further washed with an

addi tional portion of a saturated agqueous NaHCO3 solution (3 25 m..) and
brine (2 x 3 inL). The organic conmponent was dried over MgSH, filtered,
and evaporated to an oil which was purified by silica gel flash

chromat ography with 80% Et 0Ac/ hexane t hen 5% MeOH Et OAc as eluant to
afford product as an oil (23 ng, 229% . LC/ M5 54)9 mn, [Mll+ 424,

F?g;fp|238571 iﬁfrﬁﬁ@% a!«‘ﬂecpl‘i'ec‘iﬁitaml QhHikCh'l4 'ﬁﬁeﬁedS Y[wft]h water 2x 5 TnL) and dried mderla
-2-Benzyl-4-(3-cycl opentyl.ary-4- OXY-, yl) - ef, <
“Jill-acetic S&E‘?’é"ﬂ%’%ﬂ%‘f“ t8§%§‘fd 0ot ORI l‘ﬁ?%‘ﬁgd‘i‘3=?ﬁ'lé’5)-bi ochl ori de
salt of (S)-ICBEn)YI431.63 (oyZHy AT L TDny, 64), 1.023ei5ox 2 IDIRAY (D spR BBy azi ne
(Exampl e 2) (. 1y i k= ) m ,t a S
treated with 3§1 i()%’g%rlo}%f/?g#ﬁ%?g{rh %’é{? fgg'% bﬁ’f’#ﬁ%&?’ lflgg’lgg\#zédﬂb@”%br ono
met hyl acetsat dl) 655 (lir,s, QHD, 6Ai@! )= 8PhEMBHET-R0 imnd K. uk@M@s.34minred for 16 h
at roomterrpet&gllw@)sand evaporated. The crude reaction was then partitioned
L

bet ween Et OAC (3 and a saturated aqueous NaHCOB3 solution (1 m.). 15
The organi c phase was isolated_and firther washed wi th an additignal
portion of a Bxamplep0s Prepgradion of sempeynd 408, fri(GHS)-3-beny-hwipergair-hwbne (2 x 2
). The or gaRks: &R)PIMoxyRsiralbémtfuennel3N) I0dycldpehianeled, and evapor at ed
to an oil,, which was purified by silica gel flash chromatography wth 25%
Et OAc/ he%gne as eluant to afford praoduct as an oil (82 ng, 75%. 111 NMR
(CDC13) 1.56-1.58 (m 2 H, 1.78-

Q

H

0 N H
/ /" Yo
0

Prepared by the methods outlined for BExamples 57/59 using compound 80 (Example
32) as the amine coupling component. Qil and tan solid (65 and 98 %). LC/MS 5.65
15  and 5.29 min, [M+17" 452 and 437.

Example 61: Preparation of Compound 109, /(S)-2-Benzyl-4-(1-cyclopentyl-3-ethyl-
1H-indazol-6-yl)-piperazin-1-ylJ-acetic acid

20 °
Prepared by the methods outlined for Examples 57/59 using 6-((S)-3-Benzyl-
piperazin-i-yl)-1-cyclopentyl-3-ethyl- 1H-indazole (Example 35) as the amine
. coupling component. Oil and tan solid {77 and 94 %). LC/MS 6.37 and 5.65 min,
25 [M+1]" 462 and 447.

62



20 2.04 (m 6 H), 2.66-2.75 (in, 2 H, 2.90-3.14 (m 6 H, 31.9-3.24 (m 1
H, 3.58 (s, 2 H, 3.76 (s, 3 H, 3.76 (s, 3 H, 4.62 (in, 1 H, 634 (dd, J
8.6, 2.6, 1 H, 6.73 (d, J =8.8 1H, 7.18-7.32 (n, 5 H, 13C NVR 24.2
CH2), 33.0 (CH2), 35.2 (CH2), 50.2 (CH2), 51.5 (CH3), 51.9 (CH2), 55.0
CH2), 55.5 (CH2), 56.8 (CH3), 60.5 (CH), 76.8 (CH), 106.4 (CH), 108.0

CH), 113.3 (CH), 126.5 (CH) 128.7 (CH), 129.5 (CH), 25139.0, 144.6, 146. 2,
148. 4, 171.2. L M5 5.74 min, [M111l 439. Exanple 58. Preparation of
Conpound 106, 2-f(S)-2-Benzyl-4-(3-cyclopentyl oxy-4- nethoxy-phenyl)-1
\--OH A solution of

[ (S)-2-Benzyl-4-(3-cycl opentyl oxy-4-net hoxy-phenyl) - pi perazin-1-yl]- acetic
acid nethyl ester (Exanple 57) (110 ng, 0.25 nmol) in THE (2 rnL) at room5
tenperature was treated with a 1 N TIMsolution of |ithium alum num hydride
(750 pL, 0. 7%Exaopls 62: drepagationws Gompound; 1405 b f(Sk2-Benznkrd3opelenandioapifxt ur e was

quenched wi t b, an,, a0ReRINSHbA NI AR My 2dcdidmblieP! ) Tol | oved by water (250
pL) and THF (2 nL %the‘?%acti(??%i xtur)se? \c/:vas tﬁen treated with MySO4,
filtered, and evaporated. The residue was then dissolved in Et0OAc (3 nL),
retreated with MySO4, filteredy )ng, 10 evapoo afford product as an
oil (75 ng, 73%. 1H NWMR (CDC138)/1.58-1.62_(m 2 ¥#), 1.67-1.88 (m 6 H),
2.74-3.22 (m 12 H), 3.65-3.76 (o N3. s, 3 H, 4.64-4.67 (m 1 H),
6.34 (dd, | =8.6, 2.9, 1 H, 6.40 (& 1=2/6, M), 6.75 (d, J =8.6, 1
Hy, 7.20-7.33 (m 5 11). '30 NW& 24.2 (CH2), 3@.d"'(CH2), 33.0 (CH2), 48.4
(CH2), 4957 (CH2), 53.9 (CH2), 55.5 (CH2), 56.9 (CH3), 58.1 (CH2), 61.6
(CH), 80.5 (CGolutimldfg(S-2Bnizy]-4-{Heyclope@iioxy-HiBethoxy@phicnyl)-pir@ragin-Cihl- 128. 8
(CH). 129.5 (ElloactiBxBimple 59) (21.2 mg, 0.05 mmol) in CH,Cl, (0.5 mL) at 0°C was

treated with DMAP (~ 1 mg) and DCC (11.3 mg, 0.055 mmoi) followed 5 min later

by a 2 M THF solution of methylamine (30 uL, 0.06 mmol). The reaction mixture

10  was stirred for 16 h, evaporated, and purified by silica gel flash chromatography with
50% FtOAc/exane, then 100% EtOAc, then 5% MeOH/EtOAc as eluant to afford

product as an oil (6.4 mg, 29%). LC/MS 5.09 min, [M+1]" 438,

Example 63: Preparation of Compound 111, [(S)-2-Benzyl-4-(3-cyclopentyloxy-4-
15 methoxy-phenyl)-piperazin-1-yl]-acetic acid hydrazide

Prepared by the method outlined for Example 62 using hydrazine hydrate as the
20  amine component. Oil (51 %). LC/MS 4.84 min, [M+1]" 439.

Example 64: Preparation of Compound 112, /(S)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazin-1-yl]-acetic acid N'-methyl-hydrazide

25 0
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144.7, 146.5, 148.5. LC M5 4.81 min, [mFir 411. Exanple 59: Preparation of
Conmpound 107, [(S)-2-Benzyl-4-(3-cycl opentyl oxy-4-

met haxy- phenyO- pi perazi n-1-yi Pacetic acid 20 A solution of

[ (S)-2-Benzyl-4-(3-cycl opentyl oxy-4-mnmet hoxy- phenyl) - pi perazin-1-yll- acetic
acid nethyl ester (Exanple 57) (342 ng, 0.78 mmol) in THF (5 InL) at room
25 tenperature was treated with an aqueous solution (1 nlL) contai ning

| it hi um hydr oxi de nonohydrate (36 ng, 0.858 nmol). The reaction m xture was
allowed to stir for 2 h and then evaporated to a small volune. The reaction
m xture was then dissolved in water (5 InL) and the pH adjusted to 7 with 1
N HC1 to precipitate product. The precipitate was then triturated with
water (2 x 5 inL) and dried under a streamof nitrogen to afford product as
a colorless solid (318 ng, 96% . IHNVR (CDC13) 1.43-1.57 (in, 2 H),
137-1.79 (m 6 H, 3.02-3.15 (m 2 H), 3.27 (hr s, 2 H, 3.51 (hr s, 1 H,
3.74 (s, 3 Hprepared by TheGfethdt outlind)l forEtafple @hs(ny mdhihydriziivhsGhe3dmipen 2
511), 6.55 (hr_s o BB/ ( .1 £,18-7.27 (in, 51). LCM 5.34
min, [Wt 428‘?‘“@?&%?%‘1@B:Z)PrLg%%ga‘g?@‘r‘%‘“oiﬁ%%]nﬁé%nd 108,

4-1(1-((S)-3-benzyl -4-pi perazin-1-yl)- acetic

aci d) ] - 7- fret Bsxypls 961 Bfepeatiorf of Commpad]) 13, 1(S)-2Besnddditcaelepentydory~4-

methoxy-phenyl)-piperazin-1-yl]-acetic acid N',N"-dimethyl-hydrazide

o« O
OO
Pa

10  Prepared by the method outlined for Example 62 using unsym-dimethylhydrazine as
the amine component. Qil (54 %). LC/MS 5.04 min, [M+1]" 467.

Example 66: Preparation of Compound 114, 2-/(S)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazin-1-yl]-N-methoxy-acetamide

15
O O
O N N O—
/ A N‘
Ps

Prepared by the method outlined for Example 62 using O-methylhydroxylamine
hydrochloride (with 1 equivalent of triethylamine to neutralize hydrochloride salf) as
20  the amine component. Oil (57 %). LC/MS 5.28 min, [M+1]" 454.

Example 67: Preparation of Compound 115, 2-/(S)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazin- I-yl]-N-ethoxy-acetamide

e
NS YA
/ s _c}_'@'
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Prepared by the nethods outlined for Exanples 57/59 using conpound 80
(Exanpl e 32) as the am ne coupling conponent. Gl and tan solid (65 and 98
%9. LCOM 5.65 15 and 5.29 nmin, cmFir 452 and 437. Exanple 61: Preparation
of Conpound 109,

[(S)-2-Benzyl-4-(1-cycl opentyl-3-ethyl 1H i ndazol - 694) - pi per azi n-1-4-acetic
acid 20 Prepared by the nethods outlined for Exanples 57/59 using

64(S) - 3- Benzyl pi perazin-1-yl)-1-cycl opentyl - 3-et hyl - 1H i ndazol e (Exanpl e
35) as the ami ne coupling conponent. G| and tan solid (77 and 94% . LC/ M5
6.37 and 5.65 mn, 25 [Mlr 462 and 447. Exanple 62: Preparation of
Compound 110, 2-[(S)-2-Benzyl-4-(3-cyclopentyl oxy-4-

nmet hoxy- phenyl ) - pi perazin-1-WN-nethyl -acetanmide 5 A solution of

[ (S)-2-Benzyl-4-(3-cycl Opentyl oxy-4- et hoxy- phenyl ) - pi perazin-1-yll- acetic
aci d (Exanpl erep@ed b% thedndtiiod dhtliiedfoaitgample %ﬁbﬂo-@ﬂlyﬁlyﬂio);ymlidac was. treat ed

\ém}\AhTHI\:AAsPoI uPY‘HnE%?“ ¥ M@%‘%W&!@a@%g rru%’?%@ﬁk? reac?@on '>n xt(:a Lrlejylg

was stirred fherantige @mpeuaﬂomlt(éﬂ%)awfqdﬂmmm B4 #6%a gel flash
chr omat ography wi th 50% Et OAc/ hexane, then 100% Et OAc, then 5% MeOH Et OAc

as 86' uant st 0 gRLhk B PRGGHoASE Atustichd 456, 3-8 2-89% - KoM B DB, LM Fi 1

methoxy-phenyl)-piperazin-I-yl]-N-isobutoxy-acetamide

@u }

10  Prepared by the method outlined for Example 62 using O-isobutylhydroxylamine
hydrochloride (with 1 equivalient of triethylamine to neutralize hydrochioride salt) as
the amine component. Oil (67 %). LC/MS 5.78 min, [M+1]" 496.

Example 69: Preparation of Compound 117, 2-{(S)-2-Benzyl-4-(3-cyclopentyloxy-4-
15  methoxy-phenyl)-piperazin-1-yij-N-phenoxy-acetamide

O‘O /__\—Q
Gy O

Prepared by the method outlined for Example 62 using O-phenylhydroxylamine
20  hydrochloride (with 1 equivalent of triethylamine to neutralize hydrochloride salt) as
the amine component. Oil (66 %). LC/MS 6.13 min, [M+1]" 516.

