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30  alkylene ¢(IR)in Raxf ke ¢yftRnbliiosrbpitated Willperengrdvetalispl) pi per a7i n- 1
-yDaceti c aci d;
2-((R)-2-nethyl-4-(phenyl(3-(trifluoronethyl)phenyOre
t hyl) pi perazi n-1-yDaceti c aci d;

24(R) - 4- ((3- bronophenyl ) (phenyl) net hyl ) - 2- met hy 1Pi Per
azi n-1lid)acetic acid,

(R) - 2- (4-benzhydryl- 2- et hyl pi perazi n- 1-yeacetic

aci d;

25

7 — o N Py
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24(R) - 2-nmet hyl-4- ((R) - (4- (et hy1t hi o) Phenyl) (phenyl) m

et hyl ) plperazi n4 -ypaceti c acid;

2-((R)-44(S)- (2-fluorophenyl) (phenyOret hyl ) -2- et hyl p
WORBIBAYISAZ 1- ypacetic aci d; PCT/US2007/014842

24(R) -4-((R) -(2-f1uorophenyl ) (phenyl)rnet 1yl) - 2- net hy

| PiPerP 7i n-l-yl)acetic acid; _

2 ((R) 2-met hy1- 44(5) - pheny1(3 (trifluoromethoxy)phen

- r n lﬁ(p%e(l ‘? e%jzgﬁ‘{]peﬁem}ﬁré %ﬁ?’f Sgg{l?g R%%ﬂ%?%h%l I m

c aniiepeﬁtlenﬂyyhl)rh dnetbrdarﬁm:;dloalky] or heterocycly! where each

of the af%%@e%éé@ma}ﬁ Egt%}%! sub }ugédo h%gl &L" )I{\f.e orlﬁl“lmr% I{E? alﬂl\éyl, galo,

ace C acl

haloalkyl, Rploaliswmy JajltylthikRyar(c2. aucnnseuhmho bidrioRitatipleddnydd, @ubaitutcd
amino, %ﬁ%@%{fﬁ 81 a[za.z.!%)xy?aglyQ]inL 1355k SiAC Lt xyalkyl, aminoatkyl,
hydroxyakémy, alexwhmm amir@lkpgy erigdspifetylydrhinBedreomgy], Br Reyldmino
i g GRS Ll 0SSN D .
cyano, aﬂchm]amimemmmswﬁwted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxyca?bc(ngrﬁ)hryp oS g%icﬁl( %ﬂc%xyddl]étl Ua?ﬁxﬁgﬁgﬂyh)c&gmﬂ%k} rﬁo@ﬂﬂkoxy,

I C acCl

ammoall@xym)mm(lfqpyl( W@@P@Bdr wmggo YA Rhbsigroyyb ehslbgilod; om
heterocy&}f%ﬁ%%b?{%%)ﬁh%% ?1?/ gggﬁﬁ% pﬁe nyd[ § nl% {J%txcﬁall)ésubs?tﬁtﬁd

with R, %, ¢h areyindeperdendy a@e@ed om alkyl, halo, haloalkyl, haloalkoxy,
aikylﬂuo%{aﬁ@aﬂ&&ﬂm{n% Fdoﬂeéxﬂaﬂﬁ{éu 'ag{;ﬁ’&] Qbvbatfited Rinb; @nfRbinYeyi,
T I perazi n- acetl c acl

carboxy, marw ) Y@@wm e%ﬁ@%(%@ﬁmlmmmxm hy!
aIkoxyal]EH 3 f | uor oPhe Iocarb{r)]neyrgyolt)a%?rﬁilnl 522 et hyl
ﬂphmap? ﬁ?ﬁem?ap )sght ghergof, amg Db
oanmmma ) Bhnpﬁwxéﬂy&&iﬂ;@% QLJMABC) R ae Y 4
)p| era 7in- 1 - ) aceti 1 d;

((4-ch10r 1) ﬁyefhﬁ)m?wzlﬁﬂe}ﬂ%ﬁf%tg: acld 2~ ((2R,58)—4—((R)—(4-( 1H-
tetrazol-5- ﬂapt@m)@-mycﬁomhmﬁﬂeﬁﬁm By DR INPRANRN 3T)ablticherd, or 2-
(ZR,SS)—XIl—()(Ig)CFtlt—lzj(f:angglllenyl)(S ﬁydroxyphenyl)memy})-z 5- dzmeﬂlylplperazm-l- :
yDacetic acid.

In some embodiments, in the compound of Formula (I), R! and R? are independently

selected from hydrogen, alkyl, haloalkyl, alkoxy, haloalkoxy, aryl, heteroaryl, cycloalkyl, or
- heterocyclyl wherein the aforementioned rings are optionally substituted with R®, R?, or R®

independently selected from alkyl, halo, haloalkyl, alkoxy, haloalkoxy, hydroxy, cyano,
monosubstituted amino, or disubstituted amino; or

R' and R%; when attached to the same carbonlétom, can combine to form cycloalkyl or
monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic
saturated heterocyclyl can be optionally substituted with R%, R®, -or R’ independently selected
from alkyl, alkoxy, ﬂuoro, fluoroalkyl, ﬂuoroalkoxy, hydroxy, monosubstltuted amino, or
disubstituted amino; or

R' and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —C;-Cs- alkylene chain wherein one of the carbon
atorns in the alkylene chain is optionally replaced by a —-NR-~, -O-, -S(O)n- (where R is



10

o
L%

20

30

24(R) - 2-met hy1- 44(R) - pheny1(3- (2- Pyri di n- 4-y1et hyny1)
phenyl) net hyppi perazi n-1- yflacetic acid;
(S)-2-(4-benzhydryl-2-net hylpi Perazln-1- yfI acetic

WO 26b8/002583
249- 2-net hy1- 4- (pheny1(3- (tgi f1 uor onet hy ppheRGEHEAOAY 4842

pi perazin-1|-yeacetic aci d;
(S) 2 (4- benzhydryl- 3- nethylplpera2|n 1-yflacetic

hydIOEEfR?f- a,d_ks(l A0 8y B2d ra;ui figthmewhsreipi quena rive hildry gacadhein the

alkyle @%hﬁn be
ky g 24(.2, gﬁra%ps Onau%enzsﬁmcﬁ yvfﬂﬁor?%ﬁ mg.taﬁv pi perazin-| -yf
IRa’c% qngPacqr@mdependcnﬂy hydrogen, alkyl, fluoro, or ﬂuoroalkyl and’

4% f%'zi)e 1%&%6% a)f}l gﬂéo%&&%aﬂp(ylo gxr‘ Q&erocycl% qx%.re cach

tic ac

0‘—: the aﬁf&fwt@nﬂ%mg is dptiophibngbstituid PHENRS Riter Rywhat BE isadi--C=C-
8 (Wh‘%cw%l (bi ge?ga%% or dg)l 8?11%51Y 3’ haltoﬁ] P’){y’fu%%?yf)bmﬁea}lé%y’

amino, Fopesppsiteied amaes.disubstituted amino, sulfonyi acyl, carboxy, alkoxycarbonyl,

hydroxyolRyt %néo”x LRl ot HRRRAY NSRS, Wbl 105! DR e 77!

n- -

armnosu'_ifo(na am(mcrwhouml orecfiaminp Auhil pidiR (dre xrﬁbmﬂ&ﬁb%wﬂe& from
alkyl, hil§ %l&a%&,{%%%a@k% ;ﬁ;iﬁ/l?r% gc gﬁ%’%&) z%u?ﬁyrrl?l}ost\%nnﬁec}wno

dlsubsﬂm%nyeﬁa@ﬁ nYL y@d,c@rbow,aadkaicycarbonyl hydroxyalkyl, alkoxyalkyl,
ammoal%ﬁlg Rar8afdids:8r 1@3&? x Mﬁn&l ﬁghp %’R%E.‘c}éh?fg% ha\.ﬁn)'locamonyi

pl perazi n: cetrc ac
ﬂcylaml{“R)af}ﬂr *Qﬂefebﬂyé(wﬂfdaﬂ@h Qphﬁwﬁﬁﬂt\h@d@ t1g-amen it quape,:rm iring in
2 nh
e e SR EBR BT RT)  RA
ﬁon allgyl, P%a@g%& oglkoxy, aﬂcyit}ﬁa cyano, alkoxy, aming, 'IiOuG:subStl‘hu.Sﬁ
D ( i met
i, bl G, L e ) i
alkﬂxyalkgf{, ﬁm%%dmdﬁwﬁaﬁmnwﬂﬁ%@l&fymapm@kw aminosulfonyl,

ammocaﬂydnéfﬁ%ghé
2- et hyl -4-(th| ophen-2-y1( 3- (tr| fI uor onet hyl ) ph
Wpﬁﬁéﬂh@ﬂ@@% rthezgomppundyppBaraulad atiadd R? are independently
sexectaa%m dof@l Bt iRy, mk%%ﬁ %c?mgb‘%\(y%ﬁ ﬁ'x'etfel"déﬂrl QRIS 1, or

enyl )met hyppi perazin-| -

| heterocyzgx Rpezein %taﬁwmaﬁfel{eéymehﬁr@mwly syxizqtguf@ti mig RioRGweR"-

maepen&e!%ﬂ P RABENE TRk D bRB! Bdd eyt - alXSAC BEbALKES), Hydroxy, ¢ anc),
yl

4- (cycloprop 1(3- (trlfluoronethypphenyl ) net
m“’“"S“bSE‘&M %“ ol aring: et i ¢ aci d; (R -2(bichl or

6 a8h @.ﬁywﬁéﬁ%ﬁcwd ) the sarf® @&1&% HBMPcA! cotdtints do ¥k ciRloalicyl or

etic I

mono@%ig)sa@ﬁ(fmﬂamﬁsﬂgt &R DI T srerHls ?Xcﬁlaﬁ’é’tl Ay RpRQse clic
saturated h’:b?d:rﬂcyl:l})mﬁﬁ Q:B JpAbaliFGusktituted with RY, R®, or Rf independently selected
ls s(4 chl orch?hen)l/jerreth yl) - 2- met hy[ pi per
from alic ]Z !.lfo}i galky! a@llqﬂoa oxy, hydroxy, monosubstitutéd amino, or
dlsubstltﬁﬁaaﬁnﬁc(,la} 4 (bi s( 4 chl or ophenyl ) met hyl') - 2- et hyl pi pe
rTaZI EEZ WK‘PIP Erm(:)a% e to car %In%toms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form '—C1—C3- alkylene chain wherein one of the carbon
atoms in the alkyiene chain is opﬁonaliy replaced by a —NR-, -0-, -§(O)n- (where R is
hydrogen or alkyl and n is 0-2) and further wherein one or two hydrogen atoms in the

alkylene chain can be optionally substituted with one or two alkyl;
R, R*and R® are indepsndent!y hydrogen, zlkyl, fluoro, or fluoroalkyl; and



24( 2R, 6S) - 4- (bi s(4-chl orophenyl ) net hyl ) - 2, 6-di net hyl p
i perazin-|-ypacetic acid; ¢

2- (4- (bis(4-chl orophenyl)net hyl) -2, 2-di 1et hylpi perazi
n-1-30acetic acid,

2-(4-(bj s(4-chl orophenypnet hyDpi perazi n-] -y1) prQpan0
A apd é.r} grRindsnepdently gy get@xﬂary . cryﬁlﬁﬁl_g'}ﬁ]y 8&*‘1&3%1]}?3}?01)9 Whird each
of the af%xfegn'drein g:%g?%gﬁ;ﬁi%ﬁéﬁﬂf Batdstiditeaicetidk RE, R iofl R’ where RE is alkyl, halo,

or ophenypnet h I perazin-|-yOacetic, .
haloalkyh diatpaikoandikylthio, cya%o, al gxy, am%x?oe n?onosubstltutedyammo, disubstituied

armino, sﬁrf&;@(&gxﬁ Eé&%&gf (bl LSRRl i) AR RSB absidodlig,
epan-1-yT)y-acefic acid; or a phalli aceutjcall .
hydroxyaéoep rliokealynlyt amineplkefy, amino SUKB@BTE&WH@"%‘BO%‘(IT% ffgamine

and R aﬁr{?@%% E%%Bﬁﬁ{d%ﬂ;ssa?éc@éﬁi ©ed 28E 0RROENkIRA! BAbARNS Bfithio,
cyano, alkohprydig@ niwopfbistioreharning) JiBHREH FEERS S Per-ATK T RFEPY
e ' L doti-§1 1205 Lo ik LY dvdoxyalkoxy, alkoxyalkoxy,
s L e T
aminoalixyRym o fonyll amioeR Al n i 3
s RSB B CUALE ot st s arfdomty s
L y y Yl )-ar y I N- -
with R/, E%\geRrwhiab ag tefichyetasilnseierigd Tog) kvl halo, hﬂ*%@?@?‘aﬁﬁé‘&y’
a]kylthibf,,\g)lrzgﬁf %_&;2324 B :eiir{omé‘m{iﬁnécﬁarﬂg;@,vdsﬁﬁ&itatﬂam rafonyl, acyl,
carboxy, (adigedveasbemy. Hydropy rike T #8rsy HEY h T AEHY Y PREFIFT Y 2- et
alkoxyalRYHP IR ARy, bahREG 8IS, afisboditoydl @kl hiige malided that
In-a fifth aspect, trhis disclosure i QLrg%%fd tQ%aylﬁmm
when (i) i ceddd etr nethrl, Borp otk ohe S8isers Ay 4 'Sa g‘tﬁﬁ‘&?jﬂ ’
A is DOEQ[CS'HJ’I%}}QI!IQI 0T @IW%Meﬁlp@@hﬂﬁna@g@dt BB 7, BAkiid R’ are
the_eq_ ora mxture a conpoun?fg@ﬁgﬁrnqla (D and a
hydrogephed Aacepbenyhihey Agc bept abe 85 &9 and a
har jmaceuti call y ac vi (o TRI=Yak SN FRm U
O ot oS e 26 TR PP oS DT oy

consistinB®re i s provided the use of a conmpound of Formnul a

(| kg&-g%@ié%ﬁ%@}%@%Jm@%yﬁé%égpg{ﬁ%@?gﬁzﬁﬂJ}I)La@et@%cid;

i nt

i n@e@e(idermiophsey¥phedyhmehyhyiaeager v xckys acid;

‘hal,oal ky!l I ) : <RI C ‘i A
cyeraaely Cu o R R A A i 56 bl acie
af orenentioned rings are optionally substituted with
Ra, Rb, or le independently selected from al kyl,

hal o, hal oal kyl, al koxy, hal oal koxy, hydroxy, cyano,
nonosubstituted am no, or disubstituted am no; or 6e
RI and R2, when attached to the same carbon atom can
conmbi ne to form cycl oal kyl or nonocyclic saturated
heterocyclyl to give a spiro ring wherein the

cycl oal kyl or nonocyclic saturated heterocyclyl can
he optionally substituted with Rd, Re, or Rf

i ndependent|ly sel ected from al kyl, al koxy, fluoro,
fluoroal kyl, fluoroal koxy, hydroxy, nonosubstituted
am no, or disubstituted am no; or RI and R2, when
attached to carbon atons 2 and 5 or 3 and 6 positions
of the piperazine ring, can conbine to form

-Cl al kyl ene chai n wherein one of the carbon atons in
the al kyl ene chain is optionally replaced by a -NR-,
-0-, -S(0)m (where R is hydrogen or alkyl and mis
0-2) and further wherein one or two hydrogen atons in
the al kyl ene chain can be optionally substituted wth
one or two alkyl; R3, Rd and 123 are independently
hydr ogen, al kyl, fluoro, or fluoroal kyl; and Ari and
Ar2 are independently aryl, heteroaryl, cycloal kyl,
or heterocyclyl where each



of the aforenentioned ring is optionally substituted
wth Rg, Rh or R where Rg is alkyl, R6 (where R6 is
aryl or heteroaryl), halo, hanaIkyI hal oal koxy,

al l cyl thio, cyano, al koxy, @i no, monosubst i t ut ed

am no, disubstituted am no, sulfonyl, acyl, carboxy,

al koxycar bonyl, hydroxyal kyl, al koxyal | cyl,

am noal kyl , hydroxyal koxy, al koxyal koxy, an1noa|koxy,

L S P g

and e ed from al

r’e I n .
hal d&l-ky4- (pﬂq:aylﬁg{tmgngronf@pwmhﬁ}y A)meghy; H)era%lq(l)-)y;,)acemc acid;
- am ngy. q’(cpgfb%mﬁéﬁylj(g &@1)@1&}{3@;31&&&11@35’1)&&1@dmam no,

: sulfon

D o e O i xgrar R oo HE P dr Bharafivasi:,
al | (20()4}/(@1 lsmph@mmpladn@mthy@mpemmr -phadetic acid; -

cycroarcypphsy R ast) Pk S S B ¢ o

al i ¢§)e2-(4e((#ibagnodpheRgl)(phbnyd)mecty])piperayp- |1fydhb¢ty: acid;

S0 ALl o it e

al kﬁi)ﬂa(ﬂe(@dvycampheayﬂ)(@bwl)nmﬂmkmpméa@@wm@p

X
am 19 gzlg(g %ﬁm&gﬁe@gg@ﬁeﬁ@mw a%acaccagrcpp Y.
am Hd )ri?cgne dep Giljporg eRgl ethyl)plperazm—l -yDacetic
ac]@mnoalkoxy an1nosu|fony| an1nocarbony| or

| ha bi '
?ﬁéz%é“@”%w%rqwﬁmug C 28GRI oot i
tm@&@@ﬁhﬁﬁyl2n&ﬂ@&g@&hkﬁpbgbﬂmuhamépf and a

S LA B L ey s

t r e2({Myg-qR{Seaswphema)(phiny ot *methYMPﬁﬁmﬁlythetlc a01d

o pERE04 B3 AR PR pheny O AL R | oo R bt acd

def 2Hed- Zalmtlaél"&rr{(baphﬁnﬂr%m@@Enﬁl)@é%]éwf%ﬂ‘éé@)r%éac acid;
aboyg( BhPRa @%Hﬁjl@a{thﬂu@%ﬁ&ﬂiyﬁbh@yﬁﬁiethﬂ)bﬁfe% 1-yDacetic
_and harnaceutlcally accept abl e excipient in
acianuf acture of a phar maceuti-cal conposition for
tr ea{(R)Q-Redli S350 ;t}jeﬁﬁ(?abhﬁubmmelﬂiyll)ph&n}(b)rneniiyllﬁlgefaz[n- -yhacetic
.receptor in a patient. I n anot her -
mbodi nent, this dlsclosure is directed to a nethod

- of 2—((Qat4k(ﬁ‘gclalod)1:mem3d}{phmé)nwﬂh§é) -Byndthyfipiperakion -pijacetic acid;

AL RKRGL S Ll ¥ ki e

c O@ﬁﬁﬂ-ﬂf(ﬁ‘hbmmhﬁsﬂ henybismaya ird-resthipiperara- l(ylyacenc acid;

2008 Eb2b B R g EREReT O rityigis SR i acid

i nd?eﬁéhééh}-ﬂ}lomhw L¥phanyh) mqt%} %g&ﬁhyllapmm- “ylSacetic acid;
hal g @(ygli) (bR HeDXY3 y@@m&ﬁmﬂmyl]al ﬁieﬂlyhpipefa@ﬁmlybrl] acetic acid;

SEEILA ?@@gﬂ%ﬁ@ég}ﬁ Rl b DR rarined ypesto acid

| e,2-RR)-44(S)yR-bromdetpangichylmethgb2edethy ipipeadzkny [ <yl)acetic acid;

i %Rﬁ%ﬂﬁ@'@%ewﬁﬂ%@g e ey B PR -ybacotic acie

amza(éﬂ) Emnemhyle@-ﬁﬂ&pt@nﬂmﬁdwbw@ﬂwﬁpmr@mw@ﬁ% Acigan
- - Hcetic aci
ot Cah e (D e e ety 2 et 3 Ppectic acd
cycl oal kyl or nonocyclic saturated heterocyclyl to
give a spiro ring wherein the cycloallcyl .or
nmonocyclic saturated heterocyclyl can be optionally
substituted with 12. Re, or Rf independently sel ected
. fromal kyl, al koxy, fluor, fluoroallcyl,
fluoroal | coxy, hydroxy, nonosubstituted am no, or 10
di substituted am no; or R and R2"when attached to
carbon atons 2 and 5 or 3 and 6 positions of the
pi perazine ring, can conbine to form -Cl-C3-
alicylene chain wherein one of the carbon atons in



o yl)ac%i&ag

20 am no, nonosubstituted am no, &substituted am no,
sul fonyl, acyl, carboxy, a%ﬁoxycarbonyl,

hydr oxyal kyl , al koxyal kyl, “am noal kyl , hydr oxyal koxy,
al koxyal koxy, arni noal koxy, am nosul fonyl,

am nocar bonyl, or acylanmino and It" and Ware

i ndependently selected from al kyl, hal o, hal oal kyl,

h koxy,, al kyl t hi } . A n01. TS
P 0B A AP0yt i
aC)’J(QR)qa%@@’P&Mr,ogaleﬂg@)@dmybmn&bfl)—mahﬂp@mazyﬂ—1,~y1)acet1c: acid;

o 25—8@%%:—1@%’!}@’%—3 @%ﬁg;ﬁé;@ggl?ﬁ%%%@%%@jﬁé}?%@fyi)piperazin—1—yl)acetic

acid-am nocar bonyl, acylam no, aryl, heteroaryl,

? ;Yi&%—:ﬁéé}nﬂé&@h—%%gz%g%fﬂ%ﬁ &h%ﬁ;@%gﬁzln %Lﬁgp’ﬁ%gﬁziﬁf 1 -ylacetic

...substituted with R, Rh or Rl which are independently

acid
‘sel d f | kyl ., hal q:. Lyl | oAk koxy.. .
ZF%&%—E@@EEI%?{é?-%,%(m@gyl?lﬂgﬁkg{g’})@%ﬂggﬁ%@@bgiﬁﬁgm1-Yl)acetlc

-~.am no, disubstituted am no, sulfonyl, acyl, carboxy,

aCId’al koxycar bonyl , hydroxyal | cyl 0 .al koxyal kvl

ari- (B kysthy Hy R4 ARR y&tl}iogﬁlhi‘é@ﬁ%w%,g&y{%lwm_1‘1'3’1)&“’“"
acid_arninoalkoxy, am nosul fonyl, am nocar bonyl, or

*acyl ant ho; or a pharnaceutically acc p‘E abl e .s

I . .
t Ref(Bp#-((Dx2 dunrophery) (RhenyhEstig-He H’Rﬂf%z%%ﬁhlgﬁ%fwaamd=
P ) b RkisRfipaatnd ylacetic acid;
AR G o AR il b AR pEEEn T yDece
em@ﬂj—n@mﬁ@m-@&-pnemﬁﬁﬂu&lwm@ﬁmﬁ@%&)@%ﬁ%lﬁ?rm'1'
Formul a (1) is where RI 35and R2 are independently
n’c]:éted from hydrogen, al kyl, hal oal kyl , al koxy, . ‘
hal(or)-kenefhyl e o(R)-phadOl3A0 #8008 8B PaIviEoy nnothybpperazin-1-
~ heteroatyl, cycloal kyl, or heterocyclyl wherein the
yDacede 3f¥hent i oned rings”are optional |y substituted with =
leﬁlze) (RP[(blpheiyidBpbtient!)yetbpl]- Sonasby! foipgmazan-k il |-acetic acid;

D A A 4 b

acetic@kid; RI and R 2, when attached to the sane

SR et e TR e

aceticWB@k ei n the cycl oal kyl or nonocyc |ie saturated

AL O ST e

aceticBe@m fluaroal kyl, fluoroallooxy, hydroxy,

nmonosubst i t ut ed_ami no, di substi.tuyte m no; . of_ f et
o e d e ey B s B bt e it é%gée““ acid;
NG hib Qr hevhtbiehpematiyne-méthylpipeamin-1-yljacetic |
' cbggﬁﬁga$%k?%?%ggégﬁengbg%ai%Bmhe?g?n one of the
- acid; carbon atons in the alkylene chain is optionally

r£P ALe Sp 4_Busrodenyi (Phenyh E{e@yly-2-fmattgIptpdrazin-d -ylacetic acid;
%ﬁg?ﬁﬁai%%ﬁ%ﬁ(%%%ﬁ@ﬁi%e%h“iﬁiEe?gg i
-(&%4.'-@2)3_ J%H&Lé §edl yihiethy@nB methylpie: aniny yhacetic acl- :
o Gommebra o Y SH I e A et aci
;]%E(gi?—%nrg 81?1&!}-Xﬁgﬁheggﬁg—?ﬁ%éﬂﬂr]eth Mg )phad yipkath@Ypiperazin-1-

ocyc ch 'of the atorenentioned ring is
ylDacetapddiggnal | y substituted with Rg, Rh or le where Rg is

ST s R et e

ylaceticidcgjbst i t ut ed am no, sul fonyl, acyl, carboxy,
al koxyzarbonyl, hydrci xyai kyl, al koxyal i cyl,
uni ncal kyl , hydroxyal kory, alLkoxyal |l m cy,
am noal koxy, arni nosuLfonyl, andnocarbonyl, or
acyl am no



20 and Rh and it are independently selected from

al kyl, hal o, hal oal kyl, hal oal kory, al kyithio, cyano,

al koxy, am no, nonosubstituted am no, clisubstituted

am no, sulfonyl, acyl, carboxy, alkeicycarbonyl,

hydni xyal kyl , al koxyal k-yl, arainoall eyl

bydr oxyal koxy, affroxyal koxy, arni noal koxy,

am nosul fonyl, am nocarbonyl, -acyl am no, aryl,

het |, acygl w1091 RSk thétBy])piperazin-1-
ar o et R P SRR R Y A AR b Dpip
ylppétcorRl |y substituted 25 with R, Rk or Rl which are

o SO Ry BT TS SRR Eacelieient, F61 oallvl,
2-PPPEES 4t (ghas @rirnthjorathebybienyliradthdin prsaziad i igsstic acid;

ol kiSRS R DI, ™
al kory2l(ko¥yhydiyi-8anttkyipiperaam hybaretiord; '

ar ni_nocar bo 0 C I pi . : .
baul e 4 hethu e nea iy ipierzin L Dab e ORE
For muasls)-4itensiheligl-25-aindtsylpipetannong)asebodtidient t he

di > js A ttenti. def i gi b N MILEY o -

e L R

:309@k}i{-ﬁ@(ﬁl&(ﬁ%ﬁ%ﬁbﬁm?ys?eihm)@gﬁnﬂﬁhy]pqsm_uzbﬁbﬁ@ﬁﬂcacld;

. I'n anot her. .enbodi nent , isc [ S : 0

. kb G AP b R R e DL 86 ©

200§%@Q@ﬁ@§ﬁ@&%ﬁ§@ﬁ@%bQﬁ&ﬁﬂ%ﬁﬁhﬂﬁomﬁﬁymeﬁﬁbﬂwﬂndxumyamnd-

wherein: n is an inteaer froml to 3; 5R1 and R2 are
waw@éﬂﬁﬂdently sel ected from hydrogen, al kyl, o

hal ?Qh{f?4-ﬂ?&bﬂﬂ%ﬁ’l)§ﬁ@ﬁﬂ@ﬂ lytmh%fﬂb-&ﬂ)ﬂ—itmeﬂﬁ’imm%d' in-1-yl)acetic acid

cycloalTcyl, or. heterocyc rejn € 4 1. . .

oY St Grrsamo s D o eh DD Gty gz J yDacetic
”‘édﬁ?i th Fr,ﬁL :ndeFEndently se:ﬁcted Lfgnyalkyl,

al o, hal oal kyl, al koxy, al ki r px ng, -

ron @bt (s-dmoshiey b a) S dBS ey PR o s S A
ag%}B@.(4-@;§mfﬁlb&@ﬂiaﬁﬁPlhahﬁri}a-ﬁaﬁ@lpﬁﬁfahﬁnl-at)mﬁc.aad;

ot Bheb (b BiGlormaERhesy PRGN pprEi ] &l acid
ok i o i it ybid :
Ak TN i
| ndeeRidbmeltyl-ddfiaepiea- Y RgromesDp ey ey piperazin-
yhideHongal kyl . f1uoroal koxy, hydroxy, monosubstituted
: am no

, or disubstituted ami ng; aqr R and R2, en ... .
o t B¢t molio b a6h)- Biahsn I S upon Py Ry hpigerazin-1
D§£ﬁ$58d5 pi perazine ring, can conbine to form-Cl-C3-
Y ancylene chai n wherein one of the car btgnlﬁioﬂ%nitﬂ ]age in-1
al k3@ -whktiyh4i(6S)gbiopberal 1) rEptupsmetBylppenylpnetnyjgpiperazin- 1-
1)-5%9%33_(mhere R is hydrogen or alkyl and n is 0-2)
YLagK rther wherein one or two hydrogen atons in.the.
ancI @) - elyebpropal3itbremetay Dphesyiaehy Uenety piems-1-
1 or..two.al kyl; R3, R4 and R5 are 'independently - '
Y)?§%ﬁ%%%h, al kyl, fluoro, or_fluoroalkyl; and 20Ari.
an o R 22(4afbés(#-oblepentgerbmythabyd-methyininesazingl -ylacetic acid;
cyc | L4nahe efazialieylynropanoic acid;.
ot O bt B TSR PR M dn g Pz o ppenoic i
RP: (,s)ﬂgk((m-zzﬁbismhérleropgenﬂ)m%h-?-m@@ipﬁﬁﬂ%@y@%ﬁm acid;
S | 1 er 0ar L9@hWyinerf2al pg Mhoic acid;
al |®1&t’gﬁ%4!@§ ngﬁiog(#%l 8?{/‘%%1%, Iﬁﬁhoir%g ubst i tgt)%lgis :
am no, disubstituted am no, salfonyl, acyl, carboxy,
al koxycar bonyl ; hydroxyal kyl , al koxyal kyl ,
am noal kyl , hydroxyal koxy, al koxyal koxy,
am noal | coxy, 25 arni nosul fonyl, arninocarbonyl, or
acylami no and BY and Ri are independently sel ected
from al kyl, hal o, hal oal kyl, hal oal koxy, allcylthio,
cyano, al koxy, am no, nonosubstituted am no,



di substituted am no, sulfonyl, acyl, carboxy,

al koxycar bonyl, hydroxyal kyl, al koxyal kyl ,

am noal kyl, hydroxyal koxy, é&#ikoxyal koxy, am noal koxy,
am nosul fonyl, am nocarbonyl, acyl am no, aryl,
heteroaryl cycloalkyl or heterocyclyl where the

305 - Kk @BEziR-I-ylgetic acid;
o TR 0L Bl B ) 20 e DB Ly
' nd:e e(fﬁili &HEMophhre\é)IMhyI)f\DV _dimethylpiperazin-1-yl)acelic acid;

2008 002 8 PCT/ US2007/.0 48 f | 1h |
haI@@F@@Sff %'ﬁ%fPB FIR Wﬂly Pk %?2% ‘ﬁ}gmﬁ Mﬁxgﬁ Eoiyo

anmcpQy. mqm&a&sﬂoplnan@gmamyh)ez«mdp@pﬁ@tpemuebryam% acid

h;@r(gn 5(4k$1cgr0pgprgé)g€é1¥)ﬂm?per§%# ] %9.?6 acid ; and
hy@r%’(ﬁ%ﬁﬂﬂmﬂﬁdﬁ@mmm ¥ )ﬁambmbdl %dwyc;pan-l -yl)-acetic acid;

am n onyl am nog gy or acyl am no;

or a Bmpesusicaly aCaPRYEBIPEHY t he ester group in a.
conmpound of fornmul a: [ Spya.
ik vl R RaTee) et e aag g RESeS i TR

(phenyigss(n%fo%o&%@l yl %ﬁmeﬂﬂ%ﬁfa&&tl@kl}a@t basd; ¢ ﬁi&eﬁr(é%y@giwl%

methylm@eret%;loﬁ]age%g ! atckg n Ew}océ%)%dﬁgﬁ-}slaﬁ n 31;— @Eﬂgﬂl’ﬁyﬂrm ;ﬁ@[ﬁr 1(m-

toly})m&fxﬁ)ﬁﬁéﬁzxﬁrl@gﬁfﬁﬁﬂnd of degk mul a OBd ((Rdjﬁi-(cyciwrwyl(?»

trifluor rg gde&d 4213 ﬁl?{hrgchﬂ)fndéﬁﬁ
(trifl é‘fﬁ‘ﬁ%gg’ﬁ é‘iﬂe{%’éﬁnum%h S?r btig]gned frgm St ep hg@. ﬁqu(/gg

(Aapordibp\vie;a fourth aspect, theréd); BPHfE NI PYPURD AF
(cyclopfolpglEnf‘@g‘éﬁr%e%%gher%ﬂﬁeﬁﬁW QAR (di}feraﬁﬂll Fhcari{ded ditiythatiteide

and/ or above; provided that
sal.  when (i) R and R2 are nethyl, R3, R4 and R5 are

%‘%{ﬁ% ﬁ; @t{gq}x osdrerc'ls %lrpaé&f@%mﬁlﬂ\&%hmaﬁ d&ﬁ?xﬁosﬁfoﬂ cbrﬁprlﬁmg a

-cyan -11-1-tetrazal hen and
compounlﬁzlof FFi'ZﬂﬂiaFé& W@“*Hﬁ‘yaﬁ;@l’ﬁ?}a Pﬂ%‘é‘ﬁe‘%ﬁga N"%”“T ‘FP(D of

Formula t('h &g Ar ;%m%ﬁcéﬁﬁéaﬂ P REdRYhb10 kald heiebD e ehyhaceutically acceptable
I'n some enbodi nents 1 n the process above, the

GX»Iplt%@rPﬁ@EFﬁd“ﬁfmF‘b‘Pr}ul a (l) is where: 20Ri and R2 are

' Adastepe adenit apday dﬁﬁgﬂﬁoﬂtﬂedahd@st of aR@npotd of Fornep (R5 ar e
hydrogen; and Arl and A? are.i ndependently phenyl,
each ring optionally substéz;t{}@d;zw th Vor Rh

1 _N. R?

L3,
=

@

Art

wherein: '

n is an integer from 1 to 3;

R! and R? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R®, R® or R® independently selected from alkyl, halo, haloalkyt,

alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted aminio; or



where R8 and Rh are independently alkyl, halo,

hal oal | cyl, hal oal | coxy, allcylthio, alkoxy,

al | cyl carbonyl, or al koxycarbonyl. 25In sone

enbodi nents in the process ove, the conmpound of
Formula (1) is where: RI and R2 are independently
hydrogen or alkyl; R3, R4, and R5 are hydrogen; and
Ail and At2 are.independently phenyl, each ring

opt | I@r%ldlfy z%t'tatcﬁ&?g 1 §£nevca§l§on|%lfbn\{\hﬁﬁ%m¥fb§1€% Rim cycloalkyl or
epehdent

are in y hal o, hanaIIcy
mh:a}cgdlld@myatecbhdtwopmlm tozglivegxspiromeaThicEsy Sarpelagiky! grmonocyclic

saﬂJr}ﬁQﬁ(ﬂeQQr ?3%2)( ll&%&%%r %P&aﬁl&%@s‘ﬁﬁgmﬁ F{z 33! ())It MQH%%Mt ly selected

carr
frohg akkyu anrgxy dluarp @L@mﬁﬁsﬁdj&@alkw@s@r@% BW@W@éTéFu@d amino, or

| h is: (R-2-(4-(phenyl(3-
Ch%%gﬁFﬁg%?%ﬂ% ﬁypphenyChethprlperaZ|n | -yDacetic
aci ®' aod R3, wiraratackut tocatbon atvcrebandbl @ saidtt pdsdioas pf the

pl;ﬁbéga%é%e? carleod bm@{ohquﬁfip%‘: fg El%ﬁ‘e élﬁfpﬁrﬁé{'bﬂ%‘ﬂe df the carbon

atcznsrmtlhwdl]pylﬂmr@mmmpyﬁ)aﬂbtreplamhy a-g¥R-a-0-, -S(O)ny- (where Ris

hy%gar macaﬁlby | Cc? arPdt f%pth% wﬁl?ehém%ﬁg&etgjo \;fd daggn atoms in the

et i aspec ere i s
aﬂ@mﬂiﬁ ohuidl cmzhlbs:dpu(malljz sﬁh{sﬁ)ﬂ@i weh hydergwo alkyl

(R, nyl (sm t ol Lhyppi perazin:i a dq .
o et atr ey e R PR bRy, kel fod)fina
AC c artind gt Qreaﬁdqie@vlaﬁl}’rmﬂs hetetoaryt, hryclealikgl pr atemeytld where each
ound whi g
of B ARyerserbpRy Moz Frgronally SR EI bR BRECRR) YRRERS At C=C-
%ﬂé{%‘% légi 831%;}&/@5%02%%})%@1@?3 gjilca??diélealo‘d\@oxy, alkylthio, c3tiano , alkoxy, ,
|
oy BEROTPHENGH SETRL LRI S FORT U a&f’ﬁ% Bl sRfvearbonyl
hydrbﬁyaﬂm? (é,lllidx?@kyp @nm@1mymo@raﬁcoﬁy,¢eKomyemoﬁp mnfilelkoxy,
BT TR N T T TR CHE T N
alk D RAY, q{aﬁﬁt‘ik _‘,E Mﬁﬁ@ﬁ%}ﬁﬂ Eikﬁ/ﬁﬂilog le an0f al ﬂn@ fuQinsi mUﬁmubﬂnuied amino,
r at ed, nono
s o BBk 60, S B OHORT 6125&‘5% ﬁfoxyﬂkﬂ
amBbi, hﬁr@@éﬂkoﬁr Elk@ﬂydlkm@u aplindalkagd, ljﬁhuﬁgsu&ohyl ammocarbonyl
sSoREr S el et Cach U ng, Sl SOMELE: o et g
R% RO Bn@ROi@% h@ndnmb@mﬂted vﬁﬂ'@RQ &“loe R{ which h?tzgd@elydﬂn?b/ selected
ene a ar saturated dival en
srom gl dafop o R M- Bk B 3Bt T NG fogubstize
amifé an&heshRatHiAb es@lf@hylah@mt ceﬁy&{yoga@mﬁrbmﬂl E;aimgfalkyl
three to six carbon ons u | ess _oth ermnﬁﬁ st at
alkqg(yglkyl peinoplkahdydsq l@ﬁ@, E o&Hgrminoalkoxy, ammosrﬂfonyi
amlﬁodﬁﬁﬁcl?) 1,Bf %ﬂrﬁﬁ% oga Hﬁlﬂ%\ék:ﬂ[d&ﬂ?/ h&f&ﬁt&bl@%ﬁﬂ ki@ or a mixture of a

pent yl ene, e 15" Al kyl t hi 0" R
conwawm%‘aﬁ Fﬂmélﬂéf)?@liﬁ%a ahqzmac%wagf ??Féata%éé]é eéeog and 3

phatfRlcBYdatl QeceplabXe LRiflentdRehd RanhfakBre of a pharmaceutical composition for
treating a disease treatable by inhibitio-n of GlyT1 receptor in a patient.
According 1o a seventh aspect, there is provided the use of a compound as defined above or
a mixture of a compound as defined above and a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable excipient in the manufacture of a pharmaceutical composition for

treating a disease treatable by inhibition of GlyT1 receptor in a patient.



"Al kyl sul fonyl" neans a -SQalt radical where Ris
al kyl as defined above, e.g., nethylsulfonyl,
et hyl sul fonyl, and the |ike. "Am no" means a - NH2-
20" Al kyl am no" neans a - NHRgpdi cal where R is allcyl
as defined above, e.g., niethylamno, ethylam no,
propyl arni no, or 2-propylam no, and the |iKke.
"Al koxy" neans a -OR radical where Ris alkyl as
def ilme chnathavenbodimgnt, thiretikrosyre ietdirestsd, topr BptbRd/of Brating a disease
/ iﬂ%‘nmsterm to the
A e S e caf‘)ﬂﬁﬂéﬁi :
paiignky phagsacegic! nerdpoation eompesige 2 comprerheilyeatadhy| |
et hoi cycar bonyl, and the |iKke. ' "Alkoxyalkyl"
means a |inear nnnovalent'hydrocarbon radi cal of one-
to six carbon atons or a br&hched nonoval ent
hydr ocar bon radi cal of th i x -car bons
substituted with at |east one glkoxy group
preferably one or two alaxy" ups, as defined
above, e.g., 2- nethoxyetHx]i?r-, 2-, or
3- met hoxypropyl, 2-ethoxyet and the like.
30"Alkoxyalkyloxy" or "alk? Fkoxy" means a - OR
radi cal where Ris alkoxyal kyP as defined above,
e. g., nethoxyethoxy, 2-ethoxgethoxy, and the Iike.
"An1noa|ky|" nmeans a |inear nonoval ent hydrocarbon
wheregdi cal of one to six carbon atonms or a branched
”Uﬂ?yﬁlﬁ. WS Qeakbened;adi cal of three to six
carbons stituted with at | east one, preferably one
or two, -NR12! where R is hydrogen, alkyl, or -CORa
where |l e is 35al kyl, each as defined above, and R is
sel ected from hydrogen, al kyl, hydroxyal kyl, 12
al koxyal kyl, aryl, aral kyl, heteroaryl, '
het er oar al kyl, or hal oal kyl, each as defi ned herein,
e. g, am nonethyl, nethylam noethyl,
2- et hyl am no- 2- net hyl et hyl , 1, 3-di am nopropyl,
di met hyl am nonet hyl , di et hyl am noet hyl
acetyl am nopropyl, and the I|ike. " Am noal koxy"
means a -OR radi cal where R is arninoal kyl as defined
above, e.g., 2- am noethoxy, 2-dinethylam nopropoxy,

and the |ike. " Am nocar bonyl " neans a - CONRR
radi cal where R is independently hydrogen, alkyl,
hydr oxyal kyl ;, al koxyal kyl, or arninoal Kyl , each as

defined herein and R is hydrogen, alkyl, cycloal kyl,
cycl oal kyl al kyl, aryl, aral kyl, heteroaryl,

het er oar al kyl, heterocyclyl, heterocyclylal kyl,

hydr oxyal kyl , al koxyal kyl, or am noal kyl, each as
defined herein, e.g., -CONH2, nethyl arninocarbonyl,
di net hyl am nocar bonyl, and the |ike.