Example 70: Preparation of Compound 118, N-Allyloxy-2-[(S)-2-benzyl-4-(3-
cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-ylj-acetamide
25
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Exanpl e 63: Preparation of Conpound 111, ftS)-2-Benzyl-4

-(3-cycl apenotty-4- 15 net hoxy- phenyl) - pi perazin-I-ylJ-acetic acid

hydr azi de NNM --N,NH2 0 H Prepared by the nethod outlined for
Exanpl e 62 using hydrazine hydrate as the 20 ami ne conponent. G| (51 %.
LCMS 4.84 min, [WH 439. Exanple 64: Preparation of Conpound 112,

ES) - 2- Benzy1l- 4- (3-cycl opent yl oxy-4- tnet hoxy-phenyl) - pi perazin-I|-yl kacetic
aci d Ncrnethyl - hydrazi de 25 Prepared by the nmethod outlined for Exanple
62 using nethyl hydrazine as the am ne conmponent. G| (73 %9. LC/ M 4.90
mn, [Wt 453. 5 Exanple 65: Preparation of Conpound 113,

[ (S)-2-Benzyl-4-(3-cycl opentyl oxy-4- rnethoxy-phenyl)-piperazin-1
-ylJ-acetie acid N, Ntdinzet hyl - hydrazi de

O —)
O N N @]

/ s N
N

Prepared by the method ouflined for Example 62 using O-allylhydroxylamine
hydrochtoride (with 1 equivalent of triethylamine to neutralize hydrochloride salt) as
5  the amine component. Oil (71 %). LC/MS 5.46 min, [M+1]" 480.

f

Example 71: Preparation of Compound 119, 2-/(5)-2-Benzyl-4-(3-cyclopentyloxy-4-
methoxy-phenyl)-piperazin-1-yl]-N-benzyloxy-acetamide

O-o ‘_@
IO_O—CN}ﬁOb

Prepared by the method outlined for Example 62 using O-benzylhydroxylamine
hydrochloride (with 1 equivalent of triethylamine to neutralize kydrachloride salt} as
the amine component. Oil (72 %). LC/MS 5.90 min, [M+1]" 530.

10

15
Example 72: Preparation of Compound 120, 2-{(S)-2-Benzyl-4-(3-cyclopentyloxy-4-

methoxy-phenyl)-piperazin-1-yl]-N-hydroxy-acetamide

/ -/ N
o H

20
A solution of 2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-

yi]-N-benzyloxy-acetamide (Example 71) (30 mg, 0.0566 mmol)was dissolved in

MeOH (10 mL), purged with a stream of nitrogen, treated with 20% Pd/C (100 mg,

50% water content), and hydrogenated under 40 psi pressure of hydrogen for 4 h.
25  The crude reaction mixture was then purged with nitrogen, filtered, and evaporated.

66



10 Prepared by the nethod outlined for Exanple 62 using
unsym di et hyl hydrazi ne as the am ne conponent. Ol (54 %.
[ MF1] 4" 467. Exanple 66: Preparation of Conpound 114,
2-[(S)-2-Benzyl- 4-(3-eyel opentyl oxy- 4-

met hoxy- phenyO- pi perazi n-1-yil - N net hoxy-acetam de 15 Prepared by the
nmet hod outlined for Exanple 62 using O-nethyl hydroxyl am ne hydrochl ori de
(with 1 equivalent of triethylam ne to neutralize hydrochloride salt) as 20
t he am ne conponent. O (57 %9. LC/ M5 5.28 mn, [M1l] 454. Exanple 67:
Preparati on of Conmpound 115, 24(S)-2-Benzyl-4-(3-cycl opentyl oxy-4-

nmet hoxy- phenyO- pi perazi n-1-R- N-et hoxy-acetam de 25 Prepared by the nethod
outlined for Exanple 62 using O-ethyl hydroxyl am ne hydrochloride (with 1
equi valent of triethylam ne to neutralize hydrochloride salt) as the am ne
conponent O Th¢ ZRdéprodudEimbes tien B sotiver] in[cMotofom (5468) arll fllexgdthrougiga

P ti
et poxy- phendT TSR Hterhternis ppttisf pERT ML g oHERREE poilents,
met hod out | i nﬁ’@rdmduﬂﬁrﬂﬂ@réﬂs foan ftf o2 Kot LERRP 8% priiMid] tﬂﬂ@r ochl ori de

(with 1 equival ent of tdet hyl am ne to neutralize hydrochl oride salt) as the

LG M5 5.04 mn,

am ne conponent. 67 LG MS 5.78 mn é .
Example 73. le 7 3 e fol owing illustrate representative p! ceutacal dosage forms,
containing a compound of formula I ("Compound X'}, for therapeutic or prophylactic
use in humans.

(i) _Tablet 1 mg/tablet
10 Compound X= 100.0
Lactose 77.5
Povidone 15.0
Croscarmellose sodium 12.0
Microcrystalling ceflulose  92.5
15 Magnesium stearate 390
300.0
(ii}_Tablet 2 mg/iablet
Compound X= 20.0
20 Microcrystalline cellulose  410.0
Starch 50.0
Sodium starch glycolate 15.0
Magnesinm stearate 5.0
500.0
25
(iii) Capsule mg/capsule
Compound X= 10.0
Colloidal silicon dioxide 1.5
Lactose 465.5
30 Pregelatinized starch 120.0
Magnesium stearate 3.0
600.0
(iv)_Injection I (1 mg/mil) me/m}
35 Compound X= (free acid form) 1.0
Dibasic sodium phosphate 12,0
Monobasic sodium phosphate0.7
Sodium chloride 4.5
1.0 N Sodium hydroxide solution
40 (pH adjustment to 7.0-7.5) q.8.
Water for injection q.s. ad 1 mL
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Exanpl e 69: Preparation of Conpound 117,
2-f(S)-2-Benzyl-4-(3-cycl opentyl oxy-4- 15

met hoxy- phenyl ) - pi perazi n- 1-y1J- N- phenoxy- acet am de Prepared by the nethod
outlined for Exanple 62 using O-phenyl hydroxyl am ne 20 hydrochloride (with
1 equivalent of triethylamne to neutralize hydrochloride salt) as the

am ne conponent. Gl (66 %9. LCMS 6.13 mm rmr 516. Exanple 70:
Preparati on of Compound 118, N Allyl oxy-2-1(5)-2-benzyl-4-(3-

cycl opentyl oxy- 4- met hoxy- phenyl ) - pi perazin-1 -y1J-acetam de 25 Prepared
by the nethod outlined for Exanple 62 using 0-allyl hydroxyl at ni ne
hydrochloride (with 1 equivalent of triethylatnine to neutralize
hydrochl ori de salt) as 5 the am ne conponent. QI (71 %9. LC/ M5 5.46 mn
[ MEr 480. Exanple 71: Preparation of Conpound 119,

2-[(9)-2- Ben@_ll-g@%@M@mv | oxy- dp/mifet hoxy- phenyl ) - pi perazin- 1 -yl]
- N-benzyl oxycagpéaed e (il acidfb@par edid@y the nmethod outlined for Exanple 62
usi ng 0- benzyj Rk o phsphrogchl oride (with 1 equival ent of
tri et hyl am npidacic Bedilihphbspbateydr ochl pini de salt) as the am ne conponent G |
(72 % . L& MPolpetBflend glycdl 603+ 530. 2000

01 N Sodium hydroxide sclution

(pH adjustment to 7.0-7.5) q.s.
Water for injection g.s.ad 1 mL
10 (vi}_Aerosol mg/can
Compound X= 20.0
Oleic acid 10.0
Trichloromonofluoromethane 5,000.0
Dichlorodiflucromethane 10,000.0
15  Dichlorotetrafluoroethane 5,000.0
The above formulations may be obtained by conventional procedures well known in
the pharmaceutical art.
20 All publications, patents, and patent documents are incoxporated by reference

herein, as though individually incorporated by reference. The invention has been
described with reference to various specific and preferred embodiments and
techniques. However, it should be understood that many variations and modifications
may be made while remaining within the spirit and scope of the invention.

25
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15 Exanpl e 72: Preparation of Conpound 120,
2-1(S)-2-Benzyl-4-(3-cycl opentyl oxy- 4-

met hoxy- phenyl ) - pi perazi n-1-yl | - N- hydr oxy-acetam de 20 A sol ution of
2-[(S)-2-Benzyl- 443-cycl opent yl oxy- 4- net hoxy- pheny1) - pi perazin-1 -

y1l) - N-benzyl oxy-acet am de (Exanple 71) (30 ng, 0.0566 nmol)was dissolved in
MeOH (10 znL), purged with a streamof nitrogen, treated with 20% Pd/ C (100
tug, 50% water content), and hydrogenated under 40 psi pressure of hydrogen
for 4 r de reaction mxture was then purged with nitrogen,
flltergﬁh§§%§%§§gp%rated The crude product was then dissolved in

chl or of.orm ( and ed through a nylon syringe filter to renove
resi dudt Pdf%?o ém%PB olutlon was evaporated to afford product as a
col orl ess foam (14 ny, 56 %9. LG M 5.03 min, [M1] 440. 5 Exanple 73. The
follow ng ilg, strake repyesentative pharnaceutlcal dosage forns, containing

a conpound of (' Conpound X), for therapeutic or prophylactic use
i n humans. (0 abI et 1 10 Conmpound X=
Jm
Z
wherein:

R, is H, (C1-Cg)alkyl, (Ci-Cg)alkoxy, (C,-Ce)alkanoyl, (C;-Ce)alkoxycarbonyl, (C,-
Cyg)alkanoyloxy, (C3-Cg)cycloalkyl, (Cs-Cg)eycloalkyl(Ci-Ce)alkyl, halo(C;-Cs)alkyl,
aryl, aryl(C;-Ce)alkyl, aryl(C;-Ce)alkoxy, aryl(C,-Cs)alkanoyl, het, het(C;-Ce)alkyl,
het(C,-Cg)alkoxy, or het(C;-Cg)alkanoyl;

nislor2;

mis1or2;

W is O, S, or two hydrogens;

XisOor N—Y—Ry4;

Y is a direct bond, —CH;—, —C(=0)}—, —C(=8)}—, —0—, —C(=0)0—, —0OC(=0), —
CEO)NR,, —8—, —8(=0)—, —S(=0),— , or —S(=0),NR:—;

Ruis H, (C1-Cs)alkyl, (Ci-Cs)alkoxy, (C;-Ce)alkanoyl, hydroxy, (Cs-Cg)cycloalkyl, (Cs-
Cs)cycloalkyl(C;-Cg)alkyl, halo(C;-Ce)alkyl, hydroxy(Ci-Ce)alkyl, (Cy-
Ce)alkoxycarbonyl, carboxy, aryl, aryl(C;-Ce)alkyl, het, NR4Re, —C(=O)NR4R.,
NR4R.(C;-Ce)alkyl, or het(C-Cg)alkyl;

R, is H, (C1-Ce)alkyl, (Cs-Cg)cycloalkyl, (Ci-Ce)alkoxy, (Ca-Ce)alkyl, or (Cs-Cg)cycloalkyl(Ci-

Ce)alkyl,
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Lact ose Povi done Croscarnel |l ose sodium M crocrystalline cellulose 15
Magnesi um stearate (ii) Tablet 2 Conmpound X= 20 Mcrocrystalline cellul ose
Starch ' Sodi um starch glycol ate Magnesi um stearate 25 (iii) Capsule
Conpound X= Col | oi dal silicon dioxide Lactose 30 Pregel atinized starch
Magnesi um st ear ate

Z is a phenyl ring substituted with one or more substituents independently selected from (C;-
Ce)alkyl, halo(C;-Cg)alkyl, (C;-Csg)eycloalkyl, (C;-Cg)eyeloalkyl(Ci-Ce)alkyl, (C-
Ce)alkoxy, halo(C;-Cg)alkoxy, and (C;-Csg)cycloalkyloxy, and (C;-Cg)eycloalkyl(C;-
Ce)alkoxy; or Z is a phenyl ring that is fused to a saturated, partially unsaturated, or
aromatic, mono- or bicyclic ring system comprising from about 3 to about 8 atoms
selected from carbon, oxygen, and NRy, wherein the mono- or bicyclic ring system of Z
is optionally substituted with one or more R, and wherein the phenyl ring that is fused to
the mono- or bicyclic ring system is optionally substituted with one or more substituents
independently selected from (C,-Cg)alkyl, halo(C,-Cg)alkyl, (Cs;-Cg)cycloalkyl, (Cs-
Cs)cycloalkyl(C,-Ce)alkyl, (Cy-Cs)alkoxy, halo(C,-Cg)alkoxy, (C3-Cs)cycloalkyloxy, and
(C5-Cg)cycloalkyl{C;-Cg)alkoxy;

Ry is absent, H, (C;-Ce)alkyl, (Cs-Cg)cycloalkyl, (Ci-Cs)alkoxy(C,-Ce)alkyl, or (Cs-
Cs)cycloalkyl(C;-Ce)alkyl;

R.is (C1-Ce)alkyl, (Cy-Cg)alkoxy, (C1-Ce)alkanoyl, (Ci-Ce)alkoxycarbonyl, (Ci-
Ce)alkanoyloxy, (Cs;-Cg)cycloalkyl, (Cs-Cs)eycloalkyl(Ci-Cg)alkyl, halo(C,-Cg)alkyl,
aryl, aryl(C,-Cg)alkyl, aryl(C,~Cs)alkoxy, aryl(C;-Cs)alkanoyl, het, het(C;-Cs)alkyl,
het(C,-Ce)alkoxy, or het(C,-C¢)alkanoyl;

each Rgand R, is independently H, hydroxy, (C;-Ce)alkyl, amino, amino(C;-C¢)alkyl, (Cs-

Cgalkenyl, (C>-Cglalkynyl, (C;-Cg)alkoxy, (Cy-Cgalkenyloxy, (C2-Ce)alkynyloxy, (C;-
Cg)alkanoyl, (C;-Cg)alkoxycarbonyl, (Cs-Cg)cycloalkyl, (Cs-Cg)eycloalkyl(C;-Cg)alkyl,
aryl, aryl(C,-Ce)alkyl, NRR,, or aryl(C;-Cs)alkoxy; and each Rrand R, is independently
H, (Ci-Cg)alkyl, (C,-Cg)alkoxy, (Ci-Ce)alkanoyl, (C;-Cs)alkoxycarbonyl, (Cs-