"“Am nosul fonyl " neans a - SO2NRR radi cal where Ris
i ndependent |y hydrogen, al kyl, hydroxyal kyl,

al koxyal kyl , or am noal kyl, each as defined herein
and R is hydrogen, alkyl, cycloal kyl,

cycl oal kyl al kyl , aryl, aralkyl heteroaryl

het er oar al kyl, heterocyclyl, heterocyclylalkyl

hydr oxyal kyl , al koxyal kyl, or am noal kyl, each as
defined herein, e.g., - SO2NHZ2, nethylaninosulfonyl,
di met hyl am nosul fonyl, and the Iike. "Acyl "
means a -COR radical where Ris al kyl, haloal kyl,
cycl oal kyl, cycl oal kyl al kyl, aryl, aral kyl,
heteroaryl, heteroaral kyl, heterocyclyl, or

het er ocycl yl al kyl, each as defined herein, e.g.,
acetyl, propionyl, benzoyl, pyridinylcarbonyl, and
the like. When Ris alkyl, the radical is also
referred to herein as al kyl carbonyl .

"Acyl ami no" neans a -NHCOR radical where R is alkyl,
hal oal kyl, cycl oal kyl, cycl oal kyl al kyl, aryl,

aral kyl, heteroaryl, heteroaral kyl, heterocyclyl, or
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and the like. "Carboxy" nmeans -COOH. 13 6Nl 2 I1-R2
R 53 4 "Central piperazinyl ring" refers tolring in
Formula (1) and is nunbered.as‘shomn above. _

.tuted am no" nmeans a -NRR radical where R
\gﬁ%ﬁ%ﬁz& Pe i ndependently al kyl, cycl oal kyl , PCT/US2007/014842
cycl oal kyl al kyl, acyl, sulfonyl aryl, aral kyl,
het er oaryl , heteroaralkyl heterocyclyl,
het erocycl yl al kyl , hydroxyalkyl al koxyal kyl , or
RMLAORE bk Yide &ﬁféﬁﬂf@eﬂﬁéd hgﬁrroﬁ alk?l galnFﬂcgl alkoxy,

dlnethylan1no phenyl net hyl ant no,
haloalkexy, peyl, hetespnsyls exrbradkylcon lwte@ocymybwberer@rthq %f@!ﬁmentloned rings are
opt:onaﬂfr shitiaiddwitl RO, &r RERIYAdently selectectﬁ‘ haldTRABSKy!,
radi cal as defi ned above IS su stltute
alkoxya\nﬁmlkem h@#f%r%f%lrewumwi ampipefes dissbsjitgiad amino; or R
and R* @heffataakeagsean@é SdfBon %ﬁ%?& lg6nf btQo f#ulor Chl Ori ne,
pcludi t hose substltu ed wth different hal ogens,
g grdR ttachegttp the gy carben gtemacan compinepg form cycloalkyl or

monocychiE 4aiated he@tyEIPPto dit@a sﬁm:ﬁ'ihé \bﬁerélh ¢ cykRalkyl or monocyclic
?HbStlt ted with onI fluoro S Jefe;red to in
saturate F@ro'g@s% GRtiorally %Bi;tglétpﬂw RY% RS or Hgg%pmly selected

from alltyiadlioxd, ﬂﬂ?o JRbirgaky\igs8alkoky; hiaroRa mdhpbubasineatl dnifs] or

-0CF3, -OCHF2, and the |ike. When R is

dm“bmﬁﬁ%QﬂWW%#F’mhere the alkyl .is substituted with only

Rl M RF, whin htfachéed R dagbol Morh 12 bid 5 oﬁ@ﬁﬁd € pdsit@ihsdsthe
| uor oal | co ans a linear

] "Hydr |k
piperazipg HEE 23 GRIYE 1o forms £ 5 P SHoin WBE Rt Qe oL e
atoms manhe atkylvhe ahddi &mﬁmdal@fe@mécem a hNHY, ooa r-S@in! @Wheﬁia’ik iof

hydrogef i afiy] S5 028 B Sore BT I O o PR EYoHF e
alkylenewlmumaasbe mpndsxtaﬁy sabsitiied withtdae ontvichedk@ane -car bon _
R S B RS S L o B
IQF' fayidi m%«;tp lrmbyéqdeﬁﬂh ydnl,d‘bcycmanﬂybycloalkyl or heterocyclyl where each
f. -

of the st MERSMITE P Sbeordy PELTHEY PR e 12 X R e, o
R® (whéfe R{ sy oxwgpuml)) h@ohwo@mewgq]koxy, a}kylthm cyano, alkoxy,
amino, %ﬂ&éﬂﬁﬁ&ﬁé&) t%lglﬁbsgtlﬂe&jm%gr %@gl %Eﬁ%mgy alkoxycarbonyl,

r oxymet

_ r oxypro
hydroxyalkbry dﬂfexxeébﬁyannngaikybl |hbl91m<m4§w}@ p‘gﬁxyaaqﬁuy,@mnoalkoxy.

ammosuﬁi}a){ oxyﬁﬁ?} o Y RERXY Sid w ad R'are :ndé?ﬂgﬁ&ﬁﬁffllséi%é/d from

yl ox nmeans a - radi cal -where Ris

alkyl, hm@p@ﬁl}kal vaylpaiggxxa ks, ammalkoxy, antinge mongeipsiitytpd amino,

dxsubshﬁﬁ'ﬁ%n?o SR RYL, eﬁrbuﬁss aam&%&ﬂmgp '11198’1%Lc§sﬁky1 alkoxyaikyl
monocyclic group” of to 8 ring atons I n which one or

aminoalkyloh aﬂfpwlﬂ?xé’a’#@t‘ér%ﬂ%@@} wpineylioaplkaminogarbepyl,

acylaming, Dy, hei§ilrfl, Byd1SalRYl, bﬁﬁe@&ﬁé‘gcﬁﬁ URef: th@ardmatib 8r ahcychc ring in
remaining rin e heterocycly

. at ons
R%, R ap %Rdﬁpp%qmﬂr yuq?s’&gé%ﬂ HCERS g%rFE)R Hinh 267 inder %Yﬁelccted
from alkiyl, R8lo2Ralskt NetoIRES), BIKRHRAN) @baelotdn@m@rafﬁmandonosubsumed
eteroaryl rings are npnocycli The he
amino, diuhgfitigd é@%s%&%f&w % théf%ﬂ&’;?e’yng? é’la s
alkoxyamylsam &m?r ﬁgid:bﬁyamoi;h IaacoApﬂkmg@ﬁmmaamw, ixgydhifenyl,1 4
erocy ring. Additionally, one or two ring
aminoc B Hr%?%ﬁﬁm?ﬁ“the heterocyclyl ring can optionally
%aﬁ@d&é’tfc@ﬂ aacegtabmangﬁ&u@f o&/tarzﬁxﬁzrwwmﬁﬁinh yf Foignula ()

and a phwa'cer mBIPt}ect e%g&%gtlf%@rspﬁ%goefsﬁ& et %fot Bl }If Q(]:cteptable excipient.

12 sEXO Bbsdimbsts iyl the &emaﬁoﬁe etiectioftipownd i fubmklan(®), is where R*

» pi.perazin tetr 0 pholin
and R ofs B8 ien el R S o CEIFoRGH P PR S b Baio ARy =
it can contain one or tmo ring doubl e bonds provided
that the ring is not aromatic. Wien the heterocyclyl
group contains at |east one nitrogen atom it is also
referred to herein as heterocycloamno and is a
subset of the heterocyclyl group. \Wen the



10

et
1%

20

25

30

Het erocycl yl al kyl ™ nmeans a - (al kyl ene)-R radi ca
where R is heterocyclyl ring as defned above e. 9.
t et raydr of uranyhnet hyl , plpera2|nylnethyl
norphol i nyl ethyl, and the Iike. Fbteroarylf
wearnss/azsmnoval ent nonocyclic or bicyclic aromedigoidassa:
radical of 5 to 10 ring atgns where one or nore,
‘preferably one, two, or three, ring atons are

het eroat oi n sel ected- fronrN 0, or S, the remaining
car bon, resentative exanpl es

' b
heterqapsly by 3@3{]%% or éﬁtﬁ‘gowarﬁ T“P?ﬁ’* © HETesPRqnat jipes EF‘P]PI%HWPHY
substitunddozioh RF R?) o¥iRd aiebaskientfyUe RBIEH Srobnddgl, hio, hAiuadalindxy,

B TR S BB

p§i aEl R/ I‘fvhmp#fatmazm thelspmb EadZ0 kiphn, cah@bmBine k@lfonna:@ﬂoalkyl O e

LT A e TRTE e ——

Samte%mbéﬂl cenibecpimmaliycubstizates waih-RYHE, GZERIF m@bemﬁlﬁ}esa&cted

from &ik%f m A ar yh arﬁ%{s’kf}ﬁ%’ro#‘%@’l&% %r %’v&‘ne%er oar a IIO,- or

su 'fonyl’,
disubsated mgayloyl | het er ocycl yl al kyl | hydroxyal kyl ,

qi ka%i@' Iyl o QU BT mngxém EQ&J‘% %Z’r%?ff eﬂﬁﬁ@f%ﬁfﬁ%ﬁ

nmet hyl am no, phenyl anino

DiperazgeFia, ger) qiibine to Rora- & Gro il SERIvheeia OB 65BE Fgbon
atoms BORPAASMEL if bS8 BPRPEEL L6, § bRy gdit 14¢8bn. QRRARAD

atomis also called th e Spi r oat om

t he nectin
hydrogpm a%@gtaézﬁn $ AR RSP AR O SHP PW%@F‘@WS)H‘ the

alkylenRGDdiﬁSﬂﬂﬁaaagjﬁ’ﬁ &algﬁnﬁ& witelonel 8 ltiydr €. not | | mht ed
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iz AL QR R U OGS DAL L MRS B0 B
hy&ﬂxyeggngﬂmﬁﬁfg maroalﬂcaa%tap@waﬁulfgmmnqcmbonﬁoowﬂbwo
and R do@ o m&%@&d@h&hﬁ@&&d FIR Qﬂiabﬂfhaﬁuf hARSHNRP, Luaﬂ)m%y, alkyithio,

' ormula () include conpounds wherein a h
cyano, Wle&r*ﬁwﬁsemf‘&r%ﬂ%u HrfhsHatd amipo; elb‘fy?eﬂy Wwﬂrboxy,

alkexycdkaanh) L@&@ﬂﬁﬂpﬁkﬁb@&ﬂ*ﬂ@hﬂﬂ&aﬂdﬂuﬁyﬂ&fx@wﬁ@b hlgmjtaﬂ@xfyo

| armnoaﬂ%:%;tlyer Siﬂ%@%%j]ﬂ’l acet %}E? for ?,he%roarﬁ cycloalkyl, or

hetemcymymummhmbmmmacmyingm Rrya'r o \R’ Bropintaliy substituted
it . KR O 0K BR LB ORRINSpalo PO Bl o
afkylfhl% ﬁs@nm aée)xy, apidot tendsiiketinnerd @m:wg éis'éﬁ’sfl@tﬂtipgm sulécrnyi acy!
carboxy, %%MMB’L h?&r@x éﬂ(é I nvent I on hg ;O(J;HIHEGC yUdes

I nvent | on. present

-alkoxyallgpeys arpingierst W#@ybfaneaﬁ%m% opgeylagiipal a (1) .

- I iR Bent MY the %mm ahe E&ﬁgmh@gﬁ*&merm}% there n
car oxy, ol or any

isL In rougs such_ as. hydrox
BB HPAPHITE B fictrbget % Wﬁ‘é‘%‘é‘ﬁﬂfé@ MCI
(mild cogpmte eebeenwity, br %@m\baﬂim@dﬂﬁ amsi&ﬂemgqtg ReMBSphréia.
nprehensive list of suitable protective groups can
In bea“P%Ern”rrl‘rOﬁmF“wh'@léCé%éfe ipdgecisst P enadiod b ajking @rcgmpeusd

Formula (Ipynt hesi s, John Wley & Sons, Inc. (1999) , the
di scl osure of which is incorporated herei n by
reference in its entirety. The protected derivatives
of conpounds of Formula (1) can be prepared by
met hods well known in the art. A "pharmaceutically
acceptable salt” of a-conmpound neans a salt that is -
phar maceutical | y acceptabl e and that possesses the
desi red pharnmacol ogi cal activity of the parent
compound. Such salts include: acid addition

salts, forned with inorganic acids -such as
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active forns, such as by resolution of materials. Al
chiral, diastereoneric, racemc forns are within the
scope of this invention, unless the specific

mstry or isonmeric formis specifi
|H§@@§?Qg Certai n cpnpounds of Fornu?g£%¥¥mggﬁ&“

exi st as tautomers and/ or geonetric isoners.

possi bl e tautoners and cis and trans isoners, as

i ndi vidual fornms and mixtures thereof are within the

scope of this invention. gAdditionally, as used herein

the term al kyl incl udes4 Copie possi bl e isoneric

forms of said al kyl g_oup albelt only a few exanpl es

are set forth. Further “hen the cyclic groups
i

such as aryl, heteroarylf; erocyclyl are

substituted, they |ncIu "the positional isoners

al beit only a few exanpl es.Rére set forth.

Furthernore, all pol yngrphtas? forns and hydrates of a

conpound of Formula (1) arg within the scope of thls

inventlon "xo" neans =(0) group. "Optional”
whereingr " optional | y" means that the subsequently described

Cy gﬁﬁ@ﬁnﬁﬁm§££gqqggance may but need not occur, and-

escri ption includes instances mhere t he
BV ami Rowre didepentisntiy sdedetivn hadigensilahdebaliyl, whiosh,

haioa!kéxéff gtg/ %’1 Pe%ar{llbgf};ck?%@erg&r%etﬁ% %1318 %?wneggoned rings are

optionalinsbstitatedavity R il ot mdm@ddmjbf ‘it oAl it Pl

C r
alkoxs., %?%%%%é&ﬁﬁ g S ARE A B8 § i et prnos o
- BnehdsR wdieh evtarbath by Getshme hasben slops 31 ccgtrhateqimfsmhexcloalkyl or

monocyéﬂpssattﬁ:td éFi%g t iR Wb 2 spiro rify WRDRITRE B4Hid0E ?Jll b¥monocyclic

cept ab carfier or exclpient” ans a carrier or
saturatcd\ hefemmzivbm betnptiopally sbstithtel Avigy Rp Brios & independently selected
from allﬁh aaﬁﬂ?ti CHEd G 3%1{1&1'8 Bhbﬁﬁwkﬁﬁthyﬁ&xg%&ﬁcﬁhwmﬁ@é &mino, or

on-toxic and neit r blologlca |'y hor otherw se
disubstipgiadeasiipai®re, and i ncludes a carrier or an excipi ent

khals %S vAGH SRIARH & £LboVALSERNARY H3QndS p\éﬁhbnsaﬁ'the
human phar maceuti cal use. "A pharnaceuti cal

piperazige §aptaap cambipertp e xe |- e OGHaTFin PRRCE the carbon

atoms u?’ﬂ@ aifyi &R lchan 18Pk dlal E@;mcea Iy e NI, GNE)RNEHERS Reis
t han One such exci |ent

hydmge%tﬁ@ﬂb@@%Qﬁéﬁﬁ%‘é@bv/@i&@@e grtwo ydregsp gloms ipdbe g 5

alkylens ch%@é?mr o) ﬁ@ﬁall‘}"ﬁ%ibﬁmﬁte&&ﬂﬁi &4 or thalald:kyl , ar yI
ay al, kyl heteroar

g het er oar y hete y
A TS Sl Sl e AN
At %@M&kleflﬂfé)SL:nddﬂﬂ@%ﬁﬁ%t&an,,cyﬁeﬂky.l' M&@Wciyl where each

yridi nyl sul f onyl ph ase 1D, th _
of the algEraRiPREHIIRE SGFHABE R SrabeRo %e e B 4 C=C-

R6 (whef&?@ ﬁ?ﬁﬂ'& h@t?ida@ﬁ),flﬁfo ,hhoslicd) [hh]toﬁﬁbkﬁ rahcylthl.g, ?"atﬁﬁ eilitoxy,
e arorenent| on I Ngs._are optl.on StlI
amino, PR PRIR 10, A PHOURA AEHE Py 0 26y ot P Ay cebonyL

hydroxyélk[sﬂ la8dox PALAS S inbS8E,! fl@ﬁrcﬁdyb&bﬁy,@ﬂl&btpﬁk{n@, gminoAlkbxand

groups] ,in the c alns he speci f.i
aminosufiogy) PRENSEPORY: PhEFY, e By ﬂiﬁa‘*f’%"‘eﬂ from
alkyl hafid, Artdalify), hatgaaasy] ﬂayltmh,e;ynnmgskmnaxmo;mmubmmd anino,

sl b, oSSR R oL o gt
ammoajkﬂ) hﬁirBX}@Iﬁdx@Qa}Lbﬁrﬁttﬁ@aﬁmnoalmxy @mmcrsglszi}é animmadzdnyl

ceylamid ARy EREERU 16 B igP Ry COBeE B RS PUpi rins in

RE, R" altlR' i @@Somoly s)i&ﬁtxt&ﬁéﬁ ertbeRicR” or RHwhlph are isdepptdenty eflected
t he di sease; (2) inhibiting the disease,
i.e., arresting or reducing the devel opnent of the
di sease or 15its clinical synptons; or (3)
relieving the disease, i.e., causing regression of
the disease or its clinical Synptonms. A
"therapeutically effective amount” neans the anount
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Representati ve conpounds of the Invention are shown
in Tables 1-8 bel ow Tabl e 1 shows
representative conmpounds of Fornul a (:j) \/\gere R, ] R2

nd Rs 25 are hydrogen, Arl and Ar2 are en

Wﬁ%‘}s@o is substltut)éd vmgth Ry and Rh as Sh&RA2007/ g

below. Table 1 r.02. C) Pwo
2008/ 002583PCT/ | TS2007/ 014842 18 Cpd '4 1 12
Stereochemat *C 1 3-CF3 Absent , 3-Br Absent RS

from alil, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monesubstituted
amino, disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyaikyl
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,

aminocarbonyl, or acylamino;

comprising:
)] hydrolyzing the ester group in a compound of formula:
- : 5
R4\?C02R
N
: 1_,( 1. 2
R R
N R3
.J'Xr‘/k‘ﬂu'2
where R is alkyl and R, R?, R?, R%, R®, Ar' and Ar? groups are as defined above;
under acidic or basic hydrolysis reaction conditions;
(b) optionally modifying any of the R', R?, R?, R, R’, Ar' and Ar® groups to provide a

v{)m"‘o“'ld DI ro:.ax.ulna {I};

“(c) optionally fonﬁing an acid addition salt of the cémpound (;)f Formula (1) obtained
from Step (a) and!or (b) above; |
(d) optionally séparating stereoisomers of the compound of Formula (I} obtained from
Step (a), (b), and/or () above; _ -
provided that when (i} R' and R? are methyl, R?, R* and R® are hydrogen, and Ar! is
3-hydroxyphenyl, then Ar? is not 4-cyanopheny! or 4-1H-tetrazol-5-ylphenyl and (i) R}, R?,
R?, R* and R are L ydrogen and Ar' is pheny! then Ar® is not phenyl or 4-chiorophenyi;
In some embodiments in the process above, the compound of Formula (1) is where:
R!and R? are independently hydrogen or alkyl;
R R* and R are hydrogen; and
Ar' and Ar” are independently phenyl, each ring optionally substitnted with REor R
where RE and R" are independently alkyl, hald, haloalkyl, haloalkoxy, alkylthio, alkoxy,
a]kﬁcarboriyi or alkoxycarbonyl. '
In some embodiments in the process above, the compound of Formula (I) is where:
R’ and R* are independently hydrogen or alkyl; '
_ R3 R4 and R® are hydrogen; and
A7 and AP are independently phenyl, each ring optionally substituted with RS or RP
where R® and R" are independently. alkyl, hale, ‘haloalkyl, haloalkoxy, alkylthio, alkoxy,
alkylcarbonyl, or alkoxycarbony! and the stereochemistry at the carbon carrying the R®, Ar'

and Ar® group is (R).



3-CF3 Absent RS 4 3-Cl1 5-C1 RS 3-CF3 Absent S 6
4-Br Absent RS 7 Absent Absent -

10a

According to an eighth aspect, there is provided a compound which is: (R)-2-(4-(phenyl (3-
(trifluoromethyl)phenyl)methyl)piperazin-1-ylacetic acid; or a pharmaceutically acceptable salt

thereof.
According to a ninth aspect, there is provided a compound which is: (R)-2-(4-benzhydryl-

2-methylpiperazin-1-ylacetic acid; or a pharmaceutically acceptable salt thereof.
According to a tenth aspect, there is provided a compound which is: 2-((R)-2-methyl-4-
((R)—phenyl(m~tolyl)methy!)piperazin—l-yl)acetic acid; or a pharmaceutically acceptable salt

thereof.
7 According to an eleventh aspect, there is provided a compound which is: 2-((R)-2-methyl-

4-((R)-phenyl(3 -trifluoromethyl)phenylymethyl)piperazin-1-yl)acetic acid.



10

15

20

25

30

35

4-Cl Absent RS 2 HC1 4-CF3 AbsentRS 2 HC1 10 2- r
Absent RS 2 HCl 11 3-phenyl AbsentRS 2 HClL 12 4-Br
. AbsentS 2 HC1 13 4-Br AbsentR

WO 2008/002583 PCT/US2007/014842
11

Detailed Description

T Definifions:

Unless otherwise stated, the following terms used in the specification and claims are
defined for the purposes of this Application and have the following meaning:

“Alkyl" means a linear saturated monovalent hydrocarbon radical of one to six carbon
atoms or a branched saturétegl monovalent hydrocarbon radical of three to six carbon atoms,
e.g., methyl, ethyl, propyl, 2-propyl, butyl (including all isomeric forms), pentyl (including
all isomeric forms), and the like.

"Alicyclic" means a non-aromatic ring e.g., cycloalkyl or hetcrocyclyl ring.

"Aﬁ{yiene " means a linear saturated divalent hydrocarbon radical of one to six carbon
atoms or a branched saturated divalent hydrocarbon radical of three to six carbon atoms
mxless_othg:mdse stated e.g., methylene, ethylene, propylene, 1-methylpropylene, 2-
methylpropylene, butylene, penfylene, and the like. ;

"Alkylthio® means a ~SR radical where R is alkyl as defined above,-e.g., methylthio,
ethylthio, and the like.

| "Alkylsulfonyl" means a —SO,R radical where R is alkyl as defined above, e.g.,
methylsulfonyl, ethylsulfonyl, and the like. |

"Amino" means a -NH>.

" Alkcylamino” means a ~NHR radical where R is alkyl as defined above, e.g.,
methylamino, ethylamino, propylamino, or 2-propylamine, and the like.

 "Alkoxy" means a “OR radical where R is alky! as defined above, e.g., methoxy,
cthoxy, propoxy, or 2-propoxy, »-, iso-, or fert-butoxy, and the like.

" Alkoxycarbonyl" means a -C(O)OR radical where R is alky] as defined above, €.8., -
methoxycarbonyl, ethoxycarbonyl, and the like.

" Alkoxyalkyl" means a linear monovalent hydrocarbon radical of one to six carbon

atoms or a branched monovalent hydrocarbon radical of three to six carbons substituted with

at least one alkoxy group, preferably one or two alkoxy g’roizps, as defined -above, e.g., 2-

methoxyethyl, 1-, 2-, or 3-methoxypropyl, 2-ethoxyethyl, and the like.

"Alkoxyalkyloxy" or “alkoxyalkoxy” means a -OR radical where R is alkoxyalky! as
defined above, e.g., methoxyethoxy, 2-ethoxyethoxy, and the like.

*Aminoalkyl" means a linear monovalent hydrocarbon radical of one to six carbon
atoms or a branched monovalent hy&rocarbon radical of three to six carbons substituted with
at least one, preferably one or two, -NRR' where R is hydrogen, alkyl, or -COR® where R* is
alkyl, each as defined above, and R’ is selected from hydrogen, alkyl, hydrbxyaikyl-,



2 HO 14 3-Br AbsentS1 2 HO 15 | 3-BrAbsent R 2 HCl1l
and are naned as:

(R -2-(4-(phenyl(3-(trifluoronethyl)phenyl)methyl)Pip
erazin-1 -yl)acetic acid,
2-(4-(83-bronnphenyl)(phenyE%ethyppiPerazin-/-yl)acet
i c aci

2-(4-(pheny1l(3-(trifluoronethyl)ph
alkoxyaikyl; :;rﬁtae&ﬂky(i }mgﬁrqaryl heteroaralky )( o)rrl)laI%n ? eachhg.(sl ge%ngc? ﬁerem, e.g,

aminqpiag; ey pahoely? LRSI RIENY BRIARRBFoB, - ¥
dimethythmfiofrbityd) hﬁ&hﬁﬁ&;ﬂo@mﬁ lauylenmidpyqanhenyiGeisty| ) pi pe

' razi n-|-ypacetic acid
| 2! "Axtur(dallmmﬁmgw?ﬂdq;% pelisal where Rl WP?O&@%%? defined hacec-e- 2-
enz zin-1-yGCa d;
mmofh'%l’ﬁ(gmbeﬁl? wﬁ%m{]’%{%{’ 5‘%‘2%? met hypp?/pefgtz: (r:1 ?Cli%/ 1) a
(i gé%@ﬁlﬁgﬁr' ?j(eznﬁtz L@fOFIIR(R iradieal sidiete R is independently hydrogen,
ri

alkyl, ézdmxaallyﬂa@lé%/fn@ﬂ@ B MO ottt oy Pl e it KPP <"
hydrofint A0F S5 B ATRP RIS, RN GRS B R erdardliCE
heterodydigh; ﬁétambyﬂﬁlenm)mmmmyieﬂkmﬂwé,rcamn@w pgdefined

~acid di hydrochl ori. alt;
| hereir 6., Zc@ﬁiz( methy ‘b‘?f@a%ﬂ" % Bﬁ%%ﬂ%oﬁglfsﬁ?%’earngztp% Like. ye
a%@%ﬁﬁlj{%{ﬂd'br S Y O@@ R @adi&f MHere R is independently hydrogen

enyl)(phenyenethyl)plper32|n 1- K :
alkyl, edrogy=kylgaldodyatiyd cnln laovincaékyl,\a8ch as defined herein and R’ is hydrogen,

2008/ OOZ@(O%ag;Fy 00%01’3?38@?1%??% rl%‘ytff auglahzﬁteﬁo?c{)d
hetero@fﬁ)tflbﬁ(yf" by BroRi KA SRyt %r%ﬁhﬁoall@ﬂ deach as defined herein, e.g.,
SO;NH,, methylaminosulfonyl, dnnethylanunosulfonyl and the ike.

7 "Acyl" means a -COR radical where R is alkyl, haloalkyl cycloalkyl,
cycloalkylalkyl, aryl, aralkyl heteroaryl, heteroaralkyl, heterocyclyl, or heterocyclylalkyl,
each as defined herein, e.g., acetyl, propionyl, benzoyl, pyrldmyicarbonyl and the like.
When R is alkyl, the radical is also referred to herein as alkylcarbonyl.

"Acylamino" means a -NHCOR radical where Ris alkyl, haloalkyl, cycloalkyl,
cycloalkylalkyl, aryl aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,or heterocyclylalkyl,
cach as deﬁned herein, e.g., acetylamino, proplonylanuno and the like.

"Aryl" means a monovalent monocychc or b;cychc aromatic hydrocarbon radical of

6 to 10 ring atoms e.g., phenyl or naphthyl.
"Aralkyl” means a —(alkyiene)-R radical where R is aryl as defined above.
"Cycloalkyl" means a cyclic saturated monovalent hydrocarbon radical of three to ten

carbon atoms wherein one or two carbons may be replaced by a -C(O)- group, e.g.,

cyclopropyl cyclobutyl, cyclopentyl, or cyclohexyl, and the like.
"Cycloalkylalkyl" means a —(alkylene)-R radical where Ris cycloalkyl as defined

above; e.g., cyclopropylmethyl, cyclobutylmethyi, cyclopentylethyl, or cyclohexylmethyl,
and the like. '
"Carboxy" means —COOH.



00- 2- (44(3- bronophenyl ) (pheny1) net hy1) pi per azi n- 1- 34)
aceti.c acid di hydrochl oride salt. Table 2
shows representative conpounds of Fornula (I) where
Rl is (R-nmethyl, R2, R3, RBand R5 are hydrogen, Art
and A? are phenyl where Ar2 is substituted with Rg
and Rh -as shown below. Table 2 21| co,--) 5 Rh Cpd.
4 Rg Stereochern at *C 16 3:ICF3 Absent RE 17 3-Br

[
Absent RB 6 N1,
5l\|?|4) 3 7
“Central piperazinyl ring” refersto 717~ ring in Formula (I) and is

numbered as shown above.
"Disubstituted amino" means a -NRR’ radical where R and R’ are independently

alkyl, cycloalkyl, cycloalkylalkyl, acyl, sulfonyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl;‘ heterocyclylalkyl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, each as defined
herein, e.g., dimethylamino, phenylmethylamino, and the like.
"Halo" means fluoro, chloro, bromo, or iodo, preferably fluoro or chioro.
"Haloalkyl" means alkyl radical as defined above, which is substituted with one or
"more halogen atoms, preferably one to five halogen atoms, preferably fluorine or chlorine,
including those substituted with different halogens, e.g., -CH;CL, -CF3, -CHF, -CH,CFs, -
CF 2CF3, ~CF(CH3)z, and the like. When the alkyl is substituted with only fluoro, it is
referred to in this Application as ﬂuoroalkyl
"Haloalkoxy" means a —OR radical where R is haloalkyl as defined above e.g., -OCF3,
-OCHF,, and the like. When R is haloalkyl where the alkyl is substituted with only fluoro, it

is referred to in this Application as fluoroalkoxy.
" "Hydroxyalkyl" means a linear monovalent hydrocarbon radical of one to six carbon

atoms or a branched monovalent hydrocarbon radical of three to six carbons substituted with
one or two hydroxy groups, provided that if two hydroxy groups are present they are not both
on the same carbon atom. Representative examples include, but are not limited to, |
hydroxymethyl, 2-hydroxyethyl, 2~hydr0xypropy1 3-hydroxypropyl, 1-(hydroxymethyl)-2-
methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl 4-hydroxybutyl, 2,3-dihydroxypropyl, 1-
(hydroxymethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-
(hydroxymethyl)-3-hydroxypropy!, preferably 2-hydroxyethyl, 2,3-dihydroxypropyl, and 1-
(hydroxymethyl)-2-hydroxyethyl. - - |

"Hydroxyalkoxy” or “hydroxyalkyloxy” means a —OR radical where Ris
hydroxyalkyl as defined above.

"Heterocyclyl" means a saturated or unsatm‘éted monovalent monocyclic group of 5
to 8 ring atoms in which one or two ring atoms are heteroatom selected from N, O, or
S(O)y, where n is an integer from 0 to 2, the remaining ring atoms being C. The '
heterocyelyl ring is optionally fused to a (one) aryl or heteroaryl ring as defined herein
p;ovided the aryl and heteroaryl rings are monocyclic. The heterocyclyl ring fused to

monocyelic aryl or heteroaryl ring is also referred to in this Application as “bicyclic



18 Absent Absent (no stereo) 2 HCl 19 3-1 Absent R 2
HCl 70 3-Br Absent R 2 HCl1 21 3-Br Absent S 2 HCl1 ??
3- phenyl Absent
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heterocyclyl” ring. Additionally, one or two ring carbon atoms in the heterocyclyl ring can
optionally be replaced by a -CO- group. More specifically the term heterocyclyl includes,
but is not limited to, pyrrelidino, piperidino, homopiperndino, 2-oxopyrrolidinyl, 2-
_oxopiperidinyl, morpholino, piperazino, tetrahydropyranyl, thiomorpholino, and the like.
When the heterocyclyl ring is unsaturated it can contain one or two ring double bonds
provided that the ring is not aromatic. When the beterocyclyl group contains at least one
nitrogen atom, it is also referred to herein as heterocycloanuno and 1 isa subset of the
heterocyclyl group. When the heterocyclyl group is a saturated ring and is not fused to aryl
or heteroaryl ring as stated above, it Is a_lso referred to herein as saturated monocyclic
heterocyclyl

Heterocyclyialky " means a ~(alkylene)}-R radical where R is heterocyclyl rmg as
defined above e.g., tetraydroﬁ::anylmethyl piperazinylmethyl, morpholmylethyl and the
like. ‘

"Heteroaryl" means a monovalent monocyclic or bicyclic aromatic radical of 5 to 10
ring atoms where one or more, preferably one, two, or three, ring atoms are hetero atom
selected from N, O, or S, the remafning ring atoms being carbon. Representative examples
include, but are not limited to, pyi‘rolyl, thienyl, thiazolyl, imidazblyl, ﬁlranyl; indolyl,
isoindolyl, oxazolyl, isoxazolyl, benzothiazolyl, benzoxazolyl, quinolinyl, isoquinolinyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl, tetrazolyl, and the like.

"Heteroaralkyl” means a —(alkylene)-R radical where R is heteroaryl as defined
above. 7 ' :
| "Monosubstituted amino" means a _NHR radical where R is alkyl, cycloalkyl,
cycloalkylalkyl acyl, sulfonyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl,
heterocyclylalkyl, hydroxya]kyl alkoxya.lkyl or aminoalkyl, each as defined herem, e.g.,
methylamino, phenylamino, hydroxyethylamino, and the like. ‘

“§piro” compound is a bicyclic compouhd with rings connected through just one
atom, the connecting afom is also called the spiroatom, most often a quaternary carbon.

("spiro carbon™). Representative examples include, but are not limited to,

CO;_VH COzH COzH

R3 J<R3 d the lik
, an e like.

Ar2 , Art Ar‘2

The present invention a.lso includes the prodrugs of compounds of Formula (I). The

term prodrug is intended to represent covalently bonded carriers, which are capable of



RE 2 M -r _.) 3-CF3 Absent S 2 HC 24 3-CF3 Absent
R 2 HC1L 25 4-Cl Absent RE 2 HCI L26 4-phenyl Absent
RE 2 NCI 27 |
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releasing the active ingredient of Formula (I) when the prodrug is administered to a
mammalian subject. Release of the active ingredient oceurs in vivo. Prodrugs can be
prepared by techniques known to one skilled in the art. These techniques generally modify
appropriate functional groups in a given compound. These modified functional groups
however regenerate original functional groups in vive ot by routine manipulation. Prodrugs
-of .compounds of Formﬁla (D) include compounds wherein a hydroxy, amino, carboxylic, ora

similar group is modified. Examples of prodrugs include, but are not limited to esters (e.g.,
acetate, formate, and benzoate derivatives), carbamates (e.g., N, N-dimethylaminocarbonyl of
hydroxy or amino functional groups in compounds of Formula (1)), amudes (e.g.,
trifluoroacetylamino, acetylamino, and the lilce); and the like. Prodrugs of compounds of
Formula (I) are also within the scope of this invéntidn. o

The present invention also includes protected derivatives of compounds of Formula
(I). For example, when compounds of Formula (I) contain groups such as hydroxy, carboxy,
thiol or any group containing a nitrogen atom(s), these groups can be protected with a
suitable protecting groups. A comprehenswe list of suitable protective groups can be found in
T.W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons, Inc. (1999}, the
disclosure of which is incorporated herein by reference in its entirety. The protected |
derivatives of compounds of Formula (I) can be prepared by methods well known in the art.

‘ A "pharmaceutically acceptable salt" of a compound means a salt that is
pharmaceutically acceptable and that possesses the desired pharmacological activity of the
parent compound. Such salts include: ' :

-acid addition salts, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sﬁlfuric acid, nitric acid, phosphoric acid, and the like; or formed with
organic acids such as formic acid, acetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycohc acid, pyruvic acid, lactic acid, malonic acid, succinic
acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-
hydroxybenzoyl)benzoic amd, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic aéid, 4-
toluenesulfonic acid, camphorsulfonic acid, glucoheptonic acid, 4,4'-methylenebis-(3-
hydroxy-2-ene-1~carboxylic acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoxc acid,
salicylic acid, stearic acid, muconic acid, and the like; or

salts formed when an acidic proton present in the parent compound either is replaced

by a metal ion, e.g., an alkali metal ion, an alkaline earth jon, or an aluminum ion; or



4-Br Absent RS2 HC1 28 4-CN Absent RS 29 3- Cl Absent
RS2 MCI 30 3-phenyl Absent R 20 Cpd. # RgIR'
Stereothem 31 3-SCH3 Absent RS

16

coordinates w1th an organic base such as ethanolamme dlethanolalmne triethanolamine,
tromethamine, N-methylglucamine, and the like. It is understood that the pharmaceutically
acceptable salts are non-toxic. Additional information on suitable pharmaceutically
acoeptable salts can be found in Remington's Pharmaceutical Sciences, 17th ed., Mack

Publishing Company, Easton, PA, 1985, which is incorporated herein by reference.
The compounds of the present invention may have asymmetric centers. Compounds

of the present invention containing an asymmetrically substituted atom may be isolated in
optioally active or racemic forms. It is well known in the art how to prepare optically
active forms, such as by resolution of materials. All chiral, 'diastéreomeric, racemi_c forms
are within the scope of .this invention, unless the speciﬁo stereochemistry or isomeric form
is specifically indicated. '

 Certain compounds of Formula (T) can exist as tautomers and/or geometric isomers.
All possible tautomers and cis and frans isomers, as individual forms and mixtures thereof
are within the scope of this invention. Additionally, as used herein the term alkyl includes
all the possible isomeric forms of said alkyl group albeit only a few examples are set forth.
Furtherrﬁore when the cyclic groups such as aryl, heteroa;ryl heterocyclyl are substituted,
they include all the positional isomers albeit only a few examples are set forth.
Furthermore all polymorphic forms and hydrates ofa compound of Formuia (I) are within
the scope of this invention.

"Oxo" means =(O) group.
"Optlonal" or "optionally™ means that the subsequently described event or

circumstance may but need not occur, and that the description includes instances where the
event or circumstance occurs and instances in which it does not. For example, "heterocyclyl
group optionally substituted with an alkyl group” meéns that the alkyl may. but-need not be
present, and tho description includes situations where the hetefocyciyl group is substituted
with an alky! group and situations where the heterocyclyl group is not substituted with
gl , .

A "pharmaceutically acceptable carrier or excipient" means a carrier or an excipient
that is useful in preparing a pharmaceutical composition that is génerally safe, non-toxic and
neither biologically nor otherwise undesirable, and includes a carrier or an excipient that is
acceptable for veterinary use as well as human pharmaceutical use. "A pharmaceutically

acceptable carrier/excipient" as used in the specification and claims includes both one'and

more than one such excipient.
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A2 .D... 2-Br Absent S 33 7-Br Absent R 34 3-CH3
Absent 35 3-CH(CH3) 2 Absent R 36 4-F Absent
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"Sulfonyl" means 2 ~SO;R radical where R is alkyl, haloalkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, heterocyclyl, heterocyclylalkyl, each as defined herein, e.g.,

"miethylsulfonyi, phenylsulfonyl, benzylsulfonyl, pyridinylsulfonyl, and the like.

The phrase in the definition of groups R! and R® in the claims and in the specification
of this Application “....wherein the aforementioned rings are optionally substituted with R®,
R’ orR° independently selected from....... " and similar phrases used for others groups [e. g,

Ar' and Ar groups] in the claims and in the specification with respect to the compound of

Formula (I} and (I.A)-(IF), means that the rings can be mono-, di-, or trisubstituted unless
indicated otherwise. |

"Treating" or “ﬁeaﬁment" of a disease includes:

(1) preventing the disease, i.e. causing the clinical symptoms of the disease not to
develop in a mammal that may be exposed to or predxsposed to the disease but does not yet -
expcnence or display symptoms of the disease;

(2) inhibiting the disease, i.e. , arresting or reducmg the development of the disease or .
its clinical symptoms; or ’ _

(3) relieving the discase, ie., causing regression of the disease or its clinical
symptoms. ' ‘

A "therapeutically effective amount" means the amount of a .compound of Formula ()
ﬂlat when administered to a mammal for treating a disease, is sufficient to effect such
treatment for the disease. The "ﬂ1erapeut1cai!y effective amount” will vary depending on the
compound, the disease and its severity and the age, weight, etc., of the mammal to be treated.

’ Representative compounds of the Invention are shown in Tables 1-8 below:

Table 1 shows representative compounds of Formula () where R', R% R?, R% and R®

 are hydrogen, Ar’ and As? are phenyl where Ar? is substituted with ‘Rg_and R" as shown

below.

Table 1

-

COH




- 37 3-F Absent RS 38 3-thien-2yl Absent R 39 3- SCH3
Absent R 40 3-SCH3 Absent S 41 4-SCH3

WO 2008/002583 PCT/US2007/014842
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Cpd# |R® ' R" - | Stereochem
at *C

| ] iS—CF3 Absgnt R
2 3-Br _ 1 Absent E RS
3 3-CF; : Absent RS
4 3-Cl _ 5-Cl RS
5 3-CF; Absemt | S
6 4-Br - ' " Absent RS
7 Absent Absent -
8 4-C] ' “Absent RS 2 HCL
9 4-CF; Absent | RS 2 HCI
10 |2Br T Absemt | RS | 2HCI
11 3-phenyl " Absent RS 2 HCY
12 4-Br : - Absent S 2HCl
I3 4-Br : ‘ Absent | K 2 HG

[1a |3Br T Absent | 2 HCI
15 3-Br "~ Absent R 2 HCL.

and are named as: _
(R)-2-(4—(phanyl(3-(triﬂuommcﬁlyi)pheny1)meﬂiyl)piperazin—1 -yhacetic acid;
2-{4-((3-bromophenyl)(phenyl)methyDpiperazin-] -yhacetic acid;
2«(4‘—(phenyl(3-{triﬂuoromt:thyl)phenyl)meﬂlyl)pipsrazin»Ile)acetic acid;

5 2-(4-((3 5-dichlorophenyl)(phenyl)methyl)piperazin-1 ;yljacetic acid;
(.S‘)—2~(4~(pheny1(3—(triﬂucromethyl)phenyl}methyl)piperazin—1 -yhacetic acid;
2—(4—({4—bromophenyl)(phenyl)methyl}piperazin—1-yi)asetic acid;
2-(4-benzhydrylpiperazin-1~yl)acetic acid;
2-(4-{{4-chl omphenyl)(phenyl)meﬂlyl)pipsrazin-1 ~yDacetic acid dibydrochloride salt;

10 2—(4-{phenyl(4-(ﬁ'iﬂuoromefhyl)phcnyl)msm-yl)pip.jc'razin-1-yl)act:tic acid
dihydrochloride salt; , '
2—(4-((2-bromophf:.ny1)(phenyl}methyi)pipsrazin—1 -yDacetic acid dihydrochloride salt;
2-(4—((3-biphenyl)(phenyl)methyl)pipcrazin—l—yl)acetic acid dihydrochloride salt;
(8)-2-(4-((4-bromophenyl)(phenylmethyl)piperazin-1 -yDacetic acid dihydrochloride
15 salt; .
(R)—Z-»(ﬂr—((4—-bromophenyl)(phenyl)memyl)piperazin— 1-yDacetic acid dihydrochloride
salt; '



Absent R 47 2-F Absent 43 Absent 3-00F3 Absent
S 45 3-00F3 Absent R 46
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(5')-2{4—((3—brornophenyl)(phenyl)méthyl)pipcrazin—1—yl)acetic acid dihydrochloride
salt; and ‘
) (R)-2-(4~((3-bromophenyl}(phenyl)methyl)piperazin-1-yl)acetic acid dihydrochloride

salt,
5
‘ Table 2 shows representative compounds of Formula (I) where R! is (R)-methyl, R%,
R?, R and R® are hydrogen, Ar' and A7 are phenyl where-Ar” is substituted with R® and R"
as éhowu below.
Table 2
10
CO.H
{.
CJ
R E/Rg '
SR
_ Sph
Cpd.# |R® , R Stereochem
| _ 7 at *C
I'16 3-CF; 1 Absent | &S
17 3-Br " Absent RS |
18 Absent ' © Absent (no sterea) 2HC |
18 3-1 © Absent R 2 HCI
20 3-Br Absent R 2 HCI
21 3-Br ﬂ Absent S 2 HCI
2 5-phenyl — Absemt | &S YHCI
23 3-CFs ~ Absent S 2 HCI
24 3-CF; | Absent R 2 HCI
35 [4C | ' Absent | RS 2 HCI
26 4-phenyl " Absent RS 2 HCI
37 4-Br ) T Absent | RS 1 2HCI
28 4-CN " Absent RS _ l
| 26 | 3-Ct 1 Absent | RS i 2 HCH
30 3-phenyl . Absent R




4- phenyl - Absent 47 4-(2-CH3phenyl) Absent 1? 48
gb(B-ZCII;BZh[e:nyI) Absent 49- 4-(4- CH3phenyO Absent R

20

{ Cpd. # ] RE [ R" Sﬁereochem |
|31 |3-SCH; Absent RS T

32 2-Br : - Absent S

33 l 2-Br "~ Absent R

34 3-CH; Absent R

35 3-CH(CHjs)» - Absent R

36 4-F : Absent RS

37 3- ' Absent RS

3% | amenayl T Absent | R

39 | 3-SCH; | T Absemt | R

40 3-SCH; ' Absent’ S

41 4-SCH; © Absent R

42 2.F : Absent S ‘

43 2-F _ Absent R

44 3-0CF; ' _ Absent S

45 3-OCF; ' ' - Absent R

46 4-phenyl _ T Absent R

47 4-(2-CHsphenyl) Absent I3

18 | 4{3-CHapneny)) Absent | R

49 - | 4-(4-CHsphenyl) " Absent R

50 l2t 4F s

51 2-F 4-F R

52 14F Absent S

33 4-F ' - Absent R

54 3-F Abserit S

55 3F T~ Absent | R |
| S5A 4-(2-phenylethynyl) Absent R
1558 4-(2-pyridin-3-ylethynyl) ) Absent R

55C | 4~(2-pyridin-4-yiethynyl) Absent R )

and are named as: _
2-((R)-2-methyl-4-(phenyl(3 ~(triﬂuoromethyl)phenyi)methyi)piperazin— 1-ylacetic

acid; '
2-((R)-4-((3-bromophenyl)(phcnyl)methyl)—fl-methylpiperazin—1—yl)acetic acid;



51 7-F 4-F R 57 4-F Absent S 53 4-F Absent CAn

3-F Absent S 55 3-F Absent

WO 2008/002383 PCT/US2007/014842
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(R)-2~(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid dibydrochloride salt;
. 2H((R)-4-((R)-(3- 10dophenyl)(phenyl)methyi)-z-methylplperazm- I-yDacetic acid
d1hydrochion de salt; ' :
7 2-{(R)-4-((R)-(3- bromophenyl)(phenyl)methyl)—2—methyip1perazm— —yI)acet:c acid
dihydrochloride salt; :
2—((R)~4-((5)-(3 -broﬁwphényi)(phenyl)methyl)ﬂ2~me,thylpiperazin-I—yl)acatic acid
dihydrochloride salt;
2+(R)-2-methyl-4-(biphenyl-3-yl- phenyl methyl)-piperazine-1-yljacetic  acid d1hydrochior1de

salt;
2-((R)- 2-mcthy1—4-((S)—phenyl(3-(InﬂuoromcthyI)phenyi)methyl)plperamn- -y!)acetxc

acid dihydrochloride salt;
2-{(R)-2-methyl- 4~(LR}—pnenyi(3—(ﬁmuoromethyl Jphenyl )metnyl )piperazin-1~
yl)acet]c acid diliydrochloride salt;
—((R}-4—({4—chlorophenyi)(phenyl)meﬂ]yl)-2—methylp1pcrazm~ [-ylacetic acid
. dibydrochioride sair ' '
2~ ((R}-E—methyl—lt (‘blphenyl—!L yl—phenybmethyl)—mperazm- —yi)—accnc acid
dihydrochloride salt;
2~ ((R)—4——((@bromophenyl)(pheny])meth}rl)—,?—methylpzperazm- —y])acehc acid
dlhydrochlonde salt; - ' :
2-—((}2)-4-((4—0yanophe:nyl)(phcnyl)methyl)-Z—mcthylpxperamn- I-yDacetic acid;
2—((R)—4«((3-ch}omphenyl)(phenyl)methyl}?—meﬂlylplperaz:n— -y])acetlc acid -

dihydrochloznide salt;

2-H{(R)-4-((R)-[ l,l *-biphenyl]-3-yi(phenyl)m ethyl)—2-rhethylpiperazin—l-yl)acetic acid;

: 2—((R)—2-meﬁ1yl—4—((3—(mcthylthio)phsnyl)(phenyl)me&xyl)piperazm l-yDacetic acid;
2-((R)-4-((S)- (2~bromophenyi)(phenyl)methyi) -2-methylpiperazin-1-yl)acetic acid;
2—((R}%-((R)—(.’memophenyl)(phcnyl)methyl)-2-methy1p1perazm- 1-yDacetic acid;
2-((R)-2-methyl-4- ~((R)-phenyl{m-tolyymethyDpiperazin-1-yl)acetic acid;
2-((RY-4-((R)- (3—1sopropyIphenyi)(phcnyl)mcthyi)—?-methylpxperazm— 1-yDacetic acid;

2-((R)- 4—((4—ﬂuorophcnyl)(phcnyl)methyl)-Z-mctbyIplpcrazm- 1-yDacetic acid;
2- ((R)-4-((3-ﬂuorophgnyl)(phenyl)methyl)-z-methyip1pcraz1n— l-yDacetic acid;
2-((R)-2—mcthy£-4-((R)—phenyI(3-{thiophE:n—2—y1)phenyl)rneﬂlyl)piperazin-1-y1)acetic
acid; ' B
2-{(R)-2-methyl-4-((R)-(3-(methylthio)ph enyl)(phenylmethyl)piperazin-1-yl)acetic

acid;
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R 55A 4-(2-phenyl ethynyl) Absent 55B
4-(2-pyridin-3-ylethynvi) Absent R 5-5C
4-(2-pyridin4d-yl ethynyl) Absent R and are naned as:

wc?zoﬁsf/@zasg methyl 4 PCT/US2007/014842
(phenv1(3-(trifluoronethyi) Phenyl) met hyI ) pi perazin-1-

ypacetic acid,

24(R) - 44(3-br om)phenye( phenyl) net hyl) - 2- et hyl plperaz

i n4-yDacetic acid; WO 2008/ 002583PCT/ US2007/ 014842

2-((R)-2-methyi-4-((5)-(3-(methylthio)phenyl)(phenyl)methyl)piperazin-1-yl)acetic
acid; ' ,
2-({ji}-Z-methyl-4«-((12)-(4-(methylthio)phenyl)(phenyl)methy1)piperazin—1-yl)acetic

 acid;

2-((R)-4-{((S)-(2-fluoropheny}phenyl)methyl)-2-methylpiperazin-1-yDacetic acid;
2-((R)4-((R)-(2-fluorophenyl)(phenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
2-((R}-2-methyl-4—((S)-phenyl(3 —-(trlﬂuoromethoxy)phenyl)methyl)plperazm-1 -
yDacetic acid;
2-({R)-2-methyl-4-{(R}-phenyl(3-(trifluoromethoxy)phenyl)methyl)piperazin-1-~
yDacetic acid; - _
[(#)-4-((R)-biphenyl-4-yl-phenyl-methyl)-2-methyl-piperazin-1-yl}-acetic acid;
[ {R)-2-methyl-4-[(R)~(2* —méthyl_-bipheny}—4—y1)~pheny1-methyl] -piperazin-1-y1j-
acetic acid; | | |
[ (R)»Z-methy!~4~[(R)—(3’-methyl—biphenyl—4-y1)-phenyl—methyi}—_piperazin—1~yl]—
acetic acid; |
[ (R)-Z-methyl-4—[(R}-(4’-methyl-b]pheny1-4-yi)—phenyi—methyl]~p1perazm— -yi}-
abetxc acid;
2-((R)-4-((5)-(2 ,4-difluorophenyl)(phenyDmethyl)-2-methylpiperazin-1-yDacetic acid;
2-((R)-4-((R)-(2 4-difluorophenyl)(phenyDmethyl)-2-methylpiperazin-1-yDacetic
acid; 7 _
-((R)-4—((S)-(4-ﬂuorophenyl)(pheny!)inethyl)—.?—methylpip-erazin—l -yDacetic acicl'
2+{(Ry-4~({R)-(4-fiuorophenyl)(phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
2~((R)-4-((S)-(3-fluorophenyl}(phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
2~((R)-4~((R)-(3-fluoropheny!)(phenyl)methyl)-2-methylpiperazin-1-y)acetic acid;
2-((R)-2-methyl-4-((R}-phenyl(4-(2-phenylethynyl)phenyl)methyl)piperazin-1-
vDacetic acid; : :
- 2+{(R)-2-methyl-4-((R)-pheny!(3-(2-pyridin-3-ylethynyl)phenyl)methy!)piperazin-1-
yDacetic acid; and '
2- ((R)-z-methyl—él-((R)—phenyl(B—(2—pyr1dm—4—yleﬂlynyl)phenyi)methyl)pxperazm-—1-
yDacetic acid.

Table 3 shows representative compounds of Formula (I) where R' is (S)-methyl, R?,
R?, R*and R® are hydrogen, Ar' and Ar® are phenyl where Ar? is substituted with R® and R”
as shown below.
| Table 3



10

i5

21 (R)-244-benzhydryl-2-rnethyl pi perazin-1-yl)acetic
aci d &hydrochl oride salt; 2-((R-4-(V)-(3
-1 odophenyl) (phenyl ) met hyl)-2-rn ethyl pi perazin- |
WO %%@? gti ¢ acid di hydrochl oride salt; PCT/US2007/014842
34(R)~4- (R ) - (3- br omophsnyl ) (phenyl ) rnet hyl ) - 2- met hy
| pi perazin-1-yflacetic acid di hydrochloride salt; '
24(R)-4-((.5)-(3-brornaophenyl) (phenyl ) net hyl) - 2- r aet h
~ yl pi perazin-I-yDacetic acid di hydrochloride salt; -
24(R) - 2- et hy1- 4- (bi phenyl - 3-yl - phenyl - met hyl ) - pi pera
zi ne-1-ypacetic acid di hyeargchl ori de sal t;
24(R) - 2- et hy1- 4- (09) - p[ﬁenyl( 3-(trifluoronethypphenyO
nmet hyppi perazi n- 1- yDacel.i ¢ aci d &ydrochl oride salt;
24(/0-2-rnet hyl - 4-p) -'iﬁ?{/‘i (3-(trilluoromethypphenyij
met hyl j pi perazin-1y1l) i c acid dihydrochl oride
salt;
2K(R) - 4- ((4- chl or opft phenyl ) met hyl ) - 2- met hyl pi pe
razin-|-yDacetic a I ¢
2-((R)-2-nmethyl-4-( A
azin-1l-yl)-acetic.acid di hydrochl ori de sal t;
. 2-0) - 4- ((4- br onophenyl ) (phenyChiethyt)
n-1-ypREetic aci'd & hydr ochl c\ﬁtﬁéoégﬁn

I-l'

hytpipg

_((F\)\-AA A- cy-apop hetivt ») 2 =i h‘pr:ﬁ "
56a2| n- I-yaacet*‘r\éseg i d; 7 )'&KH&W T Séteb) _

=413 @p orophenyl)(phegeyxﬂ) neRéhyI) 2- et hy?b[icyber .-
gzl y3) acefl c acid di hydrochl ori sakt
and ar enaam(dl(aB) 4-((R-[1, 1" -bi pgfnyll ’o;gyl(phenyo?;let r;ylgltZ me
ylplp a g xddxhydroc oride salt; an
(St”((f‘ﬁ)”m;‘yﬁ% h)flne%%’ Ilag?,%net y)I@tgéhl gc 681 y%pg (pheny Qﬂgctcﬁ}f
gm-@@:ﬁfmzym- q:hméc‘ietmﬁu@remibynpheny b P
(S)-(2-bromophenyl ) (phenyl ) met hyI) 2- et hyl

_Emld dth‘ébe‘éP%% -ypaceti ¢ aci d;

' 2 (VO 4- (V) -(2- bronophenyl)(phenyl)net hyI) 2- met h;/l pi
zin-1- £ ul thRandRare
T?zbl*( ? =R %S%W%?ecwfﬁ’ E%bg?]dgr?yl Cm g@ﬁrgez DYPRI RELATE W
hyarogcnlﬁyquﬁlﬁe‘tr? ﬁrv«’:lxhﬁwl where AT IIS 51; bstt I?( ) Chyl ) - 2-
sopr opyl phenyl ) ( phenypi net hy rne
and R' %thé/ %?%%hgm n- vkll)acetl c_acid;

24(R) - 4--(0--f| uor opher %h? phenyl)mst hyl ) - 2-inet hyl p
i perazin-|-yDacetic acid;

2-((R)-4-((3-fluor ophenyl )L(Oonenyl ) met hy0- 2- net hyl pi pe
razin-1-yGQacetic acid;

24(R)-2-nmet hyl-4- ((/’?) Py eny1(3 (th| ophen- 2- yq:)henyl)
met hyppi perazin-1-y 1310‘£efl‘q‘2q:§,2

2-((R) -2-net hyl-4- ([R5 3-(4re hyIth| 0) phenyl)(phenyl)
rrethyl)plpera2|r|-l-y1)a et|§ aC|d _.

3
XN 4
5 Rh
# R - R® R" Stereochem 1
Cpd# R R L s |
58 H 35-CHs. Absent Absemt | (o stereo) | 2 HCI
o6 3
59 i H 3R-CH; Absent Ahsent | (no stereo) ‘ 2 HCI
60 and 62 T2R-CH; | 35-CHs Absent Absent | (no stereo) | 2 HCI
as a mixture
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2-((R-2-nmethyl-4-((3)-(3-(nethylthio)phenyl) (phenyl)
nmet hybpi perazi n-1-yl)acetic acid;

Wozzggggﬁ]gﬁgj met hy1- 4- ((R) - (4- (net hyl t hi 0) phenyPQYpIDRestfisg42

and are AHed

R R,
AT i

yI') pi perazin-1-yl)acekic acid;
24(R)-4-((9)-(2- fIuorophenyl)(phenyl)nethyl) 2- et hyl
pi perazi n-1-yDaceti e aci d;
2-((R-4-((R-(2- fIuorophenyl)(Dhenvl)nethvl) 2- et hy

pi perazi n
QL e 2- e

|
G
y sk ) p
e

i,

n-1-
1 OBAd) -

acet| c H(‘I

1-yQOacs
hy1- 4-
DI per azi

per azir
- bi pher

phenyl-

LFaceti ¢

ptic aci

1-1- 10
yl -4-y
aci d;
4- 34) -

d;

(5) - pheny1(3-(tr|
n-1- ypacetic aci
hyl-4-((R) - phgnyl(3-(tri
yQaceti c afid;

- phenyl - nme
[ (R-2-nme
henyl - met h

| uor onet h
| uor onet h

hyl ) - 2- met
hyl -4-[ (R
| Epi per az
\1| 4. r/D\

oxy)phen
oxy) phen

hyI pip
)- (2

n-1-yl]
2

| 63ret hyl -

%ﬁr@ﬁﬂ;l

@R.;@_I)I}

A
{ (IQ\-’) et
[

henyﬁﬁﬁﬁﬂh

y1] - pidEiia

b stereo) |

+.
I"C d.bl

1 j.] —15ac
éﬁ 2-met h

- 4-1( 1

2? R(%H3

Et%i?yhlph

sent

A
enyl -4-y1)

%ﬁenvl-

gagstlpera2|n 1l-yliacetic acid;

0 difl

(Ehé1 ( )hg1n§$ygg@#&%gggﬁaéﬁkggg%ﬁy cﬂEﬁEﬁL%ﬂg e

@& %( fii)beﬂzggygﬁl)ﬁ(@eﬂy@;ﬁekm Ogg)?ﬂ%ﬂc)e(cmmh};dlﬂ)mdyls)ﬁi,z m

[ Zi [ 1o

22(;(9 ,e(;mng'y(oegz)ny(i@x%&r@&yéwyF% H&/TC)EUC Fx)kxyégorcrféltoﬁde salt;
QYdi@ 'SQ@%ﬂlzbéimﬂ i ::? B@hbtﬁx @QTedazutz; -yDacetic a;:dldzhydrochtloﬁicie salt; and
Zp(](%}; If? @gg&)@{ u%pﬁ%y@n)’etﬁs‘l?plge@&xg E'%E)aé/en)c acxdne y

2-((R) - 44(5) (3- fIuorophenyl)(phenndethyI) 2- et hyl p

- ti

oo SumprgmERR UL SRRBRYF PE ERERB bR Ssoumsior:

H*REH B2 iaf Briydoeacai!iand dat eke phbRYI(WIRYs Br nemwtimd Wit RE and

S(R) phegg%44sézwggﬁpxjethynyl)phenyl)nethyl)plperaz

24(R) - 2 met hyl-4- ((R)- pﬁhh&IXB (2-pyridin-3-yl et hynyl
) phenyl ) met hyl ) pi perazin-1 %gcetlc acid; and
2-((R)-2-nmethyl-44(R) - phe f% (2-pyridin-4-yl et hynyl
) phenyl ) met hyppi per azi n- 1N136yl)acet|c aci d.

Tabl e 3 shows represent tliﬁéconpounds of Formula (1)
where B! is (S)-nethyl,5 ®3, R4 and RS are
hydrogen, Arl and Ar2 Qr-“phemylwmmere Ar2 is
substituted with Rf ek IR~ own bel ow.

5 5

Cpd # RE RE R’ Stereochem
at *C

64 3-Cl 3-Cl 2R-CHs | (no stereo) i
65 iF 3-F 2R.CH; | (no stereo)
66 4.CFs | 3CFs |H RS
67 4.F 3-phenyl T5R-CH; | B5 2 HCl
68 4-Cl 4-Cl 2R-CH; | (nostereo) | 2 HCI
69 T4F 3-Br 2R-CH; | RS 2 HCI




35Table 3 WD 20081002583PCT/ US2007/ 014842 /3 Cpd

4 Absent 3-CF3 Rh Absent Absent Stereochemat *C
(no stereo) RS 2 HC1 2 HC1 56 57
WO 2008/002583 PCT/US2007/014842
25
Cpd # RE R K" Stercochem
at *C
T 70 T 4F  |4F 3R-CH, | (nostereo) | 2HGI |~

27 7 4% 4-F 2-R-CHj; | (no stereo)

72 3-CF3 3-CF5 2-R-CHj | (ro sterea)

73 3-CF5 3-CFy H (no sterec)

and are named as:
(R)-2-(4-(bis(3-chlorophenyl)methy!)-2-methylpiperazin-1-yl)acetic acid;
(R)y-2-(4~(bis(3-fluorophenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
2-(4-((3—(triﬂuoromethyl)phenyl}(4-(t'riﬂuommethyl)phenyl)methyl)piperazin—1-—
5 yDacetic acid; _ ‘ : _
2-(4-((4-ﬂuorophenyl)(3—(diphenyl)methyl))-(R)-2~methylpiperazin— I-yDacetic acid

dihydrochloride salt; ,
(R)—Z-(4—(bi3(4—ch]0rophenyl)met}iyi)—z-methylpiperazin—1-yl)ace.tic acid
dilydrochloride éalt; \ -
10 2-((R)-4-{(3-bromophenyl}{4-fluorophenyl)methyl}-2-methylpiperazin-1-yl)acetic
acid dihydrochloride salt;
(R)-2-(4~(bis(4-fluorophenymethyl)-3-methylpiperazin-1-yl)acetic acid
dihydrochloride salt; - |
(R)-2-{(4-~(bis(4-fluorophenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
15 (R)-Z-(4-(bis(3 ~(trifluoromethylphenylymethyl)<2-methylpiperazin-1-ylacetic acid;
and

2-(4-(bis(3-(trifluoromethyl)phenyl)methyl)piperazin-1-yl)acetic acid.

Table 6 showS"representative compounds of Formula (I) where R! is (R)-methyl, Ri,

20 R3,RY'andR° are hydrogen, Ar! and Ar® are as shown below.
I/COzH

Y
N

Arl7 A2

Cpd. # | Ar Ar° Stereochem
.at*C

74 thien2-yl | 3-CFsphenyl | RS




10

and are naned as:

5(S)-2-(4-benzhydryl
acid di hydrochl oride salt;

and

-2-nethy|piperazin-l-yl)acetfc

Wa‘%o%)oi)%ﬁmt hyl - 4- (pbeny1(3-(trifl uoronethyl 9}@1‘842
hyppi perazin- | -yl)acetiggacid dlhydrochlorl e sa
Tabl e .4 shows representative conpounds of Fornula

(1) wher e R3, R4 and R5 are 10 hydrogen, Art and Ar2

are _phenyl re Ar2 is substituted wwth Rg and Rh as
sh -Hel prand R admk’R2 are dStahesdenb @l ow. fable 4
4 bRh e,,C214 5a 4N 1 2 cis \ 4a§*8h 15
75 thien-2-yl | 3-CEsphenyl | R
76 thien-2-yl 3-CFyphenyl | § T
77 cyclopropyl | 3-CFiphenyl | RS 2HCl
and are niamed as:
2-((R)~2-methyl—4-(thi0phen—2-yl(3-(triﬂuoroxﬁeﬂayl)phenyl)mathyl)piperazin-1-
yDacetic acid;

-((R)-Z-methy}-4—({R)-thophen-2—yl(3—(tnﬂuoromethy})phenyi)mcthyl)plperazm i-
yBhacetic acid; : ,
2-((R)-2-methy1~—4~((S)-thiophen-?.—yl(3-(h’iﬂuoromethyl)phenyl)meﬂly!)piperazin-1-
ylacetic acid; and :
2~((R)-4-(cyclopropyl(3 -{triﬂuoromethyl)phenyl)methyl)-2-methylpiperézh1—1 -
yl)acetic acid dihydrochloride sait.

Table 7 shows representative compounds of Formula (I) where R® and _R3 are
hydrogen, Ar' and Ar? are each 4-Clphenyl and R!, R2, and R? are as shown below.

RQT,COﬂf

q/
é\ ”3
Cpd# R TR RZ RTRZ
78 H H 3(R)-CH; In
79 (5)-CH; |H 3(R)>-CHs
I'%0 3] X0y
81 $CH: |H 12(R)-CHs
£ ®)-CH; |H 2(R)-CH, ,
83 H  |H 2-~0)
84 H 6(S)-CHs | 2(R)-CHs 2HCI
g5 H 5-CH; | 2-CHs THCI
86 TH, |H (| 2 HCI
87 = H 2(R)-CH(CH) 2 Hel




R&  Stereoch ern i Spd at *C 3S-C1- 13- Absent
Absent (no stereo) 2, HC 581 H

WO 2008/002583 PCTUS2007/314842
27

Cpd # R* R! | RE R'4+R*

38 H H H 2 HCI

and are named as:
.(R)-Z (4-(’ms(fl-chlorophenyl)methyl)—z-methylplperazm 1-yl)acetic acid;

S)-2-((R)- 4—(b1.s(4-chlorophenyl)methyl)-3~methylp1perazm- -yDpropanoic acid;
2-(4-(bis(4-chlorophenyl)methyl)-3-oxopiperazin-1-yDacetic acid;

5 A (S)-2—(_(R)-4~(bis(4~chlotophenyl)methyl)—Z-methylpipemzin» ll-yl)prop‘anbic acid;
(R)-2-{(R)-4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1-yl)propanoic acid;
2~(4—(bis(&chlorophenyl)methyi);2-oxopiperazin-1 -yhacetic acid;
2—({2R 6S)—4—(bis(4—chlorophenyl)methyl)-2,6-dimeﬂly1pipefazin-1—yl)acctic acid

dihydrochloride salt; '
10 2-(4-(bis(d-chlorophenyl)methyl)-2, 2-d1meﬂ1ylp1perazm 1-y1)acet1c acid
dihydrochloride salt;
2-(4-{bis(4-chloropheny)methyl)piperazin-1-yl)propancic acid dihydrochloride salt;
(R)-2~(4-(bis(4-chioropheny)methyl)-2-isopropyipiperazin-1-yl)acetic acid
dihydrochloride salt; and
i5 —(4—(b1s(4-ctﬂorophcnyl)methyl)plperazm- -yDacetic acid dlhydrochlonde salt.

Table 8

e
S
T

20 and is named as 2-{(4-(phenyl(3-(trifluoromethyl)phenyl)methyl)-1,4-diazepan-1-yi)-
acetic acid.

Embodiments
(A)  Inone embodiment, the compound of Formula (I) bas the structure represented

25 by Formula (1A):
rco?,H
5
O ge
R, "
R
Ar‘kAr"
(IA)



3R-CH3 Absent Absent (no stereo)2 HC1 59
2R-CH3 5S-Cl1-13 Absent Absent

WO 2008/002583 PCT/US2007/014842

28

where:
i R! and Ry2 are independently selected from hydrogen, alkyl, haloga.!li}f}{ :aliony,
halealkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementione;d r;ng“s_are%_
* optionally substituted with R®, R®, or R® independently selected from alkyl, halo, haloal}{yl,
5  alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino;

Ar' and AP are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with RS, R" or R where RE is alkyl, halo,
‘haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, aininc, monosubstituted amino, disubstituted
amino, sulfony], acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,

10 hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocérbonyl, or acy!a.tﬂino
and R" and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkyithio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted ai:nino‘, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cyeloalkyl, or

15  heterocyclyl where the aromatic or alicyclic ring in R, R" and _Ri is optionally substituted
with RJ, R¥ or R which are independently selected from aikyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, amincalkyl, hydrexyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, ammocarbonyl or acyl; and

20 other groups are as defined in the Summary of the Invention.

C Within this group (A), one group of compounds is that wherein R! and R® are
independently selected from hydrogen, alky}, haloalkyl, alkoxy, or haloalkoxy provided that

" at least one of R' and R? is other than hydrogen.

Within this group (A), another group of compounds is that wherein R’ and R? are

25 mdependently selected from hydrogen, alkyl, haloalkyl, alkoxy, or haloalkoxy.

Within this group (A), another group of cotiipounds is that wherein R! and R? are
independently selected from hydrogen, methyl, ethyl, propyl, triflucromethyl, 2,2,2-
trifluoroethyl, methoxy, ethoxy, propoxy, triffuoromethoxy, difluoromethoxy, or 2,2,2-
trifluoroethoxy. - o

30 Withio this group (A), anoth.e:r group of compounds is that wherein R’ and R? are
hydrogen. : )

Within this group (A),’ another group of compounds is that wherein R! is hydrogen
and R? are alkyl.
Within this group (A), another group of compounds is that wherein R" is hydrogen
35  and R? are methyl. | -
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35

(no stereo) I 2 HC1 60 and 62 as a‘m'xture_ WO
20081002583PCT/ US2007/ 014842 24 of two enantioners
(both are trans- dinmethyl) 67 2S-CH3 5R- CH3

WO 2008!902533 PCT/US2007/014842
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Within this group (A), yet another group of compounds is that wherein R! is hydrogen
and R? is methyl, ethyl, propyl, trifluoromethyl, 2,2,2-trifluoroethyl, methoxy, ethoxy,
propoxy, trifluoromethoxy, difluoromethoxy, or 2,2,2-trifluoroethoxy and is located at the
carbon atom that is ortho to the piperazine nifrogen atom that is substituted with the
carboxymethyl group. )

Within this group (A), yet another group of compounds is that wherein R is hydrogen
and R? is methyl, cthyl, propyl, triflucromethyl, 2,2,2-xifluoroethyl, methoxy, ethoxy,
propoxy, trifluoromethoxy, diﬂuoromethoxy;_br 2,2,2-trifluoroethoxy and is located at the
carbon atom that is ortho to the piperazine nitrogen atom that is subs_tituted with the
carboxymethyl group and the 'stereochemistry at the carbon atom carrying the R? group is (R).
o Within this group (A), yet another group of compounds 1s that wherem R! is hydrogen
and R? js methyi and islocated at the carbon atom that is ortho to the piperazine pitrogen
atom that is substituted with the carboxymethyl group and the stereochemistry at the carbon -
atom carrying the R? groupis (R).

Within this group (A), yet another group of compounds is that wherein R! is hydrogen
and R? is methyl, ethyl, propyl, triflucromethyl, 2,2 ,2-trifluoroethyl, methoxy, ethoxy,
propoxy, tnﬂuommethoxy,_diﬂuoromethoxy, or 2,2, 2-trifluoroethoxy and is located af the
carbon atom that is ortho to the piperazine nitrogen atom that is substituted with the
carboxymethyl group and the stereochemistry at the carbon atom carrying the R? group is (S),

Within this group (A), another group of compounds is that wherein R! and R2 are
independently selected from methyl, ethyl, propyl, trifluoromethyl, 2,2, 2-trifluoroethyl,

methoxy, ethoxy; propoxy, trifluoromethoxy, difluoromethoxy, or 2,2 2-triflnoroethoxy.

Within this group (A), another group of compounds is that wherein R and R? are
independently selected from methyl, ethyl, propyl, i:riﬂuoromethyl, 2,2,2trifluoroethyl,
methoxy, ethoxy, propoxy, trifluoromethoxy, difluoromethoxy, or 2,2,2-trifluoroethoxy )
where R’ is located at the carbon atom that is ortho to the piperazine nitrogen atom that is

substituted with the carboxymethyl group and R? is located at carbon that is para to the

-carbon atom carrying the R! group.

Within this group (A), another group of compounds is that wherein R! and R? are
independently selected from methyl, ethyl, propyl, triflucromethyl, 2,2,2-trifluoroethyl,
methoxy, ethoxXy, propoxy, trifluoromethoxy, diﬂﬁoromethoxy, or 2,2,2-trifluoroethoxy
where R’ is located at the carbon atom that is ortho to the piperazine nitrogen atom that is
substituted with the carboxymethyl group and R? is located at carbon that is para 1o the
carbon atom carrying the R' group and the stereochemistry at the carbon atoms carrying the
R! and R? groups are (R,S), (R,R), (S.R) or (5,5).
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Absent Absent (no stereo) 2 HC1 63 H 3R—CH3 4- phenyl

Absent RS and are naned as:

(5)-2-(4- benzhydryl 3- et hyl pi Pelt 2i 11 4-yl )acetic

pydrochl oride salt; PCT/US2007/014842

W‘?%’g"i’%& benzhydryl- 3- rretglayl pi perazin-1-ypacetic acid

di hydrochl ori de salt;

2-((2, 5-mans) - 4- benzhydry1l- 2, 5-di rnet hyl Pi Perazin-| -y

flacetic acid di hydrochloride salt;

‘Wathin, thisereip-(4) lyen mlytumgtm@ , & compeundslirthgtyherpin B iy hydrogen
=R Sk el e e

aptionallySipstitsted ovithR % R, or R° indePerise b dalogbaloalkyl,
s SR8 S B i b

where Arl is substituted with R and 10 A? is

B) I@.%Elﬁﬁxkﬁ éﬁgwhﬂ] tj)_@x %ﬂg%oﬂﬁhﬁ’m hdPk Sordetime T&iredEnttd by

Formula (IB):
l/C()gﬂ

N

N

N s
AT A2
(1B)

wherein:

" R! and R? together from an oxo group; . ,

Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each

of the aforementioned ring is optionally substituted with R%, R" or R'where R is alkyl, halo,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl; hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkﬂxyélkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and Rh_and R'are independently sclected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R8, R" and R’ is optionally substituted
with R, R* or R! which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,

. 'alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,

carboxy, alkoxycarbonyl, hydroxyalkyl, alkox}alkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoXy, aminosulfonyl, aminocarbonyl, or acyl; and o

other groups are as defined in the Summary of the Invention.

Within this group (B), one group of compounds is that wherein the oxo group is
located at the carbon atom that is ortho to the piperazine nitrogen atom that is substituted with

the carboxymethyl group.



5 Cpd 4 Rg Rh Rl Stereochemat *C 64 3-Cl1 3-Cl1
2R-CH3 (no stereo) 65 3-F 3-F 2R-CH3 (no stereo) 66
4-CF3 3-CF3 H KS :
WO 2008/002583 - : PCT/US2007/014842
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(C)  In another embodiment, the compound of Formula (I} has the structure represented by
Formula (IC): '

, |/COZH

N

0 _pe
R—L R
o

Arl ki:a

Icy
-5 wherein:
R' and R? are attached to the same carbon atom and are combined to form cycloalky!
 optionally substituted with RY, R® or R' independently selected from alkyl, alkoxy, fluoro,
fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or disubstituted amino;
Ar' and Ar” are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
10  of the aforementioned ring is optionally substituted with _Rg, R” or R! where RS is alkyl, halo,
haloalkyl, haloalkoxy, alkyltl;_io; cyano, alkoxy, amino., monosubstituted amino, disubstituted
amine, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxya.lkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R" and R' are independently selected from alky), halo, haloalkyl, haloalkoxy, alkylthio,
15  cyano, alkoxy, amino, monosubstituted amino, disubstitutéd amine, salfonyl, acyl, t-:arboxy,‘
alkoxycarbonyl,- hydroxyalkyl, alkoxyaikyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, ,aminot;:arbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or
heterocyé]yl where the aromatic or alicyclic ring in R3, R® and Ri is optionally substituted
with R, R or R' which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
20 alky;lﬂlio, cyano, atkoxy, amino, monosubstimted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and
other groups are as defined in the Summary of the Invention.
Within this grbup (C), one group of compounds is that wherein R! and R? combine to
25  form cyclopropyl, cyplobt_zlyl, cycloﬁenlyl; or cYc!ohexyl ring optionally substituted with R
or R® independently selected from alkyl, hydroxy, or ﬂuqro.

(D) In another embodiment, the compound of Formula (1) has the structure represented by
Formula (ID):
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67 4-F 3-phenyl 2R-CH3 KS 2 HC1 68 4-Cl 4-Cl1 2R-CH3
(no stereo) 2 HCl 69. 4-F 3-Br 2R-CH3 KS 2 HC1 WO
2008/ 002583PCT/ US2007/ 014842 25 Cpd # Rg

WO 2008/002583 PCT/US2007/014842
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I/COZH

N

' R‘——{: }—Rz

N
A /kil

| )
wherein:

R' and R? are attached to the same carbon atom and are combined to form mdnocyclic
saturated heterocyelyl which are optionally substituted with R®, R® or Rf independently
selected from alkyl, alkoxy, flucro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted
amino, or disubstitute& amino; ' '

Ar' and Ar?® are independently aryl, hetefoaryl, cycloﬁlkyi, or heterocyclyl where each-
of the aforementioned ring is optionally substituted with R%, R® or R where RE is alkyl, haio,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalky!, aminoalkyl,

‘hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino

and R" and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, éulfonyl, acyl, carboxy,
alkokydarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl!, acylamino, aryl, heteroaryl, cycloalkyl, or -
heterocycly! where the aromatic or alicyclic ring in R%, RP and Rl is optionally substituted
with RJ, R¥ or R* which are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

other groups are as defined in the Summary of the Invention.

Within this group (D), one group of compounds is that wherein R' and R? combine to
form tetrahydrofuranyl, tetrahydropyranyl, piperidinyl, or pyrrolidinyl where each ring is
optionally substituted with R® or R® independently selected from one or two alkyl, hydroxy,

or fluoro,

(E) In another embodiment, the compound of Formula (I) has the structure represenied by

Formula (IE):
CO.H

-

M.

A
Ri—L SR

N

| na3
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~ Stereochemat *C 70 4-F 4-F 3R CH3 (no st"ereo) 2 HC1
71 4-F 4-F 2-R-CH3 (no stereo) 72 3-CF3 3-CF3
2-R-Cl13 (no stereo) 73 3-CF3

WO 2608/002583 PCT/US2007/614842
33

(IE)

wherein: - - e o —_—— e
~ R' and R? are aftached to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine

ring, and are combined to form —C,-Cz- alkylene chain wherein one or two hydrogen atoms in

the alkylene chain can be optionally substituted with one or two alkyl;

"Ar! and Ar” are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R, R® or R/ where RE is alicyl, hato,
haloalky], haloalkoxy, alkylihio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
?.mino, salfonyl, acyi, carboxy, alkoxycarbonyl, hydrbxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyatkoxy, alkoxyalkoxy, aminoalkoxy, .aminosulfo_nyl, aminocarbonyl, or acylamino
and R" and R are independently selected from alk'y]',_haio,‘ haloalky), haloalkoxy, ajkirlthiﬂ,
cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sutfonyl, acyl, carboxy,

alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkexyalkoxy,

‘aminoalkoxy, aminosulfonyl, ainiinocarbc_myl, acylamino, aryl, heteroaryl, cycloalkyl, or

heterocyclyl where the aromatic or alicyclic ring in R¥, R" and R’ is optionally substituted
with R, R¥ or R which are indepehdently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl; acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalky!, hydroxyalkoxy,
alkoxyalkoxy, aminoalkoxy, aminosulfony!, aminocarbonyl, or acyl; and

other groups are as defined in the Summary of the Invention.