Cg)eycloalkyl, (C5-Cs)cycloalkyl(Ci-Ce)alkyl, aryl, aryl(C;-Ce)alkyl, or aryl(C;-

70



ng/ tablet 100.0 77.5 15.0 12.0 92.5 3.0 300.0 nw/tablet 20.0 410.0 50.
15.0 5.0

Ce)alkoxy; or Reand R, together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, morpholino, or thiomorpholino ring;
wherein any aryl or het of R or Ry is optionally substituted with one or more substitutents
independently selected from (C,-Cg)alkyl, phenyl, (C;-Cg)alkoxy, (C;-Cs)alkanoyl, (C;-
Ce)altkoxycarbonyl, (C;-Cg)alkanoyloxy, (Cs-Cs)cycloalkyl, (C3-Cg)eycloalkyl(Ci-
Ce)alkyl, halo(C,-Ce)alkyl, (C3-Csg)cycloalkyloxy, (Cs-Cg)cycloalkyl(C;-Ce)alkoxy,
halo(C,-Cg)alkoxy, cyano, nitro, halo, carboxy or NR4R.;
and wherein the ring containing X is optionally substituted on carbon with one or more halo,
(C1-Cg)alkyl, or (C;-Celalkoxy;
or a pharmaceutically acceptable salt thereof.
2. The compound of claim 1 wherein R, is (C;-Cg)alkoxy, (C,-Cg)alkanoyl, (C;-
Ce)alkoxycarbonyl, {C;-Ce)alkanoyloxy, (Cs-Cg)cycloalkyl, (Cs-Cg)eycloalkyl(C;-
Cg)alkyl, halo(C;-Ce)alkyl, aryl, aryl(C;-Cs)alkyl, aryl(C,-Ce)alkoxy, ary}(C;-

Cs)alkanoyl, het, het{C;-Ce)alkyl, het(C;-Co)alkoxy, or het(C;-Cg)alkanoyl;

3. The compound of claim 1 wherein R, is H, (C;-Cg)alkyl, aryl, aryl(C;-Cs)alkyl, or het.

4. The compound of claim 1 wherein R, is H, benzyl, indolyl, phenyl, 2-methylpropyl, 2-
methylbenzyl, 3-methylbenzyl, 4-methylbenzyl, a-phenylbenzyl, phenethyl, 1-
naphthylmethyl, 2-naphthylmethyl, 4-phenylbenzyl, 4-ethoxybenzyl, isopropyl,

cyclohexylmethyl, 2-methoxyphenyl, 3-methoxyphenyl, or 4-methoxyphenyl.

5. The compound of claim 1 wherein nis 1.

6. The compound of claim 1 wherein n is 2.
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500.0 ng/capsule 10.0 1.5 465.5 120.0 3.0 600.0 (iv) Injection 1 (1

nmg/ M) 35 Conpound X= (free acid forn) Di basic sodi um phosphate Mnobasic
sodi um phosphat €0. 7 Sodi um chl ori de 1.0 N Sodi um hydroxi de sol ution 40
(pH adjustnment to 7.0-7.5) Water for injection

7. The compound of claim 1 wherein m is 1,
8. The compound of claim 1 wherein m is 2.
9, The compound of claim 1 wherein X is N-Y-R,.

10.  The compound of claim 1 wherein Y is a direct bond, —CH,—, —C(=0)—, or —

S(=0);—.

11.  The compound of claim 1 wherein R4 is H, (C,-Ce)alkyl, (C;-Cg)alkoxy, (C;-Cg)alkanoyl,
hydroxy(C,;-Cg)alkyl, (Ci-Cs)alkoxycarbonyl, carboxy, aryl, aryl(C;-Cg)alkyl, het,

NR4R,, —C(F=0)NR4R,, NRyR(C,-Cs)alkyl, or het(C,-Ce)alkyl;

12. The compound of claim 1 wherein Y—R4is H, tert-butoxycarbonyl, formylmethyl,
pyridylmethyl, methyl, ethylaminocarbonyl, ethylsulfonyl, benzylsulfonyl, benzyl, acetyl,
methoxycarbonylmethyl, methylsulfonyl, ethyl, carboxymethyl, propyl, 2-hydroxyethyl,
methoxyaminocarbonylmethyl, benzyloxyaminocarbonylmethyl, prop-2-
eneyloxyaminocarbonylmethyl, hydroxyaminocarbonylmethyl, hydroxyacetyl, 2-
methylhydrazocarbonylmethyl, hydrazocarbonylmethyl, 2,2-dimethylhydrazocarbonylmethyl,

or ethoxycarbonyl.

13. The compound of claim 1 wherein Z is a pheny! ring substituted with one or more
substituents independently selected from (Ci-Cé6)alkoxy, halo(CI-C6)alkoxy, (C3-
C8)cycloalkoxy, and (C3-C8)cycloalkyl(Ci-C6)alkoxy.

14. The compound of claim 1 wherein Z is a phenyl ring that is fused to a saturated,
partially unsaturated, or aromatic, mono- or bicyclic ring system comprising from about 3 to
about 8 atoms selected from carbon, oxygen, and NRb, wherein the mono- or bicyclic ring
system of Z is optionally substituted with one or more Rc, and wherein the phenyl ring that is

fused is fused to the mono- or bicyclic ring system is optionally substituted with one or more
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ma/nil 1.0 12.0 4.5 g.s. gq.s. ad 1 ntL (v) Injection 2 (10 ng/ m)
Compound X= (free acid form Mnobasic sodi um phosphate0. 3 Di basi ¢ sodi um
phosphate 5 Pol yet hyl ene gl ycol 400 01 N Sodi um hydroxi de sol ution (pH
adjustnent to 7.0-7.5) Water for injection 10 (vi) Aerosol Conpound X=
A eic acid Trichlorononofi uoronet hane

substituents independently selected from (C;-Cg)alkyl, halo(C;-Cg)alkyl, (Cs-Cs)cycloalkyl, (Cs-
Cg)eycloalkyl(Cy-Ce)alkyl, (Ci-Cg)alkoxy, halo(Cs- Cglalkoxy, (Cs-Cg)cycloalkyloxy, and (Cs-
Cg)eycloalkyl(Ci-Celalkoxy.

15.  The compound of claim 1 wherein Z has the following formula:

Rg\

0
R;,/

wherein Ry is (C,-Cs)alkyl, or halo(C1-Cg)alkyl; and R is (C;-C)alkyl, halo(C;-Cy)alkyl, (Cs-

Cs)eycloalkyl, or (C3-Cg)eycloalkyl(C;-Cg)alkyl.
16.  The compound of claim 15 wherein R; is methyl and Rj is cyclopropyl or cyclopentyl.

17.  The compound of claim 1 wherein Z is selected from a structure of formula III, IV, and

V:

I
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Di chl orodi fl uoronet hane 15 Di chl orotetrafiuoroethane The above
formul ati ons may be obtained by conventional procedures well known in the
pharmaceutical art. 20All publications, patents, and patent docunents are

i ncorporated by reference herein, as though individually incorporated by
reference. The invention has been described with reference to various
specific and preferred enbodi nents and techni ques. However, it should be
understood that nmany variations and nodifications may be nade while
remaining within the spirit and scope of the igyention. 25 What is clained
is: 1.A compoungd. offQrmula I: X wherein: RLis H (G -C6)alkyl,

(C1- Co) al koxy | kanoyl, (Cl-C6)all coxycarbonyl, (G C6)allcanoyl oxy,
(C3-CB)cycIank C8)tycl oalicyl (Cl-C6)allcyl, halo(G -C6)al kyl, aryl,
aryl (G -C6)a|k9¥ ( CpRCB) & coxy, aryl (G - C6) al kanoyl, het,
het (Cl - C6) al kyl , het (Cl -

0
that is optionally substituted with one or more substituents selected from (C;-Ce)alkyl, halo(C;-
Ce)alkyl, (Cs-Cy)cycloalkyl, (Cs-Cg)eycloalkyl(C;-Ce)alkyl, (C1-Cs)alkoxy, halo(Cs-Ce)alkoxy,

(Cs-Cs)eycloalkyloxy, and (Cs-Cg)eyeloalkyl(C,-Cg)alkoxy; wherein pis 1, 2, 3, 4, 5, or 6.

18.  The compound of claim 1 wherein Z is selected from a structure of formula VI, VII, and

VHI:
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nis1or 2, mis 1or 2; Wis 0, S or tw hydrogens; Xis 0 or NY-Ra; Y
is a direct bond, -CH-, -C(=0)-, -C(=S5)--, -0-, -C(0)0--, -0C(=-0), -
C(=0)NRa, -S-, -S(=0)-, -S(=0)2- , or -S(-=.0)2NR8-; R4 is H,
(Cl-Co)alltyl, (G -06)al koxy, (C-0C6)allcanoyl, hydroxy,
(C3-C8)cycloallcyl, (C3- C8)cycloalicyl(C-0C6)al kyl, hal o(Cl-C6)al kyl,

hydr oxy(C - Ca) al kyl, (Cr C6) al koxycar bonyl, carboxy, aryl,

aryl (G -0C6)al kyl, het, NRaRe, -C(=0)N ZaRe, NRdRe(GCi -Ca)al kyl, or

het (C1-C6)al kyl; Ra is H, (Cl-C6)alkyl, (C3-C8)cycloal kyl, (Cl-C6)al koxy,
(C2-C6)al kyl, or (C3C8)cycloalicyl(Cce)alRyl; “Z is a phenyl ring
substituted with ond e nore substituents independently selected from (Cl-
C6) al kyl, hal o( G -&£§) al kyl, (C3-C8)cycl oal kyl,

(C3-C8)cycloal l cyl (dl-C6)al kyl, (Cr C6)al koxy, hal o(Gi -C6)al koxy, and

( C3- C8) cychaal g and (C3-C8)cycl oal kyl (G- C6)allcoxy; or Zis a
phenyl ri ngh) Y sed to a saturated, partially unsaturated, or
aronatic, no g Cyclic ring systemconprising fromabout 3 to about 8
atons sel ected fromjcarbon, oxygen, and NRb, wherein the nono- or bicyclic
ring systemof Z isRaptionally substituted with one or nore Re, and wherein
the phenyl ring that is fused to the nono-VBr bicyclic ring systemis
optionally substi tut ed with one or nore substituents independently sel ected
from (G -0C6)al kylY OD(Cl-C6)allcyl, (C3-C8)cycloal kyl, (C3-

C8) cycl oal kyl (Cl - Ce)al kyl, (Cl-Co6)al koxy, hal o( C2- C6) al koxy,

(C3-C8) cyclual and (C3-C8)cycl oal kyl (C1-C6)al |l coxY; Rb is absent,

G - C6) al koxy(C2-C6)allcyl, or (Cr

and

Vi

wherein: R;, Ry, Rm, Ry, and Ry are each independently selected from H, (C1-Cs)alkyl, halo(C;-
Cg)alkyl, (Cs-Cg)eyeloalkyl, (Cs-Cs)eycloalkyl(Cy-Ce)alkyl, (C1-Cg)alkoxy, halo(Cy-
Cg)alkoxy, (Cs-Cg)cycloalkyloxy, and (C;-Cs)eycloalkyl(C,-Cs)alkoxy; and pis 1, 2, 3, 4,
5, or 6.

19.  The compound of claim 18 wherein R;and Ry are each independently selected from H and
methyl; Ry is methoxy; Ry is cyclopentyl; R, is ethyl; and p is 3.

20.  The compound of claim 1 which is:

(S)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-(2-methyl-benzyl)-piperazine;

(S)-3-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine;

(28,58)-5-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-2-methyl-piperazine;
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C8) cycl oal kyl (G -C6)al kyl; Reis (G -0C6)al kyl, (G -Co6)al koxy,

(C1- Co6) al kanoyl, (G -C6)al koxycarbonyl, (G C6)al kanoyl oxy,
(C3-C8)cycloallcyl, (C3-C8)cycloal kyl (Cl-C6)al kyl, halo(GC -C6)al kyl, aryl,
aryl (G -0C6)al kyl, aryl (G -C6)allcoxy, aryl (G -C6)allcanoyl, het,

het (G - C6) al kyl, het (G -C6) al koxy, or het (Cl-C6)al kanoyl; each Rd and Re is
i ndependently H, hydroxy, (C-C6)allcyl, am no, am no(C -C6)al kyl (C2-

C6) al kenyl , (C2-C6)al kynyl, (G - Cﬁ)alkoxy, (C2 Co6) al kenyl oxy,

E%Z % ? ?ggg F‘Zﬂ‘%%f"@‘é@#’ yrf‘%’gﬁcﬁ%l ]2 ﬁ‘%gyé%mﬁm?(o ce)al | cyl |
(G o) TRocBBenty -G Rl apgayioxt HmeBs - ﬁiega@w%%@a-z Bl koxycar honyl . (G3-

C8) cycl g II cycloalkyI(O Cg)al kyl, aryl, aryl (G - C6)a|ky| or
aryl (G - @@%&WE‘&%’CY PEYTYRY- RO ST SY PRSI HE2- A% r ogen to whi ch t hey
are attached forma pyrrolidino, piperidino, piperazino, norpholino, or

t hi onor §RLBBeazYi InG:-Cyrlnpertylexgdymethgry-phenipiRstaziue; or R4 is optional |y
substituted with one or nore substitutents independently selected from
(G - C6) &8xIH3-CptiepantyloxXyCit-nesh axiykpheyyl)-8 CB-n@8) abenzyheniberaZins -