{F) In another embodiment, the compound of Formula (I) has the structure represented by

‘Formula (IF):

CO.H

-

N

D o2
Rpi— R

'\N)

P

AT AR
(IF)
wherein:

R' and R? are attached to carbon atoms 2 and 5 or 3 and 6 positions of the piperazine
ting and are combined to form —C,-Cs- alkylene chain whefein one of the carbon atoms in the
alkylene chain is replaced by a ~NR~, -O-, -5(O)n- (where R is hydrogen or alkyl and n is O-
2) and further wherein one or two hydrogen atoms in the alkylene chain can be optionally
substituted with one or two alkyl;
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3-CF3 H (no stereo) and are naned as: _ _

(R)-2-(4-(bis(3-chl orophenyl) net hyl) - 2- net hyl pi per azi

nlyl)acetic aci d; _ _

ﬁR% 4- (bi s(3-fluorophenyl) net hyl ) -2- et %x%é%&%ﬂw
w Baet i ¢ aci d;

2-(4-a3-(trifl uororrethyl)%enyl)(4 (trifluoromethypph

enyI ) met hyppi perazi n-1- 5yl)acetic acid;
4- ((4 f1 uorophenyl) (3- (di phenyl ) net hyO) (R -2-nmeth
AeZirinkdepd n)iaﬂgt ar91 ﬂ&bfba@m f'tbjrélfoﬂlfk?i oFf héi@roéﬁhﬁ where each

of the %%'R %nv&é@g%l?‘fgsg 4?Ch ) = hﬁé iﬁ\ \Evll;]arl: ?searﬂ?yzll halo,
haloalk&QZﬂ(dR)koékﬁ,(aﬂcyﬂlhﬁi}BﬁiiﬁDM %hmw mgmsbama B¥ino, disOBdtituted

aming (‘ﬁfg‘?& Ifi’i‘r}g‘(’ﬁ' F%%¥%§? CI d d darélg(ﬁ‘grl |de salt#’ o

hydroxmalkam)amoeyaﬂmxﬁpardmbhlhw @ﬁfﬂﬂ:@ﬁlfﬁi@l Saahhucarbon 1, or acylamino

and R" ngalR é(l;% étgh Pec{e%@o nﬂk}m&gyhgloaﬁyﬁay Iyqe,earﬂzciyzlilino,

cyano, a}&(:ﬁ),aan(mu(dmmbaamed dndinerdisubbtiyde)l ey b)IFERYN e dnbBxy,
t

alloy G BB S BRER ek D Brorekprey pleosratiany

aminoalkoy$,) agitsuifoay] aminocarbonyl, acylamTﬂb lafy1,Chesdneutpl, cycloalkyf or

e 0 SR BB ol g e

with R/ R Wcteara gnds hantanthesedvwted FOER A, halopihlodtkyly HalddlKoxy,
al‘kylth1§} (%{aﬁg,cﬁl?%, axfi‘i}m, [gonosubstltuted amino, disubstituted amina, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy,
atkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acyl; and

other groups are as defined in the Summary of the Invention. |

Within this group (F), one group of compounds is that wherein R! and R? are attached
to carbon atoms 2 and 5 or 3 and 6 positions o.f the piperazine ring, and are combined to form:
—C1-Cyp- alkylene wherein one of the carbon is replace by represented by —=NR- (where R is
hydrogen or alkyl).

(a) Within the embodiments (A)-(F) above and groups contained therem one
group of compounds is that wherein R is hydrogen. Within this group, one group of
compounds is that wherein the stereochemistry at the carbon atom carrying the R? group is
(S). Within this group, one group of compounds is that wherein the stereochemistry at the
carbon atom carrying the R group is (R). .

(b) Within the embodiments (A)-(F) above and groups contained therein, another
group of compounds is that wherein R? is alkyl, preferably methyl or ethyl. Within this
group, one group of compounds is that wherein the stereochemistry at the carbon atom
carrying the R? group is (§). Within this group, one group of compounds is that wherein the
stereochemistry at the carbon atom carrying the R group is (R).

(¢) - Within the embodiments (A)-(F) above and groups contained therein, yet
another group of compounds is that wherein R? is fluoro. Within this group, one group of

) compounds is that wherein the stereochemistry at the carbon atom carrying the R* group is

(S). Within this group, one group of compounds is that wherein the stereochemistry at the
carbon atom carrying the R? group is (R).
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(d) Within the embodiments (A)-(F) above and groups contained therein, yet
another group of compounds is that wherein R? is fluoroalkyl, preferably diflooromethyl or
trifluoromethyl. Within this group, one group of compounds is that wherein the
stereochemistry at the carbon atem carrying the R3 group is (5). Within this group, one group
of compounds is that wherein the stereochemistry at the carbon atom carrying the R’ group is
().

() Within the embodiments (A)~(F), {a)<(d) and groups contained therein, and
groups formed as a result of combination of groups (A)-(F) with (a)-(d), one group of

 compounds is that wherein Ar* and Ar”* are phenyl, each phenyl optionally substituted as

defined above.

Within this embodiment (i), one group of compounds is that wherein Ar! and Ar2 are
phenyl. Within this embodiment, another group of compounds is that wherein Ar' is phenyl
and Ar? i is phenyl substituted with RE selected from alkyl, halo, haloalkyl, haioalkoxy,
preferably methyl, fluoro, chloro, trifluoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy.

Within this embodiment (i), another group of compounds is that wherein Ar'is phenyl
and Ar” is phenyl substituted with R® selected from alkyl, halo, haloalkyl, baloalkoxy,
preferaﬁly methyl, fluoro, chloro, triﬂ-.ioromeﬁxyl, trifluoromethoxy or 2,2 2-trifluoroethoxy
and R is located at the 3-position of the phenyl ring, the carbon atom attached to the —
CRSAIl group being the 1-position.

Within this embodiment (i), another group of compounds is that wherein Ar' is phenyl
substituted with RE selected from alkyl, hato, haloalkyl, haloalkoxy, preferably methyl,
fluoro, chloro, triflunoromethyl, triflnoromethoxy or 2.2 2-triftuoroethoxy, preferably R® is
located at the 3-position of the pheny! ring and AT* is phenyl substituted with R" selected
from alkyl, halo, haloalkyl, baloalkoxy, preferably methyl, fluoro, chloro, triftucromethyl,
trifluoromethoxy or 2,2 2-trifluoroethoxy, preferably R” is located at the 3-position of the
phenyl ring.

[§1)) Within the embodiments (A)-(F), (a)-(d) and groups contained therein, and
groups formed as a result of combination of groups (A)-(F) with (a)-(d). another group of

'compounds is that wherein Ar' is phenyl and Ar? is heteroaryl, each ring optionally

substituted as defined above.
Within this embodiment (ii), one group of compounds is that wherein Ar' is phenyl

“and Ar? is pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, or thienyl, each Ar' and Ar?

optionally substituted as defined above.
Within this embodiment (if), another group of compounds is that wherein Arlis

phenyl and Ar? is pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, or thienyl optionally
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2-((R) -2-net hy

- (thiophen-2-y1(3-(trifluororaerhyl)phenyl)methyDpi pe

razin-1- yl)acetic acid; 36

24(R) - 2-nmet hyl-4- ((R) -t hi ophen-2-y1(3-(trifluoronethy

I ) phenyl ) net hyl ) pi perazin-15 ypacetic acid;:

2-KR)-2-nmet hyl-4-((9)-thi ophen- 2- 1(3 (trlfluororrethy
subsutu)tqzdwnwnet{ yxldmnngieltbfzselﬁcmify% ¥l hale; leploadkgd, haloalkoxy,

et T A ST ORI B e e

R e e
phenyhpptigpally & dd”ﬁlhgn% 1@ epgnde seéﬁég%%rﬁg@gggggg ,
haloalR POWR o BRE B prefinibly B2 Zﬂ@ro dRlorb, tfifluorondetey] frifluoromethoxy or
2,2,2-trifluoroethoxy and Ar* i is pyndmyl pymmdmyl pyridazinyl, pyrazmyl or thienyl,
preferably thienyl. :

(iii)  Within the embodlments (A)-(F), (a)-(d) above and groups contained therein,
and groups formed as a result of combmatlon of groups (A)-(F) with (a)-(d), another group of
compounds is that wherein Ar! is phenyl and A7 is heterocyclyl, each Ar' and Ar® optionally
substituted as defined above piovided that A is not pyrimidin-4(3H)-one that is fused
to a S-membered heteroaryl ring and is optionally substituted as defined above.

Within this embodiment (iif), one group of compounds is that Wheréin Ar' is phenyl
and Ar” is tetrahydropyranyl, piperidinyl, or tetrahydrofuranyl, each Ar' and A optionally
substituted as defined above. -

_ Within this embodiment (iii), one group of compounds is that wherein Ar1 is phenyl
and Ar” is tetrahydropyranyl, piperidinyl, or tetrahydrofuranyl optionally substituted with R® -
orR" independently selected from alkyf, halo, haloalkyl, haloalkoxy, preferably methyl,
fluoro, chloro, trifluoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy. Within this group,
another group of compounds is that wherein Ar] is phenyl optiohally substituted with R® or
R" independently selected from alkyl, halo, haloalkyl, haloalkoxy, preferably methyl, fluoro,

. chloro, trifluoromethyl, ﬁiﬂubromethoxy' or 2,2,2-trifluoroethoxy and Aris
tetrahydropyranyl piperidinyl, or furanyl. | |

(iv). Within the embodiments (A)-(F), (a)-(d) and groups contamed therein, and
groups formed as a result of combination of groups (A)- (F) with (a)-(d), another group of
compounds is that wherein Ar' is phenyl and A fs cycloalkyl, each Ar' and Ar? optionally
substituted as defined above. ' '

Within this embodiment (iv), one group of compounds is that wherein Ar! is phenyl
and Ar® is cyclopentyl or cyclohexyl, each Ar’ and AP optionally substituted as defined
above.

Within this embodiment (iv), one group of compounds is that wherein Ar' is phenyl
and Ar’ is cyclopentyl or cyclobexyl, each Ar! and As® optionally substituted with R® or R
independently selected from alkyl, halo, haloalkyl, haloatkoxy, preferably methyl, ﬂuofo,
chioro, trifluoromethyl, trifluoromethoxy or 2,2,2-trifluoroethoxy.
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Within this embodiment (iv), oné group of compounds is that whergin Ar' is phenyl
and Ar* is cyclopropyl, Ar' optionally substituted as defined above.

Within this embodiment (iv), one group of compounds is that wherein Ar'is phenyl
and Ar is cyclopropyl, Ar] optionally substituted with R® or R” independently selected from
alkyl, halo, haloa.lkyi; haloalkoxy, prefcrab.ly methyl, flucro, chioro, trifluoromethyl,
trifluoromethoxy or 2,2,2-trifluorcethoxy. . ,

) Within the embodiments (A)-(F), (a)-(d) and groups contained therein, and
groﬁps formed as a result of combination of groups (A)-(F) with (a)-(d), another group of

compounds is that wherein Ar' and Ar® are heteroaryl optionally substituted as defined above.

i0

15

Within this embodiment (v}, one group of compounds is that wherein Ar' and Ar®
are heteroaryl each optionally substituted with R® or R® independently selected from alkyl,
halo, haloalkyl, haloalkoxy, preferably methyl, fluoro, chloro, trifluoromethyl, -
trifluoromethoxy or 2;2,2—t1'iﬂuoroethoxy. ‘

(vi)  Within the embodiments (A)-(F), (2)-(d) and groups contained therein, and
gioups formed as a result of combination of groups (A)-(F) with (a)-(d), another group of

~ compounds is that whersin Ar! is heteroaryl and Ar? is cycloalkyl each Ar' and Ar? optionally
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35

substituted as defined above.

(vii) Within the embodiments (A)-(F), (a)-(d} and groups contained therein, one
group of compounds is that wherein AY is heterocyclyl and Ar? is heteroaryl each Ar'and
Ar? optionally substituted as defined above.

(viii) Within the embodiments {A)-(F), (a)-(d) and groups contained therein, one
group of compounds is that wherein Ar! is cycloalkyl and Ar? is heterocyclyl each Ar' and
Ax® optionally substituted as defined above.

(x)  Within the embodiments (A)-(F), (2)-(d) and groups contained therein, one

group of compdunds is that wherein At' is cycloalkyl and Ar? is cycloalkyl each Arland Ar®

optionaily substituted as defined above:

The above embodimenits, include all combinations of individual groups and subs-
groups contained therein e.g., each group and subgroups contained within groups (A) to (F),
can be combined independently with each group and sub-group contained within group (a)-
(d) and (i)<(ix) and each group formed as a result of combination of groups (a)~(d) and (i)-

(ix).

(3  In another embodiment, this invention is directed fo a compound of Formula
(D), wherein Ar' and Ar? are pheny] optionally substituted with R%, R" or R where R® is alkyl,
halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
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disubstituted amiﬁo, sﬁlfouyl, acyl, carboxy, alkoxycarbonyl, hydrbxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or
acylamino and R" and R! are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acy},
carboxy, alkoxycarbonyl, hydroxyalkyl, élkoxyalkyl, aminoalkyl, hydroxyalkoxy,
alkoxyaﬂ{oxy; aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, or cycloalkyl
where the aromatic or alicyclic ring in Rg, R"and R'is optionally substituted with R R¥orR!
which are independently selected from alkyl, halo, haloalkyl, haloatkoxy, alkylthio, cyano,
alkoxy, amiﬁo monosubsiituied amino disubstituted amino, sulfonyl, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl ammoalkyl hydmxyalkoxy, alkoxyalkoxy,

amincalkoxy, axmnosulfonyl aminocarbonyl, or acylamino.

(H) In another embodiment, this invention is directed to a compound of Formula
(D), wherein Ar' and Ar* are phenyl optionally substituted with RE R" or Riwhere RE is alkyl,
halo, haloalkyl, haloalkoxy, élkylthio, cyano, élkoxy, amino, monosubstituted amino,
disubstituted amino, sulfonyl, acyt, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or
acylamino and R" and R! are independently selected from atkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyaﬁo, alkoicy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, -
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl,
cycloalkyl, or heterocyclyl where the aromatic or alicyclic ring in R%, R and R’ is optionally
substituted with RJ, R* or R' which are independently selected from alkyl, halo, haloalkyl,
haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino,
sulfonyl, acyl, hydroxyalkyl, a.lkdxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino provided that R" and R'are not

substituted or unsubstituted tetrazole.

[4)) In another embodiment, this invention is directed to a compound of Formula
(T), wherein Ar' is pheny! and Ar” is heteroary! or heterocyclyl optionaily substituted with R%,
R" or R where R? is alkyl, halo, haloalkyl, haioalkoxy, alkylthio, cyano, alkoxy, amino,
monosubstituted arhino, disubstitated amino, silfonyl, acyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, 'alkokyalkoxy, aminoalkoxy, aminosutfonyl, aminoecarbonyl, or
acylamino and R” and R’ are independently selected from alkyl, halo, haloalkyl, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
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hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosulfonyl, aminocarbonyl, acylamino, aryl, heteroaryl, cycloalkyl, or heterocyclyl where
the aromatic or alicyclic ring in RE, R® and R' is optionally substituted with RJ, R® or R which
are independently selected from alkyl, halo, haloa.llcyl, haloalkoxy, alkylthio, cyano, alkoxy,
amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, hydroxyalkyl,
alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl,
aminocarbonyl, or acylamino provided that neither of R" and Riis substituted or unsubstituted

tetrazole.

4] In another embodiment, this invention is directed to 2 compound of Formula
(@D, Ar' and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyetyl where each of
the aforementioned ring is optionally substituted with RS, R® or R! where R® is alkyl, halo,
haloalkyl, haloalkoxy, alkylthio, ¢cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxya]kyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R” and Riare ihdependcntly selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, ‘
cyano, alkoxy, amino, monosubstituted amino, disubstituted anﬁno, sulfonyi, acyl, carboxy,
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoaikyl, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aminosulfonyl, aminocarbonyl, acylamine, aryl, heteroaryi, cycloalkyl, or
heterocyclyl where the aromatic or alicyclic ring in R2, RPand R'is optionally substituted
with R, RX or R' which are independently selected from alkyl, halo, haloalkyi, haloalkoxy,
alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl,
carboxy, alkoxycarbonyl, hydroxyalkyl, alko:iyalkyl, aminoalkyl, hydroxyalkoxy, ‘
alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino; provided that:

(i) when Ar! is phenyl substituted with one or more hydroxy or alkoxy, then Ar® is not
phenyl or a bicyclic heteroaryl which is attached via the phenyl portion of the bicyclic ring
wherein the phenyl or bicyclic heteroary! ring is substituted with substituted or unsubstituted
tetrazolyl; (if) when Ar' is phenyl substituted with one or more hydroxy or alkoxy, then A is
not pheny!l substituted with heterocyclic or heieroaryl ring wherein the heterocyclic or
heferoaryl ring is substituted with carboxy, alkoxycarbonyl, or substituted or unsubstituted
tetrazole ring; (iii) when Ar' is a five membered heteroaryl ring substituted with alkyl,
substifuted or nnsubstituted heteroaryl or heterocyclyl, then sz is not five or six membered
substituted or unsubstituted heteroaryl or heterocyclyl ring wherein the heteroaryl or
heterocyelyl ring contains at least one nitro gen ring atorm; and (iv) when Ar' is substituted or

unsubstituted phenyl and Ar? is pyrimidin-4(3H)-one substituted or unsubstituted at N-3
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(A) In one enbodinment, the conpound of Formula (1)

whereNas the structure represented 25 by Fornula (1A):

R and R? are mdependenﬂy hydrogen or alkyl; and
Ar' and Ar* are mdependenﬂy phenyl, each ring optionally substltuted with R® or R"
where Rg and R® are independently alkyl, halo, haloalkyl, haloalkoxy, alkylthio, alkoxy,
- alkylcarbonyl, or alkoxycarbonyl. In one embodiment within this group, R! and R? are
hydrogen. In another embodiment within this group, at least one of R! and R? is not

hydrogen.
In one embodiment within this group, the compound of Formula (I) has one of the
tructur :
 following s Cc:o ZS ' O . rCOZH - (COzH
2
r ' r No .o

™y ‘ SO

. N
' g g
, RY Rg A & ; AR or
’ * | kS - | ,] ; | ,] ;
P x R R
: (=)

(©) (d

O
N
h R9
R\\ . I‘\A'



J<R3 Arl Ar2 WD 2008/ 002583PCT/ US2007/ 014842 28
where: _ . Rl and R2 are independently selected from
hydrogen, al kyl, hal oal kyl, al koxy, hal oal koxy, aryl,
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arbon atom carrying the R2 group |s (R), 15Wthin
t hi scgroup (A), ye canot her gro conpou OF"é

that wherein R i dr ogen a |s met- hyI ethyl,
yl, -trifluor hyl rlfluoroe )j
ﬂé oxy, ethoxyﬁ ;jopoxy, tde onet hoxy

di 1 uor onet hoxy, 2,2,2-trifl oro%thoxy ad | Spe :

@ at Ratom; SiE%prth THeS o

k}l pel{yl ne nge i gtlom t ey i s Ssafyst i d W 't he
ca{aboxynet hyl groygp arﬁfd t he ster@ocFﬁem stry (et the

carbon atomcarrying the R2 group is (3). 20Wthin
\pg,ﬁﬂgroup (A), another group of conmpounds is that
e

followi

réin Rl and R2 are independently sel ected from
ethyl, propyl, trifluoromnethyl, '
[;;} 2- trlfluoroethyl met hoxy, ethoxy, propoxy,
quoronethoxy, dlfluoronethoxy, or
\\\\ R%rlfluoroethoxy Wthin this group (A), another
gT up of conpounds is that wherein Rl and R 2 are
(q endently sel ected fromnethyl, ethyl, propyl,
trlfluoronethyl 2,2, 2- trlfluoroethyl, 25 et hoxy,
wieteoyis hpdmm»«;t methiyf, [Rfds oreo, Hesepgardick pharybreetihongis

optionall gyl bith s SRERO R g WIIR] Bt ol BAAUER, Ty bler

embodln‘&hbmfhlhahls |gsau§uﬁ1;tqom;:toedd of ‘fdrutumI)dats boxgithe bnylhc’ngﬁsn@br(e),
R2 b

where the gﬁ;]‘oug iy atlagﬁ %{ %dtb%?-pcogfujgg s %?zﬁcﬁﬁ {xﬁ? an& ﬁ Isnr?e(t%? &%}o,

mﬂuororactbylher tr@uompm@hom rip@untdisr grgbadiragnt \m@n'eqhﬁ Rupatit R2

componsl 530 RSTRETSSOEL e SELSAERL COMBE N

the 3~posntginmf>ﬂye rlenhioing angk @p@t@yeoctwmmrn etr*&’nﬂét(ﬁbxy, ,
di f 1 uor onet hoxy, or 2,2,2-trifl uoroethoxy where Rl is

| ocated at the carbon atomthat is ortho to the
(Ipi pelneaniother embedigemt.ahis mvenaen issliraigbiojaapmpgund ofF qrmeila
ccarboxymethyl group and R2 is |ocated at carbon t hat

T) wh
Dw er|s para to the carbon atomcarrying the R group and

nishls stereochenistry at the carbon atons carrying the

RBé'l zﬁ'g gnd%&erﬂ%ﬁﬂ? Selgtitd ﬁerS)}hdr&gln, a@yl MI Qfkoxy,

haloalkoxy, heteroaryl cycloalkyl, or heterocyclyl wherein the aforementioned rings are



WD 2008/ 002583PC T/ US2007/ 014842 30 W thin
this group (A), yet another group of conpounds is
that wherein Rl is hydrogen and R2 is aryl,
WE?JOE hoaLy!l . cycloal kyl, or het erocycl yl V\hq;cqhﬁzgo%“s“
orerent i oned ri ngs are gptionally substituted wt
Ra, Rh, or Ir independently selected from al kyl,
hal o, hanaIIcyI, al koxy, hal oal koxy, hydroxy, cyano,
nonosubstituted am no, or disubstituted am no. 5 (B)
optiondlly sabsitited withRAR enk® inflendeniyciscted frofoion] teaid, hloalkyl,

L F

aﬂ“’*ﬁ’%%f SR G b rBO RS R R i St Sy aptcor b

R landRE, v aaméxed mjﬂptsmde nm’byn atoyl, padmmmmﬂmn cycloalkyl or
monocﬁ% Cent n‘%f ionedr ﬁ'?] g"r ogg % pg zﬁe {"ﬁerg%b St c’fp‘ o {nﬁn??ychc

5 saturatg@rhetgaro®lyhbay ke c@ondlyaﬂubyﬁtpteﬂ atith, Rdh Rf, @aRﬁmkig:pendently selected

I
T T e p——
disubstisutbd amipo; omcyl , car boxy, al koxycar bonyl,

y gﬁ«gi}g g;{rl'{sﬁ )é{tac @{1 t&%yﬁﬁgﬁs 2 @H&l 9313# Eﬁf 6 posmons of the

oxyal Koxy, am noa
plperazmnmsfeﬂnfcemb e t mnmdarﬁnmﬂtylem rchaio whamunmeenfdhﬂarbam

10 atoms 18&1&%@1&&%3{081 i Xfxeelpﬁ\%fzcggY R -?SZE(O)QI k\r@here R is

hal oal’l ¢

hydrogegrigtkyl ﬁilfh’@ Hfha)x Wtﬁl@éera’rﬁfmn onk enfethydeeniatams mmthe

amylen§éﬂa§19%be bhallySRb &méd “a!hls)%m aprrmﬂyll and
yI roxyal kyI al’koxyal | am noal ‘
&9 WGWPE%Q%BXM m@;oaryl mlmcm Ihrissaeyclyl where each

of the aﬁ%ﬁ&ﬁi&h&@ o?ﬂbm&%w@ﬂma WRBRER R weH RE is alkyl, halo,
oal kyl, or heterocyclyl where t ﬁ

o het er oar yl
13 haloalky, %ﬁ%ﬁqlkfe%ﬂﬂ%ﬁ%vem% afliory, apnmgmonFUBREIRY arpigo, disubstituted
amino, ﬁmohgamé ueaﬂs&gstdikdgye&bwlmﬁmﬁmkgr afRoxYUBA N alkyl,

dependent | el ected from al hal o, hal oal I cyl
hyaroxyalliol alkarys §¥3§¢rfmﬁ mﬁé’y%m'&os‘ﬁ?%lxvmngﬁarh%ny or ac3lainino
and R" aidrid srtisddpendendy agbaed frdtnsdﬂlbﬂtlhdléllh%a&m naoalycbw alkylthio,

cyano, @f%xqgﬁ&%é%gﬁsﬁkox g%gn%oﬁif/ Wéfé{ oxyal slu.%\ényl acyl, carboxy,
20 alkoxyc&ibbﬂydyh&dtmyﬁlkyamm&ﬂk?&(ymnﬁmk@l}&yﬁrbﬁimbxy, alkoxyaikoxy,
v BEhSET B, Sl G ] SR00S i, or
heterocydil Iwheret the amgratlu pr ali3rlic cing ugRb R and REs wphiokdly shlsstituted
with R, R0 RELSR o e ity BepbRiictett cloalio FpafRor
, alkylthig, lezignd, slkex sivigay MOWMMMDMWMW |arf13i00 syifonyl\acyl,
25 canbory QR AORSAANEL AT 4047, Bl PR N,
: alkoxya&om cminelroxyr aaiensdfpnpl afpavaibanyl) ﬁ)acyl(aﬁmﬂprﬁzmed the
e Lorﬁﬁ&md of Formula (I) is not 2-(4-benzhydrylpiperazin-1-ylacetic acid, 2-(4-
((4—¢hloropheny])(phenyl)methyl)pipcrazin—l-yl)acetic acid, 2-((2R,58)-4-((R)-(4-(1 H-
tetrazol-5-y)phenyl)(3-hydroxyphenyl)methy!)-2,5-dimethylpiperazin-1-yl)acetic acid, or 2-
30 ((ZR.,SS)~4-((R}-(4-cyanophenyl)(3—hydroxyphenyi)rnethyl) 2. 5-d1me&1ylp1perazm-1~
yl)aceuc acid. 7
Within this embodiment, one group of compounds is that wherein R and R? are
independently selected from hydrogen, alky!, haloalkyl, alkoxy, haloalkoxy, aryl, heteroaryl,
cycloalkyl, or heterocyclyl wherein the aforementioned rings are optionally substituted with
35 R%, R’ or R® independently selected from alkyl, halo, halcalkyl, alkoxy, haloalkoxy, hydroxy,

L
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(1C 5 wherein: RI and R2 are attached to the
sane carbon atom and are conbined to form cycl oal kyl
optionally substituted with Rd, Re or R1L .
ently selected from al kyI al koxy, Tulgg
W?E&E@@%}k f 1 uor oal koxy, hydroxy rmnosubs(% 1}907'314842
am no, or dlsubstituted amno; Arl and A? are

~independently aryl, heteroaryl, cycloal kyl, or
: het erocycl yl where each 10 of the aforenentioned ring
cyano, monogfubitinted iy bsdisthstiadedarhino VWillin this eﬁihbodﬁﬁdsxe, did group

- of comﬁcﬁmgg ﬁ%?t V\I;}%L'e%i wﬂg& 9@“ iﬁ%ilﬁ%ré ! alsifnt%l %% htg}:ﬁocﬁ emlstry at the carbon

kox anm no,
atom atdqagubgtthet At eldd ant mpp $iLd. f—ﬁRf/A: Aab;&i (£). CWﬂMIX‘i}hxs embodiment,

| | ]
anothe%ﬁ%&ﬁgﬂ%{sdsr oxyar K %%y ﬁe\é'l %oxya 3 nﬁé‘?ﬁhﬂ?}'ﬁ iyl or
cycloallgrlmmdﬂdftbamtlpasanmrm Wr? gromp Wblaﬁkﬂbﬂﬂmtbrﬁ&haﬂﬁiry at

the carlBll a UFEI! ‘%g&%gqgg loxysiéﬁh %gﬂ:ﬁ‘%h %&5&) is J}ﬁll gY’E’dW‘,’S

embodl@ﬁmn one gronp stsanponode tlwhwh@relmlwbmbar iand tAetiara tidependently

pheny] GUAAGRILY POt BRI SN pr A S BROP X alyart . cox
stereoc}gmmﬂgﬁaybonaamm @aca(umyg ﬂlamrhm.dJMz @moyip, (i.e. —CRAr' ) is (S).

WHRAOH 1 ;
cycl oaI kyI or ?éerocycl @%@Pe%ﬁgﬁg%%v?eée'nR and R
are hydrggereyclic ring in Rd, Rh and 121 is optionally

Wi Ms%%di%éxﬁ y&ancﬂ‘ﬁer%?o IatTf\gg{n%Qllnﬁf Esa(ih A ge)g(lg%mahé’ R’

sel ected from al'kyl, hal g,

are independently selgcted fEarm Apdrogen siyL halealial, aﬁmnsmﬂislpalﬁcgmenrmded

that at 168l o4 .of &' %H@RFistda&e%%aﬁnybe egUl fonyl, acyl, car bOXy
gLkoxyearhonyl | hydrocyal Kyl al koxyal Kyl N
Slﬂﬂ od éfgg,eg}qﬂgiﬁmug q{g;gxyaptmﬁ}s that wherein R’ is

hyd:ogeﬁﬁﬂdi Réiﬁ éﬂ@ﬂy WitTh 89S ethb@en:, 8A8 G?”‘ HAMHoundY is Y erem
eﬁ}y\i’, ot her groups are as defined 1n the Summary o
*ism ention. Wthin this group (C, one group

Wfthﬁl&ﬂﬁ@ﬁmldﬁrme%t,tyBﬁdno\tﬁéiﬁﬁfgi : up oRcomp %ﬁ&s&tﬁ&‘%ﬁ?mﬁ R' and R?*
r Clopro Cl ObuU Cl open
are atacfig Dl e (PG A o 9 PG S Frr el seioglive

subshtutbd\dﬂh&l‘i’dkﬁibﬂ}?flﬁﬁ ety fsél@d&tb@lﬁ‘étﬂ alk YAESRPY Hluddb, ﬂ&Mkyi

08/ 002583P us 007/ 014842 | ekR3Ar 2 D
ﬂuumanyﬁ?& X IRoRnE gétu SR AE %‘b t?‘ﬁ]%mg’ﬁrre ca$ bo%

Véithzmﬂaa dmaodinmﬂnbetlmdtﬁeﬁ gionp f bBApaydS [sehd saetsimReand R?
o a0 AP0 MR L
heterocydbrkmh afd apdiopalfy aubsmtddwhth RY, RS0 Bf inﬂ@eﬁdedﬂydekaméd from

a bsti t ut
sl AP AUES o RSBl PR e B P i, o
disubstitetpd pritioky| , or heterocyclyl where each of t he
st It d wih

VRS FBLb AL OB UPL AP L B
are aﬁach?glt@ giroox gtomg|2) @!ﬂli@%ﬁnd@mwmna Iotiﬁx)p;pcmmng, and are
combme@%%itl@, dzulil EF‘E% AT E:I%HIP?I& iq\agﬂ% rrpg{no tm%é’l }nf 1%@ X.{kylene

acyl, carboxy, bony

“chain cmabmaﬁlhysubstmeﬂmﬁi dreydr mny!ﬂwé)xy al koxy

=

ugﬁ,ga%féxggagxncmf n%ére gg%éagf%‘mr;@@f 9% ,L@sngklﬁwhergm R and RS

are hydrqg%eﬁs Raend Ry a@emémeederﬁb’dwmgcy lor alivpll @nd Allaod Ak dre phenyl
01:a1;n:3nall§1 ﬁlﬂgﬁ{ultéa% RE éi*’(af ll%' girgvgdgcy ACast QILJ((HT’gy Rﬂ g]uﬁ]ﬁ“ is other than

nonosubstitut éd am n I S-ubstitut

hydrogen. | fonyl, acyl, carboxy,
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15 al koxycar bonyl, hydroxyal kyl, al koxyal kyl ,
am noal kyl , hydroxyal koxy, al koxyal koxy,
ar ni noal koxy, am nosul fonyl, am nocarbonyl,
o, aryl, heteroaryl, cycloalkyl, o
Wﬁg‘iﬁée"g%"% yl where the argmatic or ali cycl :rgTﬁsﬁﬁgwlmr?%z
Rg, Rh and RI is optionally substituted with R, le
or Rl which are independently sel ected fron1a|ky|,
hal o, hal oal kyl, hal oal koxy, al kylthio, cyano,

Wdhﬁpmss,enﬂﬁsdﬁﬁemmamgmpmdmﬁmmﬂs icthstuhistréin 8 add R®

R e O A L

* substitueddhatyRE, ROXYR' a1 A8 dgﬁbﬂkyﬁmonﬁsdlhtf leady bne of R, R?, and R%is

carbonyl or acyl; and other groups are as
°ﬂmr&ﬁ£%Wﬁ N the Summary of the Invention.
Wit tﬁistehilﬁdﬂaﬁdiiﬂ,@e( Bothed Bdug lod u@nﬁcfum’l@ igthatnderdis R aad R’

wher R o, formt dr fura
i L e
heteroah elchy iripoptiond by apktitard ivih RFURS bi R‘Lp:reddwl atﬂeﬁdm&r oflRd, R?,
4. N nd |y selected fromone or two al kyl,
and R'ixg FP§§“§%$’¥?hor (E) In another enbodinent, the
compound of Formula (I) has the structure represented

by Formula (1E): / 3PCT/ US2007/ 014842 33
wherein: Rl and m?é%%? ggﬁgfl charbon atons 2 and

- Gompouddsaofkht iposition oasbohadd sy thie pettads depisted imthe rengtion
&immesﬂswggg?lned to form-Cl-C2- allcylene chain wherein
wo hydrogen atons in the al kyl ene chain can
Be mpuwmatehyls soih stagents exkdwn prepating thesetopmpabids are gither

avmlabl@ﬁgfn%’opgﬁerr i %ﬁﬁﬁg g@d@;%%?ﬁ%%?%ﬁgggﬁ? (X)Piwaﬂ.tkee Wis.),

'Bachemdﬁgnm;@aidﬂeet Sigmg ($ts Loyis.iMaalor re prapgredibyiraetho@spoyn to

those skﬁﬂri% rhg aﬂ%ﬁ&%%nh&d@leg Yt fo%QGfe%E&aéugﬂ hs Fieser and Fieser's

oxy, a ano, OX am no .
Reagentafndyaanic Synfhesds, Mrlwroes ] %beltl W‘!Wé’&d 15911% APPb; Rodd's

Chenns?ylélf @J}M{;ﬂ E@f)}% ‘Ea(rmﬁ%s 183 40 {Elsevier Science

oxyal kyl , an1noa|k Xdrox¥alkqu
Pubhsh%lw&%bapw RW%M@WS 18R Hely lﬁﬁw Sons, 1991), March's

Advanc@OARGRIIRM Ly, @lohR WA Hnd GoRE) dmREchﬁB 4@ Tk &k's
|ndependent%y sel ected fron1a|k halgg hﬁ%oallc

Comprepenstys|Qrassic Tenstopmatimns (VEFhRPlshrk figy | ese schemes are
merely iRARSVOSE donitl xﬁgth@&ﬂ msowhﬁh Wﬂouﬁmfm Atrentod Earel |

'synthes;ﬁl | v bgﬁ%’g gquy te?}fmsa n%mgaj‘ t%)(;r%v; ke}{'xd "will be suggested

to one sldh&ﬂ?ﬁytﬁé Kl@liyvmé 561’&*1‘611 10Qkk Kﬁ&bﬁsuﬁfﬂ'k&(ﬁah‘hﬁg)ﬁm{mals and the

m noc ony ete
intermediSie, A KpRABPTORGYE LI oY B (R SHPT Gt doired
using coabdg@wﬁiuzechgﬁq&gs |h lﬂczﬁ@ng R e tiniRed kefilnation laﬁﬁéil}yt:ond
sLLstltute W ar l.ndepen
crystalli B R BRPEY Rl thefikp uch Sl pY e BERREREE Dhind
conventlahilﬁ'lyéahkl,l1ﬂclu@iﬁ§l@ﬁy51ﬁl kms}antmdrspecmmM&u bstituted

Tkt iRThe Cotam P RRiont Wl PiMa nedGbare ALY
atmosphaﬁ& preedukeyver ahydparamad ﬂaog@fﬁoﬂ&bahﬂeaw@ltk @lxqu,t 150 °C, more

preferab :?50 h(él%@ép(}ﬁ n‘églﬁslglb' § a%é Fnoggga%xca% prR Qéh!lr%}:gém E{‘&ryémlﬁent)

temperatufey eJgt, |abmt2(0l9931 n anot her enbodi nent, the corrpound of
LUl 2, {401, G\ GnSL WIS S RRTOSROLAEREle BB in the

Summary of the Invention can be prepared as iflustrated and described in Scheme A below.
Scheme A '



(1 F) wherein: le and R2 are attached to carbon
atons 2 and 5 or 3 and 6 positions of the piperazine
ring and are conbined to form -Cl-C3- al kyl.ene chain
wherei n one of the carbon a#6ns in the 30 al kyl ene
chain is replaced by a -NR-, -0-, -S(0)n- (m@gre Ris
hydrogen or alkyl and n is 0- 2) and furthes ‘wherein
one or two hydrogen atons in the allcyl ene ain can
opti onal | Bbstltutedfhnth one or two alk
aKS#D0258§ y 4 82007/q14§52,34Bﬁmﬂ9C02 h_anﬁL@pzﬁm*.a)
rr2 rﬁe |y ary aryI _Tﬁet,érbaryl cycl oalkk )
t%rocyclyl Nihere each of¥ ghe af or ement i oneg RY ng i's
optionally skbstltuted l%ﬁ g, Rh.-or R wiereaRg is
al kyl', hal o, Eal oal kyl, haI oaI koxy, allcylt hi40 '
cyano al koxy; am no, non osubstituted am no,
il | up such
R @Eﬁ“hesé“ﬁ%fy%ﬁiga%’%"mg group such a3
halo, asylmamksylate trlﬂaﬁyzdldquhkégen@ma c;alx@/ Ian@xay defined in the

* Sumiel R v eiion ik S o R R RY g leined in
the S\Itﬁ]ﬂﬂg%f lﬂ%/el Invdlfiof; n}\)l%@id@@ﬁ K¥thpoidl R adrstey3. BhdkathdddnGs carried out

Koxy, nonosubstituted am no,
ina sdtabwb:&gammcéﬂena sachaas asetbhiitnily tolugisy knd tbarlm Lyith or without a base

such 3 BURRIAS O R e S e ok ing bl

tempe?el&z‘é%%%é‘eﬁ'?ﬁ'tol%"’@ocaf bonyl, acyl am no, aryl,
heteroaryl, cycl oal kyl, or 10 het er oc cIyI V\here t he

aCom’owmiscuf farhiudy t Memlnhph@mmerm@lly pyailahlecpr Ran b%readﬂy prepared

bymeﬁﬁ;&g ﬁ&%‘ SUb :atétgfl:e e?“?%{% ’acfol,glI§En qf%mﬁﬂ% oall eELGlShalO

and Rhallﬂaidge& eV beaﬂrrhﬁdtbd BY foduSH@NGY, a lekdnexsmpaid et formula Ar'COAr
nonosubsti tuted am no, disubstituted am ngQ, sul

with agpitpble g@n@@gygermsk@;(@s@gdg@hpqﬂo hydride Oggg cklg, e, na smta%le organic

aIcohog :sgl% ><SY} %%}n&g noﬁgcl,d;\%rﬁ%, anHWng 010 bﬁ%&/ tPe corresponding alcohol of

formuRt A Q @H@&ﬁy&hacm@o@qwamandmmaﬂrgmmqgsmudl assthionyl
defined in the Summary of

chloridg el %h&@lsdegﬁwﬁnxlpl)wsp C@&BI Bt Prastith g s like Frpiides the
comp(ﬁﬂﬁ ?"g&nﬂda g pOS| Gihad.! Qﬁ@ﬁgtn;e?y %I@Hmﬁﬁéﬁh&n%eﬁlﬁted with

i ons of the piperazine ring, and
mesyl @hkeride,tbsyih elﬂohde frefliv anfiy di@R u@bkgdndn@nmmﬂ énown fethe fart to

ot T L A
Comp&ﬁ‘)d’s%’f_'}' Covﬁrlg:g%\grgl R BlaBy Q@aﬁiaﬁl@ eF ﬁieg ca®B&prepared by

wher ei n i's hydrogen.
methoW WIa]I hnd)\hm m @e artpForaxempia agylﬁingohwp@@rmtr iissarnt 4yk or heteroaryl

s IARIRH R SRR one
t g ‘H'{S?S SPIRRUROR CEIDRB AV eR AR cbﬁhﬁlermally ava,llable or they can
ster

emstry at the carbon atqn1carr [ the R3
also bayprepged by (ra)ungzﬁn( aijahyda ok fqrhmlae%GH C(%;g}lalﬁiﬂyagent of

o AR O RS g RS B et o

formuldAAFOAT afd BY CHOH)Arhsidhi =8 (%ﬁiﬁihph@ﬁ)ﬂ)(@lﬁdﬁypnﬁﬁmnone, 4-

conpounds is that wherein the stereochemstry at the

bromOb@zaphﬁnan@r%-ﬂmmWﬁgph%@nR? Hrdgligrabgngoghenoppy (r-hﬂ*rwrfmh@nyl)