C6) al koxycar bonyl, (G - C6) al kanoyl oxy, (C3-C8)cycl oal kyl,

( C3- CB) g5e1-0mClyclypdry163)- aintertioxy phleay 1B ( Cmjotttyibenzyl)Bipéaiiny c| oal kyl oxy,
(C3.-C8)cycl oal kyl (G - C6) al koxY, hal o(C2-C6) al koxy, cyano, nitro, halo,
car boxy (9y-1-{dRelopshitd oy RitRbxiy P ehy1 - (2—%&@){ 1Héﬁz -plPeIQﬂhé .onal l'y
substltuted on carbon with one or nore hal o, kyl, or

Comound 5 CE%@‘@E%?W@%’@%} 5 23’65%’3'1’%6 oyl (G
?%?lcgc? Eg}gﬁf ﬁ%éi ?iﬁ"@%’ﬁ C?)I“? oﬂ?ﬁ%gﬁg(@%ﬁﬂﬁgﬂéﬁn ké/rla‘é‘f—l?n (G -C6)al kyl |
ﬁgg(& gﬁ#@YQXP%Ewﬁ@é%%ﬁ éﬁ?@é*6§ ﬁ@ '$ﬁ%§béWB%a sof claim1

wher ei n allcyl, aryl, ary | cyl, or het. 4. The
corrpoun(ﬁs)& (%pé{?lﬁi’@twwﬂ%ﬁ@ewl) PPho Yl"iPHﬁEﬂZ‘y“les phenyl ,

2-met hyl propyl, 2- nethyl benzyl, 3-nethyl benzyl, 4- nethylbenzyl

a- phenyI(B)ehi@-ﬂyclpn@ﬁﬁpwﬁ-melhoxyaﬁmﬁw@@Myl-pmmﬂ hyl et hyl ,

4- phenyl benzyl, 4-ethoxybenzyl, isopropyl, cyclohexyl nethyl,

2- met hoxyphéhglyclogentpiotod ypiienyiphenyl)- 3 rphényk ppivgtyphperazine;

(S)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-naphthalen-1-ylmethyl-piperazine;

(8)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-naphthalen-2-ylmethyl-piperazine;
(S)-3-Biphenyl-4-ylmethyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine;
(S)-3-Benzhydryl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine;
(R)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-phenyl-piperazine;
(S)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-isopropyl-piperazine;
(8)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-isobutyl-piperazine;
(8)-3-Cyclohexylmethyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine;
3-[(S)-4-(3-Cyclopentyloxy-4-methoxy-phenyl)-piperazin-2-ylmethyl]-1H-indole;

(S)-3-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-[ 1,4]diazepane;
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5. The conmpound of claim1l wherein nis 1. 6. The conpound of claim1
wherein nis 2. 71 7. The conpound of claiml1l wherein mis 1. 8. The
conmpound of claim1l wherein mis 2. 9. The conpound of claiml1 wherein X is
N-Y-R4. 10. The conpound of claim1 wherein Y is a direct bond, -CH2-,
-C(=0)--, or - 11. The conpound of claim1l wherein R4 is H (C-C6)allcyl,
(C-Co6)al koxy, (C-C6)al kanoyl, hydroxy(C2-C6)al kyl,

(CI-CB)aIIcoxycarbonyI car boxy, aryl, aryI(CI-CB)aIIcyI het, NRaRe,

-C(D N %%@- C R )\ . 12. The conpound of
claim1l ere $q?§%’ﬁ§&ﬁ#$%%%t %ﬁf@@?&gbggﬁyﬁﬁ fornylnethyl

pyri dyl pgt et h Q K ny benzyl sul fonyl ,
benzyl , @cﬁéﬂz yﬁné?%&g? %{1}%& %ﬁgﬁ% ﬂ%n}gl%ﬁ Jsi_’%ﬁa%gi ? et hyl ,

car bo r.opyl dro nocarbon Inethl
benzyr)c/)@a%%gl’lb@y FiaBealy PRy’ %ﬁ%’@ﬁ&ﬁ% REBRSE bony! oty

hydr oxyam nocar bon | met hyl , hydroxyacetyl 2- met hyl hydrazocar bonyl net hyl ,
hydr azoéd3$9kip y-4-methoxy-PhepW\)IPIRFIZA S c ar bony| et hyl, or
ethoxycarbonyl 13 The conmpound of claim1l wherein Z is a phenyl ring

subst i t (9)edBmayh4dAsydepentyloxwstimsathaxyerhenyl)-mespholisent | y sel ected from
(G -Co6) al koxy, hal o(C -C6)al koxy, (C3- C8)cycl oal koxy, and

( C3- C8) ¢y (9)Sabéayyi Gpipeajml Kbxethox §4pirdfhenzfinpo(3d)df-cydlepentabelsherein Z is a

phenyl ring that is fused to a saturated, partially unsaturated, or

ar omat i 6-((SYBABenAl-pipeeyiai-g))1idiglopystyEinestiglHsindgzole; om about 3 to about 8
atons sel ected from carbon, oxygen, and NRb, wherein the nono- or bicyclic

ri ng Sy§m®&@1_3§wpglmﬂlwghaw with one or nore Re, and wherein

the phenyl” ring"that "is fused is fused to the mono- or bicyclic ring system

I's opti gnal) YRSHREbEMLAN Y1y RRGeY1- SRS TH-indazole;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-methyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-ethyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-benzyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-pyridin-2-ylmethyl-piperazine;
(8)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-pyridin-3-ylmethyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl})- 1-pyridin-4-ylmethyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)- 1-(3H-imidazol-4-ylmethyl)-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)- 1-(1 H-imidazol-2-ylmethyl)-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)- 1 -methanesulfonyl-piperazine;
(8)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-ethanesulfonyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)- 1-benzylsulfonyl-piperazine;
1-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-ethanone;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine-1-carboxylic acid

ethylamide;
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substituents independently selected from (G -C6)allcyl, halo(Cl-C6)allcyl,
(C3-C8) cycl oal kyl, (C3- C8)cycloal kyl (G -C6) al kyl, (Cl -C6)al koxy, hal o(C2-
C6) al | coxy, (C3-C8)cycloal kyl oxy, and (C3- C8)cycloallcyl (G -C6)al koxy.

15. The conpound of claim1 wherein Z has the followng fornula: wherein R2
Is (Cl-C6)al kyl, or halo(Cl-C6)allcyl; and R3 ishal o(Cl-C6)al kyl, (C3-
C8)cycloallcyl, or (C3-C8)cycloal kyl (Cl-C6)al kyl. 16. The conpound of claim
15 wherein R 2 is net hyI and R3 is cyclopropyl or cyclopentyl 17. The

o 67 A & Uy SEN R AR b L o
d - @] ,

G Gy BRI G R phy oo Sy ¥%f%%c§¥ﬁ§ya@fgwthwm

(C3-C8) 2ycI oal kﬁ oxy, and éCB C8) cycl oal kyl (G - C8) al koxy; wherein is 1,

2, 3, 42-Amingl4S)Zherrd-dGriysionent MIPXWdP‘PquXW@P@DWPEW@“%é’Hé‘&@G%r om a

structure of formula VI, VII, and
hydrochloride salt;

1-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl }-2-methylamino-
ethanone, hydrochloride salt;
4-[(1-((S)-3-benzyl-4-piperazin-1-yl)-2-hydroxy-ethanone)]-7-methoxy-spiro[ benzofuran-
2(3H), 1'-cyclopentane}];
1-[(S)-2-Benzyl-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-piperazin-1-yl]-2-hydroxy-
ethanone;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetamide;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid methyl ester;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl ]-ethanol;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl}-piperazin-1-yl]-acetic acid;
4-[(1-((S)-3-benzyl-4-piperazin-1-yl)-acetic acid)]-7-methoxy-spiro{benzofuran-2(3H), 1'-
cyclopentane];
[(S)-2-Benzyl-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-piperazin-1-yl]-acetic acid;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-N-methyl-acetamide;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid hydrazide;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid N'-

methyl-hydrazide;
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VIIl: wherein: R, Rk, R, R, and ; are each independently selected from
H (G-C)alkyl, halo(G C )al kyl, (C3-C8)cycloal kyl,

(C3-C8) cycl oal kyl (Ci -C6) al kyl, (G -C.)al koxy, halo(C2- C.)al koxy,
(C3-C8)cycloal | cyl oxy, and (C3-C8)cycl oal kyl (G -05)al koxy; and p is 1, 2,
3, 4, 5 or 6. 19. The conpound of claim 18 wherein R and Rk are each

i ndependently selected fromH and nethyl; Rms nethoxy;, R is cyclopentyl;
Rp is ethyl; and p is 3. 20. The conpound of claim1 which is:

(8)-1-(3aycl o W QX Y. er azi ne,
(91 Gk P BRI a@lﬁ ﬁﬁgny%ée A RN
(2S,59)-5- B - (,3- hox e er azi ne;
(2R 5S) - 5- B %’%‘@”’Z’@éé g@ng o -‘Eé’fﬁhozx ﬁﬁ?\%ﬁrp‘g‘fr Fazi ne:
(R) - 6-Benzyl- 4- (3-cycl opent yl oxy- 4 nethoxy pheny1l) - pi per azi n- 2- one;

S) - 6- Benzylﬂﬂﬂﬂﬁﬂ Yopr&RiSxy - 4- met hoxy- pheny1) - pi per azi n- 2- one;

) - 3- Benzyl- 1- (3-cycl opent yl oxy- 4- nethoxy phenyl) - pi per azi ne;

- 1- ( 2{E) - Borenit-H(Bryclapanbil orox§-meHpryphemy )(-Blpﬁ@myll-ylﬂr%ztpexspam%ne
(3- Cycl opent yl oxy- 4- met hoxy- phenyl) - 3- (4- net hyl - benzyl) - pi per azi ne;

( 2{E) - Beent-HH(dxyeldpamtst] wyxd-ntieny-phedyl|-Biprmeinclyl Bersphuthpxysi per azi ne;
(3- Cycl opentyl oxy- 4- met hoxy- pheny1l) - 3- ( 3- met hoxy- benzy1l) - pi per azi ne;
( 3- Cyadepppsidty| oxy- 4- met hoxy- pheny1l) - 3- (4- met hoxy- benzyl) - pi per azi ne;
(3- Cycl opent yl oxy- 4- met hoxy- phenyl) - 3- (4 et hoxy- benzyl) - pi per azi ne;
(§ ol B&&@L&J(%yc@dﬁan&gw %h BRLRYl-yNphcboke;

(3-Cycl opent yl oxy- 4- met hoxy- pheny1l) - 3- phenet hyl - pi per azi ne;

(3- Cyg%gﬁﬁﬂgyloxy 4- met hoxy- pheny0- 3- (3 phenyl - propy1l) - pi perazi ne;
(3-Cyc

(%I ‘a}%lf”(%%r{ %)Izo%/nz et %"1?}""“9’1"" 1 'mgthox% I?P%ngll)e%pirmflrre)ﬂ]yl pi perazin

;U

1-
1-
1-
1-
1-
1-
1-
1-
1-

N N e N’ N N N N N N
1 1 1 1 1 1 1 1 1

(DU);UU)(DU)U)U)(DU)

opent’yl oxy- 4- met hoxy- pheny1) - 3- napht hal en- | -yl net hyl - pi perazin

@-

Bi pheASA@RIE) net hy1- 1- (3- cycl opent yl oxy- 4- met hoxy- pheny1) - pi per azi ne;

3-

3- Benzhydryl 3- cyclopentylox - hoxy- phenyl)- erazi ne;
1- (HEer %ml—%((%ﬁydqp HEPORY rfmﬁmwﬁel@l bRRRRREIDY- ﬂ%g?%,oxy-
1- (3- Cycl opent yl oxy- 4- net hoxy- phenyl) - 3-i sopr opyl - pi per azi ne;
1-
3-
S

—LLRINY"

~—~~ | 1 1 1 1 1

( 3- Cyetetpeidesdroxy - 4- met hoxy- pheny1) - 3-i sobut yl - pi per azi ne;
Cycl ohexyl met hy1- 1- ( 3-cycl opent yl oxy- 4- net hoxy- phenyl ) - pi per azi ne;
) - () ZKpelzspei vy duyontylan-hancjhpiipigyl)- pivpeiazl-pl N hydroshy | | - 11 i ndol
S) - 3- Benzy1- -(3 cycl opent yl oxy- 4- met hoxy- phenyl) 41, 41cl i azepane;
3- Benzy 43 8%cycl opent yl oxy- 4- net hoxy- pheny1) 41, 4] di azepane;
5-Benzyl- 1- (3-cycl opentyl oxy- 4- nmet hoxy- phenyl) 41, 4] di azepane;

R) -
S) -
R% 5- Benzy Thd cém@paunalop platih Y vt 1: mmﬁyphenyﬂddpbn@@yaa aRtRRY-
S) -
[

3- Cycl opent yl oxy- 4- met hox hen i perazi ne;
ZQéenzs pb %{)@%@%éd@%@ﬁ MEWEVPEH@HW# SRR teRE))-piperazin-

(S)-3- beﬁ'%].l%e%z fa;@ﬁl m& hof(sy E-Bbﬁz‘}[ qu%? £%13£ﬁmetﬂowcycl open

ane]; 64(9S) era2|n | - I-cycl opent 1H i ndazol e;
1- Oycl opent phelﬁ'l)qnmra,zl&lmlbeﬂmmnnfhydy@hhﬂdﬁﬁdb;z%ﬂ(%)-Z Benzyl—“ (3-