- oens iRt gy RURRR ke AR BERY Dy gpphenone, ¢

(trifluddbBeiyl) ehFdpherides 3 MLdiGhIBrabeszcphtinde, rmdiﬁl&()(b%)lzc(}iﬁ)anone 2-
above” and groups cont ai ned therejn, yet anot her gro

hydroxybenzophawnd . 4-dihydsaxyhpezophanags. 3 hYCFPWBZOPWIanS' bro-2-
this group, one group of conpounds is that wherein
the stereochem stry at the carbon atom carrying the
R3 group is (S). Wthin this group, one group of
conpounds is that wherein the stereochem stry at the
carbon atomcarrying the R3 group is (R. WO
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(d)yWthin the enbodi nents (A)-(F) above and groups

contained therein, yet another group of conpounds is

that wherein R3 is.fluoroal kyl, preferably

wohobdsessgmet hyl or trifluoromethyl. Wthin eorgsgovongsd

one group of conpounds i 47t hat wherein the

stereochem stry at the carbon atomcarrying the R3

group is (S). Wthin this group, one group 5 of

onpounds is that wherein the stereochen1stry at the

hydroxydambﬂmlbmnhwncw-hgdmﬂé’ﬁwPQFW -Byqrpgy-S-methyl- ()

benzophw&xg' fbél%@){lﬁ%%% A4 %Sbé@yﬁé:nkow(a@i)i, L@Enz%@%xﬁﬁeﬁ fi-f

cont al n erein, and groups forne resul
morphoimmmmhmne&agxm@@q&ynwrewwﬁ"%lé}) t(ﬂasf'ophéﬂ‘éwg?ﬁblﬁm- :
—mtro-b%{n}zoﬁh?non %%zb chiil 2R Rith-ber2Bphenbde, Qtﬁmno-

phenyl optlona y substituted as
bcnzophm,r%@—dmbenzophenonmﬂ-wotﬁwlgorgrhgg%gnﬁ»gmne( ff-)

ammobeg‘@ﬂpxr ihe) ﬁ&ﬁ&pﬁéﬂ@ﬁ@ﬂ%yﬂo&yﬂnﬁeﬂbﬁyﬁr e .
thin this enbodlnent another rou

benzophmpdm@&mmbﬁrmhwé-ﬁwm« DeIEORgERANGH 3 '%}?&’%W%henm

(2,4- dungdﬂ?ﬂyﬂenw@ﬁ&ﬁ b &fantht M-Bgﬂﬁﬂkﬁgdpﬁ@h&ne osmmbhyﬂ»enza;ﬁieﬁone,

hal ‘oal koxy, prefer
3 *dlﬂuembmzepgqmwwaeﬁéﬁwr COPRG, 1(?? &B%Hgﬁ?ﬂ%w (524 metbanone, 3,4
dihydro-ZH4, ﬁb&ﬂzbajosaaﬁﬁﬁ;tﬁwnyﬂ;ﬁ&ﬁhmna 3,bidihyerdxgbirzetienths, A-

et

anot er con oun S IS that er e| n
fluorobepgnphsAong, wmr@ gu‘?f‘é‘??ﬁfl 5'f°§%13e18i‘%’d
benzophf:r{oﬁm :ﬁJlJﬂiHlethleéxﬁao Ratloas)| Mﬁlﬂdﬁ&d bﬁizk;ﬂieymnq; ngfkerabl y
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including unipolar depression, seasonal depression and post- partum depression, premenstrual
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In a specific embodiment, the present invention provides a method for treating
cognitive disorders, comprising: administering to a patient in need thereof an effective
amount of 2 compound of the present invention. Particular cognitive disorders are dementia,
delirium, amnestic disorders and age related cognitive decline. At present, the text revision of
the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V-
'-fR) (2000, American Psychiatric Association, Washing‘ton_DC) proyides a diagnostic tool
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alternagin nomenaiatoraasplogies andiplpsseicapr pysidms 1o mgn
M&@@i@uﬁﬁ Th the t
d1sord%§ (fgag%%ﬁégg?@st %@Wg@%}%gﬁém A ,c progress. Thus the term
cognmyq:jdl@(x{;iglrsk @xjgztenépd *@dgglgqlq( ﬁ)@f{ )gl}e,scnbedmother

diagnclil Qesadsf onyl , am nocar bonyl , acyl ani no, aryl,

teroaryl cycl oal kyl, or heteroc Iy1 ere h% .
 dnenethersperiligicmdypdiment thyprepeit fyen %Fﬁ&l thod for treating
' 8 afatiefi ‘ﬁéﬁhx‘ébf&hei?dﬁ ount

meqp& %rgglﬁﬂée&f?m éél ect e%efm(% r g%aaek el G Ve am

of a cohplouad PLe prasanidardotiey. Paaqlq%a,napmeéf dl&cgrgﬁ’é aregepgrgliged anxiety
dlsordéir}ll)lggmfé? 6 ;}Pﬁ dl’%)?&r 3 Phic SRM bﬁi ﬁ&é&lﬁ%@!&kﬂ‘émsmn of the

oxy, al oxycar

fourth b@aﬁomnfﬁmlﬂaygnoshmchﬁf@wf@@b@% °”§v@@rmqs@swv TR)
(2000, "?am %&%ﬁ@émnﬁ%@?&k@% hexH @ids%&udél HKAAAREHOWYI that

am nosu ni nocar bonyl , or
| mclud@ca;amm aheorﬂcm\ar@g@etﬂha@d wxeﬁﬁy Hisordea, obgesixprarunpylsive disorder

w8 By L Bl ey BT
mentalalidoodeys asldeytibat indMSMTVeFR aT heoskylkesr st will rpeoghige that there are
altemag\%)]géjrgenc %tuf@ﬁtrﬂlsglog% 519:5%. caggn kfstéﬂsdﬁpﬁl%ﬂtaﬂ&igoﬂérs and

sen sen IS Cyano,

that thése gstams wow@wuhmeduaai ata;iz&@leyi!uﬁc @romnl;hus dhectermp jangiety

dlsordegg,'tox(s) gﬂ&lxc{e%ﬂ %ﬁdetlgﬁqﬁsoﬁeg%‘%a are @gsn gﬂbeﬂnaortié& ﬁ;ﬂ}?&% SOU}‘?ES
Ry ansthbryspecifiererdrodinadng, theprgsaa invenigmproyidabe BicBwdyer treating
schlzoélﬁx i B{ Eéy%é{) d¢ ?({){X@ﬁ(ﬂ% BRGAYEERG ﬁdtl@lgt if Bﬁé@ﬂﬁéilebf’ an effective

I n anot
_amouneofoctinmindwif th preseint mvgrtpramn@lawlnz@mm@for P&Sfchﬁi'r

pa&olq%x%a%%fg%@@ewgm%&{( Qﬁthﬁiﬂc% lﬁﬂl{fféfénﬁﬁﬁé fcl{lzcﬁ)%ﬁnma and

substance- induced psychotic disorder. At present the text rev1$1on of the fourth edition of
the Diagnostic and Statistical Manual of Mental Disorders (DSM- IV-TR}) (2000, American
~ Psychiatric Association, Washington DC) provides a diagnostic tool that includes pa:rano1d
disorganized, catatonic or undifferentiated schlzophrema and substance- induced psychotic
disorder. As used herein, the term "schizophrenia or psychosis” includes treatment of those
_ mental disorders as described in DSM-IV-TR. The skilled artisan will recognize that there are
alternative nomenclatures, nosologies and classification systems for mental d150rders and
that these systems evolve with medical and scientific progress. Thus the term “schizophrenia
or psychosis" is intended to include like disorders that are described in other diagnostic
sources. _

In another specific embodiment, the present invention provides a methed for treating

substance-related disorders and addictive behaviors, comprising: administering to a patient in
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[Lc)l RG (a)(b)Rn(c)Rh (d) (e) where R1 is
hydrogen or nethyl, V is cyano, heteroaryl or phenyl,
each ring is optionally substituted with al kyl and Rh

woSod@lelasks hal o, hal oal kyl, or hal oal koxy. |pca0QuERI4842
enbodi mrent within this grasp, the conpound of Fornul a
(I') has one of the structures (a)-(e), 15 where the V
group is attached to the 3-position of the phenyl '
r|n Rh is nmethyl, chloro, trifluoroneth

need thetsof pn gHssiiut PRRRYRE of ﬁcﬁﬁé?‘ﬁgrofé%ﬁﬁeﬂ"ewe%%h%mﬂﬁﬂfs
substmﬁé%&tedt&iﬁrr@e@mmﬁa%cﬁfve bSHarfare bhrslitag 888erRia, pdSisting

is attached to

ures where the Rg group
‘ amnesttclé ?}PO(S‘FI dbqo Qcﬁ &r PRy pmp;fi%gmgwdthyéubstancc abuse, and

toleranéd & &éjﬁﬁ&ﬁb@ bt ¥r Rithdrbawhi3 fromh Bubstaites-of dbusd) Atedsent, the text
i.ment Ihl& invention is directed to a corrpound

rewsxoxbgp th f%@(gj{qoy Riagppstic;Staigticg] MMarmeal gffdental Disorders
(DSM-I QI[Iﬂ)BDMn)énéﬁﬂ Byt 0Rb iMibn0YaBhindbk YIG) provides a

hal h I [, h I
-dlagnosw 6(?03 élr_axl' c] %8§ ;9?%;@ 202l OX }%ﬁ:ﬁa b %Ecedrls?oar(rigr psychotic

dxsordeatﬁmmﬂmmﬂ&dnﬂmd&gfb aﬁlﬁ‘stad%)abuse and tolerance of, dependence onor

I e

and addixtive btleavidrs dnvlatideytreatrheit of thosd mahtildisoradrk 8xXYescribed in DSM-

r 1 L SO R o BB B S

and classigichtien ssan&ms d’m;hemalahﬁmierﬁ,amdme&esﬁsmfs@vmve with medical
et er

arid scle%)fiﬁl %al é‘% S, Thus | be g Rag y%:ulé):sli%nfseha %&8&7@ ﬁ’égﬂ%ﬁffl ang %Slcgve be?xavmrs"

is mtendedrto ax;cduciedlksslabxdeatmk dre lescabgtcinyithee dlaghestio gbwossal | y
substituted with it", Re, or Rf independently
sel ected from al kyl, al koxy, fluoro, fluoroallcyl,
fI uor oal koxy, hydroxy, deftiubstituted a‘rri no or

TS S, IS o1 e g BB o o

using the m vztro and in vivo assays descnbed in working Examp}e 1 below.

Administration and Pharmaceutical Composition
In general, the compounds of this invention will be administered in a therapeutically

‘effective amount by any of the accepted modes of administrafion for agents that serve similar

utilities. Therapeutically effective amounts of compounds of Formula (I) may range from-
about 0.01 to about 500 mg per kg patient body weight per day, which can be administered in
single or multiple doses. Preferably, the dosage level will be about 0.1 to about 250 mg/kg
per day; more preferably about 0.5 to about 100 mg/kg per day. A suitable dosage level may
be about 0.01 to about 250 mg/kg per day, about 0.05 to about 100 mg/kg per day, or about
0.1 to about 50 mg/kg per day. Within this range the dosage can be about 0.05 to about 0.5 s
about 0.5 to about 5 or about 5 to about 50 mg/kg per day. For ora] administration, the
compositions are preferably provided in the form of tablets containing about 1.0 to about
1000 miliigrams of the active ingredient, particularly about 1.0, 5.0, 10, 15, 20, 25, 50, 75,
100, 150, 200, 250, 300, 400, 500, 600, 750, 800, 900, and 1000 milligrams of the active
ingredient. The actual amount of the compound of this invention, i.e., the active ingredient,

will depend upon numerous factors such as the severity of the disease to be treated, the age
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pi perazine ring, can conbine to form -Cl-C3-
al I cyl ene chain wherein one of the carbon 10 atons in
the al kylene chain is optionally replaced by a -NR-,
- 0- 8(0)n- (where R is hydrogen or alkyl and n i
WB_z%SIﬂ further wherein %?r)le or two hydr oge%@?%ﬂ%%ﬁ?“
the al kyl ene chain can be“0ptionally substituted wth
one or two al kyl; and Arl and Ar2 are
i ndependently aryl, heteroaryl, cycloal kyl-, or
and relaécclicaltly 6f thk sijedtohe aslngf oﬂtﬂ@c@ﬁﬁhﬁﬂﬁﬁﬁieﬂ e s duied fnd frm of
admin tlong%g¥ S%§§%%tUted w th Rg, or R where Rg is
#%&ﬂ ther 1 oal kyl, hal oal koxy, allcylthio,
dy @Bﬁﬁraladbdf@@‘mdﬁm thia dn@?@@ﬁbﬁb& Mlﬁﬁteaﬂ@bda @harmaceutical
sulfo car

CDmPOSI#lﬁ%%( Eéé:fyg&&%y ﬁ‘é}l W% ﬁ?‘ﬂﬁy graé I(?('ﬁ p oagsdennal intranasal -

or by saegposibary), oy bareﬁty:dl @xgt,&hmyscu&k' Kmmhdnﬁ%yubcutaneous)
osul f.onyl ., .am nocar

admind R e e A et T B SR o co B aniag ity

dosagefreginen) wdyibh cantleaidjusad@atdraing to ’ﬂﬁldegieg ofafflicol YCdhpditions
i tut am no

can a8 Whem B B o, BT PPy dor, SR elsepe
fonnuliaidns,)@iphmnbs; 9yspensiy fiilfyﬁl #eeg!.-ilolks aiek?)ktyliﬂr kpropriate compositions.
a al koxyal ko
T B e R oA BBy mode of arue
adminisicyiba ké.g ofor larayhdmhﬁtﬁnom,rfyimul_ﬁi}'mis radbk Yorm @fftablets, pills or
e r. ic or alicyclic ring in
cap sme%s}ﬁgt%%%)él" d;ﬁgee%p | oﬁ%”?fy su%émlgF ‘ﬂRs %ﬂﬁﬁﬂﬁiﬂ o? R
pharmagghitich! farsulatiche pmmmldpvdeb@loaspm&hy(fm dligy/that shatvapoor
| . '
bwava:ﬁ@hﬁg H)Qéh B%ﬁ%‘g ?n.?g ?)@ rﬁl%%ﬂﬁﬂg) lﬂ'& c&x¥ B4y Freaseg%srﬁ%?reasmg the
surface grdafign ylbcre@%gj paridde cize.Fox y:saxmblk,di §cRat3dmyl 107,288 describes a
phmabatgfcxya dition VIR AR i U Lﬁ@@rom%gcf PBYG A W otich

oxy, OXy, _am nos

. the actiygwnatgaakip @utgwrtecbﬂn acydssliriked rrmtr@wfde@mmdpcul@shél S. Pat. No.-

5,145, 6@49 HP&HB& rﬂé é{}Hnaof% z:hlaﬁﬁac@%cal formulation in vﬁm?h the drug

enz plpera acetic acid,
substaneg uwmeﬁz@%tn @ﬁx}qga{tpﬂi@r(ymmy qi¢ Fes ofAOR-m)yimtheaupssnce of a

surface #Jdfhier and then dxs ersed in a liquid medmm to %we a pharmaceutical formulatmn
(1Ht etrazol - 5-yl ) phenyl) (13- hydroxy

that eﬂ%@ﬁﬂ“ﬂ'@l’lﬁ%&bﬁgﬁdﬂﬂﬁfmyl pi perazi n- 1-ypacetic acid,

'@l&e mons are compnsed of in general a compound of formula (I) in

((2R, - 44 yangphenyl ) ( 3- hydroxyphenyl nmet hyl
combingtion @ﬂaﬁt ﬁwem(bﬁgpgﬁfpﬂwiy (e § B Adgrpiably cpgipients

are non-@tﬁti@ %d@ﬂﬁmﬁ&@mﬁf, @BP 4 FoIVRRH) dffedtThd thadapMie HRh it the

compouga I?§ rfo Yoo n@p&%gﬁ%%&ysq%g%%tggg%%o mage%qrsglgg o, in the case

of an achBbEédFoyition, gascous @EibRat Hhayis gefdraliedvanlaly &l otk of skill in the
ozt wherein the aforenentioned rings are optionally
' substituted with 35Ra, Rh, or RC independently
Selidgshantladetiunl etdipibnts hddlwde shatlakiiuiyde, taRl Ka¥oke, lactose,

seross AR LSRRIl kst sy g, s s

glycerolnomastehsitd, ketdid chltvride, drf.trd sitirs il ant thecitkealiqoid an\disemisdlid

excipien&ﬁ]hlig? %&? i%f,q: ggﬁzgr epﬁg ?vya q:ﬁgtlﬁno& QJ?J various oils,

mcludmgttlmfse oﬁbﬁfdmxﬁxt ramﬂatl trdgetabwd&&pmaém:@,ﬁn, @ay.,[pehig oilhsoybean

Ar2.gr L 6. -CR3AC1Ar2). i R. Wthin .
oil, minGit o Sen R HE. Prafro o G b AEBHBHY R 4rIFEsp gptutons,
include whter, ehlineniprody dexarose, And ghrelsi ndependent |y phenyl or

5 cycloalicyl provided that atleast one of Art and
Ar2 group is cycloalicyl, the stereochem stry at the
carbon atom at carrying the Arl and At2 group (i.e
-CR3Arl Ar2) is (R. Wthin this enbodi nent, one group
of conpounds is that wherein when Arl and Ar2 are

i ndependent |y phenyl or heteroaryl, provided at |east
one of Arl and Ar2 group is phenyl, the
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15Wthin this enbodi nent, yet another group of

conpounds is that wherein Rl is hydrogen and R2 is

al kyl . Within this enbodi nent, one group of conpounds
wo fodideadsswherein R2 is nmethyl. Wthin th's edbudiaueiugs

yet another group of conmsunds is that wherein R and

R2 are attached to the same carbon atom and are

conbined to formcycloalicyl optionally 20

substituted with Rd, Re or R " independently sel ected

Comopressel ghses aiak b ysedftp disperse & Fempomdiaf this invention in acrosol

form. Iy el Bl (MK pEESU R bl BB et
Gihet suiablg pbamactuticalrpeipieats and thmaionvmlengwwesawaﬁdm
Remmg}%;\@ gbﬁ&&&%&%’m{ §c1%r[2:@s @itk b@'nl\ﬁ}tﬂ'{'i'm FRbEsHER Oy,
o -formnonoc I e satur het erocycl yl™ which
18th ed.a¥90ppt i onal | y substit ut ed WI th Rd, Re or RI'
t r
wqg@?gfﬁxgyk ?1?4 i o‘??r[rrtlﬁeﬁmn%éﬁlvlﬁfrl withith BRI rdrlgl @mployed

uor oa al 'coxy, hydroxy, nonosubstituted |
by thosezitilled in the adi gmgﬂlyr, the demuBatan Wilyqonrfain, oppgveight percent (wt %)

basis, ﬁcs;xﬂ’fae&qtnfaﬁgl.gg ¥ bt Wa%hpgﬁwsf fm I8 1D B4 onithe {omt

and are attached to carbon atons.2 and

formulaiprg with taqaualawg@gme.oaﬁgr wpraygaie phirep ertice] giPieRtd

Prefembﬁr,%: dﬁﬁ&ilstﬁegeﬁfﬂ‘a'lgr)el SPaboal kgbeneschai n wherein
one rogen atons in the all rrgk‘rile.i%o Chalnr

or two
Terropwonpds q;y it mryseguﬂgﬁqut%' B ysrd

more otﬁé‘- Hhigg ifh e Sre@iFRO8 by @ Mases\R coRiobieor FhidH ﬂomfyounds of the
npounds, i s that wherein

RS h
present lﬂzenﬂ&ﬁ@rﬂzﬁ ofher qrﬁ‘ﬁﬁé’&éfrf&@ﬁt‘@whv F‘Sé‘é%aéog?b‘ qoe%?“w

,together/é!ré sa?é}dar Mote frectRb e leithedrenslohy! &aub sthid drug@) miny be

Ri I R R
admm:sﬁegcd&»mg?gqth lﬁ%:ag-%d al eazﬁy userzi therefore contempgrggwu.ély or

sequentidiPHiA Q%%E%Bﬁﬂ_d bﬁﬁ@@n%é&:l 484tk When a compibthd of théj pissent

enbodi nent rou of ,co ound i S
invention o OMSBTAN Ao B h BBTS oI TR St

compositiBgl ﬁ{)ﬁﬁﬂ&tlsﬁageyfolﬁmdbﬁgﬁmgﬁuch bihgt drufs hnd the phaptydnd of the

s AR eSS 4By oo s

in whichohé easmphmai df\thly prgeemt inSiAiitoni and tolne or ewtmdhqumgs apegdministered

on dxffergpt 0‘1?@8?%%% %&m&{ﬂesc ?g@%g ggrﬁhl%giagéllt%m : cﬁ?\ BR8il380n

with ondyydnagethed acmkekygrpdmﬂs ths corhponyids afidhe Negem gnventmn and the

' other acgfésf 03 ﬁ}c.ks agﬁg b §fcQRE h&@@ltﬂa}ﬂ mn%sm,%@a sm% Re,

| east one ,
Mchﬂhnslh,aﬁrlc h;m‘mg%mcalm@@n@ltians ‘Sﬁﬁh? R’@ﬁ“é llgéwso include

those thzg%g E’tg.gls&%e i C ! e '&131' el Eﬂg‘?&h&:ﬁ@ &gddm&?toh%o‘hﬂﬁund of the

I'n the reaction schemes shown bel ow.
present ientionarti ng nmaterials and reagents used in preparing

T8 E8vE OIMAHA s Hfudi cbR®inations of a compound of the present
invention not only with one other active compound, but also with two or more other active

compounds. Likewise, compounds of the present invention may be used in combination with

other drugs that are used in the prevention, treatment, control, amelioration, or reduction of
risk of the diseases or conditions for which compounds of the present invention are useful.
Such other drugs may be administered, by a route and in an amount commonly used

therefore, contemporaneously or sequentially with a compound of the present invention.

- When a compound of the present invention is used contemporaneously with one or more

other dmgs, a pharmaceutical composition containing such other drugs in addition to the
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“avail able from comercial suppliers such as Aldrich-
Chenmical Co., (MIwaukee, Ws.), 15 Bachem (Torrance,
Calif.), or Sigma (St. Louis, M.) or are prepared by

woRbRressknovvn to those skilled in the art £8kb@Mh AR s
procedures set forth in rgferences such as Fieser an
Fi eser's Reagents for Organic Synthesis, Volunes 1-17
(John Wl ey and Sons, 1991); Rodd's Cheni stry of

%éﬂ% Q%ounds Vblunes 1-5 and Supplenentals

°°mP°E“E[ ReSelE {nYRtionds prefatrgy 4 ccordingly; theyplammageutical

compoﬁﬁ&ﬁ;tdf @ieSpres¥al B Rioh AD thol@RNhWe!1RM aRB LA ?:Sonejo? frbke other
20 . Advanced. Organi ¢ _Chem stry, (John

active ’gﬁﬁg‘éﬁtﬁs‘n agddlifjordy # P‘Hﬁ;’““é‘ﬁ &f E@rﬂﬁ%ﬁﬁn@nwﬁpne H&wsw@t ratio of
the conaogﬁmonhapee@ﬁ ivEREbD Sthé MoBnPatbivh flMeddiedt Ry bl:%%ﬁ%]d d witl”
deend ’\}ﬁ'ﬁe (r‘?hemss are_nmerely illustrative of sone ds
PenCpoR Hie CHetthE d@éﬁﬁ%ﬁ‘fﬁé“%ﬁ‘dlﬁ% Generpllyran dfectismdess of cach will
be usedsynt hesi zed, and vari ous nDdlflcatlons to these
be suggested to one

chene an be, made an
e R bofifng b OIS 46 Lo e RGH ARG Op sy be administered in
GOmbmdumnlvxﬂsaﬂte AlTHEmei Peigleh R ObotRbcRfdtAb Snbiiifhrd, REmeR-secretase

o AR Sl WA P o

ant:—amylom/mnbodlml It st @mmmﬁ liechiofpolitd 0Ot phdsttifdntich

di,stil | at.ji,on, talljzation,
may be pirhlf S Pl cottitinson Sl Rreriled By Bhotlohior o tissaaippihotics,

annmmtyaigamn,e:ycinpyk'rMBnﬁg inidnatpRtiiiass byRRaBSyrithidflcs Hhine:
R e R Ve T TN - B,
barbmm@;, SHT-2 auegmm@wlmmbmmﬁnh@hw meacﬂrva@blaﬁa

t 150 C

- r out Cto U
allobarbﬁtglnESﬁi%x er%r%?‘cﬂ%ﬁr ar rﬁsg dﬁ? aﬁtttnfo llgw %f%g@ amgragies,
_ anplpravmlfeﬁ:emtamymabembaammeobmnwmm@rﬂﬁbr) Pﬁlﬁfﬁﬁlﬁbﬂ&uﬂﬂﬁrbxtal

butalbitd; &pmc?ché}Bocglgrgl Plor@eta@%%%iOf Frg{péalgge c cznazepam,
cloperidgmst, Floeatepate, chiordismparige oflorethete] chlemptdinpazirea clobdpine,

cypraze;%ie-[lﬁ B@élﬁr@ Hﬁi&éﬁﬂa& E%ep%ﬁlggﬁ)%lﬂ:}g%azong, R Czﬁproex
dEmﬂmu@ﬁqnwmﬁ%ﬁmm&ﬂﬂm@RmR@@@@bmmm@lRmmnaﬁeﬁbmﬁmntﬂhﬁhaﬁmNm

flupentisiol, A¥pRMalzine, ﬂﬁﬁl%z%ié;, fluvoxamine, fluoxetine, fosazepam, glutethimide,

halazepam, haloperidol, bydroxyzine, imiprainine, lithium, lorazopam, lormetazepam,
maprotiline, meclogualone, melatonin, mephobarbital, meprobamate, methaqualone,
midaftur, midazolam, nefazodone, nisobamate, nitrazopam, nortriptyline, olanzapine,
oxazepam, paraldehyde, paroxetine, pentobarbital, perlapine, perphenazine, phenelzine,
phencbarbital, prazepam, promethazine, propofol, protriptytine, quazepam, guetiapine,
reclazepam, risperidone, roletamide, secobarbital, sertraline, suproclone, temazopam,
thioridazine, thiothixene, tracazolate, kanylcypromaine, trazodone, triazolam, trepipam,
tricetarnide, triclofos, trifluoperazine, trimetozine, trimipramine, uldazepam, venlafaxine,
zaleplon, ziprasidone, zolazepam, zolpidem, and salts thereof, and combinations thereof.

In another embodiment, the compbund of the present invention may be administered
in combination with levodopa (with or without a selective extracerebral decarboxylase
inhibitor such as carbidopa or benserazide), anticholinergics such as biperiden (opticnally as
its hydrochloride or lactate salt) and tribexyphenidyl {benzhexol) hydrochloride, COMT
inhibitors such as entacapone, MOA-B inhibitors, aﬁtiox:idants, AZa adenosine receptor



Treatnment of a conpound of fornmula 1 where LGis a
sui tabl e | eaving group such as hal o, tosylate,
nmesylate, Inflate, and the like, and Ari; Ar2, and R3
are as defined in the Summeyy of the Invention with a
pi perazine of formula 2 where RI and R2 are as
defined in the Summary of the Invention, provides a
compound of forrmula 3. The reaction is carried out in
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be in the fnm]er agfhagmapenti¢adly Iagg%’?a tfor F’é"é*&?lﬁi&%‘? %lﬁ“é'gr qg’mmlde
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neuroleptic d:gms vépaneed mpqmﬁzxm wigdy th cq)rﬁpqq%i may be 1%6]9{3 orm

X ' @ Bdr&hlorid -
faplﬁérlng?egg%lﬁr ¥ ‘?F%ﬂgfsé{ e{% Ar 2 eégmangoerﬁékllzr i del - Cr;é.1 IE )
11D efnazine

mesorﬁyhabew@te,&honﬂmn@bﬁh‘mmw acetophenagig
, hydro%’@%ﬁ&] aﬁ},@'}ﬂ %g_gﬂa‘ﬁ%teaglﬁ IRinhABE d&@ﬁﬁﬁ@% ﬁg@hdp)éranne hydrochlon%,

ey can B0 be prepare y tr(f
thlotha(bnte]hpydﬂmlﬁﬁndeohﬁupww de@r@tw ??F?Pﬁle@ﬂ? :

o e T

risperidont #e b@d(r(dﬂ)%;s@dsmehoagal orm. Thus, the compoun ¢ present

: o i e toPh alentemol, aripiprazole,
.
amisuBride behihesoh Fbmmocpﬂmmoﬂaper(@n,fqhm;pr@pjfaéwy,lghlorproﬂnxene

B RLHTES SREB0S, SR LoRRpER ] Mousanbesape i

bensel(ahﬂeflbwopmm}da}bldm hghglqdn@apme mesorldazme molindolone,

naxag% 8 i %eg g%%ﬁ %%%ﬁ]’% BGZﬁh Eﬂ rng{(ﬁiu gnzophe ﬁ%ﬁ gﬁeuaﬁme

risperidofi) diil deéemalpémmnnemhsxy}hbmdﬂ, Qnon dapne, thiothixene,
2008/ OOZSSSP%/ US2007/ 014842 47
trifluoRgraFigR 9 #PHEIPF benzophenone, 4- hydr oxybenzophenone,

Zhinﬁéw ymbodinteny,|the conphad ofi e ;@es@@tmzwm@émw administered

Cl e nz ei_ no |
incorfon i BERSeRonE S AES R PSS ot
reuptafe mlﬁwlfbré)(&ﬁd@cﬁhg netiery 2ainhirwyokicssod sqqogdagﬁﬁlzmpﬁi@ﬁ ),

4-nitro: ben e n
e SRR D L Oy Mg,
reversblamRibifrél o moatng opidess REVIAS), seionobadAwpisengtiae reuptake

minblt@rq@ﬁlljtﬂet h Ilﬁlgﬁantégﬁé {ge 1 %I%ﬁtg? {)@RF) antagonists, adrenoreceptor

4- met hoxy- benzophenone, 2-net hyl benzophenone,

3- net hyl - benzophenone

(2, 4-di net hyl - phenyl ) (phenyl ) net hanone,

4- et hyl benzophenone, 3-ehl oro-benzopheri one,

3 -di f I uor obenzophenone, 4-eyanobenzophenone,



Al ternatively, the above transformation can be

carried out under Stille coupling reaction

conditi-ons. Under Stile reaction conditions, the

conpound 4 where Ari or Ar2qis substituted with a

halo group is treated with al kynyl, aryl,

heteroaryltributyltin(or trimethyltin) derivatives to

provide a c ound of for . I r i Senines. 5-
antego B DR B P EIP R oy el SR EpEioont pellz8diubepincs,
HTA do6SBE 6F hitaganists] Bspetiaiiy bHERAIpartiabaganisys, ead eoregoteRAin Feheasing

the presence pof mo al | adi um: cat: -
e R SSSRR s T AR, B o,
imiprafi{epaini eiptariid Gidoaipihe] fesiprataing, maprotilindg noriripiviipeaad
cadditjonal ligands .such as.tBu3P . .
prowipygic it EEv A P SRR RUAC s iR hencline
tranylclyBlodARGandaRRisie] mbtieberprdd) exiufaxindDNEoxFRE apegitantebupropion,

I ke. The reaction,t et at r . ' ,
o e R P o BAEE oK PR 1 opam,
radi¥e Oki¥ SpBmOhal iRtPa@sloeizeprxazopah Adgmazspav EHIToPR
omemound of For i ffgc{c- A SRRkl Srat IR Rt o
- flesinosn, BEPIEATFERA RFAREN Dy W@cc?udgat Yinder Negi shi or
Sonogashira (where Ari or Ar2 is substituted wth

term nal al kyne) coupli ngxﬁ@ggi on conditions.
Conpounds of Formula (1) can be converted to other

CRHETO NG g Phepaaitions of dompourds ofefcamylad]) andripistmeiatey
Formula (1) where | or. At2.is_substi ' _
(Referengpetarg gy @atooqmlaliest%@ F‘%ﬁ]ﬁ? ghthg ﬁfTrsﬁ% %%e I&}gé‘dl%neg elkﬂ { Eea o
ic2 IR pf | o8I A Be BEnsRTcpRIRs@niting thedscope of the
pmcucgorreé%gﬁl&v%h%gb@n% und of Fornula (1) where Arl or
inventibh 2out Sneselpas being dbhsttive anidtrepyesppistiye Byyraotr st reduci ng
the nitro group to an am no group and then :
-al kylating, arylating, sulfonylating or acylating the.
ami no group under comglinkhedidExamiplesknown in the art.
The nono substituted am no can be converted to the
di substituted anino, ifReksenced by al kyl ati ng,

 ronoe B XBAALI S Gt oty ocenc

carried out in the presence ®f a base such as

pot assi um tert - but oi dde,_.and\t he.l ike, and a catal yst
such as 1 8-crown-6 in ' squ vent such as
t et rahydrof uran, and t he ke gnpounds of 49

Formula (1) where Arl or Ar2issubstituted Wth - '

ke %Muti&tﬁéﬂ!ﬁ(tgﬁgminewm Ky mLo?0 ﬁmﬂbm @Yl (10 mL)

can e repare reatl] n a carres nai n CQ ) o
was addid aopraieahpny! SIS (REFL-oH TP DI s IR FE T LRy R at S0°C

for 18 [YSHa@ar i fhadt ﬁéb al joffropel KRN IoHRE 26le driedriniea vhothum to

24 or hal 0a [n the presence of a base. )
give the titleichmpbend @ riozediel) as opewhish vk inpadedd thenap step without

that the above: transf%qr{ra_t,j'ﬁgrbs 9}’{@? al so be carried '
furtherqueifigatioana My &SI Py &) THZ 'sg\ﬁ ic process based

. i pid i r 08¢, aL @Blors(PhenyBhictylpd-(vriflugromethyl)-

gg%%ﬁ%ﬁé%‘?&%%gﬁfnﬁ%gﬁd)%ere Al )(,qur 3R ,ym%,( Rs, -
benzerR4v@iegascdar e as defined in the Summary of the

I nvention can be prepared as illustrated and

descri bed.in Schene B bel ow Al ternatively,

conpounds of Formula (I )reéther@Bvl, Ar2, IR, R2 and a

K are as defned in the Summary of the Ipnventiqgn can

be prepared bySyrthesis aff3bremepbenB@@enyldnahiraels wit h

a conpound of fornmula 5 to provide a conpound of

formula 4 which is then converted to a conpound of

Formula (I) as descri bed above. The reaction is

carried out in the presence of a base such as

‘triethylam ne, diisopropylethylamnmne, and the like in

a suitable organic solvent. Conmpounds of fornmula 5

can be prepared fromcomrercially avail abl e

pi perazi nes as descri bed above. Uility The



10

15

51 rel ated disorders such as autism depression,
beni gn forgetful ness, ~chil dhood | earni ng disorders
and cl osed head injury; novenent disorders, including
@ E}B&I &S and akinetic-rigid syndrones (i n‘ildi'ﬂ}s%bmusu
I'nson’ s di sease, druggjnduced parldnsonism
post encephalitic parklnsonlsn1 progressive |
supr anucl ear palsy, nmul ti pl e system atrophy,
corti cobasal 5 degeneration, parkinsonism ALS
dermenti a-conpl ex and basal @anglia calcrfrcatron)
medi cati on-i nduced parkinsdcdsm (sgch as
neur ol epti c-i nduced p @ neur ol eptic
“mal’i gnant " syndr one, n&y [ nduced acute

dystoni a, neuroleptic- |nduced acut e akat hi si a,
Treusadutign ¢i3-bmowberrophendng €1.6§ gid meeban ¥MePH (1 5 mL) was

added samh bAidn9Bad gtfsﬂ @Hﬁﬁ&i gémka SRt Fﬁrthé Sp gﬁldnawas stirred

Tourette”™s sy oneg, muscu ns and

at rt for f; 2oy d"‘e‘h%rea@momcthrm aicrwlmvlﬁw@ar and egp@réqcr vith £§6k. The
organic l\é? %i?agh&ﬁm@aa&ewmmm,%@ ARl 114,96 ,%a ng

trenor such as rest trenor ostural trenor and

concentrpigelémive the il esTRovDf o8 o (1.8 o T WBiFkerm Apdindhness
reaction ithdfH ﬁ%&’b\ﬁdﬁhﬁ&?m (ﬁ@%&n A EPA bk R Ynvchas ea,

neur oacant hocyt osi s, tomati ¢ chorea, drug i nduced

Using g nmﬁ@dn@@'biﬁrqﬂ%ﬁfbowé’cbr@mhwamhew%ﬂhml (4-
bromoptﬁ:ﬁm{pﬁkﬁﬂﬁgemlagﬁ &Bﬁerﬁm-{ftﬁﬁ@dmxﬂ&’tﬁ hiHRH ) methhrfo? were

inclhudi'ng sinple tics,” conplex tics and synptomatic
P“Wmeﬁlc s), and 15 dystonla (i ncl udi ng generalised
Alternati¥ ${h@Rhksds such as- |od|opath|c dyst'oni a, drug-induced

dystonj a, synptonatlc dyst onla nd
TN AREDHHIOR of S TOFO a5 511 2.6 B i P LS g aded
3.0M ph&r}magﬁshtﬁ Biorr ¥ §dhicah mﬁmaﬂmeeacxyﬁp hion in@mol) dropwise at -

78 °C SR A BRI ) R AP RO L EO 250 r R geing for b

at -78 °0 RGO Akd RAGER: mﬁ@&i‘&@ﬂ@dﬂdﬁﬂaﬁﬂl semdrtemwﬁmmwtﬂn and extracted °

* with CE oo YRR i P ISR SO AEoS DEC s then

20

25

dned ovémwzsoe,deﬁ&on@marea Tlendhudd p@ﬁuﬁm@ pokkfisi byrl8Cudi ng
i nsomi a and nar col epsy. O the disorders
above, the treatnent of schizophrenia, bipolar
disorder depressioniRn%mmh&@ unipolar depr essi on,

p re n’r’eﬂq}?ll Srsu‘gfﬂr Y n'é"} @nﬁnﬁrﬁ@éﬁ Eén ﬂﬁr%gﬁé%ﬁ@

dysphoric di sorder (PDD) earnlng dlsorders

pervasi ve devel opnent al |so der including autistic

di sorder, attention dISO ﬁ S incguding Attention- 25
Deficit/Hyperactivity D) sofder, altistic disorders

i.ncl udi ng Tourette's @i SYrde qAnkifety di sorders

i ncl udi ng phobi a and post trawsati c stress disorder,
cognitive disorders associated with denentia,. A
Taarfehttion of Rhonyd{3nierfl %omwswr)ﬁ%ﬁﬂ)g’eﬂramﬁﬁaso# émm"*) n

CH,Cl; (20 $5135%as aﬂaé@{w&ryr xhromr@pd @mﬁﬂJ 79 96hel) SRPHE: at rt. After the
tlnnItUS and heari an | oss are of

i npai
addition, §36 TEPERATLNAS YRS4R AR “CH0T I B VPP‘E:W%”'rPBBWr?FBE’rf“ vacuo
and the rédiudPVESERI UnB¥eHcLeR fEPHod 8%, TheRbSWhOEisdolRatih OH;CN

cognitive disorders, conprising: .adpinisteri to, a.
and addef} 3¢ p aplstipmoheerspre kb1 s TR RGN e f 108 C for
12 h. ThRESFRQU s Bimd e iRVESR N theirBi @R dh%lve&’ﬁf tHget, @rso mL} and
cogni tive dlsorders are denentia, d

washed vifi b NaQH G mbd Theiosgasis Rygves dr'gs 3 #z??@s pNers

filtered, dAdQDERdntratdAeThE WludE gwd&mon(;ﬁ{enylma(tﬁﬂwrbmemdl)phmm)of
the Diagnostic and Statistical Mnual of Mental
D sorders (DSMIV- 35 TR) (2000, Anmerican Psychiatric
Associ ati on, Washington DC) provides a diagnostic
tool 52 that includes cognitive disorders including
denmentia, delirium ammestic disorders and
age-related cognitive decline. As used herein, the
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20

25

WD 2008/ 002583PCT/ US2007/ 014842 53 need thereof an

ef fective anount of a conpound of the present

i nvention. Particular substance- related disorders
wQps/eardisct i ve behaviors are persisting dengtiliE2007/014842

persi sting aunestic disoréler, psychotic disorder or

anxi ety disorder induced by substance abuse, and

t ol erance of, dependence on or mﬁthdramal, from

t 5 r.evi.si -
o GRS TEE S B R o
purifiedNiyISE0 fidsh Mbmraitomzﬂxynﬂmlgi}-?(ﬂ%?m NHT R)eti{a®0Débiation in CH,ClL.