64(S) - 3-B - ty

(S§ )2 Benggé Jo &%S%F%Bgﬁ}&Vgxﬁnyjy lﬁ%)%/ : en%%lygsﬁgﬂﬁﬂfgﬁ er azi ne;
(S)-2-Benzyd cﬂoﬁeﬁt}%ﬁ@iﬂﬁﬁﬂiokif%ynﬂ) ﬁipéﬂamyhplmamdc)aci& s{tiyl(SpB-pengtitne;
(S)-2-Benzyl-4-(3-c clopentyloxy - met hoxy-

phenyl nz
(S)-2- Benzymlmra@ex kyetas?}@rﬂcw bhynetberermaRipe ﬁ%@ﬁwﬁ@)ﬁr?sﬁq&? W]ﬂl@hw pi p
er azi ne; 1-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-y1)- -1-yl]-acetic acid; 2-[(S)-2-
(S)-2- Benzyl imfg cg/cyc §m§ o;y 4- né?hof& 8%%%????n-p§]a3?ﬁfw{y %%thl pi p
erazi ne; Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin- 1 -yl]-acetamide; 2-[(S)-2-

(S)-2- Benzy%enzy(la @y ycl%Benle%xy-)&ymé‘[hoxy ﬂme)ﬁyﬁ%kbee%a 1 Jyl]ernlx&hﬁ a%et)a(.llnm%t Byl -pip

erazi ne;
(|S§ 2- Benzy j(s¥2(Bengyicd-(heyulofeanioxd-4aictioxy-phogilypiperdzio A Ll]-Nahyihaol - 4- yl met h
y pi per azi ne;

(S)-2- BenzyﬂceAane@eMb’bf@wf%f[@&-b&n@éﬁﬁﬁwcmmww-mitbp’fw%f‘gf& 2-yl met hy
') - pi perazi ? lé -acetamide; 2- [(S)-Z-Benz 1-4-(3-c clopentyloxy—4—methoxy~phen -
(S)-2-Benzy 3 cy | opent yl oxy- 4 - met7goxy- p enyl )™- 1- nethanesulfonyl pi pera
zi ne;
(S)-2-Benzyl-4-(3-cycl opentyl oxy-4-net hoxy- phenyl ) - 1- et hanesul f onyl - pi per az
i ne;
(S)-2-Benzyl-4-(3-cycl opentyl oxy-4- nmet hoxy- phenyl ) - 1- benzyl sul f onyl - pi per az
i ne;
1-[(S)-2-Benzyl-4-(3-cycl opentyl oxy- 4- met hoxy- pheny1l) - pi per azi nThyl ket hanon
e;
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et hanone, hydrochl oride salt;

4-[(14(S)-3-benzyl- 4-pi perazi n-1-yl)-2-hydroxy-et hanone)]-7-nmet hoxy-spiro[b
enzof ur an- 2(3H), 1 '-cycl opentane];
1-[(S)-2-Benzyl-4-(1-cycl opentyl - 3-et hyl - 1Hi ndazol - 6-y1) - pi perazi n-1-y1] -2
- hydr oxy- et hanone;
2-1(S)-2-Benzyl-4-(3-cycl opentyl oxy- 4- nmet hoxy- phenyl) - pi perazi n-1 -yl kacet am
i de;

[(S)-2- Benzyl 4%2&!? %Xﬁlhgnpegg)}lgxygxaétann t[&? )éthpnzgefln X-Q-c?cl pen oxy-41 m)élhl(()g)(/:-et Ic

acid met hyl

2 [(S)-2- Bewﬂymp@srazmcﬂ -ginacdtic| a0 rydraaRIch IR 2 Heas-4) BRiypRparildxy-4y | ket hano

[ ( S) - 2- Benzyethoxysphepd)-pinsrein- bydl-asctiracbNympthhbydrazide ef U2 --BengylidaCet i ¢
acid; 4-[( 1?&% & Sﬂzx}néﬁﬂ?ﬁﬂfgﬁﬁ%? ;lraﬁﬂa)-l'@ﬂ%%tﬁ: acid N’ N'-dimeth; ]yl -hydrazide;

aC|d)] 7-me splro[benzo cyclopen ane

[(S)- Benzy&a4h@$kcyukaﬁemxywaﬂeeﬂh&bmmﬁk|ndazol 6-y1) - pi perazi n-1 -yl kacet
ic acid,

ﬁyl[ ( ie A ﬁ?gﬁiﬁﬂéxﬁa&%ﬁ%%&%&ﬁyﬂ Qi T ARG S AN £ P E8:R¥ih i wid 2 N et
RS)-2-Benzyhm&ﬂﬁﬁaﬂyaﬂp@&ﬁpwthMﬂéﬁmeuhﬂmy-phenyl)-piperazin-l-ylkacetic
aci d hydrazi de;

L(9) 2 Benonticdal 8 Syl Pt QNG IRl Bt PR RIS AR i 1 v kacetic

[ (S) - 2- Benz \ledicatm@ntive iRty coxiitive MBéthdxi ap beimal) - pi per azi n- 1-yl kaceti c
acid N, Nt dinethyl - hydra2|de

(2))(3[/( 2; é{%a%e%%él Sé1 4] effec 1‘[01yyI OXoyunt otm3 to%p)é};n(ﬁ) Qfe c'TZm? 1 R)r %rrggl{u?acn}% ]of aN- et h
2-[(9)-2-Be Qﬁaalcaﬂleﬁﬁfo%elﬁeﬁﬁ&ﬂb%mséasm PR 6} hidk PBBA#ideplorsi(dd - N et h

oxy-acetatnid
2-[(S)-2- Benﬂvlmﬁnwgm&y@mp@%mgVﬁﬁwyﬂgﬂwﬂﬂhpﬁw&phenyl) pi perazin-1-yl1l]-Niso

butoxyacetanide

2-[(S)- gﬁ%éjuse of TG lg WY R omibiolRd ORI RR WD mAtuPREAZ bPa | - Y11 - N phe

noxyacet ami

N- Al | yl oxy- 2nddi@necit foethetitatindhBoly dikapeby ydtivatmgithereRERyathpiayivlah-apingedr azi n-

| -yl] - acetam de;

§y|[ f)fi/a%e glﬁ'%élsé%éan e%cﬂv%%!ln%ﬁ%tmg ann%urlll 2)( a cpo e%a opclger ?izorr%he -y1] - N-ben

manufacture of a medicament for the treatment of a disease or condition in an animal
wherein the activity of PDE4 receptors is implicated and inhibition of PDE4 receptor
activity is desired.

27.  The use of a compound of claim 26 for the manufacture of a medicament for the
treatment of age-associated memory impairment, delirium, dementia, Alzheimer's
disease, Parkinson's disease, Huntington's disease, mental retardation, cercbrovaslular
disease, an affective disorder, psychotic disorders, neurotic disorders, attention deficit
disorder, subdural hematoma, normal-pressure hydrocephalus, brain tumor, or head or

brain trauma.

28.  The use of a compound of claim 26 for the manufacture of a medicament for the

treatment of inflammation or autoimmune disease.
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2-[(S)-2-Benzyl-4-(3-cycl opentyl oxy-4- et hoxy- phenyl) - pi perazin-1-yl1]-N hyd
roxyacetam de. 21. The conpound of claim1 which is:
(S)-3-Benzyl- 1- (3-cycl opentyl oxy-4- met hoxy- phenyl) - pi perazi ne;
1-[(S)-2-Benzyl-4-(3-cycl opentyl oxy- 4- met hoxy- pheny1l) - pi perazi nl-y1l]-2-hydr
oxy- et hanone; ‘

2- Am no-1-[ (S) - 2-benzyl-4-(3-cycl opentyl oxy-4- net hoxyphenyl) - pi perazin-1-yl
] - et hanone, hydrochloride salt; 2-[(S)-2-Benzyl-4-(3-

cycl opegt yl -4- et - ) - 4 - k- ..

[(S)- 2?2 'enz%—g}fge(@%glﬁé %@ﬁﬁé}%x%%?ﬁn%ﬁ%%%%éﬁ%@g gllc?)rfamrmatzf?rntIl f- yThacetic
aci d; 4-[ ( 14eSmedt dapsydhidric dispaieazi n- 1-y1) - aceti c

aci d) ] - 7- met hoxy- spi r o[ benzof uran-2(311), 1 t-cyclopentane]; [(S)- _
St by ¢ S S PSR f N 25'tot e ARt b RloBRh Ak Bod ¥ (oot ©
Be[]%y )1 4- ( 3ueiteleaPei pelyehofic HissRicARacurISgiyal Hisptdee o a nBarbtiy Hisaclet. am de;

2-1(S) - 2- .

By, (TR LB o 7 TRt B Rl SF Skt o ™! Y1 - 2cet @
[y (S) - 2- BenzyhadhuchBoHR0E U A RGO yadieny 1) - pi per azi n-1 -yl kN- hydr ox
N-Al 1yl oxy- 2-[ (S) - 2- benzy1- 4- ( 3- cycl tyl oxy- 4- met hoxy- pheny1) -

pi per )6/138;(]& :I‘\)];q[f: ﬁlg%@@ﬁ%}?}?éﬂd ofc aimC lcfo(l??heenmgnu(t)‘ei(c%/ure ogf? megi)égmgntefonly thz:
2-[(S)-2-Be ; r & &ley 5 Y WRBRMYh disortiRr ofthPc&hiAr! N- 1
-y1l] - N benz%%%lfﬁgé%%%ggﬁﬁ{%aé) 5 euﬁ?%ﬁ}é}g, z@ - cyc%olggnt_gl? qu94 -m

et hoxypheny hempugpsysan inagd-assptiktad atenmra tmnphitmyait, azildiengnitive impairment,

[(S)-2-Benzyl-4-(3;cycl ope l.oxy;- 4: et Phenyl) - pi perazi n-1 -yl kacetic
L N ot ISR AT Sl el Siseii, DS DRSY

cycl opent yl oxy- 4- met hoxy- phenyl ) - pi perazi n-1 -yl kacetic acid

N, N - dgnet Tyt ubysipcong@imdof daipl 28 foadeuhimdicdhye af ¢ aptihhentsad the t her eof .

22. A pharmaceuti cal, conpositiqn conpri si ac und of claiml1, in

conbi nat i ontW‘W%OfﬁW&ﬁ?%%%thr%%Frﬁvﬂé%%? BYaéc‘g{‘?‘ﬁ%et%e'or carrier. 23. The
use of effective anount of conpound of claiml1 for the nmanufacture of a
medi camgnt  frRE ubd B QOnPBuR@ENiiVE for Rl hatihfidiurd 6f @telRhme4or thee use of
effective inhibitory amount of a conmpound of claim1 for the manufacture of
a medi canentreptoient ¢fcattenticn daisit disorder.di sease by i nhibiting one or nore PDE4
receptors (in vitro or in vivo) conprising contacting the receptors. 25.
The US%S.Of AEE LAY S\ bt QlinfsERRRYAShuPicntt BF MnbdfcRiherdtsr BNUT act ure
of a nedi canent tor t treatment of a disease by activating the CREB

pat hway in #matarntef the p¢ychatiredismderowheminghd psychotes digorderiingehiziophmagiaanmount  of
a conmpound of claim1l for the manufacture of a nedicanment for the treatnent

of a di,gsease,or _candjti i j i VA DE4

recapt GPs ; 3Pt ResouipSadOr ARnER B netlficlet BFa BRblob o ED
desired. 27 tredihentsfaffettiee disoipaund of claim 26 for the manufacture of a
medi canent for the treatnent of age-associated nmenory inpairment, delirium
dementi_g, hei mer' s di seasg,. .Parkinson' s diseas Hynt i ngt.on’.s di sease,
tontal Het atdaeron » ComobrOeEdN i LA neonau e i b ai bRt 0 er

psychoti ¢ digahftat & ceRBrdvabdular Uit el @héreintdetidviacinl Helidesdetis tascalagler
subdural hemat oma, normal - pressure hydrocephalus, brain tunor, or head or

brai n traunmdemegia. The use of a conpound of claim 26 for the manufacture of
a nedi canent for the treatnent of inflammtion or autoi nmune di sease.

38.  The use of a compound of claim 23 for the manufacture of a medicament for the

treatment of depression.

39.  The use of an effective amount of a compound of claim 1 for the manufacture of a

medicament for the treatment of a psychiatric disorder.
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29. The use of a compound of claim 23 for the manufacture of a nmedi canent
for the treatnment of a psychiatric disorder. 30. The use of a conpound of
claim 23 for the manufacture of a nedicanent for the treatment of a
psychotic disorder, a neurol ogical disorder, or a neurotic disorder. 31.
The use of a conpound of claim23 for the manufacture of a nedi canent for
the treatnment of a disorder of the central nervous system 32. The use of a
conmpound of claim 31 for the manufacture of a nmedi canent for the treatnent

of a digord t he central nefrvaous st.e erein.the disorder.of the

cent r al ey vdgasepet Gimeund GEIGEEIR IR o PrATARRRC I 1S cogniti ve
| pai rment , tRh@het O psyckibBR AR, Wiidih MRQRychisliis eReer Rlaghycholt sease. 33.
The use of a_conpound of claim23 for the manufacture of a nedi canent for

t he treat nenisopferidisyralegicakgisorsien ona npyotimdiserdeter ebr ovascul ar di sease. 34.
The use of a conpound of claim23 for the manufacture of a nedi canent for

the tregt meriheQke &itd &MpoRRd 81higl 30 B BRASNufacRRe off Miclitsm@: fé thompound of
claim 30 for the manufacture of a nedicament for the treatnent of the

psychoti c ditsaintbat of apsyehipinic direrdss ydienein thedisyehiatae diserdsiihiadinordeenf the 36.
The use of 2.GO Q%ngsss&teﬁf aim 23 for the manufacture of a nedi canent for
the treatment of affective di sorder. 37. The use of a conpound of claim 33
for the manufacture of a medi canent for the treatnment of cerebrovascul ar
di seasel2. whdiheiuse oftr enmrpouad cidlaim 4l foe izananmfacase of amedieamatt far.th88. The use
of a compound of ¢laim.23 for.the ufacture of a nedi canent f.gr the
Creat ment ofeagrEelhg fisomer otthe Ceplial nervoi Syseophan edfisriss of fe onpound
of claiml feeftrd RervomWIkRAL Y bee-RkodatB® lefRAERpalrBient, Afldicoeativent of a
psychiatric disorder. 40. The use of a conpound_of claim39 for the

manuf act ur e iBpaiEmepsahlehetmer's disgase Rarkinsens diegasc, 6F Pigkpdiseastat ri ¢ di sor der,
wherein the psychiatric disorder is a psychotic disorder, a neurol ogical

di sordeg, OFTha yBEY Lldnfotthd 8f A&k 39 for the manufacture of 2 medicament for the
treatment of a psychiatric disorder, wherein the psychiatric disorder is associated with

head trauma, brain trauma or cerebrovascular disease.