S@&E iy S ' L Associ ation, Washi ngton DC)
MS (B 9] oéf%@@né‘é?ggﬁ%%?fc tool that includes persisting

3 Hgingnm&odmmmsn itiegsyatiesis of & (mhespi(ﬁefﬂupmymﬂqﬂjphenyl)-
R L T R

bnmnmhmbﬁhﬂuhgmﬂmwm&nmkmabuseﬂepsmwséd herein, the term
"substance- related disorders 10 and addictive

behavi ors" includes treatnment of those nental
di sorders as descri beddfere@8NMfv TR. The skill ed

A b e Ll S R AN Rl Ercine

for mental disorders, and that these systens evol ve
with medical arid SC|enh|f|c progress. Thus the term
"substance- related di Ts and addictive
behaviors” is intended_tojinclude |ike disorders that
are described in other gnost'c sources. 15 TeSting
The A yT1l inhibitor t he conpounds of the
present invention Hfising the in vitro
and in vivo assays~{ ¢=1 n wor ki ng Exanple 1

bel ow. 20Adm ni stration and Phar maceuti ca

Conposi tion In general, the conpounds of this
TOW MR DAR)-L- )Jéemaﬁnb{ye&h%qﬁ 2ig) 28 n{h&ls BPEHIMG gid ML) was .
ef fective anount he accept ed nodes

added 1- é“dﬁ‘v?fﬂipé‘t?w&?lpdhﬂﬁér ?Igetbwawneer Osg. i rafnol) and heated to
100 °C ﬁﬁ i1 h bh®SonciResiab@mer ¢afulh. Thi RelduY S8 MRYALS BICH,CL, (150

ounds of Formula (1) _.my range from ahout 0.01 to
L) and 35001 50 IRHOR. (heh Tk B M58 AT AR S O o
Na,SO,, fhicsdd, smicdiRerdthidd) TaE efuaél pi‘oﬂu uaﬂiee bO ISOD|ukinpl0E20% 2N

- venneBP Elion 5 sty i b B S g ol SRy IR pil 0V

(ESIpoidmﬁbmbimﬂnﬂawgiykg per day. A suitable dosage |evel

be ab 1.to out r, d apout
e o R st e gy RS ot Ol et e refer-
methyl)pamulmaﬂylmp&gzm?r(tm -c(%rdmapmhyzs(phan@me:m sgmta@g
can .he 0 0_abou
piverazifihg ROl Cefiord P B emn e Perstip vispe prepitea.
adn1n|strat|on, the 30 conpositions are preferably
provided in the form |.ef s containing about 1.0
to about 1000 niLIigrg%g%ggm?%e active ingredient,
Panthes s biteryybuaplcli{4-phenyl 8 -(rifla@omtihyHpbsnyDietinQpipéhzin-1-
100, 150, 200, 250, 30 1‘% . 500, 600, 750, 800,

900, and 1000 milligra the active ingredient.
The actual anpbunt of the conpound of this invention,
1.e., the active ingredient, will depend upon

nunerous factors such as the severity of the disease
to be treated, the age WO
20081002583PCT/ US2007/ 014842 54 and rel ative health
of the subject, the potency of the conpound utilized,
the route and form of admi nistration, and ot her
factors. In general, conmpounds of this invention wll
be adm ni stered as pharnmaceutical conpositions by any
one of the follow ng routes: oral, systemc (e.qg.,
transdermal, intranasal 5 or by suppository), or
parenteral (e.g., intranuscular, intravenous or
subcut aneous) adm nistration. The preferred manner of



phar maceuti cal fornul ati ons have been devel oped
especially for drugs that show poor bioavailability
based upon the principle that bioavailability can be
i ncreased by increasing the 1ggurface area i.e.,
decreasing particle size. For exanple, U S. Pat No.
4,107, 288 describes a pharmaceutical fornulation
having particles in the size ange from10 to 1,000
run in which the active naterral S supported on a
crosslinked matrix of nacrogﬁ#e U S. Pat. No.
5,145, 684 describes the pro tion of a
pharmaceutical fornmulationfinjwhich the drug
substance is pulverized to opar%jcles (aver age
particle size of 400 inn) infthe presence of a.20
surface nodifier and thg rspeftsediyn a liquid.

medi umto give a phar =@ rrFriatlonthat
exhi bits remarkably high~bi oavarfability. The
conpositions are conprised of in general compoun
ofo 4 mimammf(nophmylc:eﬁuﬂnanomﬁlmphwyameﬂs%)@rperﬁ@e (10. 9 g, 31

mmol)ggz %rxga Igﬁ-tf% X ?(?({%hqpijf %ufgfﬁﬂgﬁioﬁwtate £6.eent 2l |11%n01)

OoXlI C nrnlstratlon and
dropwi?.eifroaﬁa/garmgb mifrremtontmum seagitadias rifena min. age ttl%@rlammc

a1 mé?l ”Bﬁ“”dia Ol ol é&ded%ﬁ@lﬁﬁfdﬂ%%ﬂ%%@i’g(ﬁze BMayers

soI| case
were s@Rirasd Ithem;irpmsr 1hyel‘n¥asgam‘e@e¢wéh §hClrand thegonphined organic

J abl e
ovrs SRR BB T AR T 5PN T Bl PR ok v
punﬁeti[@lyqscgl mmi)eso%la?lmsan hsxwem@@vegféb atlc nompgmd (9;1. g; é?%
our il I,ca f
vield) & ara el ot PB e craar ob 400 B2 s 204
Alterngte k@dhsk: m mi | k and the |ike. Liquid and senrsolld

excl pi ents may be selectei/ﬁgfnrglycerol, propyl ene

gl ycol, water, ethanol and 4#o0us oils, including
those of petroleum aninmall, vegetable or synthetic

origin, e.g., peanut oil ybean oil, mneral oil
sesane oil, etc. Preferrgé fiquid carriers,
particularly for injectab

Ne sol ufions, include water,
sal i ne, aqueous dextrgse, . ; Pls. WO

2008/ 002583PCT/ US200 ] F Conpr essed
gases may be used to gper compound of this
invention in aerosol form Inert gases suitable for
this purpose are nitrogen, carbon dioxide, etc.

O her suitabl e pharnmaceutical excipients and thei

B s lationonfsl - @euﬂé&-@nﬂp@@meﬁwﬂ%@hw@m#@mpemeé 70g,5.3
mmol) Hg;aa& rz@ghrﬁwa@ GRS, mﬁﬂjrltle&oﬂl)éac%taté"(o Ml 5.3 (chack

dropwise et Hie 1EasEon ST GHAAL St 3 AR (L ing 423k 16 mmoD) added.
- After swnh{g far 1 9 8ot Iat ﬁrtﬁé‘ﬂsﬁcm&yﬁﬂlt&dyxﬂtﬁlm‘er s dxitmdted with CH,Cl, .

The org%fl vg%éj CUR m%gman ea%%rgnvﬁ #ug:#]e%b &8&&%" 1815 gged over
Nazsoegtan%oeﬁceatrmdpﬁhmd’udé pn‘odnchWa Trified by ECQ wsipg 8-4006 gthyl acetate

* or0 2D CHLET b URCIAL BIEEEhIS (E0E 0 A MS 1 o
1omnnﬁhé9taﬂhd&hd is present at a level of about 1-80 wt
49151%%51 aqerhomﬁ%}g%%@g&ﬂefmsto&r erPhesEntd- (ph’él@}fl@fil @ﬁﬂmymethyr)

I'n compl nati on

phenylimelHOpipHEdT e A et Bu T coRmatnds oS PRy o
GRARRHA er4qt3 $ laechpsrepraty(sheayiimethy pip¢raandt yigaceteugs

‘may ha [ he.co at|0" rugs
EanRdS A Sl abuSLFRIR PR P b BB
akenatyl St(al((mbfa_ﬂﬁophengo@henm)ynddwl)p@ea@m hiybaeatasef, by
a route and in an anmount commonly used therefore,
cont enporaneously or sequentially with a conpound of
the present invention. Wien a conpound of the present
i nvention is used contenporaneously with one or nore
ot her drugs, a pharmaceutical conposition in unit




30 other drugs that are used in the prevention,
treatnment, control, anelioration, or reduction of

ri sk of the diseases or conditions for which
conmpounds of the present iqxpntion are useful. Such
ot her drugs may be adm ni stered, by a route and in an
anount commonly used therefore, contenporaneously or

sequentially with a of the present . e
iy R R By oo Gr nies S BREN sy i resin-
yl)acetate; Used cogtenporangously with one or nore 35 otheL

rugs, a pharnaceutic onposi.ti gn.cont ai ni.ng _su
oterieteh B ChBrRqre Y AP gD ety pipekaZinel yacetate;
2@%@@§3§gﬁ}wggﬁﬁ&&ﬁ%ﬁgrl)gﬁeﬂyﬁmﬁﬂg@weﬁffziﬂ—hql)acetate; and
present i1nvention s _preferred. Accordingly, the '
tert-byla-thewahydripinesinib s iYORER@eof t he present invention

al so include those that also contain one or nore

‘ot her active ingredients, in %%gition to a conpound

of the present i nvent i orkelemRae ight ratio of the

%’591%9%? :&LbﬁtpﬁzJ@&:%ese&bmbﬁﬂ@ﬂ!)gmnmnaml)pipmm-1-yl)acetate

ctive ingredient may be varied and will depend upon
the effective dose of each ingredient. Generally, an

effective dose of each will Pe uUsed. In one ,

enbodi ment the conpound of sent invention may

be adm ni stered in conbinajion"wth anti- Al zheinmer's"

agents, beta-secretase inhlNgjtors, gamma-secretase

i nhi bitors, FM(}CbA\reduzzsg¥'inhibitors, NSAI D s

i ncludi ng i buprofen, vitanmyfi E, and 10 anti-anyl oid

anti bodi es. In another enbqgdi gr t he conmpound of

the present inventi-ongng i ni stered in

conbi nati on with- seda gs, Rypdotics, anxiolytics,

anti psychotics, antianxi ety agents, .cycl opyrrol ones,

i m dazopyri di nes; pyrazol opyri m di nes, m nor
Methodelanqui | i zers, nel atoni n agoni.sts and antagoni sts,

ed akOINALE bE(3AgeRophaitNaiedl Bmethane .68 2; Ditrowlaires,

: 511T-2 t i sts,.P i st t '
eniogtig & TU s PIoR G BAF: )i Habon v
stirred@bP ] B Qo BRntAfdsl R eteto ranrdiutyl ipieydzimb.yl-acatdsa diiytiaichloride

nmoxapi ne,_ aripi prazol e, .bentaze be )

(0.7 g15% WM@I%&%EP ﬁﬁmn%]ﬂﬁcg%%%%O&Bgf %ﬁeg ?i"]ﬂﬁg for 18 .
hours gtmtog!r g ﬁ%lyrgartd;i?g wacs fi%]#jteg?gibpwlémf ?id e;«;:d;ibmg ﬁ{lﬂlﬁﬁﬂgﬁln eThe organic
Inyors Y BpRIB N 36 st W BB A N DB R ed over NaaSOr, and
conceftREETRALAde ‘fjm&{cﬂﬁv%?ﬂﬂ@l, bydiSCORmime)-50 Y BtoAeriamexanes to give
. desipranm ne, dexclanpl_, azepa Lg&hgaggﬁggnazone,

the tlgiprasiugt k. 2206 iR B brAEROOTk s it 22201 am
?f‘ll%gécﬁ’i{g’éérﬁ%kcri&ﬁC&'B‘b@@tt&t—blﬁt?DMW-HrbMﬁbhﬂh&lz)@manyl)methyl)-

] lupentixol, fluphenazine, flurazepam fl uvoxam ne,
piperagingloxbadctise WApBEP&EAM gl ut et hi ni de, . hal azepam

Methdd@ operi dol , hydroxyzine,-inipranjng, [ithium '
A%;i;; RAENUL AL v U U el
methyﬁ"i—ﬁgérhﬂfm @&%&L B it ReloA%RUAA ras ByrilRaEA Kt 1((3-

azopa nortriptyline, olapzapine,, 25 oxazepam
bromaphem Mishepu; Sy ORIBEIAHEC (48 ft hARIAL A4 CERP LI o Reetate (3.3
nﬂlzpﬁﬁ&hﬁnazine; phenel zi ne, phenobarbital, pranpam
>“pronethazine, propofol, prouiptyline, quazepam

queti api ne, reclazepam risperidone, roletam de,

secobarbital, sertralinegefsgREOG! one, temazopam

t hi ori dazi ne, thiothixene, tracazol at e, _ . .

SynthesisydfdRD mh@ﬁ)mqthrlr?a&b@@ﬂ@ﬂ(%Emﬂgwwﬁlﬂ)p%w})mﬁthﬂhﬁpcfazm-1-

tricetamde, triclofos, thjiflyaperazine trinmetozine,

trim pram ne, ul dazepam &gnlafaxine, 30zal epl on,

zi prasi done, zol azepatn, zol pidem and salts thereof,

and conbi nati ons thereof. I n anot her

enbodi nent, the conpound of the present invention may

be adm nistered in conbination with | evodopa (wth or




ant agoni sts, chol i nergi c agonists, NVDA receptor
ant agoni sts, serotonin receptor antagonists and
dopam ne receptor agonists such as al entenol,
whewsorsispt i ne, fenol dopam |isuride, naxag®CTdE2007/014342
pergol i de and pram pexoleé3 It will be appreciated
t hat the dopam ne agonist nmay be in the formof a
pharmaceutically acceptable salt, for exanple,
al ent enol hydr obrom de, bronocriptine nesyl ate,
f enol dopam nesyl at e, naxagol i de hydrochl ori de and
pergol i de nmesyl ate.” Lisuride and §ram pexol e are
commonl y used i ofon-sal t forqyﬁﬁ) I n anot her
enbodi nent , conpound of the esent invention nmay
be adn1n|steri: n conblnatlongyﬁlh a conpound from
" the phenothi a t hizoxant hen eterpcyclic
di benzazepi [
and indol o of Fneu 305
exanpl es o~ghenokk#azi nes o€ | or pr omazi ne,
mesori dazi ne, thioridazine, acetophenazine,
fl uphenazi ne, perphenazine and trifl uoperazine.
TS sodision of ¥ dpleing ¥ 3 dfriftuorconetnyl)pbaed )methyi)pdperazine (2.0 g, 6
§ AKX €
msnol) b RS Ob $E0 SR YL B0 Ol SGACcoblle LA Bladh cropwise
at rt. Theoghsticophasistirred fos 3ﬁa1u0p@d| td@ﬂhylammee(ié Srpl.e2ommgl) was added.
After stHBEIYE R | REL S oS B Gty e SATBk Pacls Vi
one 1rs’nolin one. her neuro tic a ents
CH;Cl. |’H®I caghaid kaxap vaes, comlfingd washed vethy 339145@? Hakbso llttow\men dried

~ over Naag%)‘;, %ﬁée da t Ji‘% cﬁsﬁg p%%ﬂé%%hﬁc@gf Hco \AQSQ OW ethyl

10

15

e subj ect “conpound Sié
acetate of ﬁez% ethm ayﬁtaae mr@iz%femecaamgtur&@@ éﬁnaeqr@r Otg, 8@%& The

enantio @%@Je% o4 BPEB@EhﬂBﬁxa%ﬂg% QEdoHiBed PERSWRA Y Plks

esyl ate ori1 dazi ne hydr | ori de, acetophenazi ne
VﬁﬁﬁODUﬁmﬁéaF3P4$m%hﬁenaZ|ne hydr ochl ori de, - f| ur phenazi ne

InstrumefBAbH 3h€ CobdiiRGOAALAGHERGREOAt €, trifl uoperazine
hydrochlori de,” thiothi xene hydrocq%ﬁﬁlgﬁ% hal o erldA |
Tae Anabaicd, SO BEEELRES N e thd TV A0 fig cobtrol moce, a

dual purx'i]?’é“n%mngﬂlhlﬁ ﬁ:lad E@*cmmmﬁheﬁmal Q:gluﬁfnﬂﬁﬁdtﬂ& ,¥@B8Rimn selection
ozapl ne al ope nozl ae I, speri

valve and 3 saamtpobea e BiSHC s eannren A sie | L Bilioce

array det@étot #@th RIMESES EssiFRVRIM £ THe yulbGangieh thiswes £HTICNPAL(Leap

e S S en M e Rt AL

20

25

anuawh&h@@‘éksﬁﬁfhheﬁﬂiﬂabfcmz&m (A]BCI) chlroe protdipierte the analytxcal SFC

0zapi ne, epam fenol f he Ln
sy 5SS 3o SRR B ARLARE iyt 40
SP1. Thd MabdRpepatkdionanbiadpess Chisinel G6&H {UiapTenbpologies,

e 55 361 Np T BI04 GRS A5bb 30138 Hanc

Total ﬂoquate! Va3l AEnY/hinS pedd Wmperatse s #0We,  t et r abenazi ne,

Sammpl ri henj d Cthioridazine, t hi ot hi xene,
AMpie 2L 2 r zi prasi done. | n anot her
Geﬁhqgﬁnﬁmbmmﬁhﬁ@@@m@@ﬂnﬂd@&l}heﬁﬁw&ﬂéhﬁﬁﬂmmem@ﬂwﬁphﬂyﬁ-

e adm nister |nat|o :
metby DEr s RS e o P S Sl of iethgnol and 5 ml of
d;methom&@mamglgba(m enpthak eddeﬂ#ﬁbnrﬂ of isethanud| ﬁ]mrenbthrough 0.45um

t.ert |cycI|cs and secondary am ne
PTFESYFP?%@@?%B%ﬁ1 %&lve serotoni n reuptake inhibitors
InstrumefifaBBh aad Camﬁmfhef’mpﬁf&e i nhibitors (MAQ s),

reversi bl e inhibitors of nonoarni ne oxi dase (Rl MAs),

serotoni n and noradrenaline reuptake inhibitors

(SNRI's), corticotropin releasing factor (CRF)

ant agoni sts, adrenoreceptor 58 antagoni sts,

neur oki ni n-1 receptor antagonists, atypica

anti - depressants, benzodi azepi nes, 5- HTA agoni sts or

ant agoni sts, especially 5-HTA partial agonists, and

corticotropin releasing factor (CRF) antagoni sts.
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5 organic | ayer was washed successively with water
brine, dried over Na2SO4, and concentrated to give
the title conmpound as oil (0.8 g, 79%, which was
' st he next reaction w thout further
wg%@%‘?zg%tl on. M5 (ESL posggion) rn/z: 247. PCTK}ES&GFWIOMMZ
Usi ng t he net hodol ogy descri bed above,
(2- br omophenyl ) (phenyOnet hanol ,. (4-
br onophenyl ) (phenyQret hanol , and
Thepip4ratitd SFA kao ameidey MhphicryOTe tihatohpiens wde the Separator

control Q6T Fnhat S Ritsrpoie® Etuev Meuka G 5o, Crenciiiee

smventrnqtms@sv;aatde Diged immlmr(aﬁltaﬂuwrvmawe wal¢lenah N

st A5, SR i i o B PP o

Mettler-doledd Sffodhieny Newhtit, &E)s he Bd}ﬂﬁsgaré ok thé plarifibatioh waé Befied SFC

t t te t
PronTo 4} 53031y K AR ERI B SR S e %, ket I il
Technol'ﬁgﬁs,(mgﬁm 2300081, S P EeadyTEouRSsl, toy@diElliowild bhase consisted of

i o AN T e ) e h S st SARR bl b ot

A:B. TtR&If fﬁil:]\ﬁ ﬂsﬁ@wgs a@ﬁuﬁtﬁ [ 7 &E clolumn temlperamrehs x?rere about 40°C. The
en tri uor one t er azi ne
above SEFBPIS “gxégrgj%q evgty 224 secon cﬁ/mglg ﬁ.lnerps/oc)rgﬁ: y ’)ﬂ?e peak 0.8 gis

the (S) igtieahd a;e(steﬁmtdl PEGK OB R)the @) firher RISHEBR lpos. 1&:)%/& 393.1
39.6 mmol ) in CH2C12 (20 nlL) was added thionyl
A1 chiori de (5.78 InL, 79.3 mmol ) dropwi se at rt. After
the addition, the reaction was warnmed to 40 C for 18
h. The sol vent was evaporgted‘i vacuo 25 and the
resi due was dried under ] Eunp for 1 h. The
Synittesis i SV 61-bireipdry B2-riath Ipip Gzl v Batd e el atid dihydrochloride
sol ution of piperazine (13.7 g, 159 mmol) in CH3CN ‘
and heated to 100 C for 12 h. The solvent was renoved
in vacuo, the residue dis§olved in CHC12 (150 ni)
and washed with IN NaOH r|L) The organic | ayer
was dried with K2CO3 or filtered, and
concentrated. The cru duct -
1-(phenyd(3-(trifluoraqpethyl)phenyl)- WO
2008/ 002583PCT/ US2007/ ‘4842 6@ Hret hyppi per azi ne
(10.8 g, 85.0%yiele A was used without further
purification or ca d by 1SCO fl ash
chr omat ogr aphy usi N NH3 net hanol sol ution
in CH2C12. Ms (ESI, pos. ion) ink: 321.1 (M+l).
Usi ng a net hod S|ntlar to the synthesis of
A Fblpip Ry testbanei (A Jogh bAY uma) and (9-(4)-2-methyl-

plperazxdEF{tSby Hg, 99&?{1&\61}'}@2 5 ml. of MeCN was heated at 140 °C under microwave
bronmophenyl’) (phenyl ) net hy |pera2|ne and 1-((3-

mdlathsvrf@h%?;ﬁéﬁy by sles vps ﬁ’é@Hﬁ‘yﬁt% the solitkresidnewat Bibmited to

Step 1

“columnn éﬁ?&ﬁﬁt@ﬁﬁﬁh @M?tm@ﬂrﬁto 0O Ac/2M NH; in MeOH = 100: 20) to &1{;\6 a

(3R) - 3-net S eny1(3-(tr|fluoronet ylSF
mixture 9;[ t)’”[S‘I rﬁgpgg{nﬁ@ (b 1-benzhydryl Fomgthyfipgrazine g 1~bcnzhydryl-2-
methylpl%gff)am%c gas g Wt E?{hdpl PR ABIRE of Zhelivid: préducii Was)dideBi I3 @M the
was added
next steps - (ehl or o( phenyl ) met hyl ) - 3- (trifl uor onet hyl ) benzene
Step2 (2.0 g, 7.4 =no!) and heated to 15 100 C for 12 h and

concentrated under _vacuum_ The resi due was di ssal ved
T sofpion»f g pajggture of (S)-1-benzhydryl-2-methylpiperazine and (S)-1-

benzhydryl-i%-met’aylp:perazme (490 mg, 1.839 mmol} in 25 mL of MeCN was added ters-

buty! bromoacetate (3 56 pl, 2.207 mmol), followed by slow addition of tricthylamine (3 B4 ul,
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3

triL) and washed with 1IN NaCH (150 inL). The organic

| ayer was dried with K2603 or Na2SO4, filtered, and

concentrated. The crude product was purifie
WQI0Re026832092N NE13/ MeOH sol ution in CH2C12P FEE/%WB““““

the title compound (2.00 %, 81%yield) as oil. M

(ESL pos. ion) in/fz: 335.1 (MF1). 20Using a nethod

Si mlar to the synthesis of

2759 ’QTe)r BQX%:} )%tu{eﬁw%@‘mgdg at(rE Hefrluﬁﬂtr Orhe solution was evaporated

erazi

to drynefs3Ry-thel@sidna v lsebmitt)a@ }:n”m;z |cmamgre)pte (ﬁﬁzh?pM Ber azi

DCMJE@GA(C hg% io “{Ot (’fllol?olr0 'ﬁe%% ﬁ)'t rtedﬁy g o%rr {ag] ne
methyipipéfamrpf-g})me&nh asfiedodortesail @Q@SW@‘W@S %(% enzg

bydeyl-But v

( (tri nmet hyl ) phenyl ) et hyl ) pi per az
methylp Pﬁ‘(afm {;{@%“5%# G Jflegé)&i) To a solution of
Step3 1- (phenyl(3-(tri fI uor onet hyl ) phenyl ) net hyl ) pi-Per azi ne

L e L e e T e

894 pmdly inrdl mLofd 4rdjexantlasd i ealeof mcvﬁm@iqdriéCm@t@m@ “aliwa stirred
atri ovemg%{c 0 &h%@({%&l‘t wal gv%gﬁ?dh? ; eELechl]tﬂe Aidud a!am&l')ed Wabof

er was 18 h fol |l owed CH2C12.
ether to give (DA berhydsy s reelrsprrazin -AaRis 10 %zmrowé@de asa

t. the conblned organlc | ayers
Whltemﬁé Wﬁ’e‘%& LG ﬁh%ﬂs%se&glrl ed over Na2SO4,
'J&grfoléwmapemwmde w@rqm@mmc%églep%dew@ad B’gﬁ’iag@é? 1

usi ng 0-80% Et OAc,in hexanes to give the title

above.
npound (9.1 g, 67%yield) as brown ]
gbzw(@wbﬁnzéudwh3w@hﬂpwgrmns>-( Basptic pd di YW&DHF%:MS (5L
pos. mnﬂﬁ,@ 324 Mid)y, Alternate synthesi s To a sol ution

@)—@ﬁﬁ@qmsrxlﬁrmpm!@rpsm@tnnws)%w RS chloBidR Y SESL

pos. mn)([g,f 929 ¥ mmol) in acetonitrile (20 nL) was added
g\dbrormacetate (0,49

(Rr2-Chivemiool Ponimrsterio babpistc s fetpriones. S8 @st,

pos. mn)trwzeg@y ye (2.2 ni, 16 mml) added After stirring
_ (wg%r é&%%&%%%?}tgépéan% )@i—é grag. r1'19 axﬂ%rof:%m acid;

(R@QQWPMIMW%BW?M%W@WWM}@W Na'ﬂpmpanmc acid;

e S s

29(*(11& Béiﬁ%lbla@@biﬂﬁmﬂﬂeﬁ%)mbﬂly1)~2a@dtmtkylpme@ﬁmaﬂl)acgug acids

Z @(Fe]()bt‘%'pﬁﬁ Y efg‘yjl) gg%lmé%ﬁ%#% SIW&%{::;S the

asyixte st B—(@fR Mbdmah)}dryla S-dunethylpxperamn -1-yl)acetic acid

' dmydm“%‘%&’ﬁ&?h@%%%&%l ny %&i;@g&elﬁg%h glp ipqrasig-lpyacenc gacId

dihydrochivrfileUViS SESE pes. ford palecids (Merd)- but y|
2-(44(3,5-di chlorophenyl) (phenyl) mst hyl ) pi Perazi n-1-y
Dacetate; tert-butyl
2- (444 chlor ophenyl) ( pheamplaet hyl ) Pi per azln- 1- ypacet a

-1-yDacetic acid
e G e D A e R
tate 62 tert-butyl
2-((R)-2-nmethyl-4-(phenyl(3-(trifluoronethyflphenyflm
et hyf | pi perazin-1- yflacetate; tert-butyl
2-((R) -4-((3-bronophenyl) (phenyfl met hyl ) - 2- net hyl pi Pe
razln4 -yl )acetate; tert-butyl
2-(4-(phenyl(4-(trifluoronethyl)Phenyfl nmethyl)Pi Peraz
in-1 -yDacetate; and tert-butyl 2-(4-benzhydryl pi pera
zin-|l-yflacetate. Reference F



Synthesis of tert-butyl

2-(4-03- bronnphenyl)(phenyflnethyI)PlPera21n4 3/f|ace
tate Method 1 To a solution of

(3- bronophenyl) (phenyl) met hanol (0.64 g, 2 nmunl) in
di chl oroet hane (5 L) was dfded thionyl chloride (0.4
m., 5 mmol) and the reaction was stirred for 18 h,
concentrated and added to tgrt-butyl

pi perazin-1-yl-acetate dihygrochloride (0.7 g,
mol ) and DIEA (2 nL, 12 QHin aceonitrile (10 m.)
After stirring for 18 hou at 100 C, the reaction
was diluted with water apd g¢xtracted with CH2Cl2 .
The organic |ayers were

saturated NaCl solutlon

i nedg washed with
t en drijed over Na2SO»4, and
concentrated. The cr p @5 purified by | SCO
u5|ngOSO%EtOAC|n 3 g|vethet|tle
product (0.3 g, 28%yi € d). 5 (EST, pos. ion) ink:
447.2.2 (Mr2). Proceedi ng as descri bed .above,
_6_1511%&?“ butyl 2-(44(4-bronophenyl)(phenyl)nethyl)-

pAl%Sfuﬁé Bf ﬂerﬂiﬁ&@pﬂ(@i@a »ggé;nﬁpammmymhmd)nmynpmemm-1-

yl)ace@le((&gi(gﬁg ﬁ%%@?}et ,FlAf 2é %I’W‘PPIS Wé’ﬁ? é(ci at 60 °C for 6 h. The

reactl ! Wik wRb g@ﬁ&tﬁﬁﬁmh Paeairadeeprodire parifiddebycHEns cohthnedeting with
ynt hesi zed wi _

MeOHJﬁlgnﬁbHéH;/ in) Mpﬂlr}]ﬁr)lquetp SRR g}l%&qrp}%oupg_ag a facempte (4.8 g,
59%). MR (BSI2AL. % buiyd 1 perpacetate (3.3 ni, 21 mol)

nt hesis of (R) and (S)-nethyl '
Methoﬂ-ﬁ 4- (pheny1(3-(trifluoronethyl)phenyl)nethyflpiperaz .
| Rshrugbhtbr ERHRDG4-(PRARGALARRSHA)pISA AT O i 68- -

yDacethie Oty 2wmoD ramfhsww Rydpsifel b e ABmeRdp MM (20 mL)

. was héa%etd&o ggb?ofﬁﬁ{) aC et A ié fb(ngfﬁ% @ﬂ;]HoNeJn’[ md@%%dnt@dr%w&umdﬂhe gies1due was
" dituted mﬂaweerr @afbﬁﬁfé)ﬁ) pHS with Wéé&lﬁ Bnd tgé“ ﬁ‘F&?ﬂg ailn‘geﬂ‘Il CRLCL. The
orgamtctrlz%lyr%% % A f‘ﬁgnﬂé dried @vé’f'NkaOW&ﬁd asistedtrated. {Bhe crude

h )
ProdﬂleaStp@d%ﬂd bﬁi%@@umé@@b-r 3o SAOK BB baleR sive tho e
compﬁ%g%?@ ”7% h@%ﬁﬁéld}‘%g (%SFBgQ gsh) niasITEd QM%D) sat ur at ed
cbsngsynthesgsimiles tgﬁ’@gﬁg ?%‘%ﬁe‘b‘ﬂ@?ﬂ%@gﬂw sQehenyD-
methyéﬁﬁ%%fﬂ} ﬂg,g%ggggygmdlglﬁ%b@%e or 0-2% ethyl acetate in

m xture of enanti
s sacmmorhes iohesbedoar o EaBpsyt % s B8bos.ion
m/z: :@2 1Ctﬁ+)ogr aphy as described bel ow and two peaks were
' 1l

éd with -100%ee. Instrungn i on. an
Cordi( mmapieny AN b B BB AR CS GBS pos. on)

o/ 3ﬁg§m+%er ger SFC unit with an FCM 1200 fI ow contr ol
z »a 15 dual punp control nodule alg% a %@% )
t DEAHE,5 dmhm@hmdﬁ[@enﬂ)@@lhmhﬁpgréiﬂééﬁ PR Ly pos. io
Y rol valve. The SEC was equi pped wth an
m/z: 32(81‘%@#”1&% phot odi ode array detector V\At\){%{a_gli %ﬁ@flﬂ
PR danzhytidpiperizin- 1 PhecetisrasiiMFEES) PahilpnvRlé 3 IH@LTD) were

PAL(Leap Technol ogs). A Waters ZQ bench top single
PrePaiftiadr upol e mass spectroneter with atnp

spheri c
plsBE sy athesie sintbdr to Siei synthesh of %mhegﬂa’r@éd"x%@nﬁhﬂmheﬂy})'
led 1o th Vetod & I
methy@gg% ¥ ﬁ%é)ag% anah yi ﬂiog CER&@ I\gg@h&f?l@ (eflsRbhviy -

yses was

W
phenybassiy eraz&n—@-}&}ﬁbetld' had Mﬁa(]gﬁlb PO 1%5@&% év 784 (&%‘lﬂ qgg &op-2-(4-

i I DS B s o

379.1%M+E?Wedal gspated.and 5% nethanol . Total flow rate was
4.0m I mn, oven tenperature was 40C. Sanple Prep for
Preparative SFC
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25600 ng of a mxture of (R) and (5)-nethyl

2-(4- (pheny1(3-(trifluoronethyl)phenyl)-

nmet hyDpi perazi n-1-y1l) - acet at e obtai ned above, was
wbak8Rodgs i n Sl of nethanol and 5 m of PCT/US2007/014842

di met hoxyet hyl enegl ycol (D) and then added 40 mi of

met hanol, filtered through 0.45um P | FE syringe

filters before injection. Instrunmentation and

Condi tions for Prep SFC WO

2008/ 002583PCT/ US2007/ 014842 64 The
preparative SFC was a ercﬁ£3NUIt|CTan1ll The
conmponents were the Separator Control Modul e

S HIMSIOI0(-@ Srimapticns) GbetioteiMbiiteaziECy) a5 0E0id

—-—— -~ — Carbon di oxi-de Sol vent Delivery Mdule, Direct -

Expansi on probe Chiller, UV Variable Wavel ength
.Detector, and Cavro XL 3009 Modul ar Digital Punp

(injector). Equi pment wa 5 Mettler-Tol edo

Aut ochem (Newark, DE). The software in the
purification was Berger, PronTo v1.5.305.15. The
preparative packed col sed were two Chiral cel QJH

(Chiral Technol ogi es,
i nearly coupl ed toge
| iquid carbon dioxi
nmet hod was-isoeraticC

104 Bt bW 6256005 46'&93 mcxgxgpa B 60D

ures me ve” Saipl e was

21Nram x 250 nun, 5 um
121 Q4B phase consisted of
jret hanol (13) The :

_ yl)acetaier(]z@cg, d anreolp rrydlazanes(é@ @ﬂdgﬂ@@ﬂﬂww FE] pelgdenin hddigyane (30

mL, szsl}ﬁx%kf) Sﬂgéwéaq@}%o‘&c&t&técﬁﬂéf‘& d 8L 5§ﬁﬂﬁ=cﬂ) 806 rdaldBoib REPRTred

isomer. M5 (ESI, pos. i

m z
at 50 °C3Fg;36 h a(xm‘)cen@mc@r VR ﬂihﬁ &aydg pquuct was punﬁe%i by SCX
colurn él%uaggﬁtﬁ TRRAREBY Gy éNzNﬁ?HMle@Mtﬁﬁ)h% dive Vo) ieddrspound as a

acl ydrochl ori de- Step 1 n1xture of

racemate fil-&F oA3FHeMP ESLmpsdops: #87.11M593 mol ) and
(S)-(+)-2-nmethyl - 20 piperazine (599 ng, 5980 |inp!)
in 2.5 nL of MeCN was heated at 140 C under m crowave
irradiation for 30 nmi nEx#Bledh| vent was evapor at ed
an Gy sis QF b4 etﬂul%pnaﬁd)@ﬂmynmec&ynpape:ai:mrmynaceuc acid
chr omat ogr aphy (Si 02, tOﬁ%#t Et OAc/ 2M NH3 in MeOH =
100: 20) to give a m 1450 regi oi soners
(S)-1-benzhydryl- 3-met hyl pi perazi ne and
(S)-1-benzhydryl-2- nethyl piggrazine as a white
solid. The m xture of the t products was directly
used in the 25 next step. Sfep™® To a solution
of a mxture of (S)-1-benzhydryl-2-nethyl pi perazi ne
and (5)-1- benzhydryl- 3-ngt hy] p#erazi ne (490 ny,
1.839 mml) in 25 nL of Nwas added ten-butyl
br onbacet ate (356 ul, foll owed by sl ow.
addition of triethyla
20081002583PCT/ US2007/ 01

To a solution of fert-butyl 2-(4-((4-chloropheny!)(phenyl)methyl)piperazin-1-
yDacetate (1.0 g, 2 mino}) in dioxane (10 mL) was added 4N HCI} solution in 1,4-dipxanc (20
mL, 549 mmol) followed by concentrated HC! (1.0 mL, 27 mmol). The reaction was stirred

at 50 °C for 6 h and concentrated under vacuum. The crude product was triturated with
EtOAc or diethy! ether, filtered, and dried to give the title compound (0.8 g, 77% yield). MS
(ES], pos. ion) m/z: 345,1 (M+1-2HCI).
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2759 !'nop. The reaction mxture was stirred at rt
overnight. The solution was evaporated to dryness and

the residual was submitted to flash chromatography

Q%Q&’ZS*‘QCM to DCM Et 0Ac = 100:3 to 100:5 t @ctRfR20b9d14842
0 grve (S)-tert-butyl 2-gd-benzhydryl-3-

Met hYI pi perazin-1-yDacetate as a colorless oil and
(S)-tert-butyl 2-(4-benzhydryl-2- 5 -

met hyl pi perazin-|-ypacetate as a colorless oil. Step

Bsmg a method sirofiartto the syhtheSs of H{{@@Mrﬁphenyl)(phenyl)methyl)-

. piporazifif'y éagﬁﬁzr‘d(f@%&%gﬂﬁnﬁ&é/& BARE Drtodindacet at e (340

Ef(fk)eﬂ{(ﬂéiradoxﬂl@i:ylé@haﬂylhnﬁtbw%m@tbwpmmédymww acid

t t ted to dryness and
mhwhoﬁﬁ%mggg? 8 %9 %S% ﬁﬁp p®¥?9§gﬁether to é|ve
z- @R)-z-:@dﬁmmajh;dﬁy:ﬂ:(@ﬂmwﬂml]mbmmwﬂwl)yw&r,e@tn- t-yhessdic

[e) I ESE, pos. ion)
acid dlh?’é:k)&% %%I«@?F p? % 8?)\4?)%\%3?18 agg%p%% S were prepared
Dhp-((2 dooediiegyehenimethdibipaatindnperestic apidolydrochloride MS

(ESI,lmé5);.,&)2%,,(ﬁq %ﬁp@ﬂ%@_ﬁg@ Rt h)éélpl per azi n- 1- 371) ﬁfgt. c

S 15 pos. ion) 325
% M+ap)henyl(ii—(tnﬂuomme(hyl)pheny )methy])plperazm-l ~-yDacetic acid

dihydrodtfrice g }E?E poflcllS3 7674 EMl@j DECRHeR g’lreﬁwai: etic

oride; pos. ion 325
( I\/H) :

(R -2-(4. benzhydry1-.2- ﬁg;pera2|n 1- yl)acellc
acid di hydrochloride;, M5 (ESI, pos. ion) mz: 325 .
Sypthesi of 2-(4- (vis(3-(triftuoromethyl)phenyl)methypiperazin- —yl}acetlc acid
20. (3) - 2- ((R) - 4- (bi s(Anghbanaiteenyl ) met hyl) - 3- et hyl p

I perazi n-1-yl) propanoi c acid;
(R-2-((R)-4-(bis(4- chlorophenyl)nethyl)72-nethylpipe

razin-|-yl)propanoi c acid;
(5)-2-((R)-4-(bis(4-ch|or%pﬁggyl)nethyl)-z-nethylpipe
razi n-|-yppropanoi c aci d,
24( 2R, 68) - 4- (bi s(4-chl orﬂo@nyr)met hyl ) -2, 6-di met hyl P
i Pera2i 11- 1-yCaceti g aci
2-(4-(bis(4- chlorop enyl)
n-1-yflacetic acid; @'
2-02/-2,5S) - 4- benzhydrv , b-
10 acid di hydrochl ori de an
Stepl 74(28, 5R) - 4- benzhydry1- 2, 5- di net hyl pi per azi.n acet
Tea aﬁhﬁoxdbmmmsﬂrifbmmews)b@snphep@@ (p 11.41) B@ﬁzznolg@g\fleOH

Th
o s S SoRp AR AL R e asmervizeast Thgpesio
was stirfed-ak rt)fpﬁmtbh i Theaeaction 86G:s dilatedstbvwiy with yestan end pxtescted with
DUk brine, dried over Na;SO4, and
CHLCh Zﬁﬁf’ 44 eWﬁtvafhﬁi elsJ%‘F%}’TEmW teprh erﬁneb're?%{ger ¥ er4az|
concentratdd- to)@il*aﬂns(ﬁﬁ(trfﬂl(omtﬁetgyl)ﬂ@nMe}hapqi {Q:&g Bhe crude
oil was 15'&8'1)1 tkmsé::?‘xte!’l&{o%%ﬁou@ggg\ frificdion.The reacti on

Was concentrate an the crude product

Step 2 purlfled by SCX colum eluting with MeOH then 2N NH3

' Pun CH,Cl
182 éﬁ&&ﬁb&% Mgbg&%%ﬁmx%éf)gﬁ ?I)Hgglgs&lr(gnlg 314%&11 %m 2Cla
(oG mL)(m@dded dropwise thionyl chioride (0.50 ml 6.9 mmol) af rt. The reac’tmn wias

stirred at 50 °C for 4 h, concentrated under vacuum, azeotroped with toluene, and dried under