44,  The use of a compound of claim 39 for the manufacture of a medicament for the
treatment of a psychiatric disorder, wherein the psychiatric disorder is attention deficit

disorder.

45,  The use of a compound of claim 40 for the manufacture of a medicament for the

treatment of a psychotic disorder, wherein the psychotic disorder is schizophrenia.

46.  The use of a compound of claim 39 for the manufacture of a medicament for the
treatment of a psychiatric disorder, wherein the psychiatric disorder is an affective

disorder.

47.  The use of a compound of claim 43 for the manufacture of a medicament for the
treatment of a cerebrovascular disease, wherein the cerebrovascular disease is vascular

dementia.

48.  The use of a compound of claim 39 for the manufacture of a medicament for the

treatment of a psychiatric disorder, wherein the psychiatric disorder is depression.
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41. The use of a conpound of claim39 for the manufacture of a nedi canent
for the treatnment of a psychiatric disorder, wherein the psychiatric

di sorder is a disorder of the central nervous system 42. The use of a
conmpound of claim4l for the manufacture of a nedi canent for the treatnent
of the disorder of the central nervous system wherein the disorder of the
central nervous systemis age-associated nenory inpairnment, mld cognitive
i mpai rnment, Al zheiner's di sease Parkinson's di sease, or Pick's disease. 43.
The usggqof StNg, £ 0, ] }ﬁ%ﬂ{] Q di canent for

t he trgg{ mmhgggfpa psﬁ%{lﬁf%ﬁ%&%‘&@gﬁﬁ?t er e.%ﬁ%@%@iéﬁfﬂgri c di sorder
is associated with head trauma, brain trauma or cerebrovascul ar di sease.
44. Théluse ThE use elongopound of dhini 23, Idhefain thetaninesd in dneaged reimgl. a medi cament
for the treatment of a psychiatric disorder, wherein the psychiatric

di sord i's 4.0 L€ ' T, : d of claim
40 for%'zlhe n@%&?ﬁéﬁ%&ﬁ%‘%b%%g‘gﬁ%ﬁh eflé%utf?'ucgﬁ? lrdggtm(r%élr?tgm g@r@%gychoti C

di sorder, wheatzient dfradipmyetotonditioh sehatein thesdisaabe arogphdition & Rul@nstdinelaybe of a
conmpound of ¢ ﬁ:ill_im39 for the manufacture of a medi canent for the treatnent
of a psychi &¥PYC™i sorder, wherein the psychiatric disorder is an affective
di sorder. 47. The use of a conpound of claim43 for the manufacture of a
nedi camant fAOmethde férpeépaiagh compaukiesfeOmMIAB o @it thirsefas descibed Bi daifnhie
cerebrovascul ar di sease is vascul ar dementia. 48. The use of a conpound of

clai m 39 f oiCOPREsIAg ) AeRPiFFEngR CUTHRAAEERAMPONE] tAheOMRISgS PREAT TRATC o

psychi atri ¢ ,dlisGigdeto p%l%VﬂettﬁEecoﬂﬁ%ﬁﬂd 8t folfuid 199 1@hins 8 pHAREaRICATy = 49
The use of a conpoun&lo claim 23, wherein the ani'mal IS a healthy aninal.
50. The use aofeptableoais dionda ofmpduad of f8mulde pee)reonvrstivgd pempduad o farget |

animal . 51. The.u dnof . cl ai m, 26. t he manufacture of

medi canent fw-oliwrfinﬁgﬁf &Lﬁ?ﬁclﬁﬁ%gkwﬁ%%&%%gg%? légﬁ%iaﬁogrﬁ?p O\Rﬁléllgé:f) npﬁ Kol sease
or condi ti offorinfl RINBRESIET-A-RE dydtherSyaacione. 52. A nethod for preparing a
compound of formula | or a salt thereof as described in claim21 conprising:

o ot coting JPBUSRoL SRR LR EURGAPRRTL A § GARRTa P! EgRal DO

phar maceut i gnhicReSER! Abliarsd: Forltfeaifhcht 604 BRERE oPonliRIoNYA 8n bninAl C)
converting a conpound of forrmula | wherein X is N Y-Rd4and Y- R4t aken

t oget her i s wherain theaehivissqfdiidugeersor iimpliosted gndhnhibitiongh EDE4Teoepdi s ot her
than H 53. Tk an effective PDE4 inhibiting anount of a conpound of
formul a (I)agtg‘ﬁ#gges?}lfaeﬁ'uf acture of a nedicanent for treatnent of a di sease
or condition in an animal wherein the activity of PDE4 receptors is
inplicated and inhibition of PDEﬁll receptor agtivity is desired:

n )m

N
:
@)

wherein:

Riis H, (Ci-Csalkyl, (C-Cs)alkoxy, (C;-Cs)alkanoyl, (C,-Cs)alkoxycarbonyl, (C,-
Cs)alkanoyloxy, (Cs-Cs)cycloalkyl, (C3-Cx)cycloalkyl(C;-Ce)alkyl, halo(C;-Cg)alkyl,
aryl, aryl(C;-Ce)alkyl, aryl(C;-Cg)alkoxy, aryl(Ci-Ce)alkanoyl, het, het(C;-Cq)alkyl,
het(C,-Cs)alkoxy, or het(C,-Cg)alkanoyl;

nis1;

mis 1;

W is O, S, or two hydrogens;
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wherein: RLis H (Cl-C6)allcyl, (Cl-C6)allcoxy, (C-C6)alkanoyl,

(G -Co6)all coxycarbonyl, (G C6)allcanoyloxy, (C3-C8)cycloalkyl,

(C3-C8) cycl oal kyl (C1-C6) al kyl, hal o(C1-C6)al kyl, aryl, aryl (G -0C6)al kyl,
aryl (G - C6) al koxy, aryl (G -C6)aLl canoyl, het, het(C -C6)al kyl,

het (G - C6) al koxy, or het(Cl-C6)allcanoyl; nis 1, mis 1, Wis 0, S, or two
hydrogens Xis NY-R4; Yis adirect bond, -CH,-C(=S)-, -0-, -C(=0)0-, -
oC(=0), -C(=0)NRa, -S-, -S(=0)--, -S(=0)2 -, or Rd is H (Cil-C6)alkyl,
(C1-C6) al ko éo )al | canoyl , hydroxy, (C3-00cycl oal kyl, (C3-

C8) cycl oal ky ) 1cyl, halo(G -C6)al kyl, hydroxy(G -C6)al kyl,

(G C6) al koxy ssradireyt bondacF-HZHy— &r(;(bo}a# )LI—C&S)CG,)—arUéyJ —(te0)ONRakt e,
-C(=0O NRci Re NR4Re(O Cﬁ%al kyl , CI - asl kyl; Ra is H

(Cl - 06) al i cyPCH Y3 %a]‘k%ﬂ‘f‘(%l‘ 2~ et OBfE N R —or (3-
C8) cycl oal k>1i4(1§+‘111 @) b&ﬂ()lrl (- cﬁﬁlﬁoy@h@m)élkﬁﬂégﬁﬁbq teé:ﬁ@ )\6%&19&1%6((2[ nor e

substituents |ndepen ent sel ecte rom (CL 'kyl ,

§1 C|3 C8) cycl @Dd&yloalWl(QrCS))lﬂvb Ih@b)[QyC()thYbBykaWCJ C(s)@ﬂ@ﬁ)(@i koxy,
Cl- C6
(?ZSOEB) cycl)gé C&&w%%?%f%&%ﬁh %Eexbﬁ)aﬂ%ﬂenywllﬁg_? RPN ReReysed to a

saturated, NRJRALHGs)dliodadriiedCody)atkyl;ar omati ¢, nono- ordb:c cyclic [)l ng
S O e O oo e IR PEAEShES 5 2 oo

optionally 5(‘1&51:%10&1‘1&&&‘@1«@6)%& ne or nore Re, and wherein the phenyl ring
that is fuse nono- Oor bi Cﬁ/C| ic ring systemis optionally

subst i t ut ed Znistatphonsd ring swlrstituted Wik preenRere suhitipend érdepondsatlesalesteds fram

G3) eyal oal toff {EP A BRI AC ks AGEE VR RG Contion, 1
(C3- C8) cycl amhdtidxgxiyalo(@Lsfalid=GA0640] oyelokucylo@y aﬁaxag C@)quloalBtl((tls absent, H,
(Cl-o)al | C@)a@éﬂ%ﬁ%ﬁ%@%&%g thagt Is fused) toa satu}/age%z partial Elysafura%d %CS

C8) cycl oal |
aromatic, mono- or bicyclic ring system comprising from about 3 to about 8 atoms

selected from carbon, oxygen, and NRy, wherein the mono- or bicyclic ring system of Z
is optionaily substituted with one or more R., and wherein the phenyl ring that is fused to
the mono- or bicyclic ring system is optionally substituted with one or more substituents
independently selected from (C;-Cg)alkyl, halo(C;-Ce)alkyl, {C;-Cs)cycloalkyl, (Cs-
Cs)eycloalkyl(C;-Ce)alkyl, (C-Ce)alkoxy, halo(C,-Ce)alkoxy, {C;5-Cg)eycloalkyloxy, and
(C5-Cs)cycloalkyl(Cy-Ce)alkoxy;

Ry is absent, H, (C;-Cg)alkyl, (Cs-Cs)cycloaltkyl, (C;-Cg)alkoxy(C,-Ce)alkyl, or (Cs-
Cs)eycloalkyl(C;-Ce)alkyl;

R is (C1-Ce)alkyl, (C;-Cglalkoxy, (Cy-Cg)alkanoyl, (C,-Cglalkoxycarbonyl, (C;-
Ce)alkanoyloxy, (Cs-Cg)eycloalkyl, (Cs-Cy)eycloalkyl(C,-Cg)alkyl, halo(C;-Cg)alkyl,
aryl, aryl(C,-Cg)alkyl, aryl(C;-Cs)alkoxy, aryl(C;-Cs)alkanoyl, het, het(C,-Cg)alkyl,
het(C,-Cg)alkoxy, or het(C,-Cg)alkanoyl;

each Rqand R. is independently H, hydroxy, (C;-Ce)alkyl, amino, amino(C;-Cg)alkyl,
(Cz-Ce)alkenyl, (C-Ce)alkynyl, (C;-Ce)alkoxy, (C,-Cejalkenyloxy, (C2-Ce)alkynyloxy,
(C1-Ce)alkanoyl, (C;-Cg)alkoxycarbonyl, (Cs-Cs)cycloalkyl, (Cs-Cs)eycloalkyl{Cy-
Co)alkyl, aryl, aryl(C,-Cg)alkyl, NR{R, or aryl(C;-Cg)alkoxy; and each Reand Ry is
independently H, (C;-Ce)alkyl, (C,-Cs)alkoxy, (C;-Cg)alkanoyl, (C;-Ce)alkoxycarbonyl,
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Re is (Cl-Co6)al kyl, (Cl-C6)al koxy, (G -Co6)al kanoyl, (Ci1-C6)al koxycarbonyl,
(G Co) al kanoyl oxy, (C3-00cycl oal kyl, (C3-C8)cycloal kyl (Cl -C6) al kyl,

hal o( C1- C6) al kyl, aryl, aryl(Cl-C6)allcyl, aryl (Cl-C6)al koxy,

aryl (G - C6) al kanoyl, het, het (G -C6)al kyl, het(Cl -0C6)al koxy, or

het (C1- C6) al | canoyl ; each Rd and Re is independently H, hydroxy,
(G-Co)allcyl, amno, am no(Cl-C6)al kyl, (C2-C6)al kenyl, (C2-C6)alkYll Y1,
(C1- Co6) al koxy, (C2-C6)al kenyl oxy, (C2-C6)alicYllYl oxY, (C-C6)alkanoyl,

Cl1- C6) al koxycar - Kk - I - al kyl ,
byl eyl (R RI (Ceal HENSRC T B SR SERIETNG R) |
(LS 08) 2| Koo bany L (O C8) el oal Kyl o fCa &) qwal caLky (G- O8) al I oyl

- al koxycar honyl., . -C8) cycl oa . < C 0a - all cyl,
aryl, aryl (@%’I%B‘P’@e,“d&ro’ Bﬁpfr‘l)aflé?” *E%’?E?{‘&‘B&%%%W%PM@W& rﬁéyt oget her wi t%
the nitrogerytefeiniiycdiyl st 67 R IR, aCdHidnal Dy sibatitied et dite BPmoRd fuBktitaHee,
pi perazi no, norpholino, or thionorpholino ri 2& wherein_an or het of

s 1

|
Rl or R4 i s insspeusisaily selestnskirom (€ eboikyl phenyl ﬁ}a&%w@uﬂvﬁnﬁéﬁ% (Ci-

i nd dent | e -
(G0 ar 1 Ryl TR CPERIIOI @ G plokRYNC -
Eg gg CyC: &)aﬂb?kl halC((%CGﬁ)lWycs iy ¢Cﬁlélh)€|y¢k1(>ftkyc1:f%3),zﬁCk@i)Pyﬁ@ﬂlﬁﬂlﬂlzcga%‘gw: ]

-C8) cyc - C8) cyc - oxy, hal o( C2- C6) al koxy,
cyano, n%/trg‘?foté'@éx%g’g)b&?’ onrﬁFéﬁg&%éy%C@% : t%e ring containing gl( i's
optional |y sudshbdet e riag cemaiameg XNMstdptionalywubstited bakabod With Obg af tiyle, or

(C-Co6)al koxY; or a_pharmaceutically acceptable salt thereof. 54. The use
of claim1 WALy GirlCaakylson € <(alkakoxy, (C - C6)al kanoyl ,

Cl - C6) al ko : s , (C3-C8)cycl oal kyl,

Ecs- csg cycl g?%{*?@é‘&éﬁ %?Pﬁ'?ﬂéﬁ%%%é’é) al( kyl , ;rzl . ar y?/(CI _06) al kyl
aryl (G - C6) al koxy, aryl (G -C6) al kanoyl, het, het(C -C6)alkyl,

het ( O 588) afTlowse Slslaitnek wiproind s (Guoplkoxys 6C:-Ghelkirss 46 1-Shalloxzcarbansi n R1

is H (Cf- al-k anyl r (G - [ f aiml
wnerei n R 16 FoAseSib: (CLEpLAIRATCRCon ol Gy Senpd N SatiC, COREE, 11
) e A A Gk tang T sl

na nme -n n , +4- phenyl benzyl , 4-ethoxybenzyl,

i sgpr ogyl : @%@pﬁﬁé)fﬁ‘gﬁ%ﬂ%?‘ﬁ%zémmgnyl : % met hoxyphgnyl : yor

4- met hoxyphenyl . 57. The use of claim1 wherein Y is a direct bond, -CH2-,
- ((=0) 55, Or TheusdflaimoBwhdreR RISEHO{C,CCAAIRY1] arwl) @Fy&{((T)-E¥falkyd, bt het.

(CF- CGSSSI | cyl, (Cl-C6)al koxy, Pflle - Cg)lal ﬁ%ow%ﬁo@ﬁ( - CG)egI | cyl,

NRuiRe( 66- 0o R of Qe pespircbyn i yiey SuloHBeRle BB Ble I whe oi n Y- Ri
is H tert- bl I L I,

et hyl ami nocarb n%ﬁpl’e?%‘lft%}&%f ogy%‘%@E@ﬁ%ﬁ%ﬂ%ﬁ%%{@%é yl,

met hoxycar baagtthymetty], mehwmmﬁthemdml, +-athionysenexlhigopropylopy| |

20 hydl oY et i dondIS SN AR R, F5hAKbxypRERE- Rk aRbRpRaRO"Y! et V!

57. The use of claim 1 wherein Y is a direct bond, -CH;-, -C{=0)-, or -S(=0);-.

58.  The use of claim I wherein Ry is H, (C;-Cg)alkyl, (Ci-Cq)alkoxy, (Ci-Cs)alkanoyl,
hydroxy(C,-Cs)alkyl, (C;-Ce)alkoxycarbonyl, carboxy, aryl, aryl(C;-Cs)alkyl, het,
NR4R., -C(=0)NRaRe, NR4R(C;-Ce)alkyl, or het(C,-Co)alkyl.

59. The use of claim 1 wherein Y-Ry is H, tert-butoxycarbonyl, formylmethyl, pyridylmethyl,
methyl, ethylaminocarbonyl, ethylsulfonyl, benzylsulfonyl, benzyl, acetyl,
methoxycarbonylmethyl, methylsulfonyl, ethyl, carboxymethyl, propyl, 2-hydroxyethyl,

methoxyaminocarbonylmethyl, benzyloxyaminocarbonylmethyl, prop-2-
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85 eneyl oxyam nocar bonyl net hyl , hydr oxyam nocar bonyl nmet hyl , hydr oxyacetyl,
2- met hyl hydrazocar bonyl net hyl , hydrazocar bonyl net hyl ,

2, 2-di met hyl hydrazocar bonyl net hyl , or ethoxycarbonyl. 60. The use of claim
1 wherein Z is a phenyl ring substituted with one or nore substituents

i ndependent|ly selected from (G -C6) al koxy, hal o(G -C6) al koxy, (C3-

C8) cycl oal koxy, and (C3-C8)cycloallcyl (Cl-C6)al koxy. 61. The use of claim1l
wherein Z is a phenyl ring that is fused to a saturated, partially

about 3 1o BRUPCH R SHEORERRL R AR Er oS g SR RAY: Zuher o1 n t he

nono- or  bi Gy&hylBydraidgarby:sil@BheT, h¥dragocaidoh ﬁx’%ﬂ'lyy 2 Bmidilyliiyigh0l t h one or
nore Re, and wherein the phenyl ring that Is fused is fused to the nono- or
bicyclic ri r?@fb§91§1f1¥§FhY|1§r6 Fﬁ@ﬁ?my substl tuted with one or nore
substituents independently selected from (Cl-C6)al kyl, hal o(C -C6)al kyl,

(C3- XB)gpycl oad #tlof c(aﬁé 1@&%&&& zQah buén(yﬂmgﬁt)b@ﬁtluféu'mﬂ{ Se: o?@o% EP6itueital 0 C2-
C6) al koxY, (C3-C8)cycl oal kyl oxy d’"(C3 ) cycl oal kyl C6) al | coxy. 62.

The use of dhdependeniiienlest f@lhé.% Ck)élkf)b)h ﬂl@l@((ﬁngctf)dkm 3= GMﬂQalhom and

gg: 0?8 al(3|6;:§{: cyaﬁgﬁl&’)é@h?&ykyl angr R?Cg-scg)cjcycc::?é:: tg: (G -Co6)al kyl. 63.
The use of claim 10 wherein R2 is nmethyl and R3 is cyclopentyl. 64. The use
of claiGh 1 vihense of aiins] whereintZeid afphemyl aingtthat i<t fuseel tofa shtorated, partiblly 1V, and
v and Vv unsaturated, or aromatic, mono- or bicyclic ring system comprising from about 3 to about
8 atoms selected from carbon, oxygen, and NRb, wherein the mono- or bicyclic ring
system of Z is optionally substituted with one or more Re, and wherein the phenyl ring
that is fused is fused to the mono- or bicyclic ring system is optionally substituted with
one or more substituents independently selected from (C;-Cq)alkyl, halo(C;-Ce)alkyl,
(Cs-Cg)eycloalkyl, (Cs-Cg)eycloalkyl(C-Ce)alkyl, (C,-Cg)alkoxy, halo(Cs- Ce)alkoxy,

(Cs-Cg)eycloalkyloxy, and (C;-Cg)cycloalkyl(C,-Cg)alkoxy.

62.  The use of claim 1 wherein Z has the following formula:

R;
Ry °
wherein R, is (C;-Cg)alkyl, or halo(C;-Ce)alkyl; and R; is (C;-Ce)alkyl, halo(C,-Ce)alkyl,
(Cs-Cy)eycloalkyl, or {C3-Cg)eycloalkyl(Ci-Ce)alkyl.
63.  The use of claim 10 wherein R; is methyl and R; is cyclopentyl.

64.  The use of claim 1 wherein Z is selected from a structure of formula III, IV, and V:
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othat is optionally substituted with one or nore substituents sel ected
from(Cl -C6)al kyl, halo(G -C6)alicyl, (C3-Cs)cycloalkyl,
(C3-C8) cycl oal kyl (Ci -C6) al kyl, (G -C6)al koxy, hal o(C2- C6)al koxy,
(C3-C8) cycl oal kyl oxy, and (C3-C8)cycl oal kyl (Ci - C6) al koxy; wherein p is 1,
2, 3, 4, 5, or 6. 65.The use of claim1l wherein Z is selected froma
structure of formula VI, VII, and VIII: VI wherein: R, Rk, R, R and
; are each independently selected fromH, (Cl-C6)al kyl, hal o(Cl-C6)allcyl,
(C3-C8) cycl oal kyl, (C3-C8)cyc|oa|kyI(CI-CB)gIIcyI, (C-06)al kox)r,
hal o( C2- C6) al koxy, (¢3-C8)cycl oal kyl oxy,
(C3-Cs)cycl oal kyl (Cl 4C6) al koxy; and p is 1, 2, 3, 4, 5 or 6. 66. The use
of claim 13 wherein R3 andRk are each independently selected fromH and
methyl; R . RL1 is cyclopentyl; Rp is ethyl; and p is 3. 67. The
use of clali said conmpound of formula (1) is selected fromthe
group consi ski'ng
(S)-1-(3-Cycl opé& tyI- y-4- nmet hoxy- phenyl) - 3- (2- met hyl - benzy1l) - pi per azi ne;
(S)-3-Benzyl-1-(3-cycl opentyl oxy-4-net hoxy- plgenyl) - pi per azi ne,
(2S, 5S) - 5- Beg (3-cycl opent yl oxy- 4- nmet hoxy- phenyl) - 2- met hyl - pi per azi ne;
(2R, 5S) - 5- B¢hzy 3- cycl opentyl oxy- 4- met hoxy- phenyl) - 2- met hyl - pi per azi ne;
(R) - 6-Benzy\-4- ' / Io-entyloxy 4- met hoxy- phenyl) - pi per azi n- 2- one;
(S) - 6-Benzy1¥24- ( ychdpent ¥t oxy- 4- net hoxy- pheny1) - pi perazi n- 2- one;
(R) - 3-Benzyl-1-(3-cycfopentyl oxy-4- met hoxy- phenyl) - pi per azi ne;

v

0
that is optionally substituted with one or more substituents selected from (C,-Ce)alkyl,
halo(C;-Cg)alkyl, (C3-Cs)eycloalkyl, (Cs-Cg)eyeloalkyl(Ci-Ce)alkyl, (C;-Cs)alkoxy,
halo(C;- Cs)alkoxy, (C3-Cg)cycloalkyloxy, and (Cs-Cg)cycloalkyl(Ci-Ce)alkoxy; wherein
pis1,2,3,4,5,0r6.

65. The use of claim 1 wherein Z is selected from a structure of formula V1, V11, and VIIIL:
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(S)-1-(3-Cycl opentyl oxy- 4-met hoxy- pheny1l) - 3- ( 3- net hyl - benzy1l) - pi per azi ne;
(S)-1-(3-Cycl opentyl oxy-4- et hoxy- phenyl) - 3- (4- net hyl - benzy1l) - pi per azi ne;
(S)-1-(3-Cycl opentyl oxy- 4-met hoxy- phenyl) - 3- ( 2- net hoxy- benzyl) - pi per azi ne;
(S)-1-(3-Cycl opentyl oxy- 4-met hoxy- phenyl) - 3- ( 3- net hoxy- benzyl) - pi per azi ne;
(S)-1-(3-Cycl opentyl oxy- 4-met hoxy- phenyl) - 3- (4- net hoxy- benzyl) - pi per azi ne;
(S)-1-(3-Cycl opentyl oxy- 4-met hoxy- pheny1l) - 3- (4- et hoxy- benzyl) - pi per azi ne;
(S)- 1 -(3-Cycl opentyl oxy-4-met hoxy-phenyl) - 3-phenet hyl - pi perazi ne;

(R) - 1- (3- Cycl opent yl oxy- 4- met hoxy- pheny1l) - 3- phenet hyl - pi perazi ne; (S)-

143- Cycl opent yl oxy- 4- net hoxy- phenyl) - 3- (8 -phenyl -propyl) - pi perazine; (S)-1

- (3-Cycl opent yl oxy- 44{pet hoxy- phenyl ) - 3- napht hal en-1 -yl net hyl - pi per azi ne;
(S)-1-(3-Cycl opent yWaoxy- 4- met hoxy- phenyO- 3- napht hal en- 2-yl net hyl - pi perazi ne

('S) - 3- Bi phen}A

y1-1-(3-cycl opentyl oxy-4- met hoxy- phenyl ) - pi per azi ne;
(S)-3-B enzhydr w, 3 - cycl opentyl oxy- 4- met hoxy- pheny1) - pi per azi ne;

(R -1-(3-Cycl opentyl gxy- 4- met hoxy- phenyl ) -3-phenyl - pi perazi ne;
(S)-1-(3-Cycl opentyl 8xy- 4- met hoxy- phenyO- 3-i sopropyl - pi per azi ne;

S) - 1- ( 3- Cycl opent yl pxy- 4- met hoxy- pheny0¥3-i sobut yl - pi per azi ne;

S) - 3- Cycl ohexyl met hyl- 1- (3-cycl opent yl oxy- 4- met hoxy- phenyl) - pi per azi ne;
[(S)-4-(3- Cyclopen onxy 4- et hoxy- phenyl)

[

(
pi perazin- 2- N 1H-i ndol e;
3-Cycl ope [)4 ox pt hoxy- pheny1) - pi per azi ne;
weFopant yl oxy- 4- met hoxy- phenyl ) - not phol i ne;

(
S) - 2- Benzy1(%- (-
4-[(S) - 3-benzyl-1-pi perzinyl] - 7- met hoxy- spi r o[ benzof uran-2(31), 1' - cycl opent
ane]; 6-((S)-3-B enz¥ -piperazin-1 -y1)-1 -cyclopentyl 3- et hyl -
1H—|ndazole rl- Cycl opentyl- 3-et hyl-6- plpera2|n- -y1l-1Hi ndazol e;
64(S) - 3- Benzyh- pi pgrazin- 1 -yl)-1-cyclopentyl-3- ethyl 1H i ndazol e;
(S)-2-Benzy1ﬁ4 cl opent yl oxy- 4- net hoxy- phenyl ) - 1- et hyl - pi per azi ne;
(S)-2-B enzyIn4 gy clsopent yl oxy- 4- met hoxy- phenyO- 1- et hyl - pi per azi ne;
(S)-2-Benzyl- ﬁi(S-cyc opent yl oxy- 4- net hoxy- phenyl) 1 -benzyl - pi perazi ne;
(S)-2-Benzyl™- (3 -cy’cl opent yl oxy- 4- met hoxy- pheny0- 1
-pyridin-2-yl met hyl - pi perazine; (S)-2-Benzyl-4-(3
-cycl opent yl oxy- 4- net hoxy- pheny1l) - 1- pyri di n- 3-yl net hyl - pi per azi ne;
(S) - 2- Benzy Wwherdi®-RyRi, BpeRy, whd Ryaré cacht indepengantp pelpetdd fromiltli(61-Cslalkykt hyl - pi p
erazi ne;
('S) - 2- Benzy PAEBCORkY b fentyPesgrlip e faley ol prEr{fay Coall B Gt aals Y% 4- y1 et hy
1) - pi per azigRy(C,-Cg)alkoxy, (Cs-Cg)eycloalkyloxy, and (Cs-Cg)eycloalkyl(C;-Ce)alkoxy; and p is
(S)-2- Benzylﬂaﬁ)((zi% ?:yc o%énst yf)o:g(y ynetyhoxy( Bhes%g )-l-y(( Il-l-lﬁ)m da)z(ol - yhnet hy
1) - plpera2|né,,4,,0r6
(S)-2-Benzyl- 4-(3-cycl opentyl oxy- 4-met hoxy- phenyl ) - 1- net hanesul f onyl - pi pera
zi ne; : SR, :
(5)- 2- Benzy 1R T8 YT opaney T oxy - a- et hoxy  penyT) = £ et Ranasul fony! - pi per az
i ne; methyl; Ry is methoxy, R, is cyclopentyl; Ry is ethyl andp is 3.