2-di net hyl pi Per azi
e of
et hyl pi per azha4- ypacet

s

vacuum to give crude chlorobis(3~(trifluoromethyl)phenyl)methane. The crude chiorobis(3-
(triflucromethyl)-phenylymethane was added to a solution of piperazine (0.81 ml, 10 mmol}
in acetonitrile (10 mL), heated to 100 °C for 18 h and concentrated under vacuum. The



Method B A solution of methyl

2-(4- (pheny1(3-(trifluoronethyl)Phenyl)nethyl)pi peraz

in-1- yBacetate (0.86 g, 2 mml) and 5N sodi um

" hydroxide (0.1 nm., 4 mmol) ¢»n MeOH (20 nL) was heat ed

to 70 Cfor 1 h. After renoval of solvent under

reduced pressure, the residue was diluted with water,

acidified to pH 4 with IN HCLl, and then extracted
residueivtdd dGsEICARin THEClp(1GamIL) dndyeashodwithd SHeOWi ({3 wl)nEhe

dried . o1 HC i
e
(niﬂubi;rm}iﬁtl@hjl-%lidﬁp’lambﬂjy]spipera@hveThdmu@‘i tH(s@dimpbipsemethyhphpnyl)-

. % vi : ESI . . - LK _ —
meﬂl)%?fpﬁ & n‘%ef?éﬁ/ﬁssgl(@?m ?CE%%%tgketo(ﬁé synt 2%?-;) ﬁgﬁ ‘M*olﬂ.oacetate (_0'55
mL, 3% théo()pind mdthA finirief(D 96 mdye.O myinpHivend pdged. The solution was stirred
t.hyl) pi in:1- .| hd 4 > w .
for 4 5 S eE PR o BT GOy L R ) By ayth was ashed with
satura®idiNa@GbRitiMS théSlriqdaser NarS0ar andzcong@grated; Vg erude product was
B 2- 4 = b . | h I — '_ i- _Da_ t
puis S RRRYBROETRIOA PUTAITS BEIPpgpaBbsbmce
(Mﬂugg?ﬁﬂ&gﬁpléﬁn%l%&xeﬂgﬁb@mkmﬁ bhbagcla}tcrﬁl. $ﬁ/7 pA0peyighd). MS-(Z8h pos.
. J I 0S. 1Lon) il e : .
fon) g ARE R AR s PR e S ibollt L arR8ting as
descriB@Pin Exafipld Akbovd11l. 1 (Mr1) were prepared. Using
synthesis simlar to the synthesis of
2-(4-(phenyl(3(trifluoromnethyl)phenyl)-
met hyl ) pi perazi n-1-yl) acékampkd d i n Met hod B,

. (R-2-(4-(phenyl(3:(trifl uorqmethyl.) - .

sviRbie et DT g oo
ion) mz: 379.1 (Mrl and (9)-2-(4- -
(phenyl1l(3-(trifluoromethyl YPherwpnet hyl ) pi perazin-1-y

-eacetic acid M5 (ESI, pos".D)-k\on) mz: 379.1 (M+l) were
prepared. WO 2008/ 002583PCTPUS2007/ 014842 67 Exanpl e

-3 Synthesis of - NS onel
2- (4-03-bronophenyl ) (ph nyarreti—l!wppi perazin- 1
N

-yl )acetic acid 5

A mixture of tert-butyl 2-(4-((3 -bromophenyl)(phenyl)methyl)piperazin-1-yl)acetate
{0.31 g, 0.70 mmol), pheﬁylboronic acid (0.085 g, 0.70 mmol), sodium carbonate
monohydfaté (0.077ml, 1.4 minol), and tetrakis(triphenylphosphine)palladium (0) (0.80 g,
0.70 mamol) in dioxane (4 mL) and water (2 mL) was heated at 120 °C under microwave
irradiation for 20 min. The reaction was diluted with Watef and extracted with CH,Cl,. The
organic layer was washed with saﬁnated NaCl solution, then dried over Na;SOj4 and ‘
concentrated. The crude product was purified by ISCO using 0-50 % EtOAc in hexanes to give .
tert-butyl 2-(4-((3 —biphenyl)(phenyl)methyl)-piperazin—l—yl)acetate (0.28 g, 91% yield).
MS (ESL pos. ion) m/z: 443.2 (M+1), which was then converted to the title compound by
proceeding as described in Example 4 above. - ' ‘

Proceeding as described in Example 6 above, but substituting tert-butyl 2-(4-((3-
bromophenyl)(phenyl)methyl)piperazin— 1 -yi)acetate with tert-butyl 2-((R)-2-methyl-4-((R)-

(3-bromophenyl)(phenyl)methyl)piperazin-1-yl)acetate and phenylboronic acid with
thien-2-yiboronic acid provided 2-tert-butyl ((R)-2-methy1—4—((R)-phenyl(3 ~(thiophen-2-
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To a solution of tert-butyl

244- ((3- bromophenyl ) (phenyl ) met hyl ) pi per azi n- 1-

ypacetate (2.0 g, 4 mml) in dioxane (10 inL) was

wPREes4d HCL solution in 1,4-dioxane (30 mecr@8s07/014842

mol ) foll owed by concentmated HCl (2.0 nL, 55

nunol ). The reaction was stirred at 50 C for 6 h and

concentrat ed under vacuum The crude product was
urified by SCX 10 colum. eluting wth nethanol then

yl)phenygmemmpﬁramew&mqm which §vag S Ok {Re-2omrprichtRas

hesi s of
above. 2. (44(4- chICrophenyl)(phenyl)nethyl)plpera2|n 1-yl)ac
PﬁJcéé‘du%As%ééﬁicﬁ YSEREDHIC 688 ve, Dot stbsRhiy e bafyl 2-(4-((3-

tert-

phenyl(3 -gﬂﬁ&ﬁﬁﬁﬂqglﬁhéﬂylﬁgetﬂyl) SPGBy eetic aﬁ@%s/ dés@ﬁﬂved 1H|'Example 4

- bmmoph@yem@yémmemm( -phiesiat vridh Ryt -petd-f{(R)=(4-

bromoph%%ﬁﬁ{eﬁklﬁm(eﬂnygpﬂmra%nm 8kt arfl t@éﬂ@l‘s ) é:meﬁylu\@émc acid,

solution in 1, 4-di oxane

2-methylpheayiborasiq asid &-myibyiphertieoramis goifend G-Iﬂ@lsﬂﬂhenszom geid
provided @?ﬁbﬁ@ﬁ&k)—?&é’éﬁﬁ @-E(Rﬁ{&ﬁ-glpﬁg:%ﬁﬂp&nﬁgﬁxe@yh éﬁ'ﬁgz?azm- -yDacetate,

concentrat ed under vacuum

tert-butylt(ffi)r%rmﬂy&%oﬁh(ﬁ%méthblﬁshWémhw%?hﬁérDmﬁhVD@H@ﬂwra.lml
yi)aoetated felr©ifl:t Sle(I@)LE’ encki\g-4L dck)-&s- efy)pBeil)- (PRI InsdtihI)-

piperazin sopincomies mﬁ%&d@%ﬁw TG L ——

{(pheny 4,1&@13.—@{;:&&& nenasMd %%%ecct@& , which were converted to [(R)~4-{(R)-
4- chl or gphenyl ) (phenyl ) xnet h
biphen%wé ahaleﬁqﬂng}%?a%bﬂcp%%n& SR esb Rred R iy i-4-((R)-

(2°-methyi- Bk gHRWING vDYRBRMNESthy}-piperazin-1-y]]-acetic acid;[ (R)-Z-methyl—4~[(R)-

phen [ ).ret h 2- et hy] pi pe
(5™smetty ey A SO BT 7 P GoH Y RS T A (g efih-a-
[R)-(4" -he@ly1- Hipﬁhnyﬂ-@ﬁyl)%plgeﬂ%ﬁ-ﬁgﬁi%zpépe(mmn} l—yl]—acenc achld bresg)ectweiy,
t pheny trifluoromet hybphenyener
‘kmxﬂwdﬁ9é Bé ggpﬁgl y acetic acid dihydrochloride M5
(ESI, pos. ion) nilz: 393 1 (M+1)-211C;
2-(4-((2-bronnpheny|) hen L)nEthyI)plperaZ|n | -ypace
tic acid dihydrochlori (ESI, pos. ion) ink:
Synthesm?9f)2-L(J()—M#(b)felﬁbﬁﬁayl(Mﬁhﬂuoromcthyl)phenyl)methyi)—.‘2-meﬂlylplpcrazm-1~
2-(4- (phenyl1(4- (trlflfprqﬂthyl)phenyl)nethyl)plperaz
in4-yl)acetic acid 16 8. d?ochlor|de M5 (ESI, pos.
ion) In/z: 379.1 (Mrl)-ZHCl; were prepared.. Exanple
5 Synt hesis of
2-(4-(bis(3-(trifluor netﬁVi)phenyl)nethyl)plpera2|n-

1-ypacetic acid d|hﬂiﬁ%jh#0r|de 15

N
V/k‘/ i
\/
Stgp 1

To 3-(trifluoromethyl)benzaldehyde (3.48 g, 20 mmol) (azeotroped with benzene) at 0
°C was added cyclopropylmagnesium bromide (0.5 M in THF, 24 mmol) dropwise and the
resulting solution was stirred at 0 °C for 1 h. The reaction mixture was quenched with aq.

NH,Cl, extracted with ether, washed with water, dried over Na;SQy, filtered and evaporated
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Step 1 To a solution of .
3,3t-bis(trifluoronethyl)benzophenone (11.4 g, 36
, nmmol ) in MeOH (50 nL) was added sodi um bor ohyddde _
we Joo®oo3s3 53 rrnnol) portionwi se at rt. The PUTS[58093/061842
20 was stirred at it for 34 h. The reaction was
diluted slowy with water and extracted wth CH2Cl12.
The organi ¢ was washed successively with water,

‘ i ne, dried over , and concentrated to Qi
to dryness S@gmerw P%f&%%%gy émﬁdﬂi?ﬂﬁﬁﬁr‘ 91% Pt IEM)
affordedxm}&aophém)(eymopmmmous@ﬁyam“t e next r eactl on
hout further purification. Step 2 - 25To a solution

&-‘395— of bi s(3-(trifluoronethyl)phenyl) net hanol (1.1 g, 3.4
'Ifoﬁil%'ﬁ’cl cszd ﬁlz rdﬁathyﬂme@dﬁﬁahﬁfo%mmg, thhJ amadl) at rt
C oride e f.eact.l On was
wras slowdy pded gy TsBloeide 6152 o SULt et by SSHAES Syuc RS stirred
at room t@ﬁl@&hﬁﬁ@ﬂﬁi 1, tihd ettt Reagedtasdemevhabydesot@mibg! With Goluene

* and crud (BT Yol pPPY B Y DT ON TR RENY DY STEE TSRS fofther dried under

high vaciuint @gd el diredtiysindhe fidstisfebuor or net hyp- phenyl ) met hane
Siep3 NS added to a solution of piperazine (0.81 m, 10
2E22 mpl) 30 in acetonitrile (10 nL), heated to 100 C for

Alixura nﬂ 1. qetie@(dyciipeshylntey vaCrifionrofieehylidnzees (2fig, 1 1

mmol) a:ﬁ@]ﬁl lyl:é%je L ecai%?% éi% %%1911) ;/%f?(? arglsovt@%qglg wxals:hgat%&\l at 90 °C

ovenﬁghtiznﬁésphfent wey ecpoand and tleenlid atdhetvoasgubmiticd (1o cel(Bn

tri P
chromardgrgngy (S HIEAR 1o SRR IN ROl BT, Bt (561
(cycloprwpgrtﬁﬂ[trﬂfhmtomﬁhympimoglemmhvD+2-mei@&®1p¢a)zxrm'(a 15 q) it yas
direct] x%gte(O 55 nm, 3.4 mmol) and triethylamrte
y"{sﬁ §l6n Pg mol ) was added. The sol uti on was
Step4 stirred for 4 h, diluted with water, and extracted

R OB S RT i

methylplpmemﬁr kit &d 05 Fremolud as mloe) MeChhwap e#deﬂuf@&b’éyl | SCO
bmmoac%ﬁé "/1’2567%%&}‘ FAIRNRALY siv Bdifort Srthielyiatline (2.203 mi,

15.837 m(nacr mmvmm@wsqmam gvergighta I sqlptien was giegorated

to dryness GnSfheFesiAR4 ﬁlbﬁﬁued\{@ HaESkhBRStogh:RR) (803, hex@d: b
( hen converted to the title corg?(n

hexanewaAg?—d@eéonoagoa@ OB TR LA B -loPes

tnﬂuomﬁiéﬁ'??ﬂg liBetR¥Ipiperazin-1-yl)acetate as a colorless oil.
¢ bi phenyl?gphenyl) met hyl ) Pi perazi n-1-34) acetic

Step3 acid di hydrochl ori de A mixture of tert-butyl -
T4 -briky o1 ah%amb)afq@bmmﬂmafdmﬂtaﬂpﬁaﬁﬁmﬂmsr pace

methﬂmée%%n%oﬂmsﬁse CabmeamiedmBbrt A5E Ryt Sebadd gt orsm

HC1 and He reshittho58Rltjon vdddtirred at S0 °C for 3 h. After HPLC-MS showed

oS L A DRI BN o e

((R)-4-(chﬂ6§reﬁlyl&-(tﬂ;ﬁﬁo@mﬂﬂﬂﬂfphm}dymmpZMdmﬂpmbtaam- F-gha@€ic acid

a5 35255 LS U 083 S 00 g0

Pw::édaiu@dsttfe&trﬁﬂdl\ih Ekamplelit dtone, Hulh substiutieg cmlmropﬂﬁ@@msmm '

onc ted. .Th ru d S
bromide {45 -GBS PR PR RS b vt b gt
yI(3-(trifRefoddihiliph e yrhethpimsingrhiinat-yiydcptdadie My (BS L 1pdBaion) am 399
M+1) (0.28 g, 91%yield). M5 (ESI, pos. ion) ix*: 443.2
" (Mtl), which was then converted to .the title conpound
by proceedi ng as described in Exanple 4 above.
Proceedi ng as described in Exanple 6 above, but
substituting tert-butyl 2444(3-
br onophenyl ) (phenyl ) net hyl ) pi Perazi n-1-ypacetate with
tert-butyl 2-0R)-2-nethyl-44(R)-
(3- bromophenyl ) (phenyOnet hyl ) Pi Perazi n- 1-371) acet at e
and phenyl boronic acid with thien-2-ylboronic acid-
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S bronophenyl) (phenyl) net hyl ) pi perazi n-1-yl)acetate

with 24(R)-2-nmet hyl-4-((R)-(4-

br omophenyl ) (phenyOret hyppi perazin-1-yl)acetate and
wonrzeston2sgs it wi th phenyl boroni c acid, PCT/US2007/014842

2- met hyl phenyl boroni c aci d? 3-nethylphenylboronic

acid and 4-net hyl phenyl boroni ¢ aci d provi ded

tert-butyl ' '

AR A i PRSLBRUSHRNLREL %

yDaceti€ 4dR} w%s ﬂﬁh@yﬁmﬁé& o £ (1()22 ﬂﬁt}ﬁﬂhﬂt@nﬂﬁobﬁ&ﬁm Xa‘-p heny!|

GRS ehabhimeGibe yé-e@%%gl%;gﬁ;,%cﬁmw@ﬁgm gy T

mxophe@QrﬁBh&lhﬂuor&heﬁ?Bﬂdﬂi Dore)t3apRicaizi-1-a1)sketie béid Bﬂisi}ékeomers
((R)-2-nethyl-4- ((R) - (4-(4-nethyl phenyl ) phenyl) -
(phenyOnet hyl ) - pi perazi n-1-ypacetate respectively,
whi ch were converted t @xafp) eﬁ-((R)

Q}g@%&%@l o]fgrch%/db SPJE‘%%Q)P%)H%&IAB% ?Et glpergmgel }%% cetlc a

(2' - met hyl - bi phenyl-4-y1)-phenyl - net hyl ) - plpera2|n 1-

yll-acetic acid;[ (R-2-nethyl-4-[(R- 15

(3" -rnethyl - hi phenyl - 4-y1) - ghenyl - met hyl ) - pi perazin-1

-yli-acetic acid; and{ (R hy1- 4-

KR) - (4' - met hyl - bi phenyl - 4-y1) -phenyl - met hyl | - pi per az

n-1-ylj-acetic acid, resgect¢vely, as described in

Exanpl e 4 above. Exanpl el 7 Synt hesi s of

24(R) - 4-(cycl opropyl(3- (tr'fluoronethyl)phenndethyI)

- 2- met hyl pi perazi n-1 -4 acid 0 ()LOH Step

25To 3-(trifl uoronet hyde (3.48 g, 20

nrnol ) (azeotropeg, < ~gi 0 C was added

cycl opropyl magnesi um brom de (0.5 Min THF, 24 nunol)
§$Rl dropwi se and the resulting solution was stirred at 0

'ﬁ‘: ; &ﬂu&mpof cﬂlﬁo&g@g&ﬂ&gpﬁgﬂg)%&aﬁ@@(ﬁ H:?%A' i r3(:-}[:11:1'1\6?) nlf' MEEN was .

, extracted

added pwrraé@%v@r (604 26,0 wpolefoleweh By Eigtydmipe F26\d 4.5 mmol) and
the resul%QQ iR RANChLLER QR A &&?er?:&ol td wﬁr%%émmbwmaporated

chromat ogr aphy (S|02 exane to hexane =
to dryneﬁ,iﬁ;:@ tb%ms dye g galymitied to column chromatography (510, DCM to

DCM/l\rfc@ﬂ-flE qn@ leﬁengiba Aqw&dm&m&ayﬁ&ga&ﬂa&a%lpaﬁ;zﬂz@ﬁé @i asa

WhItBSO89-clopropy1(3 (trifluoronethyl)phenyOret hanol .(3.00
Step2 9, 133 nunol) at it 5 was slowy added thionyl

0 0 ST 5 A5

10 mL of¥6CTHF a8 GaMd mMexsyT B BiveshobnitedBe l, 50 ha@hollbwed by sodium

hydridc,tf@%%%r%g? gf;[l}#%gql OB Hb O 2 ARSretigiReshRYTR ety

solvent waiicevaBsrafed b h@heﬁranedwasnﬁk&mlimgiﬂuuaﬁdlﬁmmtbmﬁhgraphy

(sion. ntan i tbgplolci e P o b habhy DS a0 (T e Bemviarcs

(b1s(4-c}ém©236rgd)nibﬂxyl)-2foxoplperaz;n 1-yDacetate (160 mg) as a white solid.
Step 3 '

To a solution of methyl 2—(4—(bis(4—chlorophenyi)methyl)—z-'cxopipérazin-l-yl)acetate
{160 mg, 393 pumol) in THF/MeOH/H20 = 5:5:1 (5.5 mL) was added lithium hydroxide
monohydrate (49.5 mg, 1.179 mmol) and the resulting solution was stirred overnight. The
solvent was evaporated, diluted with water, adjusted to pH = 5 with 10% HCI, extracted with
DCM, dried over Na;SOy, filtered and evaporated to dryness under bigh vacuum. The
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mol ) and (R)-2-nethyl piperazine (3.2 g, 32 nunol) in

30 nL of MeCN was heated at 90 C overnight. The

sol vent was evaporated and the solid residue was
weubnsiovasexd t o col utm chromat ography (Si 02, EPOETS007/014842

Et OAci 2M NH3 in MeOH 100: 28) to gi ve crude (2R)-1-

(cycl opropy1(3-(trifluoronethyl)phenyOret hyl)-2-net hy

| pi perazine (3.15 g) which was 15directly used in

., nhext st a.solution of cru

residue P@Rﬁ(’a ‘f ‘e%reS@ﬁ}%méslﬁa??%*erm@ﬁpﬂ%%%%l%m

100:15 - 1002500 Eive /(AT bidel-thlorbBhetiyl)dthy D pordind-yMacdc acid
MeCN was ?{5‘? a-t{gr?-but y?h b?gm)acet atep%z 046 yIljia

- (136 myasgyhitesAlt) ol | owed by sl ow addi tion of
triethylamne (2.203 m,  2015. 837 nunol). The
reaction mxture was stjrred at it overnight. The
sol uti on was evapor at ed*¢'GP rgyness and the residue

SyntheMB.6f SRYIZ-inethyl-2-({IL3sHen SlH- LG L@y} pEn) Bme g Ky piderazin- 1-
to hexane/ EtOAc =.100:5 to. 100: 10 to 100:30) to give ,
tert-butyl 24(R)-4-(cyOPEHieEsE( s-
~(trifluoromethyfl phenyfl nmet hyl ) - 2- et hyl pi' perazin-1-y

-flacetate as a colorless oil. Step 5 25To tert-butyl
24R) - 4- (cycl opropyl(3-(frifluoronet hybphenyl) et hyl) -
2- et hyl pi perazi n- 1- ate (350 ng, 0.849 nunol)

resul ting solution tirred at 50 C for 3 h. After
HPLC- M5 showed conpl conversion, the solvent was
evaporated to drypessiunder high vacuumto give 2-
((R)-4-(cycl oprop h | uor omret hyf | phenyOret hyl ) -
2- met hyl pi perazi R =2 aC| d 30di hydrochl ori de
(290 ng, 79.6%yield) asavvh\l\ |d M5 (ESL pos.
g

in 150 nL fl ask vvasvé }d 3rriL of 37% HC1 and t he

ion) raiz: 357 (M1). Pr o i ng as descri bed

in Exanple 7 above, but substitu

cycl opropyl magnesi um brom de with

t hi ophen-2-yl magnesi um brom de provi ded
Stepl 5 aR) - 2- net hy1- 4- (th| ophen 2-

A kidufd i thdbar ég ﬁfddﬁﬁih@ﬂ@ﬁbﬁ@ﬁ@ﬁeﬂ:yﬁ)—%hﬁeﬁﬁ@
pos

plperazx%—gggj%g d gﬁ)ﬁéﬁg@imp iﬁ @ar?gon o?lows the) general procedures of
Referend6 )R -phehfibihyde . (370N a0 r@nyl) Birdbintylitwonaneiisd:ph

* wibyardf 149 S Y B B ol RRE L R B S A SRERETD e

0,030 mfnbl)ividshestedet m/'f() piﬁmﬂM)aBmhyde)fm PRI &bk nesidugBDagaiibjected to
fash ohBfpefosBiiy S50k Aot Ty bbb TR 1 AR Yot BB
tert-butyl 2«ifR}%ﬁhyeaumccsmmymamhemmwl)ph‘marmpiems&)-pxpemn-1 -
yl)acctat§¥fgﬁ11§%1§s % cuﬁl or ophenyl ) met hyl ) - 2- oxopi perazi n-1-yDa
Step2 cetic acid 10 Step! .

To a solution of tert-butyl 2-((R)-2-methyi-4-((S)-phenyl(4-(2-phenylethynyl)phenyl)-
methyDpiperazin-1-yDacetate (320 mg, 0.666 mmoel) in THF/MeOH/H,0 = 5:5:1 (5.5 mL)
was added lithium hydroxide monohydrate (279 mg, 6.658 minol) and the resulting solution
was stirred overnight. The solvent was evaporated to dryness under high vacuum and the
residue was diluted with water, adjusted pH = 5, extracted with DCM, dried bvér NaSQ0y,
filtered and evaporated to dryness. The residue was loaded onto flash column (8iO?, DCM to
DCM/MeOH = 100:5 to 100:10 to 100:15 to 100:20) to givg 2-((R)-2-methyl-4-((8)-
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To a solution of chlorobis(4-ehlorophenyl)nethane

(407 nmy, 1.5 mmol) in MeCN was.added pi perazin-2-one

(601 ng, 6.0 nmmol) followed by triethylamne (626 pl,
wd 3oo8iRke3 and the resulting m xture was ref | poyack2007/014842

overnight. After cooling t¢€ rt, the solvent was

evaporated to dryness and the residue was submtted

to colum chronatography (8102, DCMto 15 DCM MeOH

 phenyl(4- (@tﬂhgleﬂet?a )?gﬁ@ﬂ;math@mmw -beasstis- %uidﬁéo oY Bs Fryhite

solid. @S a white solid. Step 2 To a solution of
4- (bi s(4- chlorophenyl&jrret hy1) pi per azi n- 2-one_ (180 ngy
Broressiing 35 deseribed 3ho st the fallowing cpasposadreyerisypssized:

2(HoNRagSt-al ﬁ{)é[ﬁﬁnﬂg 3-(Bfdkidin B@éﬁynﬁﬁh&@lﬁ&t@?plpﬁrazm -1-

sodi_.um 20 hy ri % di spersion 1n neral

yhacetippcidgud n ol ). After stirring rt overni ght, the

3R DhcitgRa LIBNHeAY I S-Pyrllin 132 pHE MR Apdérazin-1-
mtted to colum chronatography i 02, hexane to :
Y‘)ace“ﬁé%%ne/ Et 0OAc = 100:5 to 100: 10 to 10020 to 100:30) to
gi ve net hyl 2-(4-
(bi s(4-chl or ophenyl t hyl oplpera2|n 1- ypacet at
e (160 ng) as a mhi#hqﬁ%ﬁﬁb B 3 25To a solution
of net hyl Example 1

ypacetai e 0K RCH T IR S
Invitro5:5:1 (5:5 nL) was added |ithium hydrOX| de

S Bt e AR Bt AL B o
glycine by &pcgimﬁduardpbnﬁreybw\l Hunmtp@l’cenﬁdcyhm'beaicihﬁmp K ATD) cells
endopebff sFRRSPROE T P e e (O S~ Bt psey
For uptakh assaySDJMlé) S2E8ARGTHdUIS26- Ot 4B %2 Ws'&lntlﬂleﬁmgiu&m]ﬂﬂes
(Amersl%%ggggcf‘lg i W ?%udnng%&r? CQM& vm(f):rlglen:nn in the
presenc@dpehiiliia41 Qthigy mpmm;)mmml (Jo@pgxdp IQRHS Wﬁdﬁited/ ;ac
density %‘t 4 f( 19¢ l:e I! \%éll?’andr%n elrusir%d.li'ged al osp e of g% CO; for

hesrs
24 h. 24( R) - 2-met hy1- 44(R) - pheny1(4 (2- phenyl et hynyl ) phenyl

%ﬂﬁ&@)ﬁ@ﬁﬁﬂk olmd ér?@{(%&{)ﬁg&iﬂt? HJQd EAﬁgakNver% an%ﬁgd with

ure

30 pl ofﬂp@@@)buﬂ%(le)zemmmpquu pwem ylaiChel Iqu)M@;mdﬂhyMp
Zl.n e 4
Hiepes, 3 BREGRR iH 731 st tHGogaREPar 1o capiay S0 ul of ]
glycine gel efGinamolbtained Hamy PetdiyBleef 0dikidet ImUptéiceZﬁQfeﬂWMd)ied to
each weg ?(%%grg %}aﬁ%&%&a@oﬁa on g Me ? utlcru Lg nde{t ?ctnoem geg perarggre for the
desired tthe h%ﬁg%g@n Jtsehlpd eawmr?&gﬂw[m%tg@%gﬁ%uﬁédd bN:)Z a (33CHmt
mmo ed a r
(Packardérg NoasnseHic ‘Péﬁ")elo\?ﬁ ?rﬁ'éwl.n% spndgenped ﬁH}e’%E’EBé‘?PCF gf 10 pM
coidALj{LmI; (St@yat ography (Si 02, hexane to hexane/ Et OAe =
10to 100: 15 to Oo:éﬁg) t%giv ﬁrt buyt ﬁj .

248 steRy i o pr dref sl oen s Hgpopmsape

fitted with) mhflﬁhr)anﬁtd? egasticeqhatidaasingtis- hod@UatdanaB&isdo M CAE DMty Base.

The spcc:lfic compounds of this invention had an ICsp value of less than about 10 micromolar.

In approximate ICsq value of a representative number of compounds of Formula (Din

this assay is provided in the table below.



5

Hij

15

20

25

20 Step 2 To a solution of tert-butyl
24(R) - 2- et hy1- 448) - phenyl (4- (2- phenyl et hynyl ) pheny1)
- met hyDpi.perazi n-|-ypacetate (320 ng, 0.666 nmol) in
wd HogdPR&E1H20 = 5:5:1 (5.5 nal) was added | (PCAiU5AG07/014842
' hydr oxi de nonohydrate (27% ng, 6.658 mmol) and the
resulting solution was stirred overnight. The sol vent
was evaporated to dryness under high vacuum and the

25 si.duae s = 5
ext:ﬁiglpég Wﬁﬁgdm%ﬁ# il't& ed hnd

evaporatedito dryness. The resi duge was Ica(r.i?eﬂ ont o

f | ash—colufn_{Si-02-+PoM-t-a-—-BoMebit=—166-5-t6—1D0: 10
to 108: 15 1d9100: 20 0o gilV&4. ( (K12 2- metlthA-4- ([ 9) -
WO 2097 00258 3PCT/ U>3&)07/C114&42 7455A ) 1.5
7 phen 1(4- _{ = hhﬂh\l| e h\ln\ll Mnh Hy‘+7\ VA }I“I oL aZi - 1_y
pacet 78 aci &5(1240 m;? as éf"v& ite so‘&fi d. Broteedi hg as
- descripped dabgye the|Bol I owzrg conpomunds Ve

synt hesized:

2-KR) 28- et B 4- (R} #Bher ilyXB- (2f BSri di 02 yi avhy! ) p

henyl yget Y iph PEr afgP- 1- (228b) acpgg c acijd34and
2-(( R) .- 2-_m=fh\/1 4- { P\_nhan\ll fQ / p_yr_l_rll A~ :Ie hyny

y
| ) phenyl) net hyI ) p| per azin-1- yfI acet| c aci d.

Bi ol ogi cal Exanpl es | OExanple 1 dycine Transporter 1
(@ yT1l) Uptake Assay In vitro: This cell -based
assay measures the ability of test conpounds to

Inwvoés%! bit the upt ake of glycine by the 91 yci ne
ransporter type | cent al [ ¢i.n ggarm

Yigta R gar Tevidy Bz ST erprs pereer R R SR

" Table 1,IcbAPSRAT 3, 98 29a13Rrdxypfdpyt-mkjhyeeitiaiossad 126 kwédni8) insay at

For uptakea AR cells wer | tur d|n
doses rapgip bitareny| 8p 100 elkE Y Preh AR RS 2P PV ATES T Bl
adminis@BAtRMCCER RS bolldttddRivd shibstQueneli amhymlrﬁm glypmg cara%tfuemal

HPLC cg&,\i s a g%%lgéﬂwg (ﬁiﬁr%gc%f lfdl?sr%}h %* 'ﬁ‘asél]iQ\Qeis of glycine

in rat CSB‘@&:@@ Bhg/micielitst 6fCRIF odtlowed.04 cel | s/ wel | and gr own
at 37Cin a Inunidified at nosphere of 5% CO2 for 20
24h. Cul ture medi um was renoved from Cytostar plate
and JAR cel | s wer e Formulbidrcigxamnlés 30 pl of Upt ake

B S, B e 0 3oLy

ofFormmat(I)out conpound for 5 mn. Then 30 pl of [14(C
gl yoine (101 nGi/mmol, obtained from Perkin Elmer)
diluted i n Uptake buffer was added to 25 each well to
give a final concentlahlet Bexmglating| | . Af ter

fa0d pleliRddRsis kbR tablets.

%%uaﬁ%%qﬁ dlgsea i‘gﬂgg%\%ﬂ%& togt ar’ pl atfgg‘iwere
count ed on a TopCount (Packard). Nonspecific uptake
of ['4C & Was determ ned i nghaatgRsRBRE Of
10gM col d A X- 5407 (Sigma). IC50 curves were
gener at ed from the raw-dataeoltected—EE5m t he
TopCount and 30 fitted with a four-paranmeter |ogistic
equation using in-house data analysis tq h Activity
Base. The cop@errd el BHiB¥TE of this |n\?§ tion had an
| C50 val ugupfsid-&ss than about 10 m cronokar.

croscarmellose sodium 25
lactose 120
magnesium stearate 5
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I n approximate |1 C50 val ue of a representative nunber

of conpounds of Fornmula (I) in this assay is provided’

in the table below. WD 2008/ 002583PCT/ US2007/014842
wé2008R6ksss , | Cso (iiM Cpd # 1C50(nM Cpd # pGsus2007M4842

1 79.1 30 0.934 49 7.2 18787.6 34 17.8 55A 1.5 20 131

Capsule Formulation
The following ingredients are mixed intimately and loaded into 2 hard-shell gelatin
capsule.

Ingredient Quantity per capsule
mg

compound of this invention 200

lactose spray dried 148

magnesium gtearate 2

Injectable Formulation

Compound of the invention (e.g., compound 1} in 2% HPMC, 1% Tween 80 in DI

- water, pH 2.2 with MSA, g.s. to at least 20 mg/mL

" The foreguing invention has been described m some detail by way of illustratiﬁn and
example, for purposes of clarity and understanding. It will be obvious to one of skill in the art
that changes and modifications may be practiced within the scope of the appended claims.
Therefore, itis to be undeistood that the above description is intended to be tllustrative and
not restrictive. The scope of the invention should, therefore, be determined not with reference
to the above description, but should instead be determined with reference to the following
appended claims, along with the full scope of equivafents to which such claims are entitied.

All patents, pateﬁt applications and publicétions cited in this application are hereby
incorporated by reference in their entirety for all purposesA to the same extent as if each
individual patent, patent application or publication were so individually denoted.



38 0.98 75 4.32 21 217 39 2.7 77 41.1 24 3.94 48 2.14
78, 4.8 79 1190 82 2200 88 134 In vivo assay:
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 What is Claimed:
1. A compound of Formula (T):

wherein:

n is an integer from 1 to 3;

R and R® are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,
haloalkoxy, aryl, heteroaryl, cycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R?, R®, or R® independently selected from alkyl, halo, haloalkyl,
alkoxy, haloalkoxy, hydroxy, cyano, monosubstituted amino, or disubstituted amino; or

R! and R?, when attach_éd to the same carbon atom, can combine to form cycloalky! or
monocyclic saturated heterocyclyl to give a spiro ring wherein the cycloalkyl or monocyclic
saturated heterocyclyl can be optionally substituted with R4 R®, or R independently selected
from alkyl, alkoxy, fluoro, fluoroatkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or ‘ _ '

R' and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —C;-Cs- alkylene chain wherein ohe of'the carbon
atoms in the alkylene chain is optionally replaced by a ~-NR-, -O-, -S(O)n;- (where R is
hydrogen or alkyl and ny is 0-2) and further wherein one or two hydrogen atoms in the alkylene
chain can be optionally substituted with one or two alkyl; 7

R*, R* and R’ are independently hydrogen, alkyl, fluoro, or fluoroalkyl; and

Ar! and Ar? are independently aryl, heteroaryl, cycloalkyl, or heterocyclyl where each
of the aforementioned ring is optionally substituted with R®, R" or R where RE is alkyl, -C=C-
R® (where R is aryl or heteroaryl), halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy,
amino, monosubstituted amino, disubstituted amino, sulfonyl, acyl, éarboxy, alkoxycarbonyl,
hydroxyalkyl, alkoxyalkyl, aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy,
aminosulfonyl, aminocarbonyl, or acylamino and R" and R!are independently selected from
allyl, halo, haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino,
disubstituted amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosutfonyl, aminocarbonyl,



SMal e Sprague-Dawl ey rats (250-300 grams) were
treated wwth AyTl inhibitor in Table 1, conpound 3,
i n 2% hydroxypropyl -nethycel | | ul ose and 1% tween 80

acyfamu o 5.13 hg{emq’%ab%our i g?thg@fo‘é?ﬁgl Wh@d %e]a%ém:/ dG1iBYclic ring in

e conpound

RS, Hﬂmcﬁ{‘sﬂ opﬁomaﬂiy SCSRmNAvGOR) BS okl velreh argprdsgerdenily sclected

frony g@%}r é@g el}#oa {1%1%(; &%{0%% | %Jedj%{éﬂgf %:!E r,gﬁ%b') .ﬁrgmbglb‘%‘tituted
am1h@ﬂ%hbstﬂite@hymnnmlﬂﬂyl acyl,alarb(QSF allcrac@benyl, hydroxyalkyl,

it |
RIS 0, oS NG BTN, ek o,
am1ﬁd@bﬂh$dhﬂld)rcﬂ&§laﬁﬂmwrnl ng a conpound of Formula (1). 15

Tabl et . rrrul e ngredients are
aphﬁ%@éﬁm @F@ﬁéﬁgﬁb’? ro meﬁtq}(])dt& ngl e scored

t ae@biip ound efargraiuiba(Tpik nbm §1-banzbyrirylppe€@in-1-yl)acetic acid, or 2-(4-

nel | @s 25l act 0sel20
(- %ﬁﬁ%‘é&%‘ﬁ&g?@’% i Eg}c")%gejﬁ%g CT/ US2007/ 014842
2. 76TRapsHpRnFOr Mkiat 1 aherein: The fol |l ow ng ‘
ingredients are mxed intinmately and | oaded into a

hafé Shel | gel atin capsule. | ngredi ent Quantity per
capSHhER? are independently selected from hydrogen, alkyl, haloalkyl, alkoxy,

haloalkoxy, aryl, heterdaryl cycloalkyl, or heterocyclyl wherein the aforementioned rings are
optionally substituted with R® ,R®, orR® mdependently selected from alkyi, halo, haloalkyl,

alkoxy, haloalkoxy, hydroxy, cyano, monqsubstltuted amino, or disubstituted amino; or
R! and R%, when attached to the same carbon atom, can combine to form cycloalkyl or

monocyclic saturated heterocyclyl to um, a spiro ring wherein the cyc}oalkyl or monocyclic

saturated heterocyclyl can be optionally substituted with R4 RS, or R independently selected
from alkyl, alkoxy, fluoro, fluoroalkyl, fluoroalkoxy, hydroxy, monosubstituted amino, or
disubstituted amino; or |

R! and R?, when attached to carbon atoms 2 and 5 or 3 and 6 positions of the
piperazine ring, can combine to form —Ci-Cs- _-aikylene chain wherein one of the carbon
atoms in the alkylene chain is optionally replaced by a —NR-, -O-, -S(O)n;- (where Ris

hydrogen or alkyl and 1y is 0-2) and fusther wherein one or two hydrogen atorms in the alkylene

chain can be optionally substituted with one or two alkyl and
Ar and Ar? are independently aryl, heteroaryl cycloalkyl, or heterocyclyl where each

of the aforementzoned ring is optionally substituted with RE, R" or R'where R® is alkyl, halo,
haloalkyl, haloalkoxy, alkylthio, cyano, alkoxy, amino, monosubstituted amino, disubstituted
amino, sulfonyl, acyl, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
hydroxyalkoxy, alkoxyalkoxy, aminoalkoxy, aminosulfonyl, aminocarbonyl, or acylamino
and R? and R'are independently selected from alkyl, halo, haloalkyl, haloalkoxy, alkylthio, _

cyano, alkoxy, amino, mohosubstituted amino, disubstituted amino, sulfonyl, acyl, carboxy,



. am conpound of this inventig 200 | act ose spray
dri ed148 magnesi um stearate2”| nj ectabl e Formul ati on
Compound of the invention (e.g., conmpound 1) in 2%

% 8 5 h
alkogfcw%(){\%l %56 rcl)pgg]g&)?fggv n_g Hﬁﬂ aﬁ’fﬁﬁ)gﬁ\yl H%Ig%)faé%ﬂg?nalk@@alkoxy,
ammb:ﬂk@m mmma@ImMImme acsflmgn@ybb@tama%wmwk&sk or
trati on and exa PRE RO of
e L A e e
with Rh& ak R’ {hah aehatgreadanty saiedied fioat alkylshaleyhalselkyl, haloalkoxy,
actlced W|th| n the s
all e ity BKORY, AP0, GRS oo R AL G Bul G, acv,
carbos@s%ké)gftcm%ny}?hyda@mq@q a}l@f{?ﬁkﬂl hratorkiyl, mdm;émm
restrictive e s 0 e inyention
ﬂkoxﬁ’ﬁ@@@f’@f@m%@h&{eﬁl@ﬁnﬁgﬁg’ﬁﬂn 8?1% O?gf %rraé: ﬂ‘% % the
3. abﬂié%o&?y%ﬁﬁd Ha@n zﬁm:e]g@m bk Rﬁatemi}bpbmiedéy evleriterbliiomn.
erence to the e
hydrogprgkxhi hatoalpd. #lkeyy. g@g%k a@fgi}}e\ﬁp dlr gyc%ioa"i‘kvﬂsdr heterocyclyl
: Wheréﬂi'ﬁfk AbRMTBRHHeR 2R hdthBay], Ahblo@l&tl? ot &telpaycéﬂt are optionally
|

cat i ons Ubl ications c
substiappd PERIR OR a7 P& ennyonty FRUporAA 091 Btk glon,
haloalk%x#r fmﬁ)nf: 'aﬁSt YohSubdithted Hﬁqﬂﬁﬁ asdibgbstihgecsanmo.ext ent
C

i'ndi vi dual_ patent,  patent I | cation or
4. pJE;:Ieuce@ppmd airleins 8 Wheer® Ko aad ﬁy g’ﬁé‘i 77 Wat is

5. e @&poﬂnd%f@gpﬂb%egm RO éfﬁlkaal(ehﬂdepa&ieﬂﬁf@éﬁedﬁr&»m
. vvh .nlsanlnteerfromltﬁf r%?{ iR
hydrogerg ﬂmémﬂehtalw@ep@w@kq&ywﬂg BaeH, 16351 otk and R7is

al koxy, hal oal koxy, aryl, heteroaryl,
otherﬁx%%?zgd%y? or heterocyclyl wherein the,

6. . af”heempbuu“ahﬁdllmﬁméy‘mféu t9 loiiaraey “'S‘%Bsﬁ #hred with

egtadadheQm Ak kdhe carbon at
Eg?xe coxi‘,r]lg?%léil%y(; koxy, Eala%gkk%g? I e & c;a?r on atom -
and aepobiresitd tfcnmewcécmlklsé Opmnaéllb@ub@tﬁﬂtﬁ@l”@é RarRknér R R ependently

select%%ﬁ‘o%loai}ﬁ k? u%l*ot %Qﬁ%‘lll{}/ﬁ ffﬂ&?oaﬂ@ﬁ@ SREBeN nﬁ:b@é’ﬁbstltuted

orm cyc or rmnocycl ic
amncﬁmdxsahmmtb@mnmycl yl to give a spiro ring wherein

5 BBl TR Y Sy M Ebon o

and are rmdmﬂmmd&m fdryn mehegtcEd S&tmmdélel@fpcycwl RENGH are PEF&}D@HY substituted
. d yoro L ug ¥, UG r@,&% Udﬂﬁrd; i &horoalkoxy
with i ROPR P hgeottll {fieb dom IUS1IMO A oroalkoxy,

am no.
hydroﬂ&leﬁbraisﬁmmeld boimaobdisultiorsd amined 5 or 3 and 6

posi ti ons pear e g | 45
o, V5L LR, R RORL B 5 RO ARt g
3 and thﬁﬂiﬁohﬂoi fhe pickadinéng had are @rddddn oy ¢ epi-abedengchain
Where%l one or twoqjydrogex(l a)[oms ]Il(til]\hgﬁ(?kBC I-Rain can be optionally substituted with

one or two alkyl.
10.  The compound of Claim 2 wherein R, R% R%,R* and R are hydrogen and Ar' and

Ajs? are phenyl and each pheny! is optionally substituted with R&, R" or R\
11. The compound of Claim 2 wherein R? and R® are hydrogen, R!, R? and R* are

hydrogen or alkyl, and Ar' and Ar? are phenyl optionally substituted with R%, R"or R’
provided at least one ef R/, R2 and R*is other than hydrogen.



hydrogen or al kyl and nl is80-2) and further wherein
one or two hydrogen atons in the al kyl ene chain can
be optionally substituted MA%h one ar two al kyl;
12. Rtrhaeanﬁiﬁmaroecumamhaemm YRhRIr ogdh arahydrpgent Rutsr%f\yl and
or f,l uor oal 2 ph
ﬁ&‘rﬂ’@ﬁl’%aﬁdﬁ?‘a} Sheggtia o ?‘%ﬁ%ﬂlfﬂ‘% FpRLR o R
13. h%@&é&ﬁ?!&.lnﬂ'of@mﬁl@ epehinat,, ﬂrf@rm byrhrdﬂeml,ﬁg jspheny]
tlonaly subst it Z{iﬁ%\éth’R?l J[or R where Rg is
optiomg g yhbstnesdoy B R Path et PE IAFA O thet er oa%I ),
14. hqtg coﬂ? Babk eHim Mahasihkoxand Ralafeylyidhigen, & ,oandR are

am. no, nnnosubstlt ted hsSu stltub ,
hvdroger @rcalk}s},utluf] @t:ﬁgheny]a(ﬁ:gqon ;uggg&;teg é{‘f‘ﬁag&yg grfjﬁj 15 cycloalk\l
prOVI&lﬁ%E %I%k‘gX%R @i}kéﬁ@’l@‘l iK ¥iher B H‘ﬁﬁbﬁl hydr oxyal koxy,

oxyal koxy, ’am noal koxy ap1qo
15. aﬁhﬂaﬂwmdyf Clagm _aWWrgIﬁ] K @é c}:/ E@rdrgq,%l R is alkyl, Ar' is
edyuf mgw d&ﬁ] Oyihal oal kyl ,
pheizykaﬁ &ﬁ@}g%}% 1%?6% R q{CG)% no. gl QSC a '3’ g -
16. nbhosanystund of @ttmarﬁ WbBTE@IPSUBStFtt%t %rﬁrﬁ yAragit éﬁy}SP eny h-
a (CAIboxy .. al o G ORI substituted with RE, R
a*déélﬁ%e SFWP ,Xéﬁ?hbqﬁﬁ§?ﬁqﬁ§%f%&yalkok%i'%I g;yalkoxy,
orR‘an1noaIkoxy, am nosul fonyl, am nocarbonyl, 78
17, PR AR B Y 1 03 g R GLOBken, R, R?, aid R are
eFs Yhé Aromatic or -al it C|IC ting
hyrhoJF@ oratkvami Elnheﬁymﬁlma heyersarils end ¢ACB @DORM ﬁnchhetpqgagfl ring is

[ re |ndependently selected fromallcyl,
Opﬁmiiﬂmqﬁﬂ%$ hal oal koxy, al kyl thio, cyano,
RE R & @}ﬁ;@wcﬁl‘ﬁaﬂ]@aﬁ wasof RSt tnt Rds afiendan &V@QE@I i tuted
ani no, sul f ac 1bQXMﬁ alkoxycar bapyl is alkyl, Ar' is
18, hjkf SERORTE y{]wafrlko%%r%ﬁ “ai ni noal Kyl ,” g, R
pheny WM OR Yol k@¥atyl, ahk exspatikoxyand anierveal] kogys optionally substituted with
. an1nosu|fony| am nocar bonyl, or acylam no; or a
RE, R"9&r-maceuti cal Iy acceptable salt thereof provided
19. U@ éompound of ORiROWHrEE thé cdropatl day h} sirsctongt
2-(4- benzhydrylplpera2|n 1-ypaogtic acid, or 2-(4-
((4-chl orophenyl ) (phenyenet | I)Plpera2|n- 1l-yl)acetic
acid. 2.The conpound of O aj n11 wherei n: nisi;
Rl and R2 are independepn _my gcted from hydrogen,
al kyl , hal oal kyl, aIkoE@ oalkoxy aryl,
heteroaryl, cycloal kyl, or et erocycl yl wher ei n the
aforenentloned rings are o g%?ally substituted with
Ra, Rh, or Rd |ndependenny ected fromallcyl,
hal o, hanaIkyI al koxy, hal oal koxy, hydroxy, cyano,
monosubstituted am no, or disubstituted am no; or

R ﬁﬂﬂﬂ%&e 1ﬂ&€§éhd@hﬂ@ﬁp@dg¢rooﬁdﬂeylsm¢e carbon at om can
conbi o foul" cycl oal kyl n elic sat
Pt o Sy glindcoeaiardy 2s 5on PRGNS & SPipRe SbStuted with
RS R_h(:\écloalkyl or nonocyclic saturated heterocyclyl can
' optionally substituted with Rd. Rd, or
R’ wherdReRendetaty harladsl edidalony atlkyiihio, aillhoax;/aikylp%rbmfl or
fluoroalkyl, fluoroal koxy, hydroxy, nnnosubstltuted
alkoxyasrbaryl- or di substituted anino; or and R2,
70, MAEn o% toﬁﬁ@&d(jﬁl%1%98@111%9@&nﬁm@aﬂ%@ﬂﬁ@ﬁﬁc@f& 6
posi ns o e pl perazine ring, can conbine to form
-Cl C3 al | cyl ene chai n.whereopHone of the carbon
atons in the al kylene chaifi is optionally replaced by
a-NR, -0-, -S(0O)m (whergg R is hydrogen or alkyl
and ru is 0-2) and FarthE;LBherein one or two
‘hydrogen atons in the al ne chain can be
optionally substituted with one or two al kyl; and
Ari and Ar2 are independe |Iy aryl, heteroaryl
cycl oal kyl, or heterg vl Mhé e each of the
aforenentioned ring i‘s_eptionakly substituted with
Rg, Rh or RI where Rg is gkkyl, halo, hal oal kyl,
hal oal koxy, al kylthi o, cyano, alkoxy, am no,
nonosubstituted am no, disubstituted am no, sul fonyl,

where:



7. The conpound of Claim 2 wherein Rh and R2 are
attached to the sane carbogl atom and are conbined to

form cycl oal kyl opt.iqnpall t'tt d T
R® is Rikyi, Ihdépéﬁd@h%t gr Apd kg 11;'1 @P% & QBJ]IHCR ﬁtﬁ??@h)lnnb

and t%é &Qﬁe?(ﬁleh}{%ry & +I¢O{SQQ{ koxy, hydr oxy, rmnosubst i tuted

substituted am no Tﬂﬁé ﬁp nd of
21. Cl'Biemotipahedt ef GlaRh -a‘ﬁ}éﬁfwt"é’r“é’ﬁﬁ’coi%‘i]: eesarre
carbon atom and are c Hhed to for cyclic.
sat urated heterocycl ich are opti onal Iy
substituted with Rd.: Re\ or [ nde ntly sel ected
from al kyl, al koxy '1! uor o, nuoro 32?2 f 1 uor oal koxy,
hydr oxy, m)nosubstlt Eed am no, substituted

amno 9. The conpoupd of C aim 2 ere| Rl and R2
are attached to carb n atrens 2 angd 508 and 6
positions of t ZFne Pi *dﬁéj, conbined to
form-Cl-C2- al n whe n one=y{y two

hydrogen atons in thgJ al' gyl ene chai nican be
optionally substitut 4 with one or two al kyl . :

"The co ound of Claim2 wherein R ,

anehdng/grp onbR" anscindgnendily &y STogFR %‘ﬁéﬁ&zﬂ E%Balggl W?‘Z‘m‘

p |y wdthis thd tiresbunt NF&gaulRA) bas dRie of the
22. hﬁl °éﬂp§8‘9n‘g%§ o%gjﬁal m?2 V\hrgfbel n R3 and R5 are
follo&lmylgl’sc'gam,‘uSRl R2, and R4 are hydr er%.gCiﬁl kyl, and COH

Arl and 4r2 are phenyl aptitonal |y su ut ed W|th
Rg, Rh or Rl providedjat |east one o , and 4
is other than hydrogeg. .80 12. Th ound of
Caim2 wherein RI, VR4, and R5 re hydr ogen, E&Z?
is alkyl, and Arl an 2 are phenyl N&nd each phe

i's optlonally substit ted W|th Rg, - or R 13

The conpeund of .z tein ‘~,- , ‘j .
are hydrogen, @ ph%ﬂ}fl opti IyLs st |t S
with Rg, Rh or R s cycl oal kyl ."R"4. The TR

conpound of daim2 where L)n R3 and R5 arg hydrogen, e
R2, and R4 are hydrogen or alkyl, Arl is phenyl
optlo %@ y substituted with Rg, Rh or Rl and A r2 is
cyclmclti provi ded at |least one of RI, R2, and R4 is
.ot her than hydrogen. 15. The conpound of O aim 2
FRRI R3, R4, and R5 are hydrogen, R2 is al kyl,
phenyl optionally substituted with Rg, Rh or
d Ar2 is cycloalkyl. 16. The conpound of O aim
ereimsRI, R2, R3, R4 and R5 are hydrogen, Ari is
\p r+ and Ar is heteroaryl, rid er-la phenyl and
“ ring is optionally substituted with Rg, Rh
R | ~ 17. The conpound of O aim2 wherein R3 and
R5 aredhydrogen, R, R2, and R4 are hydrogen or
al kyl, Ari is phenyl and Ar2 is heteroaryl, and each

phefhe\{%[{ &g}ga%g%h%?%ﬂaﬁlaﬁ@ RI"$s e&hb Qﬁwrd»atymményluéaeﬂ ring

provi ded at
optiogdlly gabsmtstedmé:r alkplemdrRfds algh b ﬁaloa?fgﬁ or haﬁ)a’lkoxy .
23. The compound of Claim 22 wherein R is located at the 3-position of the phenyl ring

: =%

and the stercochemistry at *C 15 (R).

24, A compound selected from a group consisting of:
(R)-Z-(4-(pheny1(3~(triﬂuoromeﬂlyl)pheﬁyl)meﬂiyl)piperazin—l—yl)acetic acid;
2-(4-((3 -bromophenyl)(phenyl)methyl)piperazin— 1-yDacetic acid;
2-(4-(phenyl (3 -(triﬂuoromethyl)phenyi)meﬂlyl)piperazin-1«yl)acetic acid;



The ,..onpoinicl of A"-it ¢' wherein R, R3, R4, and
R5 re hi-throe-en, R2 is a"-vl,isai phenyl and Ar2 is
het eroaryl, and each phenyl and heteroaryl ring is
optional Iy substituted with- B, Rh or RI. 19.The
conpound of Claim2 wherein the conpound has t he
structure r C2H Arl Ar2 where: and R2 are

R e o
S UHSE LA rCeenyid-RriFigorcRa o pRenyliestey IRgbareziad kflagetic acids
B s e A
é@éﬁ%ﬂ%@@ne@wﬁ%ﬁwl)ﬁﬁm)a@e@ﬁnulcvuaw@ﬁc eyl
2 2- (43@2~Q‘onidphel?%)(ﬁ!ibr(y@)}nethyl)plperazm- -yl)acetic acid;
2-(4-((3-biphenyl phenyl)methyl)piperazin-1-yl)acetic acid;
(S)-2-(4-((4-bromophenyl}(phenyl)methyl)piperazin-1-yDacetic acid,
(R)—2-—(4-((4-br0m0phenyl)(phenyI)methyl)piperazin—l-yl)acétic acid;
(S)-2-(4-((3 bromophenyl)(phenyl)methyl)piperazin— -yl)acetic acid;
{R)-2-(4- ((3—bromophenyl)(phenyi)methyl)plperamn— -yhacetic acid;
2-((R)- 2-methy1-4 (phenyl(3- (tnﬂuoromethyl)phenyl)methyl)p1perazm~ -yl)acetlc
acid;
2-((R)-4-((3 ~b;‘0mopheny1)(phenyl)rhethyl)-Zamethylpiperazin—l-yl)a_cetic acid;
(R)-2-(4-benzhydryl-2-methylpiperazin-1-yl)acetic acid, |
2-((R)-4-((R)-(3-iodophenyl (phenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
2-((R)-4—((R)—(3—bromophenyI)(phenyl)meﬂlyl)-2—methy1piperazin- 1-yl)acetic acid;
2-((R)-4-((S)-(3 ~bromophenyi)(phenyl)methyl)-2—méthy1piperazi.n-1 -yhacetic acid;
2-((R)—2-methyl_—4-[(bipheny1~3 -y1)(phenyl)methyl]-piperazin-1-yl)-acetic acid;
2-((R)-2-methyl-4-((S)-phenyl(3 -(triﬂuoromethyl)phenyl)methyl)piperazim I-yDacetic
acid; ' "
2~((R)-2-methyl-4-((R)-phenyl(3-(trifluoromethyl)phenylymethyl)piperazin-1-yl)acetic
acid; ' '
| 2-((R)-4—((4—_chlorophenyl)(phenyl)methyl)-2~methylpiperazin— I-yl)acetic acid;
2-((R)-2-methyl-4-] (biphenyl-4-yl)(phenyl)methyl}-piperazin-1-yl)-acetic acid;
2-((R)-4-((4-bromophenyl)(phenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
2-((R)-4-((4-cyanophenyi)(phenyl)methyl)¥2-methy1piperazin-1-yl)aceti(_; acid;
2-((R)-4-((3-chlorophenyl)(phenyl)methyl)-2-methylpiperazin-1-ylacetic acid;
[(R)-4-((R)-[(biphenyl-3-yl)(phenyl)methyl}-2-methyl-piperazin-1-yl]-acetic acid;
2-((R)-2-methyl-4-((3 -(methylthio)phenyl)(phenyl)methyl)piperazin-1-y]) acetic acid;
2-((R)-4-((S)-(2 -brombphenyl)(phenyl)methyl)-2-methy1piperazin- 1-yDacetic acid,
2-((R)-4-((R)-(2-bromophenyl)(phenyl)methyl)-Z—methylpiperazin-1-yl)acetic acid;
2-((R)-2-methyl-4-((R)-phenyl{m-toly)methyl)piperazin-1-yl)acetic acid;
2-((R)-4-((R)-(3-1sopropylphenyl)(phenylymethyl)-2-methylpiperazin-1-yl)acetic acid;



where Rg and Rh are independently hydrogen, alkyl,

hal o, hal oal kyl , or hal oal koxy. 22. The conpound of
Claim 2 wherein the conpoti®d of Fornula (1) has one
of the follow ng structures: where Rl is hydrogen
or methyl and Rh is cyano, heteroaryl or phenyl, each
ring optionally substituted with al kyl and Rhg id:
AKR)-4- (h’aﬂaorODIabetYé)l(M‘ﬁhYI)@?thﬁ]éﬁofélﬁi%ﬁlﬁkperai‘@ 1 phectie aci

0 bfyipReakRd] 3t)atdie acid;
BRI LD T v s o
at ((RE2imsetiR)4-((R3-phend Grfpoopitisel derce ) N For P (o
(RE2 )dﬁ@aihhﬁs%% WmetBVRIPgRgp -y acetic
., consisting of:
acid; (R)-2-(4- (phenyl(3-(trifl uoronet hﬁ/ Iphenmeat hyl) P '
na@ Rp2-nethylas k)€ 3 Gredylthio)phenyl)(phenyl)methyl)piperazin-1-y acetic
acid: 2- (44(3- br omopheny1) (phenypnet hyppi per azi n- 1- ypacetic
= acid; _
2- ()-8 PRI G- (mmmmmmmxpmwpw@@rwwm
.. h4d-ypacetic acid;
- acld; 2 (443, 5-dichl or ophenyl ) (phenyl) net hf” ) pi Per azin- ¥
12 R}P-@ns’iﬁjfld%{(]{) (4—(methy}ﬂno)phenyl)(pheny ymethyl)piperazin- 1~y Yacetic
. a§ 2-(4-(phenyl(3-(trifluoronethyl)phenyQret hyDpi per
acid; a2| n-1-yDacetic .aci d;

2= @44«r@)qmmﬁmhmeawl)mmsﬁﬂmﬂpm@m11 Yoasetis ecid;

2Rt oniphapronhemy D EOPBER S ) Ay Reryy Y pDisstis aeid:

'Zrt RYDRCREVI- ﬁSb-@heﬁ ﬁi‘a (tnﬂuoromethoxy)phenyl)methyl)pzperazm—1-
442- br omophenyl ) gp enyOnet hyDpi per azi n- 1- yDaceti ¢

, yl)aceng@pulp ‘

3 &ﬁ% nlngﬂpsh%a@ip@aanwl_mmmmbmnmhmﬂwmmm 1-

yl)acetl(osyldz ( 444- br orrophenyl ) ( pheny! ) met hyDpi per azi n-1 - yDac
@%—&?b f‘? pjrlegyl 4—y1)(phenyl)ﬂettl11yl] Z-methyl pipe"azm—l J1] acetlc acid;
[a(:}é)t-i-m d!-[(R)r (()Zm-)lget%?f%/[(%n(p 31%7 4 ﬂ}:(_phe\é ?)x%le&e —plperaz F—yl]-

acetic defd: - 2- (443 br onophenyl) (phenyl ) met hyl) pi per azi n- 1-yea
cetic acid

[( &8)-2aetind-4ok Birb ety ((inbased el Rhery Bt n et by
acetic ic acid;
‘ ah%@?)§§m¥é!‘g§4|t F&l {{eme (phenﬁ"np nngrzrz;'_}fz (p nyﬂr%ﬂ% ggcx%zoﬁef-yl]
acetic saidt (R) - 4- (0-br om)phenyl ) (phenyenet hyl ) - 2- et hyl pi pera

n- 1- yDacet
ORRBH®) oA Fypamopherd HahmyD e 2rpa i piRgrgin dpy acetic acid

e - 1 in-1-vl 1
B e R O DR e P e e
acid; perazin-1 -yeacetic acid; -
| é e(?é)zR)f &@&B@%g?ﬁ{eﬂg@@%w I & BASDWEIRIIPEvazits TR BRI acid;
-((KF%-(@((S)&@%@D&@&Bﬁﬁw@nyll)rpetbﬁlénywh&pwmmrz1 PR G acid:

i )H ?(9 )&hk l)me Z—methy erazin- l)acetlc acid;
gﬁ@4§%§édbﬁ§h@i%ﬁheﬁl)mﬁ i(zpmgtgglpig?atzﬂ}/ li I);fl)ac 1c acid;

SRR B SR IR b bk Yok B i) ohen -

yl)aoetlalé(:ila) 2 mst hyl 4- ((R) - phenyl(3-(trifluoronethyl)pheny

| € -3- methyl)piperazin-1-

SRRy TR STt R ey ey e e
yl)acetit azidp- 1- Aaceti c aci d,

2-((R)- 2-net hyl - 4- [(b| phenyl 4-y1) (phenyl) net hyl kpi pe

razin-1-yl)-acetic acid;

2-((R)-444- br onophenyl) ( phenyl) net hyl) - 2- met hy1pi pera

zi n-1-yDacetic acid,

2-((R)-4-((4-cyanophenyl) (phenyl) net hyl ) - 2- net hyl pi pe

razin-1-371)aceti c acid;

2- ((R)-443-chl orophenyl ) (phenyl ) net hyl ) - 2- met hyl pi per

azi n-1-yDacetic acid,

Py N s [ - T om



24(R) - 2- et hy1- 4- (GS) - (3- (et hyl t hi o) Pheny1) (phenypne
t hyl ) pi perazin-1-yflacetic acid; 2-((R)-2-nethyl
44(R) - (4- (et hy1t hi o) phenv1) ( phenDrret hyl ) Pi per azi n- 1-
yDaceti c aci d;

2-((R)-44(3) - (27f| uor ophenyl ) ( Phenyl ) net hyl ) - 2- net hyl
pi perazin-1-3/1)acetic acid;

24(@ g—é’p%l}}?l 4. @* gﬁnf é@en(;').]}%y(r g}e%% gtigz“eﬁgfﬁgklign}%ﬁln{hyl)piperazm—I-
yl)aZéi:(cFanﬁ met hy1- 4- ((S) - pheny1( 3- (trifl uororret hoxy) phen

Y& %4@@&; RHpTIBRER (SN P ior omet ho

BRQﬁf&Idrbmethgzl)pheﬂ@Bmeﬂlwgp@eradm I-yl)acetic amd

e et 2 o

( R)(RjazmbuzhyéqﬂsRhcthgzlpxpmmyl-yﬂ)@@amraeﬂy1 4-y1)( Pheny

(R n)3 @ﬁé’f‘{%ﬁ Bﬁgﬂé&égdlmﬁ%h}ﬁplpemmdl-ylgacetlc acid;
et uy(l(z B(cm)ﬂhﬁanmiydﬂymﬂdﬁahewlpipmzhyHyl)a&anpamaz| n-

L
ﬁér(ﬁ} S S A b S T ettt by é’bﬁ?egfuaﬁd
Q&éﬁ;ﬂs G-cAtdrfphen: 1)methyl)—2 -methylpiperazin-1-yl)acetic acid;
hy E%—ét} é uzoy(gahglg met Elggrbggl%ﬂgyﬁ)%pe? e?%ztl)agetgc amdma t
2- Q((B)((34éﬁBﬁor()R}eﬂw@phémy(w@mmfdn(@m}pham}dmthﬂ)pzpemm-1_
pi perazin-1-yDacetic acid
Yl)ac?%‘?ﬂ?‘ 4-((S)-(4-fl uorophenye( Phenyenet hyl ) - 2- met hyl pi
pquzu(m ﬂu%ﬁﬂfe%& | —@ﬁpﬁbﬁyl)methyl)) (R)-2- methyl;i: erazin-1 yl)acetlc acid
éT(gé)l Ah((% l%y@;éeghqng ngrg)};heny Itl%f rrze )Xp1peraz1n— yl?aceﬁc

ac1d24( R -4-((S)-(3-fluorophenyl) (phenyl)net hyl)-2-net hyl
Eera2|1 1-yeacetic ac

£ g Boramisrd gy ey binreviy yDBsss Rt o
pEL%; gfr tmé(ml“dfﬂle%lblﬁethyl%7 -meth 1perazm—1 -yl)acetic acxd

nmet hyl-4 herl Iethyn

(P ﬁ@lrfh@mnet!wl)pw;’ B Pzperqzelpi( . ﬁﬁﬁmc acid;
et hy4-(¥i4@ ﬂﬂﬁﬂﬂ‘l@ﬂﬁl Rﬁ%y%dth}d)pﬁp&azm—l -yl)acetic acid;
V) -%Enger]%‘;il %—2 Q&l())pr{l%% }91% t%rﬂ%oéomethyi)phenyl)methyl)plperazm 1-
yhacetic acid;
2- ((R)—2 methyl—4-((R)—thiophen-2-yl(3—(triﬂuoromethyl)phenyl)methyl)piperazin—lm
yl)acetic acid; ,
2-((R)-2-methyl-4-((S)- ﬂuophen 2-yl(3- (trlﬂuoromethyl)phenyl)methyl)plperazm 1-
ylacetic acid;
2-((R)-4-(cyclopropyl(3-(trifluoromethyl)phenylymethyl)-2-methylpiperazin-1-
yhacetic acid; : : . '
(R)-2-(4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1-yl)acetic acid;
(S)-2-((R)-4~(bis(4-chlorophenyl)methyl)-3-methylpiperazin-1-yl}propanoic acid;
(S)-2-((R)-4-(bis(4-chlorophenyl)methyl)-2-methylpiperazin-1-ylpropanoic acid;
(R)-2-((R)-4-(bis(4-chlorophenylymethyl)-2-methylpiperazin-1-yl)propanoic acid;



yl)acetic acid; 84 85

24(R) - 2-nmet hy1-4- ((R) - pheny1(3- (2-pyridin-4-yl et hynyl
) phenyl ) net hyl ) pi perazi n-1- yDacetic acid;
(S)-2-(4-benzhydryl-2-net hyl pi perazin-1- yfI acetic

aCI d; 2@ 2 &E ﬁlﬁ(ﬂgﬁwBWHWe%Hé‘h%/?lfnneﬂ}yhgfpsmzm elr %%acetiﬁ: acid;

yf’)' @%ﬁsﬁ@gﬁ@f henyl)methyl)~2 % dlmethylplperazmll ygacetlc acid;
aéﬁ @-(bis(li c}?lgrzop}gen}x)mcﬂ];ﬁplpg aze —?e )grzépgnom cﬁcet Ic
- %)zj 2:(4 4@ SNy Bridiyyl-Rbpepziperatiny] -yBawetit ecid;

2&2(45(bt5(%91§?m@h%ﬁ¥ﬂ%ﬂmpeza%n ivhasay PR &Pz n- 1-y1)

% 645@ uoromethy?phengl)meﬂlyl }-1,4-diazepan-1-yl)-acetic acid;
Cl enz dlnethylplpera2|n 1-ypace
or a phammageits: ly acceptable salt thcreof

25 244& F)mg eler Aﬁérghenyl(4 di phenyl ) net hyDpi per azi n-
’ fc etic aci
| Eéf}—%(ff@f(ewlﬁ Mhlommﬁhﬂmh@)\)ﬂ%%@ﬂwpf%% hyiaresragids

YRGS One ﬂ -1- 1 cetic acid dih di"\chlonde salt;
LRy o i o
n 24({&)‘-2~am@tyl€i (ﬁﬁpﬂhenyl m—tonl)methyl)plperazm- - )acet c a01

2 B%F@Peﬁ prcgj é@n@{@{&mla #)Hcﬁﬁl‘)ﬁléﬁxﬁflf)lwl?&ﬁmﬁ&m&

c aci
}l,aceﬁc(aéﬁ%ﬁjdymiﬁmhm’spﬂt) (3- (d| phenypmst hyl)) - (R) - 2- net hyl

pi era2|nc% ceti.c acid
26.° %@mﬁﬂ"? p‘chenyl ) (4-f1 uor ophenyl ) met hyl ) - 2- net hy
| pi(pRY-&tiyrichropy] @e@tifleoramiethyl)pheny methyl)-2- methylplperazm-l-

bi.s(4: f | worophenyl ) net hyl ) - 3- met hyl pi eraz
i )acegc |au§qfq&@%né S&kl P yl) yl)- ylprp
27. (R plﬁm&léceﬁlﬁbﬂ(cénfploumbn phepsiiygre cimpungd ofenhyl the Flimsil-26 ora

acetic -
pharigg bl S b Bl hore o O NS o md pEany of the Clioms 1
26 and¥ Eiﬁﬂﬁk&?&ic@ﬂﬂ. ay@pcid mltahiregf; and a phalmaceutlcal v acceptable excipient.
bi s( 3- uor hyl ) phenyl ) met hyDpi perazin-1 -

28, &Eae & Fanguid of FOrhl T

24(R) - 2- et hyl 4- (thi ophen%—éxé%@ (tri fI uor onet hyl ) ph

enyl ) net hyppi perazi n-1- yea¢€tit acid;

2-aR) - 2-met hyl-44(R) -t hi oph n-g\zyl(S (tr| fI uor onet hyl

) phenyl ) net hyl ) pi per azi rfN\N acetic acid

24(R) - 2-nmethyl1l-4-((S)- thldghgﬁxz-yl(s-(trifluoronethy

| ) phenyl ) met hyDpi per azi n- 1-NJf1"aceti ¢ aci d;

24(R) - 4- (cycl opropyl(3-(triflRfor omet hyl ) phenyl) et hyl

) - 2- net hyl pi perazi n-1- ylyeceifc acid;

(R) -2-(4-(bis(4-chl orophenyl bmat hyl ) - 2- met hyl pi per azi
n- 1-yDacetic acid,
(r§) 24(R) - 4- ( bi s(4 chl or ophenyl ) net hyl ) - 3- met hyl pi per

zi n-1-yl) propanoi ¢ aci d;
(8)IS 2{oRgecniiont 5{3chl or ophenypret hyl ) - 2- et hyl pi per a
Z m a% %éRef IR Be@b Shlected from hydrogen, alkyl, haloalkyl alkoxy,
'S

haloal&gx)n .aJ]y]y gtgp@rpfé,rfér?: S ?,gog%hegcycyglnfewpé;m)n orerlllyen%og rings are

optlor%ﬁs' *‘t‘n}teé‘“&@ﬁ & C&Wlﬁ@ép@me@ﬂ?wycla& Roffi-atlygitaiy lbpd oalkyl,
azl n

pace Ic acid

Alkox Holpaliisis c@mmmm@wwdﬂnﬂ.mwmﬁg PRRG: O

‘ - 1 -yeacetic acid;
2-(4-(bis(4-ch|orophenyl)nethyI)PiperazlnThypprOpanO
c aci d;
(R)-2-(4-(bis(4-chl orophenypnet hyl)-2-i sopropyl pi pera
zin- 1 -yl)aceti c acid;
2-(4- (bi s(4-chlorophenyl)net hyl ) Pi Perazin-1-yDacetic
acid ; and ) _
2-(4-(phenyl1l(3-(trifluoronethyl)Phenypnethyl)-1,4-dia
zepan-1-yl)-acetic acid; or a pharmaceutically
acceptabl e salt thereof 25. A conpound sel ected from

W.here



(R -2-(4-(phenyl(3-(trifluoronethyl)phenyl)nmethyl)Pip

erazln- 1l-ypacetic acid;

(R)-2-(4-benzhydryl- 2- net hylpi pera2in-1|-yflacetic

aci d di hydrochl oride salt; 86

24(R)-2-nmethyl-4- ((R)- phenyl (mtolyl)nethyppi per ann-1
-yl )acetic acid; and

24(1@@81@1{2%&0%%@@1@%4 Lid Lol of s L. ADEETTRE Y hloatky o

momgytlic s@ﬁlratéd baemoyigl W@vﬂa §psm ring wherein the cycloalkyl or monocyclic

satuﬁé@é&é?%(%ﬁg cAR% Biﬁ%%llgr ﬁﬁsfg%ig &ftﬂ gﬁ [ﬁé 2)1'P nggpieﬂgetnﬁ¥ selected

peraz
fronglalkyld nikoky, Cﬁuocke fhmkda].kylﬁ?uord&llpim mplreut, inembsubstituted amino, or

dwu@ﬁﬂﬂgﬁa%1§% gonpr|3|ng a conpound of any of the

or a pharmaceutically acceptable salt
t h&' @ofl R pwhem ariaxhedrte cafbon ammqmmms af3 anly6 pdsitidne of the

pmﬁ?%ere cgh%) 1B%grphar @Fy %g%fﬁﬁ?é%§§%.§?gﬁ?ﬂmn
aton8n t]:hds«'dkjdéneac hamm@pnohmly rEpia(mdlfgfta(—lNR 2.5 I;Ié](d( QQZRZ Kkgquéeth is
0
b REL S o5 B 2L RESRp TRy A ket vl niFSechGedHsn the
alkyleab E]aehk yinl; babptrmyxlly batisaaitédowifh ons gﬂ twtohhaﬁtﬁ;re oaryl,
5 Or. er C
%ﬁ Q?fe%%i RS e R RRY hod AR i o Pyt 0
Rimd ztmz a}?ﬁmdﬂ@ﬁﬁtﬂi&ﬂy}l , ets@hnd, tc@dloﬁlk@l]bﬂh&yﬂocyclyl where each
oa a
of th 05%%@{%%{%& i R R Y R R G R S i W, -c=C-

RS (wﬂheégﬁa iRyl stteteredryBolives] halvalkiyt, hi&ﬁ&oﬁﬁrakllqﬂthﬂi, eyanoC&Roxy,
cO ne

e eyl B e Syt S s ErO8 Mkoxycarbonyt
hydrﬁmﬂlqa,l éﬁ&éﬁylencynmgﬁ?yfhlpléﬂmmﬂmﬂ aﬂl&ix?ﬁmﬁw lalindafioxy,

’ ona Su | tute W

amind BB GBRRIP RO b of ESPRBfa R it B Btebiidgishelected from
alkylf ha.lo,r l@lﬂﬂ)dik(jl haﬂd;aumqa bHc@Kh‘io, Hyel6 ol yrahRS UshédubétReted amino,

aisorbfiLorpinernlionat eevloErbaY B arany. biraSily glkosyalkyl,
anunpaikyr, h}?dh‘é)xjaaflkd)b@ a}kbpﬁlhﬁihyn emfricalkox ¢, &ﬁu{i{%ﬁlﬁbﬂﬁb&ﬁmﬁ@&mnﬂ

n relin e carpon
s L r?é?ﬁt@f%yg'esfwﬁﬁs Hiqprpapicradpsic ring in
RE, Ri andlR! is olﬁonall'ysz(tﬁ)sﬂiﬁlted(v\&ﬁﬁlkjﬁ RRoi R i a@andependdnlty kelected

fro mﬁg%'} 3@@‘1%5]{06@1’ %ﬁanh@ ail@fl ercaeg%;pg}, ﬁ&g@g ragér\i\(? monosubstituted
‘ am;ln@,mmlﬁ:@ﬁﬁﬂtéd 116 dull foh@id ail L dArtR®, AkotyeRrbahKYhydr&Ralkil
akosfifisl g anaros akoxds iy Skeas. s @@%L%@éﬁwlgpnﬂ
amin@daybanyl) Qir%éﬁ@x?i/ﬂo oﬁx?hﬁﬁiagé’dtlcaﬂf ad&@ﬁtﬁltﬂ@ GYIE ﬂ]\ékeo\ﬁﬂﬁé Biixture of a
0 Loned ring is optio
compgigtet ot () o4 Rgh REPATRIICBHICRYY dfrapiablrgalf ﬁleam%wda |
harrlliqe@l@ut%ll (y\alaedpa b%f:}tk(ﬁpléﬁt)ih lﬂﬂ:f mﬁﬁif@dtﬁ@ oY labhalﬂlﬁﬂli:@utlcal composition for
a a a 1 0, Cyaho, oxy
treatinip %ﬁﬁa‘éﬁ{? iﬁ&bonaqﬁk fr{‘aslfi BBk 1 4 RASEL am o,
29. s les‘eQﬂ)ﬁ'eo 6M1|1d oﬁﬁfyhﬁ’ﬂi& Calitk©2Y6a) BM¥ture of a compound of any of the

Clajrquy?gigg%ng agéﬁlkq%x j?,l lgql:(qglgg@‘g) %Tg}?]%%%%f pharmaceutically
accep@iblO&UliERRY the BAAUTRGBIERER Yharn@dcedis] &fﬂlﬁ&ﬂﬁ)ﬁ%:@%ﬁﬁg a discase
pendent |y sel ected from al kyl, hal
treataﬁ]fg%gdpqngwon ﬁ | kgstor JY «pdticRt-o, cyano, aI koxy,
30. amhBQse FPOREH Qstdrtzgtmrammlse%&kts@ﬁ&bﬂﬁ&ﬁg am no,
sul fonyl, acyl, carboxy, alkoxycarbonyl,
hydr oxyal kyl, al koxyal kyl , am noal kyl , hydr oxyal koxy,
alkoxyalkoxy, aninoalkoxy, aninosulfonyl,
am nocar bonyl, acylam no, aryl, heteroaryl,
cycl oal kyl, or heterocyclyl where the aromatic or
alicyclic ring in Rg, Rh and Wis optionally
substituted with W Rh or Rl whichare independently
sel ect ed



from al kyl, hal o, hal oal kyl ,8%hal oal koxy, al kylthi o,
cyano, al koxy, am no, nonosubstituted am no,

di substituted am no, sulfonyl, acyl, carboxy,

al koxycar bonyl , hydroxyal kyl , al koxyal kyl,

31. an'm@@slekasflclalhvm %y@ink@msea@é i%@@gﬁhkﬂ&@@é@rd@%@@htk@%
am nosul fonyl, am nocarbonyl, or acylam no; or a

Schipfphramec e ut | cal | y acceptabl e salt thereof or a nmixture
of .a conpound of Fornmula (1) and a pharmaceutically
acceptabl e salt thereof, and a pharmaceutically

32. aC“PI?ePéo%%lo%n@BP et whé?eihﬂ@ Ramifaag RURR lrdien, R? is hydrocen or
harnaqeutlcal conposi tion for treating a di sease

methwlr @altfarb laad By’ znmhndﬂpt:nd@nﬂ)ophe@yy Fach ngeqptionalihsudpstituted with R® or

. h n29.. nd of.
3568 80d B Fsindriengrtd nmponaooradmymaioob e gy G or
ngangﬁm@agogypharnaceut|calIy acceptabl e salt thereof,
a pharmaceutically acceptabl e excipient in the
nanufacture of a pharmaceutical conposition for
atln dj sease treatable by inhibition of GlyT1l
%ﬂﬁ% %cghﬂﬁent 30. The use of Claim 28 or 29
(R)- 2\1(21&(% @1@%@1&6@%@3&&%@@@%@&% 1-$lFacdfic adiicorse
aim 30 wherein t di sease is cognitive di sor der
pharmeasswitdally edeeptable Sdttharedfhr eni a. 32. The conpound of
Caim2 wherein R, e, R4 and R5 are hydrogen, R2 is
hydrogen or nethyl and Arl and Ar2 are independently
34. pb@gmmpodyaqﬁumhngsoptlonalIy substituted with Rg or
Rh where Rg and Rh are independently nethyl, fluoro,
(R)-24(#benzhyduier-mythylnipiradind ridleeetiiosgyd: 6F 2 ‘pharmaceutically acceptable salt
thered®: 2,2-trifluoroethoxy. 33. A-conpound which is : _
R) - 2- (4- (phenyl1( 3- (trlfluoronethyl)phenyl)nethyppipe
razi n-1-yDacetic acid; or a pharmaceutically
acceptabl e salt thereof 34. A conpound which is.
35 ¢ F%)C@ﬂﬂoﬂnéem%ﬂysl 2-met hyl pi pernin-1-yl)acetic

_ 2~((R)g%.rr%2{1 L5 ﬁ@%ﬁ”ﬁg&\gﬁ&2’#4’121;%éh¥l)&%&%9ﬁ1§1%ﬁac§§é_ Emh,h&r eof

phmnﬁé@ﬁkamyﬂ@kﬁ&ﬁkﬂﬁﬁﬁﬁ&mﬁhenyl(n}tolypnethyl)piperazin—
R | -yl)acetic acid; or phar eutjca Ly accept abl e
36, sAlvrineepdsthichsis 2- %ﬁb%ﬁﬁehw ipiss Bpenyds

nﬁhm%?ﬁ§F&éﬁgﬁg§ﬁ§ ‘4Pékg%rph?ﬂ§%§ﬁﬁgfazihAl yl I acetic

aci d.