(S) - 2- Benzyih 45l 3 G DRARG 5 comPRhA%K YorRETY i seledii eoth 2 {3y ! - P! per az

i ne;
1 S) - 2- Ben
[ (5)- ong/mtmg

(S) 2- Ben®)1-@-Cwleppatyiprart-peheyy-pbspyDnbdymphahbery vipisragniche- 1- car boxyl i ¢
acid ethy - h

(S)-2- Ben???ﬁ% §EI§%F%ﬂO 9ﬂm?& ﬁ?ggfﬁgxﬁwgﬁéﬁ?a?n%lpera2|ne 1- carboxylic
acid et hy(ZSeﬁﬁ)éFBenzyl-l -(3- cyclopentyloxy— -meﬂloxy-phenyl)-2-methyl—p1perazme

1-1(S)-2- @ﬁgﬁ% ﬁe 1—?%& Icy glg]é[n 1829’ 4-the oxy pﬁgn)}ﬁbf-n%gﬁyl-glp%earz?n%:l n-1-y1]-2-hyd

r oxyet han

2- Ami no- 1(§)(SBerzyba3xicld e(n%rlswmwr&ylpﬁxm&ﬂp@a*aﬂﬁ&yo@heny 1) - pi perazin-1-y
1] - et hanone, hydrochl ori de salt;
(S)-6-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-2-one;

(
(
3-
1-
(

(&3 cyclopentyloxy 4- met hoxy- phenyl) - pi per azi n-1-ylFet hano

(R)-3-Benzyl- 1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine;
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1-[(S)-2-Benzyl- 4-(3-cycl opentyl oxy-4- met hoxy- phenyl) - pi perazin-1-y1] - 2- net
hyl am noet hanone, hydrochl oride salt; 4-1(1 -((S)-3-benzyl-4-piperazin-1
-y1) - 2- hydr oxy- et hanone) ] - 7- met hoxy- spi ro [ benzof uran2(3H),

11-cycl opent ane] ;
1-[(S)-2-Benzyl-4-(1-cycl opentyl-3-ethyl-1H i ndazol -6-yl)-pi perazin-1-y11-2
- hydr oxyet hanone;

24(S) - 2- Benzyl- 4- ( 3-cycl opent yl oxy- 4- met hoxy- pheny1l) - pi per azi n-1 -yl kacet am

de; -1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3- (3-meth I-benz 1)-p1perazme
[(S)-2- Be(n%yl( 4-% 3-pcygl ogentyl ox{/-p met hoxy B‘l enyl) - pi_perazin-1-yll-acetic
aci d net hif)-leSteyclopentyloxy-4-methoxy-phenyl)-3- (4-me ylwbcnzyl)-plperazme

2-[(S) - 2- Ggnzgledadptaf sty PRtk P Pher ) R REMORDS B -fbRekiAg | n-| - V! ket hano

[(S) 2- Bef$iy 13 4Cclorenlayehgthoxy-pienybt h@amethosyrpénzyhipperazane - 1- yl i - aceti c
d; 4- b

TR GO A R T TR

[(S)- 2dBe(S§M1(34C3(oloﬁéM@ld%9911ﬁﬁé{ho§y-9hé1M}3Lt# -bRERZBnzOD iper@hmer azi n- | - yl kacet

i c aci

2-1(9) - 2- @éﬁz@1Cwqmnmdb@ﬁtb9m@9@wl)n%9h@@§hym@mwp| per azi n- 1-y1] - N- et

hyl t

[{S?CS ggg (349{’%0136119[10%&1??&0% P}fenr%) ?18§<lf/n-ep égf egazbnleper azin-1 -yl kacetic

acid hy dr@z-lle(é-Cyclopentyloxy-4-methoxy—phenyl)-3 (3-phenyl—propyl)-plperazme

b

[ (

) 2 Beg It L NSl Q0D By e N RRSY b BhiSH LA Y1 kacet i
S?j ﬁ Bﬁmmé@écfo%péﬁ@ldg@mﬁ%ﬂ@xypﬂeﬂmtmw ddm@hyieigetizine] -yl kaceti c
acCl - I e razi
24(S) - 2- H&Aﬁyﬁl@hﬁp@dﬂﬁmﬁbM%m@w@%mﬁgﬁﬂm&w}%ﬂbplﬁ@a%ﬁn hyl kN- met hox

yacet am d .
2-[(9)-2- @%nzyﬂyﬁl 1c3$3 F%CI%p ox)?y{ Hlethoxﬁggf/n%%%lﬁgm%mpl perazin-1l-yl]-Neth
oxyacet anfRjel- (3-Cyclopentyloxy—4-methoxy—phenyl) -3-phenyl-piperazine;

(8)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-isopropyl-piperazine;
(8)-1-(3-Cyclopentyloxy-4-methoxy-phenyl)-3-isobutyl-piperazine;
(S)-3-Cyclohexylmethyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine;
3-[(8)-4-(3-Cyclopentyloxy-4-methoxy-phenyl)-piperazin-2-ylmethyl - 1H-indole;
1-(3-Cyclopentyloxy-4-methoxy-phenyl)-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-morpholine;
4-[(S)-3-benzyl-1-piperzinyl}-7-methoxy-spiro[benzofuran-2(3H),1'-cyclopentane];
6-((S)-3-Benzyl-piperazin-1-yl)-1-cyclopentyl-3-methyl-1H-indazole;
1-Cyclopentyl-3-ethyl-6-piperazin-1-yl-1H-indazole;
6-((S)-3-Benzyl-piperazin-1-yl)-1-cyclopentyl-3-ethyl-1H-indazole;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl}- 1-methyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)- 1-ethyl-piperazine;
(8)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)- 1-benzyl-piperazine;
(8)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-pyridin-2-ylmethyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-pyridin-3-ylmethyl-piperazine;
(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-1-pyridin-4-ylmethyl-piperazine;
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2-[(S)-2-Benzyl-4-(3-cycl opentyl oxy-4-nmet hoxy- phenyl) - pi perazin-1-yl]-Niso
but oxyacet am de;
2-[(S)-2-Benzyl-4-(3-cycl opentyl oxy-4- net hoxy- phenyl) - pi perazi n-1-y1] - N phe
noxyacet am de;

N- Al |yl oxy-24(S)-2-benzyl-4-(3-cycl opentyl oxy-4-nmet hoxy- phenyl) - pi perazi n-|
-yl] - acetam de;

2-[(S)-2- Benzyl 4- (3-cycl opent yl oxy- 4- met hoxy- phenyl) - pi perazi n-1-y1] - N ben
zyl oxyace 3 )

221(S)- 2- y%"ZXé @ °¥?18%e"rl?f1°’fy6‘>‘<§/m}f’°n¥tp€e%) by dazeldyimettily v 11 - N hydr
oxyaceq&gkdane

(S)-3-Ben -1-(3-cyel opentyl o tho

1205) - 2. BEnE A PR B G S PP LA PR GE B DL y 1] - 2- hydlr
oxyet hafipdgsine; 2-Amno-1 - [(S) benzyl 4- (3

-cycl opent yl oxy- 4- nmet hoxy- phenyl ) - pi per azi n-1 -yl ket hanone, hydrochl ori de

salt: 24(&)-2Bewybd{3-gyqlepaidesimofiosyphanybel msdhangmifayylipipsraanaszi n- 1

-yl ket han 2B A- _
[(5)- 2 BoR B 5 & STy P s A D H S P THt: 1 Focet
aci d; 44142 er&ybé-lﬁ-yjteldpqnty[b@t)&t -methibxy-phemd et -|benzy1sulf0nyl-p1perazme

2D ) e O] BN ey b SRS E b .

yl kaceti g)@CBehzyl -4-(3- cyclopentyloxy— ~methoxy—pheny1) -piperazine-1-carboxylic acid

é [(S)- % nzyl (3-cycl opentyl oxy- 4- et hoxy- phenyl ) - pi per azi n-1 -yl kacet am
| de [+ y ani e

|2: [ g §>et g .g_zu&uﬁr.ﬁ.%3.eycqé);se,aﬁ)%w.&mém%s{ma@f)yﬁisé}sﬂxé-l ~RIoBEJIRZcl dtryi 1 WY M hy
2 [(S)4£wBen%y1-4-(3-cyclopentyloxy-4-nethoxy-pheny|)-piperazin-l-yl]-N—hyd
r oxy-

1-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-2-hydrox y-
ethanone;
2-Amino-1-[(S)-2-benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-ethanone,
hydrochloride salt;
1-[(S)-2-B enzyl-4-(3-cyclopentyloxy—4—methoxy—pﬁenyl)-piperazin— 1-y1]-2-methylamino-
ethanone, hydrochloride salt;
4-[(1-((S)-3-benzyl-4-piperazin-1-yl)-2-hydroxy-ethanone)]-7-methoxy-spiro[benzofuran-
2(3H), 1'-cyclopentanc]; ‘
1-[(S)-2-Benzyl-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-piperazin-1-yl}-2-hydroxy-
ethanone;
2-[(5)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetamide;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-ylj-acetic acid methyl
ester; , '
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-ethanol;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl}-acetic acid;
4-[(1-((8)-3-benzyl-4-piperazin-1-yl)-acetic acid)]-7-methoxy-spiro[benzofuran-2(3H), 1’-
cyclopentane];
[(8)-2-Benzyl-4-(1 -cyclopentyl-3-ethyl-1H-indazol-6-yl)-piperazin- 1-yl]-acetic acid;
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acet am de;

N-Al Iyl oxy-2-[(S)-2-benzyl-4-(3-cycl opentyl oxy-4-net hoxy- phenyl) - pi per azi n-
| -y1] - acet am de;

2-[(S)-2-Benzyl- 4-(3-cycl opentyl oxy-4- et hoxy- phenyl ) - pi perazi n-1-y1] - N ben
zyl oxy- acet am de;

[ (S)-2-Benzyl-4-(3-cycl opentyl oxy-4-net hoxy-phenyl) - pi perazi n-1-yl kacetic
aci d hydrazi de;

L(9) 2 Bengactnta oo ol CRSHIHL R AxTBIRD SHa AR RO Rty kacet e

acid N -
RS) - 2- Begtamilded- ( 3- cycl opent yl oxy- 4- net hoxy- phenyl ) - pi perazin-1 -yl]-acetic

actd L 1) St o op it Ry SO eas S piperasin-T TSRt 420 Rydididie;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid N'-
methyl-hydrazide;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid N',N'-
dimethyl-hydrazide;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-N-methoxy-
acetamide;
2-[(8)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-N-ethoxy-
acetamide;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl ]-N-isobutoxy-
acetamide;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl ]-N-phenoxy-
acetamide;
N-Allyloxy-2-[(S)-2-benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-
acetamide;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl ]-N-benzyloxy-
acetamide;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-N-hydroxy-
acetamide;
(S)-3-Benzyl-1-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazine;
1-[(8)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-2-hydroxy-
ethanone;
2-Amino-1-[(S)-2-benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-ethanone,
hydrochloride salt;
2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-ethanol;
[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid,;
4-[(1-((S)-3-benzyl-4-piperazin-1-yl)-acetic acid)]-7-methoxy-spiro{benzofuran-2(3H), 1'-
cyclopentane}];
[(S)-2-Benzyl-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-piperazin-1-ylj-acetic acid;
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2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetamide;

2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-N-methyl-
acetamide;

2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-N-hydroxy-
acetamide;

N-Allyloxy-2-[{S)-2-benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-
acefamide;

2-[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-N-benzyloxy-
acetamide;

[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid hydrazide;

[(S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-yl]-acetic acid N'-
methyl-hydrazide; or

[{S)-2-Benzyl-4-(3-cyclopentyloxy-4-methoxy-phenyl)-piperazin-1-ylj-acetic acid N’,N"-
dimethyl-hydrazide;

or a pharmaceutically acceptable salt thereof.
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